Abstract

PHB is a novel polymer that has noticed potential to be one of the next important biopolymers used in the medical and bioengineering field.  We have started electrospinning this polymer for the first time and demonstrate how its diameter and modulus of elasticity can be controlled by both the concentration of the solution spun and the voltage it is spun at.  Both the concentration and voltages have upper and lower limits that limit the size of the fibers produced.  We also have demonstrated the affect that the sample’s position on the mandrel has on the mechanical properties.

Introduction


Tissue engineering seeks to solve the shortage of tissue transplants by creating a new source for the needed tissues and organs independent of human donors.  Current areas of research are focusing on the creation of skin, cartilage, bone, nerves, veins, and retinas.  While it is the hope that eventually every area of the body, excluding the brain, will be ‘replaceable’, it will be a long time before that is realistic.  While tissue engineering is in its infancy, creating replacement skin that can serve as an instant clot, bandage, antibacterial, and lattice for re-growth is much more reasonable example of a realistic project.  

Tissue engineering includes techniques such as tissue printing that work by laying down cells into a gel; however, in most techniques the cells are seeded onto a matrix and grown to a final developed state.  ‘Seeding’ cells is another way to describe attaching cells to a new material.  It is done by washing the material in a bath of cells or by simply placing the cells onto the surface and letting gravity hold them on till the cells attach and move inward.  The matrix is often made of a piece of sponge-like material.   

One problem encountered thus far with the matrix is the need for small diameter fibers, which are rare in man-made material.  If fibers in the natural ECM are on the nm scale, a hundred (m fiber, even if it is made of the same material, will look alien to a cell and likely having negative effects on the properties and vitality of that tissue culture.  Electrospinning comes into play due to its ability to create fibers so thin that the diameter can drop into the needed nm size range.  Electrospinning works by creating a potential difference between a syringe containing the material and a grounded mandrel a few inches from it.  The material is slowly pushed out of the tip and forms a Taylor cone, which has a very thin jet of polymer flying of the tip and towards the mandrel, when the electrostatic forces overcome the surface tension of the solution.  Through the six or so inches of air, the solvent the polymer is in evaporates and the strand thins out to the point that it is a micro- or nano- meter fiber being caught on the spinning mandrel.  On one end of the spectrum, if the distance is too large or of if the concentration is too low, the stream will break into droplets.  On the other end, if there is an upper limit to how much will go into solution.  

Our lab has been looking into using electrospun PHB or polyhydroxybuterate in a scaffold.  It is a semi-crystalline thermoplastic that is a copolymer of polyhydroxyvalerate and a natural product of some types of bacteria [1,2].  For this reason there are bacterial enzymes that can quickly break it down [2], which could be useful for selectively removing the PHB after a tissue culture has started producing substantial quantities of it’s own ECM. The polymer also degrades quickly in acids, alkalis, and chlorinated solvents [1].  It has similar properties to polystyrene, but is a little less brittle [3].  The HB monomer is a natural component of human blood [1], which is reassuring of its compatibility with tissue cultures.

Since PHB shows promise for the use as a bio-molecule and it is relatively untested in terms of its mechanical properties when nanospun, our lab has decided to do a study to determine its characteristics and how those characteristics can be controlled by changing the solvent concentration.  Previously in this lab, TFE has been found to be a very effective solvent for PHB, so for all the experiments, this is the solvent that is used.  Preliminary studies have shown 130mg/ml to be the minimum concentration that would spin in solutions created before TFE became accepted as the best solvent, so to find the range of concentrations, we added and subtracted 30 mg/ml to the 130 until the maximum and minimum concentrations were found.  

Methods


The set up of the electrospinning process is shown in figure 1.  The jet of polymer is created by slowly ejecting the solution out of a charged syringe and having the electrostatic attraction draw the material through the air and onto the mandrel.  While it travels through the air, it elongates and the solvent evaporates to created a micrometer or nanometer diameter fiber.  The mandrel is set to spin at around 3500 RPM to help collect the fiber as it is created.  The platform on which the mandrel sits also has a slower translational motion of about 2 inches at 10.19 seconds per cycle in order to distribute the fibers more evenly.  
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Figure 1.  The classic electrospinner set up was used in the experiment.  The only 

significant difference was the use of a spinning mandrel instead of a stationary collecting plate.


In this study, PHB, or polyhydroxybuterate, was solvated in 2,2,2-Trifloralethanol, or TFE.  Once dissolved, the solution was immediately drawn up into a 5cc syringe, let sit for a few minutes, and then placed into a KD Scientific syringe pump that allowed a measured dispensing at 2.25 ml/hr.  


To test the hypothesis that concentration effected fiber diameter with PHB, all the other electrospinning parameters were held constant, including feed rate, distance to the mandrel, mandrel material, syringe, translation speed, PHB source, and voltage.  Solution concentrations of 70, 100, 130, 160, 190, 220, and 250 mg/mL of PHB in TFE were created after experimentation using TFE found 50 and 270 mg/mL to be the upper and lower limits of spinable concentrations. 


Fiber diameters were measured by taking SEM pictures of each of the fibers at 3000X magnification with a JEOL JSM-820 JE electron microscope and Polaroid film.  The pictures were then scanned, digitized, and analyzed with NIH’s ImageJ 1.32 in order to calculate the fiber diameter.  One hundred measurements per micrograph were randomly selected to find the average and standard deviation, and the measurements were all calibrated using a scale on the micrograph to find the ratio of pixels to micrometers.  


We also tested the solution concentration’s effects on the mechanical properties of the fiber, using the same mats of fiber that the SEM samples had been taken from.  Samples were cut out of the mat using a new scalpel and a “dog-bone” shaped metal template.  This particular template was used to ensure that all the samples were the same size and that they would break in the middle, which had the smallest width of .105 in.  The gauge length, between the two clamps holding the material, was held constant at .474 in.  The alignment of the fibers, due to the mandrel’s rotation, should be mostly in the vertical orientation, so set of samples were collected with the stress in both the longitudinal and orthogonal orientation.  The longitudinal orientation ran parallel to the principle fiber direction and the orthogonal was perpendicular to that. Due to the shape of the mandrel, the samples were always collected in the pattern shown in figure 2; sample 6 was usually the sample that was from the middle of the mandrel in the longitudinal data set and the orthogonal’s data falls into sets of four.  The instrument used to measure the fiber characteristics was the uni-directional MTS Bionix200 desktop mechanical tester​.  The material properties we used to compare fibers were peak stress, peak load, elastic modulus, and strain to failure, all measured and calculated by the MTS TestWorks 4.0 software using the ETB method.  
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Figure 2.  The pattern that the longitudinal (a) and orthogonal (b) samples were 

taken in on the sheet; sample 1 starts on the left hand side of both.

Results and Discussion


The concentration of PHB spun at 22V has a direct relationship to the diameter of the fibers spun.  The fifty mg/ml concentration produced the thinnest fibers at an average of .162 (m.  70 mg/ml created fibers at .317 (m; 100 mg/ml, .526 (m, 130 mg/ml, .643(m; 160mg/ml, .566(m; 190mg/ml, .618(m; 250mg/ml, 1.084(m.  Though there is variability in diameter and the concentration, a rough estimate of the diameter expected can get gained from the equation diameter((m) = .0039*conc(mg/ml) + .0332.


[image: image4.wmf]
Chart 1. The PHB diameter as a linear function of the concentration.  The R2 value 

is low for the use of predictions, but it does show a definite correlation.


One of the reasons why the fiber diameter has such a rough correlation to the concentration could be because the diameter of the fibers at each spin had such a large variability.  Most mean diameters had a standard deviation of .15 to .34 (m.  All the concentrations had extra small fibers that were around or under .1(m.  This, naturally, causes the 250 mg/ml concentration to have the largest s.d. at .789(m, and the 50 mg/ml spin to have the lowest s.d. at .089(m.  
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Chart 2.  The high R2 value of both the linear tread lines show that the longitudinal 

(a) and orthogonal (b) modulus are directly related to the concentration. 

The modulus is very similar for both the orthogonal and longitudinal, though there 

are some minor difference, like that the orthogonal’s modulus decreases more rapidly with concentration.
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Chart 3.  The relative changes of the peak load, peak stress and stain at break with 

the change of concentration of the longitudinal samples on the left and the orthogonal samples on the right, marked with an ‘H’.  

The peak stress could be affected by the concentration, the orthogonal samples would seem to suggest it, but the longitudinal samples only show a rough correlation; more testing would be needed to confirm the pattern.  There could also be a pattern in the orthogonal peak load, but it would be only a rough correlation, and given that the longitudinal samples do not show a similar pattern, it is less likely.  If anything, the peak load and strain at break are most similar to just the average thickness of the fiber mats, shown in chart 4.


