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SUMMARY OF PROJECT 

The Brookfield viscometer and capillary viscometer were used to measure the relationship between the viscosity and shear rate of dilutions of Carboxylmethylcellulose (CMC) at constant temperature of 40 degrees.  Calibration of the Brookfield viscometer using a sucrose solution yielded a correction factor of (working viscosity) = .9047(Brookfield viscosity) + .3222 with st dev =0.0466*viscosity + 0.0501.  The regressions for the ln(shear rate) vs ln(viscosity) of 1:20, 1:40, 1:60, 1:100, 1:200, 1:250, 1:300 CMC: water solutions yielded linear slopes of -.234, -.244, -.223, -.177, -.190, -.216, -.202 with R2 values of .994, .998, .997, .990, .988, .989, .992, respectively and stdev 0.0239.  From these values the linear relationship existing between the K and the slopes, and the concentration was established: K = 538.8 (conc) + 2.46, with an R2 value of 0.993.  The viscosity-shear rate relationship of CMC using the capillary viscometer was y=.0019shear +2.17 with and an R2=.9204 for a 1:200 dilution, and y=.0013shear + 1.9799 and an R2=.939, for a 1:300 dilution.  The mean differences (γ Capillary viscometer – γ Brookfield) were 76.68 ( 62.01 s-1 for the 1:200 dilution and the 52.57 ( 73.41 for the 1:300 dilution.   

Specific Aims and Objectives
· Calculate the shear rate dependence of the viscosity of CMC solutions (1:20, 1:40, 1:60, 1:100, 1:200, 1:250, and 1:300) within 95% confidence at constant temperature.  

· Compare the determination methods of the Brookfield Viscometer and the Capillary Viscometer for ease of use and reliability of the results.

Background 

In this experiment, the Brookfield Viscometer and the Capillary Viscometer were used to measure the viscosities of Carboxylmethylcellulose solutions at 40oC.  The capillary viscometer is a manual method for measuring the viscosity of a fluid.  Each capillary viscometer applies a specific diameter-dependent shear force on the fluid, which affects the rate of fluid flows.  The flow time of the fluid is proportional to the ratio of viscosity to density.  The viscosity of the fluid can be calculated if the constant of proportionality of the capillary used and the density of the fluid are known.  According to the manufacturers, the Capillary Viscometer is accurate up to .25%.

Another viscometer, the Brookfield Viscometer, also called a cone-plate rheometer, is used to measure viscosity.  It can run at 8 speeds, directly providing values for viscosity, shear stress and shear rate (which values are dependent on the RPM at which the spindle is rotating).  The machine provides the viscosity with calculations based upon the amount of torque required to rotate the spindle at a given RPM, while immersed in the sample solution.  The torque is proportional to the viscosity- the resistance experienced by the immersed spindle, which is rotating while immersed in the solution. According to the manufacturers, the Brookfield is accurate until 1%, with repeatability of 0.2%.
  

The Viscosity is calculated:  torque constant* spindle constant* (10,000/RPM)

The shear rate (1/sec) is calculated:  shear rate constant* RPM

By attaching a water bath, the temperature at which the solutions’ viscosities were measured was regulated.  The measurement of the values does not vary with time so the Viscometer can be used for extended periods of time, given standard conditions.    

Carboxylmethylcellulose (CMC), the substance measured, is a derivative of cellulose formed by a reaction between alkali and chloroacetic acid.  Three grades of CMC, differentiated by varying by levels of viscosity from 50 cps to 3000 cps, are commercially produced.   The physical properties of CMC vary with concentration.  At high concentrations, the molecular chains are susceptible to overlap, creating a thermo reversible gel.  The gel like properties of CMC makes it a good thickener, phase and emulsion stabilizer and suspending agent.  The viscosity of CMC is easily manipulated by changing the ionic strength, pH, temperature, and average chain length.

