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INTRODUCTION
The aim of this study was to increase the knowledge of the mercerisation of dissolving cellulose at low water content. This was
achieved by analysing the degree of transformation of dissolving cellulose pulp to Cellulose II as a function of simultaneous
variation of [NaOH]:Cellulose molar ration, [NaOH], temperature, and reaction time, by using Raman spectroscopy together
with multivariate data analysis.

MATERIALS AND METHODS
A Partial least squares (PLS) regression method (Fig. 1) was
applied using the average spectral mapping data of
calibration set samples. The model obtained explained 99 %
and predicted 99% of the variation in the degree of
transformation to Cellulose II. Thus, the model obtained
allowed quantification of the degree of transformation from
Cellulose I in the dissolving cellulose pulp to Cellulose II.

Calibration set samples

RESULTS AND DISCUSSION
Previous studies have indicated that temperature was
important for the degree of transformation [1][3]. At the
conditions in the present study, however, only the
NaOH:cellulose molar ratio is very important, while
temperature is not. That the [NaOH] co-varied negatively with
the degree of transformation was probably due to water
shortage at high concentrations. No co-variance between time
and degree of transformation was observed, since the reaction
occurs quickly.
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Fig. 1 Calibration model, predicted cellulose II/
(cellulose I+II) as a function of known cellulose
II/(cellulose I+II) for the calibration set.
Calibration set samples (dots) and model line
(line).

a)
Fig. 2 a) (centre) Loading line plot for the first
component of the PLS model for the Raman
spectra
after
baseline
correction
and
normalization for b) (top) Cell I and c) (bottom)
Cell II. [2]
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Fig. 3. a) Variable importance for the projection –VIP and b) coefficient plot showing interaction
effects for degree of transformation of mercerised samples. Terms: [NaOH] = NaOH concentration in
(w/w) %, (r)= NaOH: cellulose molar ratio, and (r*r) = expanded molar ratio term.

In the model increased NaOH: Cellulose molar ratio had
positive influence on mercerisation. Decreased [NaOH] (a)
and prolonged reaction time (b) seemed to provide higher
degree of transformation to Cellulose II.

Degree of transformation to Cellulose II
Mercerised
samples
Mercerisation at
low water content
[NaOH] : 45, 50, 55 % (w/w)
NaOH:Cellulose : 0.8, 1.3, 1.8
Temperature : 30, 45, 60 C
Reaction time: 5, and 25 min.
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1. Dissolving cellulose pulp From DOMSJÖ Fabriker was ground to 0.28 mm mesh size.

a)

The degree of transformation in the mercerised samples
were predicted using the calibration model described above.
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b)

Fig 4. Contour plot for the degree of transformation to Cellulose II of mercerised samples as
(a) a function of r and [NaOH] at 45 °C for 15 minutes, and (b) as a function of r and reaction
time at 50 % [NaOH] and at 45 °C. Terms (r)= NaOH: Cellulose molar ratio.

CONCLUSIONS
In this study, Cellulose I was never completely transformed
into Cellulose II. Hence neither the formation of Na-Cellulose
was full. The most important factor for increasing the degree
of transformation to Cellulose II was the [NaOH]:Cellulose
molar ratio. Reaction time, [NaOH] and temperature did not
seem to be important.