[image: image8.wmf]Chart 4.  The average thickness of each of the samples from the fiber mats

used for mechanical testing.  The pattern is random but useful for corresponding to chart 3’s data.  The left seven are from the longitudinal testing and the right seven are from the orthogonal.

Along with trends found over varying concentrations, it was also noticed that within each mat there were patterns in the different mechanical properties, most likely due to the fibers in the center of the mat being more aligned.  The 70 mg/mL’s data has been graphed to show this, since that concentration had the least noise in the data, probably due to low sheering effects. 
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Chart 5.  The modulus of the fiber is affected by the sample’s position on the fiber 

mat.  Sample 1 is at the edge of the longitudinal set where sample 6 or 7 is the middle of the mat.  Samples with an ‘H’ are from the orthogonal testing and are in groups of 4, with 1H and 4H always the sample in the edge’s corners.  See the Materials & Methods figure 2 for a diagram.


As seen in chart 5, there is a direct and smooth correlation between the modulus and the position on the mandrel and mat.  Sample 7, which was straight before the syringe, has the lowest modulus of any of the samples, while sample 1, whose fibers should be the least aligned of all the longitudinal samples, had a modulus similar to the orthogonal samples.  This could be because the fibers could be pulled for a longer time until they were aligned before the stress would pull on the fiber lengths themselves, causing them to break.  Evidence of this comes from the shape of the sample before it breaks; in the orthogonal samples, the breaking point becomes very thin and thicker compared to most longitudinal samples, where it only becomes narrower for a short period of time before it breaks.  In all the different concentrations, the x and (x + 3) samples, which were on the edge of the mats, had a distinctly higher modulus than the two samples in between; the reasons for this are less clear.
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Chart 6.  The relative effects of sample position on the peak load, peak stress, and strain at break in the 70 mg/ml fiber mat.  


The peak stress shows the same pattern along the fiber mat as the modulus does, being higher where the fibers are less aligned, but it has more variability than the modulus.  The peak load’s pattern is most likely just due to fiber thickness, and there does seem to be a significantly higher strain at break in the orthogonal samples, but within those samples, it shows little pattern.  
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Figure 3.  Photos of the different concentrations taken at 3000X (4000X for the 50mg/ml) 

using the SEM.  (a) 50mg/ml (b)1000mg/ml (c) 190mg/mL (d) 250mg/mL


All the concentrations have some of beads in the fibers, and there is not a clear relationship between the number beads and the concentration of the solution.  It is unknown whether these develop while the polymer is in the syringe or if they are created in the jet.  To try to get rid of the beads, the 160 mg/ml sample, which has a high bead content, was spun at varying voltages.  Under inspection using the SEM, we found that the number of beads was not affected, but that the fiber diameter was much larger.
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Chart 7.  The voltage’s affect on the diameter of fibers spun from the 160mg/ml

syringe.  A roughly linear relationship can be found between the voltages and the diameter of the fibers.


It was found that each of the different concentrations has a slightly different minimum voltage.  For 160mg/ml it is around 8kV, while for 70 mg/ml, the lowest possible voltage is around 10kV.  The upper limits for the voltage is harder to find since raising the voltage too high creates the risk of sparks, and the diameter did not decrease below the 22kV, so it was not further investigated.  Using a lower voltage most notably has the effect of creating fibers much thicker than could be made by changing just the concentration.

Conclusion

PHB can be electrospun from concentrations of 50 to 270mg/ml in TFE.  Both the voltage and the solvent concentration can control its diameter, though not very precisely with either.  There is variability in the diameter of fibers in any mat of PHB, and there is also beading to different extents in every sample of PHB viewed so far, and there has not been a way found so far to control the beading of PHB.  The mechanical properties include whatever effect the beads have on the fibers, and the modulus of elasticity, at least, shows a strong correlation to the concentration of the solvent.

Future studies should be done to test humidity’s effect on fiber diameter and properties, since it could affect the rate of solvent evaporation, and there has been some evidence that it does account for some of the variability in the data.  Also, preliminary studies were done with NaCl and MgCl2 to see if those would affect the beading, and while neither of them solve the beading problem, either NaCl is creating more beads or MgCl2 is lowering the amount of beads.  A sample without salt should be run with those two salts in medium concentrations, along with other salts, to try and characterize their effect on PHB.  Third, the samples of PHB collected at the different voltages showed evidence of different mechanical properties, which given their increased diameter, follows logically.  A set of those should be created and measure to try to quantify the voltage’s effect on the mechanical properties.  
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		260		0.0106		0.408		0.6		0.067		15.253

		227		0.0112		0.603		0.8		0.111		18.264

		195		0.0087		1.123		1.9		0.231		24.868

		162		0.0063		1.344		3.1		0.183		44.237

		130		0.0043		0.756		2.6		0.379		38.922

		100		0.0062		0.719		1.7		0.251		21.52

		70		0.0106		1.582		2.2		0.135		36.516
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		270		0.0043		0.53		1.8		0.21				0.0043		0.326		1.1		0.423				38.379		16.55

		230		0.0075		1.056		2.1		0.169				0.0074		0.393		0.8		0.531				32.709		8.382

		70		0.0075		1.577		3.1		0.27				0.0083		2.175		3.8		0.503				66.507

		100		0.0088		1.838		3.1		0.326				0.0096		1.814		2.8		0.566				59.033

		130		0.0099		2.18		3.2		0.386				0.0098		1.833		2.7		0.702				61.008

		160		0.008		1.224		2.2		0.32				0.0086		1.25		2.1		0.404				38.613

		190		0.0077		1.26		2.4		0.281				0.0077		0.966		1.8		0.51				40.949

		220		0.0084		1.101		1.9		0.308				0.0087		1.095		1.8		0.447				31.945

		250		0.0055		0.426		1.1		0.284				0.0066		0.478		1.1		0.319				24.863

		70H		0.0083		2.175		3.8		0.503														78.162

		100H		0.0096		1.814		2.8		0.566														55.268

		130H		0.0098		1.833		2.7		0.702														51.514
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		4		0.0072		1.548		3.2		0.244		3.534		68.864

		5		0.0079		1.655		3.1		0.245		3.835		64.357

		6		0.008		1.63		3		0.263		4.15		57.992

		7		0.0088		1.499		2.5		0.259		3.77		54.759

		8		0.0086		1.596		2.7		0.223		3.309		58.252

		9		0.0076		1.556		3		0.313		4.74		58.632

		10		0.0078		1.796		3.4		0.384		6.674		61.777

		1H		0.0088		2.533		4.2		0.503		12.532		84.343

		2H		0.0076		2.09		4		0.66		13.346		65.855

		3H		0.0078		1.908		3.6		0.589		10.319		59.757

		4H		0.0097		2.364		3.6		0.54		12.158		61.725

		5H		0.0085		2.391		4.1		0.453		10.596		91.457

		6H		0.008		2.111		3.8		0.549		11.337		80.404

		7H		0.0076		2.065		4		0.388		7.837		85.475

		8H		0.0098		3.149		4.7		0.432		13.419		97.621

		9H		0.0079		1.971		3.6		0.538		10.171		76.568

		10H		0.0074		1.721		3.4		0.491		8.322		78.401

		11H		0.0076		1.752		3.3		0.595		10.34		71.186

		12H		0.0089		2.048		3.4		0.298		6.154		85.158





		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Peak Load

Peak Stress

Strain At Break



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Modulus

Modulus (MPa)



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Thickness

Sample number

Thickness (in)




_1027614525.xls
Chart2

		70

		100

		130

		160

		190

		220

		250



Concentration (mg/ml)

Modulus (MPa)

Modulus of Longitudinal Samples vs. Concentration

66.507

59.033

61.008

38.613

40.949

31.945

24.863



Mset

		M-concentration		thickness		PL		PS		Sab		Mod

		260		0.0106		0.408		0.6		0.067		15.253

		227		0.0112		0.603		0.8		0.111		18.264

		195		0.0087		1.123		1.9		0.231		24.868

		162		0.0063		1.344		3.1		0.183		44.237

		130		0.0043		0.756		2.6		0.379		38.922

		100		0.0062		0.719		1.7		0.251		21.52

		70		0.0106		1.582		2.2		0.135		36.516





Mset

		0.0106		0.408		0.6		0.067

		0.0112		0.603		0.8		0.111

		0.0087		1.123		1.9		0.231

		0.0063		1.344		3.1		0.183

		0.0043		0.756		2.6		0.379

		0.0062		0.719		1.7		0.251

		0.0106		1.582		2.2		0.135



thickness

PL

PS

Sab



Nset

		15.253

		18.264

		24.868

		44.237

		38.922

		21.52

		36.516



Mod



Sheet3

		0.0106

		0.0112

		0.0087

		0.0063

		0.0043

		0.0062

		0.0106



thickness



		N-concentration		Thickness		PL		PS		Sab				Hthickness		HPL		HPS		Hsab				Mod		Hmod