Materials and Methods

· 100, 200, 300 capillaries for the capillary viscometer

· 1:20, 1:40, 1:60, 1:100, 1:200, 1:250, 1:300 CMC: water solutions (by weight)

· Calibrated the Brookfield Viscometer with sucrose solution

Used given values of viscosity for sucrose (see website in references) and used the correlation between the given and the experimental curve to obtain a correction factor for the Brookfield of: 

(viscosity) =.9047(Brookfield viscosity) + .3222    

· Measured the viscosity of different CMC dilutions at varying shear rates (at 40oC)

Used the Brookfield viscometer to measure the viscosities of 1:20, 1:40, 1:60, 1:100, 1:200, 1:250, 1:300 CMC: water solutions (by weight) at shear rates of 264, 198, 158, 132, 99, 66, 33 1/s.  Plotted the ln(shear rate) against ln(viscosity) and perform linear regressions to see the relationship between shear rate and viscosities at varying concentrations.    

· Calibrated the capillary viscometer with sucrose to obtain the viscosity of CMC using eq. 1 (see theory)

· Measured the viscosity of 1:200 and 1:300 CMC dilutions using 100, 200, 300 capillary viscometers (at 40oC) and solved for shear rates using equation 2 (see below) and linear regression of Brookfield data corresponding to the same concentrations. 

Theory

To find the unknown viscosity, use the following equation using sucrose as the standard:
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      (eq. 1)

where 
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tcmc= time in capillary viscometer for CMC (found in appendix)

tsucrose= time in capillary viscometer for sucrose (found in appendix)
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For the Capillary Viscometer, the shear rate and its relationship to flow rate is calculated by:

γ =
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                    (eq.2)

Where Q=VA

Q= flow rate (cm^3/sec)
V- Average velocity

A- Cross sectional area of the capillary

For finding the relationship between shear rate and viscosity:

ή = Kγ(1-n)                (eq.3)

Where K is a constant (to be determined) and n is the slope for a (shear vs viscosity) curve.  

Results

· The data for sucrose viscosity obtained by the Brookfield yielded a correction factor of   (working viscosity) =.9047(Brookfield viscosity) + .3222 with st dev =0.0466*viscosity + 0.0501, which was determined based on given viscosity values from reference1.  
· The regressions  for the ln(shear rate) vs ln(viscosity) for 1:20, 1:40, 1:60, 1:100, 1:200, 1:250, 1:300 CMC: water solutions yielded linear slopes of -.234, -.244, -.223, -.177, -.190, -.216, -.202 with R2 values of .994, .998, .997, .990, .988, .989, .992, respectively and stdev 0.0239 (see graph 1), which were applied to equation 3 to solve for K.   
· The regression of the K and (n-1) vs. concentration plot yielded a linear relationship: K = 538.8 (conc) + 2.46, with an R2 value of 0.993.  
· For the capillary viscometers, the viscosity-shear rate relationship was also determined for 1:200 and 1:300 dilutions of CMC.       For 1:200 y=.0019shear +2.17 with and an R2=.9204.  For 1:300 y=.0013shear + 1.9799 and an R2=.939. 

· The mean differences(γ Capillary viscometer – γ Brookfield) were 76.68 ( 62.01 s-1 for the 1:200 dilution and the 52.57 ( 73.41 for the 1:300 dilution.   

Discussion/ Analysis

This lab focused on the viscosity of CMC, Carboxylmethylcellulose and its relationship to the shear rate.  The Brookfield Viscometer and the capillary Viscometer were used.  The Brookfield Viscometer directly outputs values for the shear rate and viscosities (both values are dependent upon RPM (shear- see background) and vary with concentration and temperature).  The machine was calibrated by running solutions of sucrose and comparing the output Brookfield viscosities to given viscosities under the same conditions (concentration: 1:20, 1:40, 1:60, 1:100, 1:200, 1:250, 1:300 CMC: water solutions (by weight) and temperature: 40oC).  The relationship (see graph 1) was used as a correction factor for all viscosities given by the Brookfield and was  determined to be:  corrected viscosity = 0.9047*measured viscosity + 0.3222 with a standard deviation of: St.Dev = 0.0466*viscosity + 0.0501.

