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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]:

P p2
=l-expi-p———-"— 1
P p{ P T T } ( )

This formulation is inexplicit, and it is difficult to have a fast insight into the rela-
tionship. We write eq. (1) the form:
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In practical applications, we have reference values for pressure, density, and temper-
ature. For example, when T = Ty, we have P = Py, and p = p,. 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 N TL L ——
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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
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