		270		0.0043		0.53		1.8		0.21				0.0043		0.326		1.1		0.423				38.379		16.55

		230		0.0075		1.056		2.1		0.169				0.0074		0.393		0.8		0.531				32.709		8.382

		70		0.0075		1.577		3.1		0.27				0.0083		2.175		3.8		0.503				66.507

		100		0.0088		1.838		3.1		0.326				0.0096		1.814		2.8		0.566				59.033

		130		0.0099		2.18		3.2		0.386				0.0098		1.833		2.7		0.702				61.008

		160		0.008		1.224		2.2		0.32				0.0086		1.25		2.1		0.404				38.613

		190		0.0077		1.26		2.4		0.281				0.0077		0.966		1.8		0.51				40.949

		220		0.0084		1.101		1.9		0.308				0.0087		1.095		1.8		0.447				31.945

		250		0.0055		0.426		1.1		0.284				0.0066		0.478		1.1		0.319				24.863

		70H		0.0083		2.175		3.8		0.503														78.162

		100H		0.0096		1.814		2.8		0.566														55.268

		130H		0.0098		1.833		2.7		0.702														51.514

		160H		0.0086		1.25		2.1		0.404														42.37

		190H		0.0077		0.966		1.8		0.51														22.709

		220H		0.0087		1.095		1.8		0.447														27.109

		250H		0.0066		0.478		1.1		0.319														18.711





		



Peak Load

Peak Stress

Strain At Break

Concentration (mg/ml)

Concentration's effects on Pead Load, Peak Stress, and Strain at Break



		



Modulus

Concentration (mg/mL)

Modulus (MPa)

Concentration's effects on the modulus



		



Thickness

Thickness (in)



		



Concentration (mg/ml)

Modulus (MPa)

Modulus of Orthogonal Samples vs. Concentration



		



Concentration (mg/ml)
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Modulus of Longitudinal Samples vs. Concentration



		70 mg/ml		Thickness		PL		PS		Sab		EnergyToBreak		Mod

		1		0.0059		1.556		3.9		0.264		3.927		86.42

		2		0.0061		1.445		3.4		0.252		3.535		81.327

		3		0.0068		1.487		3.2		0.259		3.719		72.687

		4		0.0072		1.548		3.2		0.244		3.534		68.864

		5		0.0079		1.655		3.1		0.245		3.835		64.357

		6		0.008		1.63		3		0.263		4.15		57.992

		7		0.0088		1.499		2.5		0.259		3.77		54.759

		8		0.0086		1.596		2.7		0.223		3.309		58.252

		9		0.0076		1.556		3		0.313		4.74		58.632

		10		0.0078		1.796		3.4		0.384		6.674		61.777

		1H		0.0088		2.533		4.2		0.503		12.532		84.343

		2H		0.0076		2.09		4		0.66		13.346		65.855

		3H		0.0078		1.908		3.6		0.589		10.319		59.757

		4H		0.0097		2.364		3.6		0.54		12.158		61.725

		5H		0.0085		2.391		4.1		0.453		10.596		91.457

		6H		0.008		2.111		3.8		0.549		11.337		80.404

		7H		0.0076		2.065		4		0.388		7.837		85.475

		8H		0.0098		3.149		4.7		0.432		13.419		97.621

		9H		0.0079		1.971		3.6		0.538		10.171		76.568

		10H		0.0074		1.721		3.4		0.491		8.322		78.401

		11H		0.0076		1.752		3.3		0.595		10.34		71.186

		12H		0.0089		2.048		3.4		0.298		6.154		85.158
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Mset

		M-concentration		thickness		PL		PS		Sab		Mod

		260		0.0106		0.408		0.6		0.067		15.253

		227		0.0112		0.603		0.8		0.111		18.264

		195		0.0087		1.123		1.9		0.231		24.868

		162		0.0063		1.344		3.1		0.183		44.237

		130		0.0043		0.756		2.6		0.379		38.922

		100		0.0062		0.719		1.7		0.251		21.52

		70		0.0106		1.582		2.2		0.135		36.516





Mset

		0.0106		0.408		0.6		0.067

		0.0112		0.603		0.8		0.111

		0.0087		1.123		1.9		0.231

		0.0063		1.344		3.1		0.183

		0.0043		0.756		2.6		0.379

		0.0062		0.719		1.7		0.251

		0.0106		1.582		2.2		0.135
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thickness



		N-concentration		Thickness		PL		PS		Sab				Hthickness		HPL		HPS		Hsab				Mod		Hmod

		270		0.0043		0.53		1.8		0.21				0.0043		0.326		1.1		0.423				38.379		16.55

		230		0.0075		1.056		2.1		0.169				0.0074		0.393		0.8		0.531				32.709		8.382

		70		0.0075		1.577		3.1		0.27				0.0083		2.175		3.8		0.503				66.507

		100		0.0088		1.838		3.1		0.326				0.0096		1.814		2.8		0.566				59.033

		130		0.0099		2.18		3.2		0.386				0.0098		1.833		2.7		0.702				61.008

		160		0.008		1.224		2.2		0.32				0.0086		1.25		2.1		0.404				38.613

		190		0.0077		1.26		2.4		0.281				0.0077		0.966		1.8		0.51				40.949

		220		0.0084		1.101		1.9		0.308				0.0087		1.095		1.8		0.447				31.945

		250		0.0055		0.426		1.1		0.284				0.0066		0.478		1.1		0.319				24.863

		70H		0.0083		2.175		3.8		0.503														78.162

		100H		0.0096		1.814		2.8		0.566														55.268

		130H		0.0098		1.833		2.7		0.702														51.514

		160H		0.0086		1.25		2.1		0.404														42.37

		190H		0.0077		0.966		1.8		0.51														22.709

		220H		0.0087		1.095		1.8		0.447														27.109

		250H		0.0066		0.478		1.1		0.319														18.711
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		70 mg/ml		Thickness		PL		PS		Sab		EnergyToBreak		Mod

		1		0.0059		1.556		3.9		0.264		3.927		86.42

		2		0.0061		1.445		3.4		0.252		3.535		81.327

		3		0.0068		1.487		3.2		0.259		3.719		72.687

		4		0.0072		1.548		3.2		0.244		3.534		68.864

		5		0.0079		1.655		3.1		0.245		3.835		64.357

		6		0.008		1.63		3		0.263		4.15		57.992

		7		0.0088		1.499		2.5		0.259		3.77		54.759

		8		0.0086		1.596		2.7		0.223		3.309		58.252

		9		0.0076		1.556		3		0.313		4.74		58.632

		10		0.0078		1.796		3.4		0.384		6.674		61.777

		1H		0.0088		2.533		4.2		0.503		12.532		84.343

		2H		0.0076		2.09		4		0.66		13.346		65.855

		3H		0.0078		1.908		3.6		0.589		10.319		59.757

		4H		0.0097		2.364		3.6		0.54		12.158		61.725

		5H		0.0085		2.391		4.1		0.453		10.596		91.457

		6H		0.008		2.111		3.8		0.549		11.337		80.404

		7H		0.0076		2.065		4		0.388		7.837		85.475

		8H		0.0098		3.149		4.7		0.432		13.419		97.621

		9H		0.0079		1.971		3.6		0.538		10.171		76.568

		10H		0.0074		1.721		3.4		0.491		8.322		78.401

		11H		0.0076		1.752		3.3		0.595		10.34		71.186

		12H		0.0089		2.048		3.4		0.298		6.154		85.158
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		50mg/mL		Length				70mg/ml		Length				100mg/ml		Length				130mg/mL		Length				160mg/mL		Length				190mg/mL		Length				250mg/mL		Length

		1		0.196				1		0.421				1		0.198				1		0.881				1		0.644				1		1.313				1		1.61

		2		0.355				2		0.313				2		0.233				2		0.35				2		0.509				2		0.718				2		2.031

		3		0.31				3		0.509				3		0.491				3		1.33				3		0.707				3		0.608				3		2.243				50		0.162

		4		0.243				4		0.313				4		0.78				4		0.836				4		0.276				4		0.577				4		0.37				70		0.317

