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INTRODUCTION

This paper will introduce the work surrounding the construction undertaken of a nanopaper
machine. Nanopaper is a type of paper which is made up of much smaller fibres than regular
paper. It generally has a lower weight, higher abundance, better biodegradability and
renewability as well as higher strength and rigidity [1]. The goal of nhanopaper research is to find
even more environmentally friendly paper materials and substitutes for plastic. Nanopaper can
also be used for electrical purposes by inserting highly conductive electrical circuits into the
nanopaper during the manufacturing process [2]. The main problem with this type of paper,
however, is that the draining and drying can take a long time, up to a few days [1].This machine
was constructed in order to provide a more efficient way of creating different nanopaper
samples, both in terms of the nanopaper samples’ composition but also in terms of their
dimensions. Currently, several different methods exist for creating nano paper including several
drawing methods, cellulose synthesis, spray deposition, electrospinning, and more [3, 4, 5, 6, 7,
8]. Some of these methods are efficient and fast due some optimisation of the methods, but
there is still lots of room for improvement in terms of the availability and feasibility of these [7, 9].



METHODS

Our paper machine was built by attaching all the components as separate modules to cuboid
aluminium frame. Frame was build so that there’s space to work with the nanopaper web from
the front of the machine, as machine is built for research purposes.

Main module attached to the frame is the conveyor belt system, which was built simple
as possible from conveyor roll system connected to AC-motor with timing pulley. Roll system
consists of four rolls. One of them is driving roll, which has motor attaches to it with timing pulley
and rotary encoder to measure belt speed. Second one has angle control to make sure belt
won't wander off of the rolls over time. This angle control was made with manual slot control and
has to be adjusted if the belt seems to be out of place. Third roll has simple screw system for
distance control to manually adjust belt tension in between runs. Last one is for supporting belt
at the level of the driving roll. Basic AC-motor is used to drive the roll through the timing belt.

Second module attached to frame is headbox with stepper motor controlled height
control of the gap between headbox and the belt, with increments of 1um. Headbox is just a
clear plastic box with hole in the bottom. Size of the hole was constant 16x5mm in our version of
the machine to make 16mm wide paper. Stepper motor and headbox were placed on a plane
which is connected to a screw system controlled by the stepper itself to adjust the gap
accurately. Gap can be measured with both the stepper and with micrometer from reference
plane next to driving roll to the headbox plane. Pressured air we get straight from laborator wall
and adjust it to wanted level with pressure gauge before opening on-off-valve to the headbox
simultaneously as the motor of the belt is turned on.

In addition to these main modules the machine had few other modules and space to add
wanted modules for additional research. Machine had electronics module controlled by rasperry
pi to drive the motor and measure its speed. As power we used standard wall outlets with
suitable transformers. Machine also had to have web removing module to scrap exces cellulose
to plastic bucket so it won't take extra rounds on the belt.

The testing for the nanopaper machine involved testing the entire machine that had been
built and whether it ran smoothly, but it also, and perhaps more importantly tested the
parameters of the machine and their relationship. The main parameters which had been a
requirement for incorporation into the design from the start were the tension of the wire, the
speed of the wire (0-10 m/min), the pressure inside the headbox (which controls the speed of
the extrusion of the cellulose, around 1 bar), and the thickness of the extruded nanopaper
sample (0-5mm in 1um increments). In order to obtain a relationship between these, they had to
be tested and this was done by keeping each one constant in turn to see how the others
changed. Ultimately, the goal was to have the machine producing the perfect nanopaper
sample, so it was necessary to play around with these parameters in order to see how the
parameters needed to be adjusted in order to obtain the desired properties of the nanopaper.
Results for this can be seen in the results section.
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