In order to use the Brookfield to find the shear rate- viscosity dependence, dilutions of 1:20, 1:40, 1:60, 1:100, 1:200, 1:250, 1:300 were run at shear rates of 264,198,158,132,99,66,33 1/s at 400C.  The obtained viscosities were corrected using the above factor and were plotted against the rates in a log plot (see graph2). At higher dilutions, the CMC solution was exhibiting more Newtonian behavior.  According to ideal plots (see appendix), the shapes of the slopes differ at lower shear rates for Newtonian and Pseudoplastic behavior and are relatively similar in shape at higher shear rates.  At 264, 198 rate values, it was hard to distinguish between the different types of curves so in order to distinctively observe the trend in Pseudoplastic/Newtonian behavior, the regressions for the 1:200, 1:250, 1:300 dilutions were performed without the 264, 198 rate values.  Also, in order to preserve the fraction of error, R2 for the Pseudoplastic regressions, several points for the 1:100 and one point for the 1:60 dilution at lower shear rates were also unenclosed.  

Given the slopes and the equation: ή = Kγ(1-n) (eq.3), the constant, K, relating shear rate to viscosity can be found (see Table 1).  The (1-n) values and the K values were then plotted against concentration (see graph 3) and it was found that linearity results in dilutions of 1:300-1:40.  (The 1:20 dilution was an outlier and was not included in the regression).  It was determined that K = 538.8  (conc) + 2.46, with an R2 value of 0.993.  so the dependency of viscosity to shear rate is:

ή = (538.8X +2.46)γ(1-n)  where n is the slope of the log plot of viscosity vs. shear

The shear of a 1:200 and 1:300 dilution measured by the Brookfield viscometer was compared with the results obtained from measurements of the capillary viscometer.  The mean difference of the shear (γ Capillary viscometer – γ Brookfield) was calculated in the 1:200 dilution was 76.68 ( 62.01, while the mean difference of the shear in the 1:300 dilution was 52.573833 ( 73.411872.  The large deviation of the calculated shear rate between the two instruments prevents the formation of definitive conclusions stating the accuracy of the respective instruments.  Careful attention should also be paid to the calibration of the capillary viscometer and the choice of a standard solution.  The difference between the shear rates of CMC  calculated by the two viscometers could have been greatly affected by choice of 50% sucrose as a standard solution.  An interesting trend however, was observed in the 1:200 and 1:300 solutions of the smallest viscosity (see appendix Graph 4a and 4b).  When the measured viscosity was greater than 2.3 cp in the 1:200 dilution, and 2.1 cp in the 1:300 dilution, the Brookfield viscometer calculated a greater shear rate compard to the calculated shear rate of the capillary viscometer.  However at a viscosity of 2.24 cp in the 1:200 dilution, and 2.02 cp in the 1:300 dilution, the calculated shear rate of the capillary viscometer was greater than the calculated viscometer of the Brookfield.  A possible trend can be derived if more more trials are performed using solutions of lower viscosity.  

Tables/ graphs

Graph 1: Linear Regression of Experimental Viscosity versus Given Viscosity of Sucrose solutions with varying concentrations at 40oC – Calibration, and determining uncertainty of the Brookfield Viscometer.  

	Table 1:Calibration:

	 
	Coefficients
	Standard Error

	Intercept
	0.32219559
	0.12998818

	X 
	0.90470327
	0.0288688

	Corrected = 0.9047*measured+0.3222

	Table 2: Uncertainty

	Concentration
	Viscosity
	St. Dev

	25%
	1.474744
	0.11887

	50%
	7.034634
	0.37801

	St.Dev = 0.0466*viscosity + 0.0501
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Experimental solutions of 25%, 30%, 40%, and 50% sucrose solution, were prepared by diluting a 50% sucrose solution. Viscosity of these dilutions were obtained from the website (see reference),and were found to be 1.475, 1.860, 3.277, 7.035 cP respectively.  The regression between the experimental and the given concentration gives the equation y=.9047x +.3222, shown in table 1, which is used as the correction factor between the viscosity given by the Brookfield and the “actual” viscosity. From data at 25% and 50% solution, with 4 viscosity measurements each, we can also calculate the uncertainty in viscosity. Higher viscosity gives a higher uncertainty as shown in table 2. At a viscosity of 1.5cP we measure a standard deviation of 0.1, and at a viscosity of 7.0cP we get a standard deviation of 0.4. We obtain the relationship: St.Dev = 0.0466*viscosity + 0.0501 which is used in figure 2. 