		5		0.159				5		0.247				5		0.668				5		0.557				5		0.221				5		0.667				5		0.445				100		0.516

		6		0.385				6		0.055				6		0.443				6		0.441				6		0.552				6		0.797				6		0.494				130		0.643

		7		0.139				7		0.322				7		0.894				7		0.812				7		1.013				7		0.331				7		1.139				160		0.566

		8		0.224				8		0.282				8		0.28				8		0.743				8		0.873				8		0.387				8		1.118				190		0.618

		9		0.139				9		0.322				9		0.429				9		0.109				9		0.841				9		0.773				9		0.828				250		1.084

		10		0.077				10		0.521				10		0.518				10		0.437				10		0.859				10		0.156				10		1.259

		11		0.192				11		0.421				11		0.174				11		0.346				11		0.843				11		0.336				11		1.216

		12		0.077				12		0.199				12		0.28				12		0.954				12		0.665				12		0.769				12		1.161

		13		0.277				13		0.124				13		0.123				13		0.437				13		0.475				13		0.371				13		0.797

		14		0.139				14		0.175				14		0.347				14		0.604				14		0.629				14		0.469				14		0.617

		15		0.115				15		0.402				15		0.174				15		0.164				15		0.276				15		0.445				15		0.699

		16		0.414				16		0.331				16		0.347				16		0.82				16		0.398				16		0.63				16		0.402

		17		0.115				17		0.124				17		0.439				17		0.834				17		0.349				17		0.234				17		0.841

		18		0.231				18		0.078				18		0.663				18		0.386				18		0.698				18		0.331				18		1.701

		19		0.077				19		0.322				19		0.123				19		0.294				19		0.79				19		0.919				19		1.5

		20		0.172				20		0.055				20		0.868				20		0.761				20		0.914				20		0.665				20		1.939

		21		0.054				21		0.078				21		0.368				21		0.244				21		0.665				21		0.5				21		1.014

		22		0.086				22		0.354				22		0.443				22		1.539				22		0.617				22		0.741				22		0.475

		23		0.218				23		0.456				23		0.573				23		0.504				23		0.175				23		0.497				23		0.547

		24		0.326				24		0.391				24		0.543				24		1.314				24		0.665				24		0.199				24		0.552

		25		0.163				25		0.156				25		0.174				25		0.761				25		0.587				25		0.336				25		0.524

		26		0.269				26		0.078				26		0.659				26		0.122				26		0.494				26		1.68				26		1.384

		27		0.234				27		0.175				27		0.351				27		0.7				27		1.05				27		0.743				27		1.288

		28		0.329				28		0.821				28		0.443				28		0.658				28		0.594				28		0.445				28		1.195

		29		0.172				29		0.322				29		0.973				29		1.262				29		0.94				29		0.625				29		2.199

		30		0.192				30		0.5				30		0.497				30		0.623				30		0.353				30		0.692				30		2.084

		31		0.086				31		0.156				31		0.521				31		0.591				31		0.665				31		0.331				31		2.304

		32		0.258				32		0.313				32		0.642				32		0.232				32		0.726				32		0.618				32		3.203

		33		0.192				33		0.322				33		0.388				33		0.197				33		0.607				33		0.276				33		3.514

		34		0.086				34		0.354				34		0.703				34		0.273				34		0.455				34		0.391				34		2.35

		35		0.122				35		0.445				35		0.521				35		0.665				35		0.442				35		0.431				35		0.873

		36		0.038				36		0.456				36		0.716				36		0.416				36		0.815				36		1.19				36		0.815

		37		0.234				37		0.228				37		0.388				37		0.589				37		0.175				37		0.371				37		0.718

		38		0.243				38		0.521				38		0.453				38		0.464				38		0.331				38		0.939				38		1.397

		39		0.154				39		0.421				39		0.626				39		0.807				39		0.607				39		0.775				39		0.939

		40		0.086				40		0.349				40		0.614				40		0.055				40		0.5				40		0.371				40		1.259

		41		0.109				41		0.228				41		0.799				41		0.279				41		0.841				41		0.475				41		0.577

		42		0.196				42		0.11				42		0.443				42		0.99				42		0.175				42		0.707				42		0.843

		43		0.308				43		0.199				43		0.174				43		0.504				43		0.166				43		0.618				43		0.718

		44		0.109				44		0.371				44		0.606				44		0.834				44		0.234				44		0.767				44		0.552

		45		0.293				45		0.199				45		0.887				45		1.061				45		0.629				45		1.016				45		0.322

		46		0.115				46		0.175				46		0.64				46		0.827				46		0.698				46		1.055				46		0.354

		47		0.122				47		0.336				47		0.334				47		0.66				47		0.781				47		0.941				47		0.354

		48		0.139				48		0.234				48		0.123				48		0.943				48		0.594				48		0.845				48		0.336

		49		0.109				49		0.166				49		0.935				49		0.64				49		0.11				49		1.161				49		0.228

		50		0.28				50		0.166				50		0.661				50		0.219				50		0.228				50		0.988				50		0.175

		51		0.115				51		0.469				51		0.816				51		0.427				51		0.769				51		0.391				51		0.166

		52		0.038				52		0.124				52		0.32				52		0.611				52		0.276				52		0.5				52		0.166

		53		0.159				53		0.055				53		0.792				53		0.665				53		0.078				53		0.618				53		0.166

		54		0.163				54		0.349				54		0.472				54		1.376				54		1.093				54		0.544				54		2.929

		55		0.159				55		0.577				55		0.347				55		0.767				55		0.751				55		0.61				55		2.426

		56		0.077				56		0.544				56		0.836				56		0.225				56		0.587				56		0.767				56		1.474

		57		0.038				57		0.276				57		0.732				57		0.881				57		0.39				57		0.767				57		1.055

		58		0.077				58		0.391				58		0.521				58		1.105				58		0.552				58		0.331				58		1.055

		59		0.207				59		0.313				59		0.439				59		0.623				59		0.644				59		0.555				59		1.149

		60		0.038				60		0.521				60		0.418				60		0.386				60		0.336				60		0.61				60		0.349

		61		0.154				61		0.221				61		0.491				61		0.896				61		0.247				61		0.442				61		0.349

		62		0.31				62		0.313				62		0.296				62		0.854				62		0.698				62		0.349				62		0.402

		63		0.109				63		0.445				63		0.497				63		1.153				63		0.617				63		0.336				63		0.667

		64		0.054				64		0.175				64		0.776				64		0.055				64		1.137				64		0.577				64		0.617

		65		0.224				65		0.354				65		0.521				65		0.665				65		0.322				65		0.391				65		0.509

		66		0.054				66		0.563				66		0.469				66		0.71				66		1.104				66		0.371				66		1.174

		67		0.154				67		0.11				67		0.703				67		1.492				67		0.692				67		0.843				67		1.165

		68		0.154				68		0.398				68		0.384				68		0.077				68		0.718				68		0.61				68		1.133

		69		0.192				69		0.276				69		0.443				69		0.563				69		0.175				69		0.61				69		1.294

		70		0.139				70		0.349				70		0.439				70		0.64				70		0.576				70		0.83				70		1.259

		71		0.038				71		0.472				71		0.614				71		0.934				71		0.276				71		0.349				71		1.153

		72		0.038				72		0.156				72		0.614				72		1.405				72		0.497				72		0.891				72		1.153

		73		0.077				73		0.349				73		0.549				73		0.591				73		0.11				73		0.387				73		2.372

		74		0.196				74		0.247				74		0.606				74		0.427				74		0.398				74		0.665				74		2.148

		75		0.192				75		0.472				75		0.396				75		0.197				75		0.597				75		0.608				75		2.277

		76		0.086				76		0.475				76		0.453				76		0.623				76		0.221				76		0.618				76		2.773

		77		0.038				77		0.587				77		0.506				77		0.64				77		0.79				77		0.331				77		2.829

		78		0.086				78		0.322				78		0.541				78		1.005				78		0.234				78		1.345				78		2.596

		79		0.086				79		0.475				79		0.506				79		0.64				79		0.943				79		0.892				79		0.859

		80		0.154				80		0.124				80		0.606				80		1.193				80		0.078				80		0.954				80		0.597

		81		0.077				81		0.055				81		0.716				81		0.273				81		1.093				81		0.563				81		0.398

		82		0.172				82		0.336				82		0.661				82		0.743				82		0.95				82		0.595				82		1.106

		83		0.038				83		0.456				83		0.494				83		0.604				83		0.078				83		0.821				83		1.072

