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An approximate pressure-density-temperature relationship of cellulose is derived 
by Taylor expansion technology with a knowing reference values for pressure, 
density, and temperature. The approximate formula can be used for fast predic-
tion of relationship among pressure, density and temperature near its reference 
partner.  
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Introduction 

Cellulose has been widely used for mass-production of a wide variety of products, 
especially fabrics, paperboards and papers [1-4]. Pressure-volume-temperature or pressure- 
-density-temperature relationship is used to control the thermophysical properties of cellulose. 
It is wellknown that temperature greatly affects both cellulose dyeing process and cellulose 
properties [5]. To have an optimal temperature for the dyeing process, we have to have a fast 
insight into the pressure-density-temperature relationship of cellulose, which is, however, of 
high non-linearity, and it is difficult to be used for practical applications.  

In this paper we will give a simple explicit relationship among pressure, density, and 
temperature for easy applications.  

Pressure-density-temperature relationship 

The pressure-density-temperature relationship of cellulose can be expressed in the 
form [2]: 
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This formulation is inexplicit, and it is difficult to have a fast insight into the rela-
tionship. We write eq. (1) the form: 

* Corresponding author’s, e-mail: liyasuda@163.com 
–––––––––––––– 

mailto:liyasuda@163.com


Lin, L., et al.: A Fast Insight into the Pressure-Density-Temperature … 
1846 THERMAL SCIENCE: Year 2018, Vol. 22, No. 4, pp. 1845-1848 

 
2

( , , ) ln(1 ) 0PF P T
T T

         (2) 

In practical applications, we have reference values for pressure, density, and temper-
ature. For example, when T = T0, we have P = P0, and r = r0. Using Taylor series expansion 
[6], we have approximately the following linear pressure-density-temperature relationship: 
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and the following non-linear pressure-density-temperature relationship:  
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By a simple calculation, we have:  
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Using the previous relationship, we have the following linear pressure-density-
temperature relationship: 
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and the following non-linear pressure-density-temperature relationship: 
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Equations (14) and (15) are valid when the 
predicted data (P, r, and T) are relatively 
closed to the reference ones (P0, r0, and T0). 
We use the experimental data given in [1] to 
show the correctness of eq. (15). For a given 
pressure, P = 20 MPa, 129.9 MPa, and 196.1 
MPa, respectively, eq. (15) gives a simple den-
sity-temperature relationship or volume-tempe-
rature relationship, fig. 1.  

Conclusion 

Using Taylor expansion technology, we 
obtain an approximate pressure-density-tempe-
rature relationship up to second order. A higher 
order approximate relationship can be also easi-
ly obtained. The approximate formulation can be used for a fast prediction of pressure volume 
temperature relationship to control thermophysical properties of cellulose.  

 
Figure 1. Theoretical prediction at different 
pressure vs. experimental data 



Lin, L., et al.: A Fast Insight into the Pressure-Density-Temperature … 
1848 THERMAL SCIENCE: Year 2018, Vol. 22, No. 4, pp. 1845-1848 

Acknowledgment 

The work is supported by Priority Academic Program Development of Jiangsu 
Higher Education Institutions (PAPD), National Natural Science Foundation of China under 
Grant No.11372205, Ningbo Science and Technology Innovation Team Foundation under 
Grant No. 2012B82014, Natural Science Foundation of Liaoning Province under Grant No. 
20170540070 and Liaoning Provincial Education Department Project under Grant No. 
2017J040. 

References  
[1] Jallabert, B., et al., The Pressure-Volume-Temperature Relationship of Cellulose, Cellulose, 20 (2013), 

5, pp. 2279-2289 
[2] Khansary, M., Shirazian, S., Theoretical Modeling for Thermophysical Properties of Cellulose: Pres-

sure/Volume/Temperature Data, Cellulose, 23 (2016), 2, pp. 1101-1105 
[3] Shen, J., et al., Primary Study of Ethyl Cellulose Nanofiber for Oxygen-Enrichment Membrane, Thermal 

Science, 20 (2016), 3, pp. 1008-1009 
[4] Cantero, D., et al., Pressure and Temperature Effect on Cellulose Hydrolysis in Pressurized Water, 

Chemical Engineering Journal, 276 (2015), Sept., pp. 145-154 
[5] Baird, M., et al., An Insight into the Mechanism of the Cellulose Dyeing Process: Molecular Modelling 

and Simulations of Cellulose and its Interactions with Water, Urea, Aromatic Azo-Dyes and Aryl Am-
monium Compounds, Dyes Pigments, 76 (2008), 2, pp. 406-416 

[6] Chen, R., et al., Series Solution of the Autocatalytic Hydrolysis of Cellulose, Cellulose, 22 (2015), 5, pp. 
3099-3104 

  

 

 
 
 

 
 
 
 
 
 
 
 
 

 
 

Paper submitted: March 3, 2017 © 2018 Society of Thermal Engineers of Serbia.  
Paper revised: November 14, 2017 Published by the Vinča Institute of Nuclear Sciences, Belgrade, Serbia. 
Paper accepted: November 15, 2017 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions.  

http://www.sciencedirect.com/science/article/pii/S1385894715005665
http://www.vin.bg.ac.rs/index.php/en/