Graph 2: Viscosity vs. Shear rate of dilutions ranging from 1/300 to 1/20 at 40 0C with uncertainty bars.
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A X% CMC solution was diluted 1/20,1/40,1/60,1/100,1/200,1/250,1/300, and viscosity was measured against different shear rates (264, 198,158,132,99,66,33 s-1) at 400C. Higher dilutions show a decrease in viscosity, and an increase in shear rate also causes a decrease in viscosity. Uncertainty error bars obtained from equation in table 2, show the curves are significantly decreasing, and are not flat. For each dilution, linear regression analysis are performed on different parts of the curve, to determine which part of the curve is linear. To define which part is linear we looked at the R2 values of the regression as shown in the appendix table X. This graph shows which part of the curve is linear and which points are used for the linear regressions in table 1 with an open or closed data label.

Table 1: Shows the linear regression on viscosity vs. shear rate curves from figure 2, at different dilutions as well as the derived n, and K values.

	Dilution
	Conc
	(slope)
	(intercept)
	r^2
	n = 1-slope
	K=e^intercept

	1/20
	5.00%
	-0.23368
	3.150431059
	0.99376552
	1.23368404
	23.34607649

	1/40
	2.50%
	-0.24369
	2.782351082
	0.99786615
	1.24369526
	16.15693243

	1/60
	1.67%
	-0.22288
	2.430222036
	0.9974187
	1.22287959
	11.36138586

	1/100
	1.00%
	-0.17665
	1.996813385
	0.9898094
	1.17665181
	7.365537607

	1/200
	0.50%
	-0.19028
	1.551356681
	0.98837219
	1.1902815
	4.717861558

	1/250
	0.40%
	-0.21599
	1.62269744
	0.98899149
	1.21599748
	5.066733595

	1/300
	0.33%
	-0.20223
	1.526800367
	0.99237167
	1.20223479
	4.60341924

	
	
	
	
	Average
	1.2122035
	

	
	
	
	
	St.Dev
	0.02389348
	


All regression curves have an r2 value above 0.988 with a constant slope and a decreasing intercept, for increasing dilutions. From this we can obtain n = 1.21,  constant for all dilutions, with a standard deviation of 0.02, and the K’s for each dilution ranging from 4.60 to 23.35. The relationship between K and its concentration is discussed in graph3.

Graph3: K and n vs. Concentration
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Plotting K vs concentration shows that for low dilutions in a range of 1/300 to 1/40, the relationship between K and concentration appears to be linear with a regression fit of K = 538.8 X + 2.46, and an R2 value of 0.993. Note however that a dilution of 1/20 does not follow this trend. Also, n remains constant.

Table 2: Calculations of Viscosity using the Capillary Viscometer.

	Concentration
	Tube
	Time in Sec
	Viscosity

	50% sucrose
	100
	344.019
	12.599±.01%

	50% sucrose
	200
	54.496
	12.599±.01%

	50% sucrose
	300
	19.1544
	12.599±.01%

	1:200
	100
	74.564
	2.238324±.13%

	1:200
	200
	12.4333
	2.35606±.594%

	1:200
	300
	4.55
	2.44234±.164%

	1:300
	100
	67.317
	2.020778±.14%

	1:300
	200
	11.398
	2.159933±.535%

	1:300
	300
	3.99
	2.15119±.166%


Table 2 shows the viscosity of CMC in different tubes and different concentrations.  As the tubes diameter increases, the rate of flow through the tube increases.  The rate of flow decreases with an increase in concentration of CMC.  Error calculation is located in the appendix II.