		84		0.077				84		0.552				84		1.111				84		0.546				84		0.221				84		0.199				84		1.055

		85		0.172				85		0.156				85		0.388				85		0.122				85		0.568				85		0.11				85		0.349

		86		0.234				86		0.322				86		0.439				86		1.331				86		0.336				86		0.672				86		0.282

		87		0.3				87		0.421				87		0.368				87		0.876				87		0.692				87		0.665				87		0.472

		88		0.207				88		0.228				88		0.694				88		0.623				88		0.39				88		1.067				88		1.474

		89		0.3				89		0.391				89		0.439				89		0.618				89		1.062				89		0.816				89		1.942

		90		0.231				90		0.199				90		0.439				90		0.767				90		0.91				90		0.647				90		2.343

		91		0.109				91		0.234				91		0.497				91		0.538				91		0.692				91		0.442				91		1.105

		92		0.115				92		0.445				92		0.497				92		0.394				92		0.402				92		0.166				92		0.977

		93		0.329				93		0.445				93		0.443				93		0.788				93		0.671				93		0.552				93		0.863

		94		0.086				94		0.509				94		0.591				94		0.197				94		0.494				94		0.349				94		0.078

		95		0.077				95		0.199				95		0.443				95		0.604				95		0.521				95		0.618				95		0.156

		96		0.243				96		0.552				96		0.668				96		0.398				96		0.587				96		0.63				96		0.078

		97		0.077				97		0.432				97		0.329				97		0.492				97		0.563				97		0.331				97		0.123

		98		0.163				98		0.124				98		0.604				98		0.437				98		0.442				98		0.816				98		0.078

		99		0.192				99		0.124				99		0.443				99		0.782				99		0.994				99		0.672				99		0.175

		100		0.077				100		0.387				100		0.606				100		0.244				100		0.546				100		0.785				100		0.509

		Mean		0.162				Mean		0.317				Mean		0.516				Mean		0.643				Mean		0.566				Mean		0.618				Mean		1.084

		SD		0.089				SD		0.153				SD		0.197				SD		0.34				SD		0.27				SD		0.276				SD		0.789

		Min		0.038				Min		0.055				Min		0.123				Min		0.055				Min		0.078				Min		0.11				Min		0.078

		Max		0.414				Max		0.821				Max		1.111				Max		1.539				Max		1.137				Max		1.68				Max		3.514
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		160 mg/ml

		8V		Length				12V		Length				18V		Length				22V		Length				25V		Length

		1		0.95				1		0.804				1		0.587				1		0.691				1		0.896

		2		1.39				2		1.838				2		0.964				2		0.573				2		0.45

		3		2.094				3		1.657				3		0.672				3		0.146				3		0.772		8		1.614

		4		1.287				4		1.677				4		0.791				4		0.87				4		0.618		12		1.225

		5		1.554				5		0.769				5		0.883				5		0.83				5		0.966		18		0.707

		6		1.938				6		1.657				6		0.472				6		0.732				6		0.889		22		0.565

		7		2.174				7		1.655				7		0.864				7		0.234				7		0.776		25		0.632

		8		1.054				8		1.725				8		1.165				8		0.626				8		0.863

		9		1.222				9		1.492				9		0.442				9		0.389				9		0.853

		10		1.041				10		1.153				10		0.617				10		0.704				10		0.603

		11		1.538				11		1.809				11		0.398				11		0.279				11		0.273

		12		1.877				12		1.408				12		1.211				12		0.711				12		0.386

		13		2.164				13		1.117				13		0.769				13		0.151				13		0.691

		14		1.631				14		1.18				14		0.72				14		0.938				14		0.154

		15		2.429				15		0.89				15		0.72				15		0.885				15		0.819

		16		1.133				16		0.977				16		0.544				16		1.067				16		0.795

		17		1.982				17		0.773				17		0.221				17		1.13				17		0.788

		18		2.849				18		1.726				18		1.161				18		0.579				18		0.984

		19		1.38				19		1.715				19		0.555				19		1.036				19		0.332

		20		2.006				20		1.303				20		0.349				20		0.558				20		0.88

		21		1.592				21		0.751				21		1.326				21		0.132				21		1.06

		22		2.29				22		0.828				22		0.63				22		0.509				22		0.819

		23		2.159				23		1.211				23		0.836				23		0.52				23		0.684

		24		1.886				24		1.602				24		0.663				24		0.958				24		0.855

		25		0.703				25		1.47				25		0.445				25		0.146				25		1.312

		26		0.987				26		1.126				26		0.509				26		0.459				26		0.394

		27		0.864				27		0.899				27		1.055				27		0.164				27		0.515

		28		0.943				28		1.289				28		0.821				28		0.722				28		0.332

		29		1.41				29		0.718				29		1.111				29		0.826				29		0.928

		30		1.631				30		0.692				30		0.741				30		0.623				30		0.225

		31		0.751				31		1.516				31		0.841				31		0.688				31		0.218

		32		1.062				32		1.519				32		0.815				32		1.113				32		0.821

		33		1.38				33		0.945				33		0.845				33		0.132				33		0.546

		34		1.874				34		0.863				34		0.472				34		0.266				34		0.398

		35		1.724				35		1.289				35		0.983				35		0.59				35		0.218

		36		2.339				36		0.785				36		0.521				36		0.586				36		1.106

		37		2.051				37		0.646				37		0.544				37		0.672				37		0.889

		38		1.69				38		0.781				38		0.665				38		0.295				38		0.416

		39		1.457				39		1.579				39		0.707				39		0.11				39		0.426

		40		0.555				40		1.768				40		0.769				40		0.259				40		0.273

		41		1.159				41		1.27				41		0.276				41		0.568				41		0.055

		42		1.581				42		1.408				42		0.234				42		0.427				42		0.273

		43		1.519				43		0.791				43		1.032				43		0.819				43		0.788

		44		1.084				44		1.294				44		0.672				44		0.684				44		0.611

		45		1.138				45		1.657				45		0.055				45		0.197				45		0.45

		46		2.026				46		0.95				46		0.494				46		0.132				46		0.225

		47		2.321				47		1.137				47		0.455				47		0.77				47		0.901

		48		1.802				48		1.345				48		0.978				48		0.082				48		0.44

		49		2.552				49		1.271				49		1.014				49		0.918				49		0.954

		50		1.679				50		0.5				50		0.737				50		0.764				50		0.658

		Mean		1.614				Mean		1.225				Mean		0.707				Mean		0.565				Mean		0.632

		SD		0.524				SD		0.376				SD		0.276				SD		0.303				SD		0.293

		Min		0.555				Min		0.5				Min		0.055				Min		0.082				Min		0.055

		Max		2.849				Max		1.838				Max		1.326				Max		1.13				Max		1.312
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		50mg/mL		Length				70mg/ml		Length				100mg/ml		Length				130mg/mL		Length				160mg/mL		Length				190mg/mL		Length				250mg/mL		Length

		1		0.196				1		0.421				1		0.198				1		0.881				1		0.644				1		1.313				1		1.61

		2		0.355				2		0.313				2		0.233				2		0.35				2		0.509				2		0.718				2		2.031

		3		0.31				3		0.509				3		0.491				3		1.33				3		0.707				3		0.608				3		2.243				50		0.162

		4		0.243				4		0.313				4		0.78				4		0.836				4		0.276				4		0.577				4		0.37				70		0.317

		5		0.159				5		0.247				5		0.668				5		0.557				5		0.221				5		0.667				5		0.445				100		0.516

		6		0.385				6		0.055				6		0.443				6		0.441				6		0.552				6		0.797				6		0.494				130		0.643

		7		0.139				7		0.322				7		0.894				7		0.812				7		1.013				7		0.331				7		1.139				160		0.566

		8		0.224				8		0.282				8		0.28				8		0.743				8		0.873				8		0.387				8		1.118				190		0.618

		9		0.139				9		0.322				9		0.429				9		0.109				9		0.841				9		0.773				9		0.828				250		1.084

		10		0.077				10		0.521				10		0.518				10		0.437				10		0.859				10		0.156				10		1.259

		11		0.192				11		0.421				11		0.174				11		0.346				11		0.843				11		0.336				11		1.216

		12		0.077				12		0.199				12		0.28				12		0.954				12		0.665				12		0.769				12		1.161

		13		0.277				13		0.124				13		0.123				13		0.437				13		0.475				13		0.371				13		0.797

		14		0.139				14		0.175				14		0.347				14		0.604				14		0.629				14		0.469				14		0.617

		15		0.115				15		0.402				15		0.174				15		0.164				15		0.276				15		0.445				15		0.699

