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Effect of process parameters on the
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ABSTRACT

Molded pulp products are made from cellulose fibers dispersed in water then formed,
drained and dried. As in the conventional papermaking process, the most energy
intensive operation (including time) is drying. To gain a better understanding of the
process parameters involved and to investigate their influence on the final product’s
dryness, two experimental plans were designed and analyzed by means of design of
experiments (DOE).

A numerical simulation of the heat model was developed with the aim of finding the

process time window.

1. MATERIALS

Test rig
The laboratory-molding machine (Figure 1) is capable of press dry a preformed paper
disk of @100 mm. The upper half of the mold is fixed to the outer frame and is heated
up to the imposed temperature. The bottom half of the mold is moved upwards by a
double acting cylinder and it consists of a backing plate placed on top of a vacuum plate.
90% vacuum (i.e. 101,3 mbar in absolute pressure) is applied for a defined time in order
to dry the paper disk.
Process steps:

1. Pressure is increased until the imposed limit (p).

2. Pressure and temperature (T) are kept constant for a certain time (holding time,

ht).
3. Vacuum is applied while the mold is kept closed (vacuum time, vt).
4. Pressure is released by moving down the bottom half of the mold.

The variables, or factors, object of the DOE investigation are highlighted in bold.

Pulp characteristics
The pulp type used for the experiments is Kraft birch, with an average fiber length of 1

mm and width of 20 ym. Drainability is 20°SR and the water retention value is 1,078

a/g.
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Figure 1: Scheme of the test rig used for press-dry the paper disks

2. NUMERICAL SIMULATION

A numerical simulation of the heat model was developed with the aim of finding the
process time window. The heat is predominantly transferred from the mold to the paper
disk by means of conduction along the thickness direction. The rate equation that
appropriately quantifies the heat conduction is known as Fourier’s law, and for the 1-D
case is as follows:

dT

qxuz_ka (1)

The equation was modelled using Crank-Nicolson method. The considered domain

consists of the paper disk and the bottom half of the mold. The domain enmeshment

and the boundary conditions can be seen in Figure 2.
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Figure 2: 1-D enmeshment of the paper disk and the aluminum mold to get the process time
window via numerical simulation

The effective thermal conductivity of the paper pulp was estimated according to

Maxwell’s equation [1]. The results are reported in Table 1.

Table 1: Inputs and results of the numerical simulation

Upper mold T, [°C] | Initial paper T, [°C] | Final paper T, [°C] | Time [s]
110 25 55 34,5
160 25 80 41,3
210 25 105 44,8




3. DESIGN OF EXPERIMENTS (DOE)

Processing conditions are mainly characterized by the molding temperature, pressure
and process time [2]. To investigate the influence of these variables on the final dryness
of the paper disks, two experimental plans were designed and analyzed by means of
design of experiments (DOE). The hypothesis of the model have been checked
according to ANOVA.

The dryness is seen as an efficiency of the process, i.e. the amount of water removed
by the drying process with respect to the ideal amount:

Myer — Maisk
dryness = m (2)

Two experimental plans were performed, in which different factors were kept fixed and
the others varied. The main effects plot and the interaction plot for the two plans can be

seen in Figure 3 and Figure 4 respectively.
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Figure 3: Main effects and interaction plot for the response dryness. First experimental plan, fixed
holding time (5 s) and vacuum time (15 s).
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Figure 4: Main effects and interaction plot for the response dryness. First experimental plan, fixed
pressure of 50 bar.

4. CONCLUSIONS AND OUTLOOK

e The numerical simulation showed that the process time can be shorten if both
the halves of the mold are heated.

e After a certain limit, the pressure is no more beneficial for the drying process.
This evidence is in accordance with the assumption given in [3], i.e. the energy
transfer is independent of the pressure if the applied pressure is above 30 bar.

e The increasing of the temperature is beneficial, but a good compromise has

been reached around 160°C.
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