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• During a process investigation, it was discovered that there exists a strong correlation 
between Hot Alkali Solubility (HAS) of sulfite Dissolving Wood Pulp (DWP) and the 
Ether/Alcohol Solubility (EAS) of its Grade B nitrocellulose derivative 
 

• Additional discoveries correlate HAS with Fineness and Nitrogen Content of Grade B NC. 
 

• Managing HAS can improve nitrocellulose (NC) quality  

- Implementation of new controls has resulted in statistically significant 
improvements in Grade B wood pulp NC 
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Summary of Tappi Alkali Solubility Cellulose Testing Methods 

  

  
Tappi Test Method 

T203 T212 T235 

Temperature, °C 25 100 25 

Time, Minutes 60 60 60 

Concentration, 

Percent NaOH 

9.45 1.00 10 

17.5   18 

    21.5 

 

• T203-Alpha, Beta and Gamma Cellulose Determination 
• Pulp extracted with 17.5% and 9.45% NaOH at 25°C for 60 min 
• Soluble and insoluble fractions determined directly and by difference respectively   

• T212-Hot Alkali Solubility 
• Pulp extracted with 1.0% NaOH at 100°C for 60 min 
• Loss in weight to determine percent solubility 

• T235-Alkali Solubility of Pulp at 25°C 
• Pulp extracted at 10%, 18% and 21.5% NaOH at 25°C for 60 min 
• 10% NaOH dissolves both degraded cellulose and hemicellulose 

T212 quantifies HAS content in DWP 
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Grade B E/A Solubility Trend Chart 

• Investigation initiated due to failure of Grade B E/A solubility 

• Implementation of raw material controls  

- Regained control and predictability of solubility characteristics 

Loss of predictability 

Regain of control 
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Cellulose Trend Data 

• Alpha Cellulose (R18) results in family  95 – 96% 

• Step function change Hot Alkali Solubility 
• 6.99% Average  12.60% Average 
• HAS had not been regularly monitored 
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Summary of Data Analysis 

• Z-Test– Used to determine if the two populations of Hot Alkali Solubility were different at 
varied confidence intervals 

- High Hot Alkali Solubility – 12.60 average 

- Low Hot Alkali Solubility – 6.99 average 

- Compared at 90%, 95%, and 99% for significance 

 

 

• Data used in analysis 

- All data is from NC Production 

- Steady State Production 

 No upset conditions or excursions during Nitration 

- Recorded Process Changes 

 Change in cellulose is the only change during Nitration 

 Viscosity affected by Boil Time changes during stabilization process 

- Regression Analysis – Used to determine a correlation of the hot alkali solubility to 
the response based on the R2 value. 
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Boxplot of Hot Alkali Solubility

Shift in HAS statistically significant 
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Statistical Analysis Regression Analysis 
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Boxplot of % Eth Alc Sol

Level Samples Average St. Deviation 

High 17 8.55 0.99 

Low 56 6.54 0.48 

• Shift in percent E/A Solubility – 2.01% 

- 51% reduction standard deviation  

- Greater predictability of Grade B Solubility due to increased nitration uniformity 
 

Confidence Interval (%) Alpha Z- Value 

90 0.10 

<0.001 95 0.05 

99 0.01 
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Statistical Analysis Regression Analysis 
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Boxplot of % Nitrogen

Level Samples Average St. Deviation 

High 17 13.42 0.02 

Low 56 13.49 0.03 

• Shift in percent Nitrogen – 0.07% 

- General correlation in Hot Alkali Solubility and Percent Nitrogen 

- Increased predictability due to increased nitration uniformity 

Confidence Interval (%) Alpha Z- Value 

90 0.10 

0.056 95 0.05 

99 0.01 
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Statistical Analysis Regression Analysis 
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Boxplot of Fineness

Level Samples Average Std. Deviation 

High 17 79.94 3.65 

Low 56 93.91 3.71 

• Significant shift in Fineness – 13.97 mL 
• Potential increase due to higher concentration of long chain cellulose 

- Higher nitration levels lead to softer fibers presented to refining 

- Increase in fiber resiliency  

 

Confidence Interval (%) Alpha Z- Value 

90 0.10 

<0.001 95 0.05 

99 0.01 
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Statistical Analysis Regression Analysis 
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Boxplot of Avg Calc Initial Viscosity

Level Samples Average Std. Deviation 

High 17 10.07 1.40 

Low 56 13.53 2.87 

• Changes in production settings complicates correlation analysis  

- Normalization of data  

- Minor observable differences in the two populations 

 Large Std. Dev. in data obscures overall trend and skews statistical significance 

 

Confidence Interval (%) Alpha Z- Value 

95 0.05 
0.000 

99 0.01 
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Level Samples Average St. Deviation 

High 144 13.28 0.04 

Low 129 13.33 0.03 

Level Samples Average St. Deviation 

High 144 14.40 1.97 

Low 129 11.47 1.60 

• Shift in percent Nitrogen - 0.06% Decrease 
• Shift in E/A Solubility - 2.93% Increase 
 

Product recipe adjustments can offset HAS shift on BAE specialty Grade B NC 

Confidence Interval (%) Alpha Z- Value 

95 0.05 
0.017 

99 0.01 

Confidence Interval (%) Alpha Z- Value 

95 0.05 
0.000 

99 0.01 
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Summary and Conclusions 
 

 
 
 
 

• HAS has a greater significance than previously 
considered 

- Historically only alpha cellulose (R18) was believed 
to influence NC quality  

- To gain better understanding of cellulose purity these 
tests must be used in conjunction with each other 

• Incorporating process controls that monitor HAS content 
increases nitration uniformity and reduces NC 
characteristic variability. 

- Ongoing collaboration with supplier to minimize 
and identify variations in HAS 

 

• With new process control implementation: 

- Grade B Wood Pulp NC 

 51% reduction in EAS variability 

 0.07% increase in average %N content 

 17% increase in average fineness 
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Thank you 