		16		0.414				16		0.331				16		0.347				16		0.82				16		0.398				16		0.63				16		0.402

		17		0.115				17		0.124				17		0.439				17		0.834				17		0.349				17		0.234				17		0.841

		18		0.231				18		0.078				18		0.663				18		0.386				18		0.698				18		0.331				18		1.701

		19		0.077				19		0.322				19		0.123				19		0.294				19		0.79				19		0.919				19		1.5

		20		0.172				20		0.055				20		0.868				20		0.761				20		0.914				20		0.665				20		1.939

		21		0.054				21		0.078				21		0.368				21		0.244				21		0.665				21		0.5				21		1.014

		22		0.086				22		0.354				22		0.443				22		1.539				22		0.617				22		0.741				22		0.475

		23		0.218				23		0.456				23		0.573				23		0.504				23		0.175				23		0.497				23		0.547

		24		0.326				24		0.391				24		0.543				24		1.314				24		0.665				24		0.199				24		0.552

		25		0.163				25		0.156				25		0.174				25		0.761				25		0.587				25		0.336				25		0.524

		26		0.269				26		0.078				26		0.659				26		0.122				26		0.494				26		1.68				26		1.384

		27		0.234				27		0.175				27		0.351				27		0.7				27		1.05				27		0.743				27		1.288

		28		0.329				28		0.821				28		0.443				28		0.658				28		0.594				28		0.445				28		1.195

		29		0.172				29		0.322				29		0.973				29		1.262				29		0.94				29		0.625				29		2.199

		30		0.192				30		0.5				30		0.497				30		0.623				30		0.353				30		0.692				30		2.084

		31		0.086				31		0.156				31		0.521				31		0.591				31		0.665				31		0.331				31		2.304

		32		0.258				32		0.313				32		0.642				32		0.232				32		0.726				32		0.618				32		3.203

		33		0.192				33		0.322				33		0.388				33		0.197				33		0.607				33		0.276				33		3.514

		34		0.086				34		0.354				34		0.703				34		0.273				34		0.455				34		0.391				34		2.35

		35		0.122				35		0.445				35		0.521				35		0.665				35		0.442				35		0.431				35		0.873

		36		0.038				36		0.456				36		0.716				36		0.416				36		0.815				36		1.19				36		0.815

		37		0.234				37		0.228				37		0.388				37		0.589				37		0.175				37		0.371				37		0.718

		38		0.243				38		0.521				38		0.453				38		0.464				38		0.331				38		0.939				38		1.397

		39		0.154				39		0.421				39		0.626				39		0.807				39		0.607				39		0.775				39		0.939

		40		0.086				40		0.349				40		0.614				40		0.055				40		0.5				40		0.371				40		1.259

		41		0.109				41		0.228				41		0.799				41		0.279				41		0.841				41		0.475				41		0.577

		42		0.196				42		0.11				42		0.443				42		0.99				42		0.175				42		0.707				42		0.843

		43		0.308				43		0.199				43		0.174				43		0.504				43		0.166				43		0.618				43		0.718

		44		0.109				44		0.371				44		0.606				44		0.834				44		0.234				44		0.767				44		0.552

		45		0.293				45		0.199				45		0.887				45		1.061				45		0.629				45		1.016				45		0.322

		46		0.115				46		0.175				46		0.64				46		0.827				46		0.698				46		1.055				46		0.354

		47		0.122				47		0.336				47		0.334				47		0.66				47		0.781				47		0.941				47		0.354

		48		0.139				48		0.234				48		0.123				48		0.943				48		0.594				48		0.845				48		0.336

		49		0.109				49		0.166				49		0.935				49		0.64				49		0.11				49		1.161				49		0.228

		50		0.28				50		0.166				50		0.661				50		0.219				50		0.228				50		0.988				50		0.175

		51		0.115				51		0.469				51		0.816				51		0.427				51		0.769				51		0.391				51		0.166

		52		0.038				52		0.124				52		0.32				52		0.611				52		0.276				52		0.5				52		0.166

		53		0.159				53		0.055				53		0.792				53		0.665				53		0.078				53		0.618				53		0.166

		54		0.163				54		0.349				54		0.472				54		1.376				54		1.093				54		0.544				54		2.929

		55		0.159				55		0.577				55		0.347				55		0.767				55		0.751				55		0.61				55		2.426

		56		0.077				56		0.544				56		0.836				56		0.225				56		0.587				56		0.767				56		1.474

		57		0.038				57		0.276				57		0.732				57		0.881				57		0.39				57		0.767				57		1.055

		58		0.077				58		0.391				58		0.521				58		1.105				58		0.552				58		0.331				58		1.055

		59		0.207				59		0.313				59		0.439				59		0.623				59		0.644				59		0.555				59		1.149

		60		0.038				60		0.521				60		0.418				60		0.386				60		0.336				60		0.61				60		0.349

		61		0.154				61		0.221				61		0.491				61		0.896				61		0.247				61		0.442				61		0.349

		62		0.31				62		0.313				62		0.296				62		0.854				62		0.698				62		0.349				62		0.402

		63		0.109				63		0.445				63		0.497				63		1.153				63		0.617				63		0.336				63		0.667

		64		0.054				64		0.175				64		0.776				64		0.055				64		1.137				64		0.577				64		0.617

		65		0.224				65		0.354				65		0.521				65		0.665				65		0.322				65		0.391				65		0.509

		66		0.054				66		0.563				66		0.469				66		0.71				66		1.104				66		0.371				66		1.174

		67		0.154				67		0.11				67		0.703				67		1.492				67		0.692				67		0.843				67		1.165

		68		0.154				68		0.398				68		0.384				68		0.077				68		0.718				68		0.61				68		1.133

		69		0.192				69		0.276				69		0.443				69		0.563				69		0.175				69		0.61				69		1.294

		70		0.139				70		0.349				70		0.439				70		0.64				70		0.576				70		0.83				70		1.259

		71		0.038				71		0.472				71		0.614				71		0.934				71		0.276				71		0.349				71		1.153

		72		0.038				72		0.156				72		0.614				72		1.405				72		0.497				72		0.891				72		1.153

		73		0.077				73		0.349				73		0.549				73		0.591				73		0.11				73		0.387				73		2.372

		74		0.196				74		0.247				74		0.606				74		0.427				74		0.398				74		0.665				74		2.148

		75		0.192				75		0.472				75		0.396				75		0.197				75		0.597				75		0.608				75		2.277

		76		0.086				76		0.475				76		0.453				76		0.623				76		0.221				76		0.618				76		2.773

		77		0.038				77		0.587				77		0.506				77		0.64				77		0.79				77		0.331				77		2.829

		78		0.086				78		0.322				78		0.541				78		1.005				78		0.234				78		1.345				78		2.596

		79		0.086				79		0.475				79		0.506				79		0.64				79		0.943				79		0.892				79		0.859

		80		0.154				80		0.124				80		0.606				80		1.193				80		0.078				80		0.954				80		0.597

		81		0.077				81		0.055				81		0.716				81		0.273				81		1.093				81		0.563				81		0.398

		82		0.172				82		0.336				82		0.661				82		0.743				82		0.95				82		0.595				82		1.106

		83		0.038				83		0.456				83		0.494				83		0.604				83		0.078				83		0.821				83		1.072

		84		0.077				84		0.552				84		1.111				84		0.546				84		0.221				84		0.199				84		1.055

		85		0.172				85		0.156				85		0.388				85		0.122				85		0.568				85		0.11				85		0.349

		86		0.234				86		0.322				86		0.439				86		1.331				86		0.336				86		0.672				86		0.282

		87		0.3				87		0.421				87		0.368				87		0.876				87		0.692				87		0.665				87		0.472

		88		0.207				88		0.228				88		0.694				88		0.623				88		0.39				88		1.067				88		1.474

		89		0.3				89		0.391				89		0.439				89		0.618				89		1.062				89		0.816				89		1.942

		90		0.231				90		0.199				90		0.439				90		0.767				90		0.91				90		0.647				90		2.343

		91		0.109				91		0.234				91		0.497				91		0.538				91		0.692				91		0.442				91		1.105

		92		0.115				92		0.445				92		0.497				92		0.394				92		0.402				92		0.166				92		0.977

		93		0.329				93		0.445				93		0.443				93		0.788				93		0.671				93		0.552				93		0.863

		94		0.086				94		0.509				94		0.591				94		0.197				94		0.494				94		0.349				94		0.078

		95		0.077				95		0.199				95		0.443				95		0.604				95		0.521				95		0.618				95		0.156