Graph 4: Viscosity vs. Shear rate of dilutions 1/200 and 1/300  at 40 0C
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This graph shows the relationship between shear and viscosity on a logtharithmic plot.  For 1:200 y=.0019shear +2.17 with and an R2=.9204.  For 1:300 y=.0013shear + 1.9799 and an R2=.939. For a newtonian

Table 3: Comparison of Brookfield Shears and Capillary Viscometer

	Concentration
	Tube
	Viscosity
	Shear (eq. 2)
	Brookfield shear
	Difference (eq.2- Brookfield shear)
	Standard error

	1:200
	100
	2.238324322
	32.1033
	49.97067
	-17.8674


	.01

	1:200
	200
	2.356066545
	114.8443
	38.16862
	76.676
	.01

	1:200
	300
	2.44233872
	130.5085
	31.59557
	98.9129
	.01

	1:300
	100
	2.020777834
	35.55856
	85.52192
	-49.9129
	.04

	1:300
	200
	2.159932959
	125.2728
	60.26746
	86.60673
	.04

	1:300
	300
	2.151199005
	148.1713
	61.56454
	65.00536
	.04


Given the viscosities from Table 2, equation 2 was applied to solve for the shear rate (column 4). The viscosities from Table 2 were interposed onto the Shear rate vs. Viscosity graph from the Brookfield for the 1:200 and 1:300 dilutions of CMC to solve for the shear (column 5).  The error in the graphs can be found in the appendix along with the graphs of the differnces in shear rates. For 1:200 y=.0019shear +2.17 with and an R2=.9204.  For 1:300 y=.0013shear + 1.9799 and an R2=.939.
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Appendix

Table: shows R2 values for viscosity/shear rate regressions from fig.2. 

	Dilution:
	1/20
	
	1/40
	
	1/60
	
	1/100
	

	Points
	L
	R
	L
	R
	L
	R
	L
	R

	ALL
	0.993765522
	0.993765522
	0.9978662
	0.9978662
	0.9831688
	0.9831688
	0.9729147
	0.972914683

	-1
	0.992473413
	0.991344682
	0.9975233
	0.9970828
	0.9974187
	0.9802339
	0.9469077
	0.971267832

	-2
	0.99689046
	0.988207439
	0.9949549
	0.9987972
	0.9961507
	0.976948
	0.9747333
	0.967788099

	-3
	0.999271695
	0.998335941
	0.9896974
	0.997804
	0.9934166
	0.9975174
	0.9898094
	0.997785373

	
	
	
	
	
	
	
	
	

	Dilution:
	1/200
	
	1/250
	
	1/300
	
	
	

	points
	L
	R
	L
	R
	L
	R
	
	

	ALL
	0.535479616
	0.535479616
	0.9571708
	0.9571708
	0.9560104
	0.9560104
	
	

	-1
	0.878770353
	0.40646618
	0.9101267
	0.9841926
	0.9242121
	0.9696412
	
	

	-2
	0.737699075
	0.326158011
	0.888159
	0.9923289
	0.8405467
	0.9921943
	
	

	-3
	0.456936621
	0.999592205
	0.7654647
	0.9986078
	0.8901986
	0.9981558
	
	

	middle 4
	0.988372186
	
	
	
	
	
	
	


Points show how many points were not used in the regression, and L and R, denote from which side the points were not used. For example for dilution 1/60, 1 point from the left was not used in the regression, because it gave a higher R2 value of 0.997, rather than using all points which would be less linear with a R2 value of 0.98. For dilution 1/200, the middle four points were used.

Newtonian
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Graph of viscosity vs shear for capillary viscometer using eq 2

[image: image13.emf]Shear vs Viscosity

y = 0.0019x + 2.1737

R

2

 = 0.9204

y = 0.0013x + 1.9799

R

2

 = 0.939

1

10

1 10 100 1000

Shear (1/sec)

Viscosity

1/200 Capillary

Viscometer

1/300 Capillary

Viscometer

Linear (1/200

Capillary

Viscometer)

Linear (1/300

Capillary

Viscometer)


Error Graph of 1/300 Shear

Bivariate Fit of Viscosity By C.V. Shear
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Viscosity = 2.17373 + 0.0018581 C.V. Shear

