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  Summary: This application note presents viscosity data for solutions of nylon 66 in formic acid measured 

with the fully automatic VROC® Initium.  Serial dilutions were made from the stock solution 
(110 mg/mL) to determine the concentration dependence.  Shear rate variation indicated a 
Newtonian region for each concentration.  The data on the nonaqueous polymer solutions 
common in fiber applications further demonstrates the flexibility of the testing platform with 
respect to sample composition.   

Introduction  
 
A cleaning protocol utilizing formic acid was successfully developed for the VROC® Initium so that the 
viscosity of nylon 66 solutions prepared with formic acid could be measured with the automated system.  
Nylon 66, a semi-crystalline polyamide, is considered an engineering thermoplastic commonly used in fiber 
applications such as textiles.  Since viscosity is sensitive to the polymer molecular weight and degree of 
polydispersity, it is often included in the quality control testing protocol to monitor batch to batch variation.  
Engineered nylon parts can also be dissolved in a solvent such as formic acid to assess degradation that may 
have occurred during processing.  Viscosity measurements with these nonaqueous industrial polymer 
solutions establishes the value of the VROC® Initium beyond aqueous based samples for pharmaceutical 
applications.   
  
Experiment 
 
A stock solution of nylon 66 was prepared with ACS reagent grade (88-91%) formic acid obtained from 
Sigma-Aldrich at a concentration of 110 mg/mL.  The sample was mixed with a Cole-Parmer® tube 
rotator for 2 hours at a moderate rate to prevent bubble formation.  The viscosity of the stock solution 
was then measured with the automated VROC® Initium.  Six dilutions were made with the 
concentrations listed in Table 1.  Each dilution was made individually so that the solution could be 
measured immediately after mixing for approximately 1 hour.  The standard cleaning protocol was 
modified to include formic acid as both the primary and secondary solvent with heptane as the drying 
enhancer.  B05 and C05 flow channels (depth = 50 µm, Pmax = 40kPa and 200kPa) were used and the 
temperature was maintained at 25°C.  The loaded volume was 80 µL with the sample retrieval feature 
activated at 46 µL.  Each dilution was measured over the shear rate range appropriate for the sample 
viscosity.  The formic acid was tested at the maximum flow rate of 1000 µL/min (19554 sec-1) and used 
to calculate the relative viscosity at each concentration. 

http://www.rheosense.com/applications


 
    Viscosity of nylon 66 in formic acid – concentration & shear rate dependence ○APP25 (11-18) | Page 2 
 

 
 

 
Conc. 

(mg/mL) 
Viscosity (cP) Shear rate (sec-

1) 
Std dev (cP) RSD 

(%) 
N Rel. Viscosity 

0 1.59 19554 0.01 0.40 15 1.00 
11.0 3.87 9777 0.01 0.37 5 2.44 
27.4 8.25 3911 0.02 0.21 5 5.20 
43.8 14.2 1564 0.05 0.33 5 8.92 
60.3 22.6 2151 0.06 0.25 5 14.2 
76.7 37.0 978 0.10 0.27 5 23.3 
93.1 57.6 978 0.14 0.24 5 36.3 

109.6 87.4 1011 0.21 0.24 5 55.1 
Table 1:  Viscosity values for various concentrations of nylon 66 in formic acid (88-91 %) at 25°C.  (Std 
dev = standard deviation, RSD = relative standard deviation, N = number of measurements, ) 
 
Viscosity Data 
 
The viscosity versus shear rate data for the nylon 66 solutions is presented in Figure 1.  The value for the 
formic acid at a single shear rate is also included.  The behavior was Newtonian, or shear rate 
independent, over the range tested for all concentrations.  The viscosity values at each concentration are 
listed in Table 1.  Data quality is clearly illustrated by the standard deviation (std dev) and the relative 
standard deviation (RSD).   
 

 
Figure 1:  Viscosity versus shear rate for various concentrations of nylon 66 in formic acid (88-91 %) at 
25°C.     
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Figure 2:  Relative viscosity versus concentration of nylon 66 in formic acid (88-91 %) at 25°C. 
 
The nylon 66 solutions are Newtonian over a reasonable range of shear rates and so the relative viscosity 
is plotted versus polymer concentration in Figure 2.  The relative viscosity is defined as the viscosity of 
the polymer solution scaled on that of the formic acid.  This emphasizes the contribution of the polymer 
and eliminates variability of the solvent viscosity which may occur due to water content.  This is beneficial 
when monitoring polymer batches over time that may have been prepared with different lots of formic 
acid.   
 
Concluding Remarks 
 
The cleaning solvents and protocol were adapted so that samples of nylon 66 in formic acid could be 
measured with the VROC® Initium.  Viscosity measurements are common for industrial polymers in solution 
for quality control purposes and to monitor degradation that may occur during processing.  The automated 
system is advantageous when testing nonaqueous samples due to minimal user engagement and reduced 
waste due to the small volume required.  Contact us today to learn how cleaning and measurement 
protocols can be customized to serve your needs.   
 

If this note is helpful, please let us know!  If you have questions or need more information about this 
product or other applications, please contact us: 

Main Office — 1 925 866 3801 

Sales – Sales@RheoSense.com  

Information — info@RheoSense.com 
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