		96		0.243				96		0.552				96		0.668				96		0.398				96		0.587				96		0.63				96		0.078

		97		0.077				97		0.432				97		0.329				97		0.492				97		0.563				97		0.331				97		0.123

		98		0.163				98		0.124				98		0.604				98		0.437				98		0.442				98		0.816				98		0.078

		99		0.192				99		0.124				99		0.443				99		0.782				99		0.994				99		0.672				99		0.175

		100		0.077				100		0.387				100		0.606				100		0.244				100		0.546				100		0.785				100		0.509

		Mean		0.162				Mean		0.317				Mean		0.516				Mean		0.643				Mean		0.566				Mean		0.618				Mean		1.084

		SD		0.089				SD		0.153				SD		0.197				SD		0.34				SD		0.27				SD		0.276				SD		0.789

		Min		0.038				Min		0.055				Min		0.123				Min		0.055				Min		0.078				Min		0.11				Min		0.078

		Max		0.414				Max		0.821				Max		1.111				Max		1.539				Max		1.137				Max		1.68				Max		3.514
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Concentration

Diameter

Concentration vs. Fiber diameter



		160 mg/ml

		8V		Length				12V		Length				18V		Length				22V		Length				25V		Length

		1		0.95				1		0.804				1		0.587				1		0.691				1		0.896

		2		1.39				2		1.838				2		0.964				2		0.573				2		0.45

		3		2.094				3		1.657				3		0.672				3		0.146				3		0.772		8		1.614

		4		1.287				4		1.677				4		0.791				4		0.87				4		0.618		12		1.225

		5		1.554				5		0.769				5		0.883				5		0.83				5		0.966		18		0.707

		6		1.938				6		1.657				6		0.472				6		0.732				6		0.889		22		0.565

		7		2.174				7		1.655				7		0.864				7		0.234				7		0.776		25		0.632

		8		1.054				8		1.725				8		1.165				8		0.626				8		0.863

		9		1.222				9		1.492				9		0.442				9		0.389				9		0.853

		10		1.041				10		1.153				10		0.617				10		0.704				10		0.603

		11		1.538				11		1.809				11		0.398				11		0.279				11		0.273

		12		1.877				12		1.408				12		1.211				12		0.711				12		0.386

		13		2.164				13		1.117				13		0.769				13		0.151				13		0.691

		14		1.631				14		1.18				14		0.72				14		0.938				14		0.154

		15		2.429				15		0.89				15		0.72				15		0.885				15		0.819

		16		1.133				16		0.977				16		0.544				16		1.067				16		0.795

		17		1.982				17		0.773				17		0.221				17		1.13				17		0.788

		18		2.849				18		1.726				18		1.161				18		0.579				18		0.984

		19		1.38				19		1.715				19		0.555				19		1.036				19		0.332

		20		2.006				20		1.303				20		0.349				20		0.558				20		0.88

		21		1.592				21		0.751				21		1.326				21		0.132				21		1.06

		22		2.29				22		0.828				22		0.63				22		0.509				22		0.819

		23		2.159				23		1.211				23		0.836				23		0.52				23		0.684

		24		1.886				24		1.602				24		0.663				24		0.958				24		0.855

		25		0.703				25		1.47				25		0.445				25		0.146				25		1.312

		26		0.987				26		1.126				26		0.509				26		0.459				26		0.394

		27		0.864				27		0.899				27		1.055				27		0.164				27		0.515

		28		0.943				28		1.289				28		0.821				28		0.722				28		0.332

		29		1.41				29		0.718				29		1.111				29		0.826				29		0.928

		30		1.631				30		0.692				30		0.741				30		0.623				30		0.225

		31		0.751				31		1.516				31		0.841				31		0.688				31		0.218

		32		1.062				32		1.519				32		0.815				32		1.113				32		0.821

		33		1.38				33		0.945				33		0.845				33		0.132				33		0.546

		34		1.874				34		0.863				34		0.472				34		0.266				34		0.398

		35		1.724				35		1.289				35		0.983				35		0.59				35		0.218

		36		2.339				36		0.785				36		0.521				36		0.586				36		1.106

		37		2.051				37		0.646				37		0.544				37		0.672				37		0.889

		38		1.69				38		0.781				38		0.665				38		0.295				38		0.416

		39		1.457				39		1.579				39		0.707				39		0.11				39		0.426

		40		0.555				40		1.768				40		0.769				40		0.259				40		0.273

		41		1.159				41		1.27				41		0.276				41		0.568				41		0.055

		42		1.581				42		1.408				42		0.234				42		0.427				42		0.273

		43		1.519				43		0.791				43		1.032				43		0.819				43		0.788

		44		1.084				44		1.294				44		0.672				44		0.684				44		0.611

		45		1.138				45		1.657				45		0.055				45		0.197				45		0.45

		46		2.026				46		0.95				46		0.494				46		0.132				46		0.225

		47		2.321				47		1.137				47		0.455				47		0.77				47		0.901

		48		1.802				48		1.345				48		0.978				48		0.082				48		0.44

		49		2.552				49		1.271				49		1.014				49		0.918				49		0.954

		50		1.679				50		0.5				50		0.737				50		0.764				50		0.658

		Mean		1.614				Mean		1.225				Mean		0.707				Mean		0.565				Mean		0.632

		SD		0.524				SD		0.376				SD		0.276				SD		0.303				SD		0.293

		Min		0.555				Min		0.5				Min		0.055				Min		0.082				Min		0.055

		Max		2.849				Max		1.838				Max		1.326				Max		1.13				Max		1.312
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Mset

		M-concentration		thickness		PL		PS		Sab		Mod

		260		0.0106		0.408		0.6		0.067		15.253

		227		0.0112		0.603		0.8		0.111		18.264

		195		0.0087		1.123		1.9		0.231		24.868

		162		0.0063		1.344		3.1		0.183		44.237

		130		0.0043		0.756		2.6		0.379		38.922

		100		0.0062		0.719		1.7		0.251		21.52

		70		0.0106		1.582		2.2		0.135		36.516





Mset

		0.0106		0.408		0.6		0.067

		0.0112		0.603		0.8		0.111

		0.0087		1.123		1.9		0.231

		0.0063		1.344		3.1		0.183

		0.0043		0.756		2.6		0.379

		0.0062		0.719		1.7		0.251

		0.0106		1.582		2.2		0.135
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thickness



		N-concentration		Thickness		PL		PS		Sab				Hthickness		HPL		HPS		Hsab				Mod		Hmod

		270		0.0043		0.53		1.8		0.21				0.0043		0.326		1.1		0.423				38.379		16.55

		230		0.0075		1.056		2.1		0.169				0.0074		0.393		0.8		0.531				32.709		8.382

		70		0.0075		1.577		3.1		0.27				0.0083		2.175		3.8		0.503				66.507

		100		0.0088		1.838		3.1		0.326				0.0096		1.814		2.8		0.566				59.033

		130		0.0099		2.18		3.2		0.386				0.0098		1.833		2.7		0.702				61.008

		160		0.008		1.224		2.2		0.32				0.0086		1.25		2.1		0.404				38.613

		190		0.0077		1.26		2.4		0.281				0.0077		0.966		1.8		0.51				40.949

		220		0.0084		1.101		1.9		0.308				0.0087		1.095		1.8		0.447				31.945

		250		0.0055		0.426		1.1		0.284				0.0066		0.478		1.1		0.319				24.863

		70H		0.0083		2.175		3.8		0.503														78.162

		100H		0.0096		1.814		2.8		0.566														55.268

		130H		0.0098		1.833		2.7		0.702														51.514

		160H		0.0086		1.25		2.1		0.404														42.37

		190H		0.0077		0.966		1.8		0.51														22.709

		220H		0.0087		1.095		1.8		0.447														27.109

		250H		0.0066		0.478		1.1		0.319														18.711
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Thickness