Summary of Fit

	RSquare
	0.920353

	RSquare Adj
	0.840706

	Root Mean Square Error
	0.040874

	Mean of Response
	2.345577

	Observations (or Sum Wgts)
	3


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	1
	0.01930533
	0.019305
	11.5554

	Error
	1
	0.00167067
	0.001671
	Prob > F

	C. Total
	2
	0.02097600
	
	0.1821


Parameter Estimates

	Term
	
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	2.17373
	0.05579
	38.96
	0.0163

	C.V. Shear
	
	0.0018581
	0.000547
	3.40
	0.1821
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Graph 4a: Shear vs Viscosity for 1/200
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 Graph four shows the relationship between the calculated shear rates from the capillary viscometer and the Brookfield.  The numbers on the graph correspond to Brookfield Shear-Capillary Viscometer.  The mean difference was 76.68 and the standard deviation is 62.01.  

Graph 4b: Shear vs Viscosity for 1/300 
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Graph five shows the relationship between the calculated shear rates from the capillary viscometer and the Brookfield.  The numbers on the graph correspond to Brookfield Shear-Capillary Viscometer.  The mean difference was 52.573833 and the standard deviation is 73.411872.  

Distribution of the Difference in 1/300

Distributions

Column 1

[image: image19.wmf]-100

-50

0

50

100


Quantiles

	100.0%
	maximum
	86.61

	99.5%
	
	86.61

	97.5%
	
	86.61

	90.0%
	
	86.61

	75.0%
	quartile
	86.61

	50.0%
	median
	65.01

	25.0%
	quartile
	-49.96

	10.0%
	
	-49.96

	2.5%
	
	-49.96

	0.5%
	
	-49.96

	0.0%
	minimum
	-49.96


Moments

	Mean
	33.882908

	Std Dev
	73.411872

	Std Err Mean
	42.384364

	upper 95% Mean
	216.24811

	lower 95% Mean
	-148.4823

	N
	3



























































� http://www.labquipasia.com/viet/products/brookfield.html


� This calculation is applied to every viscosity noted in the report from the Brookfield
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		50% sucrose solution										Viscometer		100		200		300

				100 C		200 C		300 C				Volume of bulb (cm^3)		3.3		3.3		3.3

						55.37						capillary diameter (cm)		0.120629		0.1433		0.192263

						55

						55						1/200		velocity		viscosity		shear		ln(shear)		ln(viscosity)

						54.65						100		74.564		2.2383243224		32.1033032913		3.4689589311		0.8057275156

						54.28						200		12.433		2.3560665454		114.8443287415		4.7435775482		0.8569935105

						54.13						300		4.53		2.4423387204		130.5084743285		4.871438162		0.8929560722

						54.1																								shear		Brook		Difference

						54.12						1/300		velocity		viscosity		shear		ln(shear)		ln(viscosity)								32.1033032913		49.9706662888		-17.8673629975

						54.12						100		67.317		2.020777834		35.5585564996		3.5711808164		0.7034825036								114.8443287415		38.1686224532		76.6757062883

						54.19						200		11.398		2.1599329594		125.2728144624		4.8304938748		0.7700771839								130.5084743285		31.5955655305		98.912908798

		Average		344.019		54.496		19.1544				300		3.99		2.1511990054		148.1712753654		4.9983688706		0.7660253636								35.5585564996		85.5219224855		-49.963365986

		k (m*Pa)		0.036623		0.2311912801		0.65776																						125.2728144624		60.2674566646		65.0053577978

																														148.1712753654		61.5645446283		86.6067307371

		1:200 CMC solution		100 C		200 C		300 C

				74.81		12.63		4.75

				74.75		12.5		4.55

				73.75		12.69		4.4

				74.76		12.66		4.55

				74.84		12.53		4.47

				74.72		12.53		4.5

				74.78		12.28		4.56

				74.29		12.25		4.56

				74.79		12.1		4.43

				74.15		12.16		4.53

		Average		74.564		12.433		4.53

		Viscosity		2.2383243224		2.3560665454		2.4423387204

		1:300 CMC solution		100 C		200 C		300 C

				68.13		11.66		3.97

				67.9		11.53		4.06

				67.79		11.46		4

				67.5		11.38		4.03

				67.55		11.41		3.85

				67.25		11.4		4.09						viscocity		K value		slope		vis/K		shear		lnvis		ln shear		shear