		70 mg/ml		Thickness		PL		PS		Sab		EnergyToBreak		Mod

		1		0.0059		1.556		3.9		0.264		3.927		86.42

		2		0.0061		1.445		3.4		0.252		3.535		81.327

		3		0.0068		1.487		3.2		0.259		3.719		72.687

		4		0.0072		1.548		3.2		0.244		3.534		68.864

		5		0.0079		1.655		3.1		0.245		3.835		64.357

		6		0.008		1.63		3		0.263		4.15		57.992

		7		0.0088		1.499		2.5		0.259		3.77		54.759

		8		0.0086		1.596		2.7		0.223		3.309		58.252

		9		0.0076		1.556		3		0.313		4.74		58.632

		10		0.0078		1.796		3.4		0.384		6.674		61.777

		1H		0.0088		2.533		4.2		0.503		12.532		84.343

		2H		0.0076		2.09		4		0.66		13.346		65.855

		3H		0.0078		1.908		3.6		0.589		10.319		59.757

		4H		0.0097		2.364		3.6		0.54		12.158		61.725

		5H		0.0085		2.391		4.1		0.453		10.596		91.457

		6H		0.008		2.111		3.8		0.549		11.337		80.404

		7H		0.0076		2.065		4		0.388		7.837		85.475

		8H		0.0098		3.149		4.7		0.432		13.419		97.621

		9H		0.0079		1.971		3.6		0.538		10.171		76.568

		10H		0.0074		1.721		3.4		0.491		8.322		78.401

		11H		0.0076		1.752		3.3		0.595		10.34		71.186

		12H		0.0089		2.048		3.4		0.298		6.154		85.158





		



Peak Load

Peak Stress

Strain At Break



		



Modulus




_1027596918.xls
Chart6

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		1H

		2H

		3H

		4H

		5H

		6H

		7H

		8H

		9H

		10H

		11H

		12H



Modulus

Modulus (MPa)

86.42

81.327

72.687

68.864

64.357

57.992

54.759

58.252

58.632

61.777

84.343

65.855

59.757

61.725

91.457

80.404

85.475

97.621

76.568

78.401

71.186

85.158



Mset

		M-concentration		thickness		PL		PS		Sab		Mod

		260		0.0106		0.408		0.6		0.067		15.253

		227		0.0112		0.603		0.8		0.111		18.264

		195		0.0087		1.123		1.9		0.231		24.868

		162		0.0063		1.344		3.1		0.183		44.237

		130		0.0043		0.756		2.6		0.379		38.922

		100		0.0062		0.719		1.7		0.251		21.52

		70		0.0106		1.582		2.2		0.135		36.516
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thickness



		N-concentration		Thickness		PL		PS		Sab				Hthickness		HPL		HPS		Hsab				Mod		Hmod

		270		0.0043		0.53		1.8		0.21				0.0043		0.326		1.1		0.423				38.379		16.55

		230		0.0075		1.056		2.1		0.169				0.0074		0.393		0.8		0.531				32.709		8.382

		70		0.0075		1.577		3.1		0.27				0.0083		2.175		3.8		0.503				66.507

		100		0.0088		1.838		3.1		0.326				0.0096		1.814		2.8		0.566				59.033

		130		0.0099		2.18		3.2		0.386				0.0098		1.833		2.7		0.702				61.008

		160		0.008		1.224		2.2		0.32				0.0086		1.25		2.1		0.404				38.613

		190		0.0077		1.26		2.4		0.281				0.0077		0.966		1.8		0.51				40.949

		220		0.0084		1.101		1.9		0.308				0.0087		1.095		1.8		0.447				31.945

		250		0.0055		0.426		1.1		0.284				0.0066		0.478		1.1		0.319				24.863

		70H		0.0083		2.175		3.8		0.503														78.162

		100H		0.0096		1.814		2.8		0.566														55.268

		130H		0.0098		1.833		2.7		0.702														51.514

		160H		0.0086		1.25		2.1		0.404														42.37

		190H		0.0077		0.966		1.8		0.51														22.709

		220H		0.0087		1.095		1.8		0.447														27.109

		250H		0.0066		0.478		1.1		0.319														18.711
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		70 mg/ml		Thickness		PL		PS		Sab		EnergyToBreak		Mod

		1		0.0059		1.556		3.9		0.264		3.927		86.42

		2		0.0061		1.445		3.4		0.252		3.535		81.327

		3		0.0068		1.487		3.2		0.259		3.719		72.687

		4		0.0072		1.548		3.2		0.244		3.534		68.864

		5		0.0079		1.655		3.1		0.245		3.835		64.357

		6		0.008		1.63		3		0.263		4.15		57.992

		7		0.0088		1.499		2.5		0.259		3.77		54.759

		8		0.0086		1.596		2.7		0.223		3.309		58.252

		9		0.0076		1.556		3		0.313		4.74		58.632

		10		0.0078		1.796		3.4		0.384		6.674		61.777

		1H		0.0088		2.533		4.2		0.503		12.532		84.343

		2H		0.0076		2.09		4		0.66		13.346		65.855

		3H		0.0078		1.908		3.6		0.589		10.319		59.757

		4H		0.0097		2.364		3.6		0.54		12.158		61.725

		5H		0.0085		2.391		4.1		0.453		10.596		91.457

		6H		0.008		2.111		3.8		0.549		11.337		80.404

		7H		0.0076		2.065		4		0.388		7.837		85.475

		8H		0.0098		3.149		4.7		0.432		13.419		97.621

		9H		0.0079		1.971		3.6		0.538		10.171		76.568

		10H		0.0074		1.721		3.4		0.491		8.322		78.401

		11H		0.0076		1.752		3.3		0.595		10.34		71.186

		12H		0.0089		2.048		3.4		0.298		6.154		85.158
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		M-concentration		thickness		PL		PS		Sab		Mod

		260		0.0106		0.408		0.6		0.067		15.253

		227		0.0112		0.603		0.8		0.111		18.264

		195		0.0087		1.123		1.9		0.231		24.868

		162		0.0063		1.344		3.1		0.183		44.237

		130		0.0043		0.756		2.6		0.379		38.922

		100		0.0062		0.719		1.7		0.251		21.52

		70		0.0106		1.582		2.2		0.135		36.516
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thickness



		N-concentration		Thickness		PL		PS		Sab				Hthickness		HPL		HPS		Hsab				Mod		Hmod

		270		0.0043		0.53		1.8		0.21				0.0043		0.326		1.1		0.423				38.379		16.55

		230		0.0075		1.056		2.1		0.169				0.0074		0.393		0.8		0.531				32.709		8.382

		70		0.0075		1.577		3.1		0.27				0.0083		2.175		3.8		0.503				66.507

		100		0.0088		1.838		3.1		0.326				0.0096		1.814		2.8		0.566				59.033

		130		0.0099		2.18		3.2		0.386				0.0098		1.833		2.7		0.702				61.008

		160		0.008		1.224		2.2		0.32				0.0086		1.25		2.1		0.404				38.613

		190		0.0077		1.26		2.4		0.281				0.0077		0.966		1.8		0.51				40.949

		220		0.0084		1.101		1.9		0.308				0.0087		1.095		1.8		0.447				31.945

		250		0.0055		0.426		1.1		0.284				0.0066		0.478		1.1		0.319				24.863

		70H		0.0083		2.175		3.8		0.503														78.162

		100H		0.0096		1.814		2.8		0.566														55.268

		130H		0.0098		1.833		2.7		0.702														51.514

		160H		0.0086		1.25		2.1		0.404														42.37

		190H		0.0077		0.966		1.8		0.51														22.709

		220H		0.0087		1.095		1.8		0.447														27.109

		250H		0.0066		0.478		1.1		0.319														18.711
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		70 mg/ml		Thickness		PL		PS		Sab		EnergyToBreak		Mod

		1		0.0059		1.556		3.9		0.264		3.927		86.42

		2		0.0061		1.445		3.4		0.252		3.535		81.327

		3		0.0068		1.487		3.2		0.259		3.719		72.687

		4		0.0072		1.548		3.2		0.244		3.534		68.864

		5		0.0079		1.655		3.1		0.245		3.835		64.357

		6		0.008		1.63		3		0.263		4.15		57.992

		7		0.0088		1.499		2.5		0.259		3.77		54.759

		8		0.0086		1.596		2.7		0.223		3.309		58.252

		9		0.0076		1.556		3		0.313		4.74		58.632

		10		0.0078		1.796		3.4		0.384		6.674		61.777

		1H		0.0088		2.533		4.2		0.503		12.532		84.343

		2H		0.0076		2.09		4		0.66		13.346		65.855

		3H		0.0078		1.908		3.6		0.589		10.319		59.757

		4H		0.0097		2.364		3.6		0.54		12.158		61.725

		5H		0.0085		2.391		4.1		0.453		10.596		91.457

		6H		0.008		2.111		3.8		0.549		11.337		80.404

		7H		0.0076		2.065		4		0.388		7.837		85.475

		8H		0.0098		3.149		4.7		0.432		13.419		97.621

		9H		0.0079		1.971		3.6		0.538		10.171		76.568

		10H		0.0074		1.721		3.4		0.491		8.322		78.401

		11H		0.0076		1.752		3.3		0.595		10.34		71.186

		12H		0.0089		2.048		3.4		0.298		6.154		85.158
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