				67.01		11.35		4.03				200		2.2383243224		1.551356881		-0.19028		1.4428171556		1.36069		0.8057275156		3.9114387901		49.9706662888

				66.91		11.31		3.94				200		2.3560665454		1.551356881		-0.19028		1.51871344		1.42058		0.8569935105		3.6420162261		38.1686224532

				66.8		11.29		3.93				200		2.4423387204		1.551356881		-0.19028		1.5743242257		1.46415		0.8929560722		3.4530191021		31.5955655305

				66.33		11.19		4				300		2.020777834		1.526800367		-0.202235		1.3235376921		1.26258		0.7034825036		4.4487757389		85.5219224855

		Average		67.317		11.398		3.99				300		2.1599329594		1.526800367		-0.202235		1.4146793557		1.33449		0.7700771839		4.0987950246		60.2674566646

		Viscosity		2.020777834		2.1599329594		2.1511990054				300		2.1511990054		1.526800367		-0.202235		1.4089589261		1.33		0.7660253636		4.120088902		61.5645446283
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				100 C		200 C		300 C				Volume of bulb (cm^3)		3.3		3.3		3.3

						55.37						capillary diameter (cm)		0.120629		0.1433		0.192263

						55

						55						1/200		velocity		viscosity		shear		ln(shear)		ln(viscosity)

						54.65						100		74.564		2.2383243224		32.1033032913		3.4689589311		0.8057275156

						54.28						200		12.433		2.3560665454		114.8443287415		4.7435775482		0.8569935105

						54.13						300		4.53		2.4423387204		130.5084743285		4.871438162		0.8929560722

						54.1																								shear		Brook		Difference
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						54.12						100		67.317		2.020777834		35.5585564996		3.5711808164		0.7034825036								114.8443287415		38.1686224532		76.6757062883

						54.19						200		11.398		2.1599329594		125.2728144624		4.8304938748		0.7700771839								130.5084743285		31.5955655305		98.912908798

		Average		344.019		54.496		19.1544				300		3.99		2.1511990054		148.1712753654		4.9983688706		0.7660253636								35.5585564996		85.5219224855		-49.963365986

		k (m*Pa)		0.036623		0.2311912801		0.65776																						125.2728144624		60.2674566646		65.0053577978

																														148.1712753654		61.5645446283		86.6067307371

		1:200 CMC solution		100 C		200 C		300 C

				74.81		12.63		4.75

				74.75		12.5		4.55

				73.75		12.69		4.4

				74.76		12.66		4.55

				74.84		12.53		4.47

				74.72		12.53		4.5
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				67.9		11.53		4.06

				67.79		11.46		4

				67.5		11.38		4.03

				67.55		11.41		3.85

				67.25		11.4		4.09						viscocity		K value		slope		vis/K		shear		lnvis		ln shear		shear

				67.01		11.35		4.03				200		2.2383243224		1.551356881		-0.19028		1.4428171556		1.36069		0.8057275156		3.9114387901		49.9706662888

				66.91		11.31		3.94				200		2.3560665454		1.551356881		-0.19028		1.51871344		1.42058		0.8569935105		3.6420162261		38.1686224532

				66.8		11.29		3.93				200		2.4423387204		1.551356881		-0.19028		1.5743242257		1.46415		0.8929560722		3.4530191021		31.5955655305

				66.33		11.19		4				300		2.020777834		1.526800367		-0.202235		1.3235376921		1.26258		0.7034825036		4.4487757389		85.5219224855

		Average		67.317		11.398		3.99				300		2.1599329594		1.526800367		-0.202235		1.4146793557		1.33449		0.7700771839		4.0987950246		60.2674566646
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