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The solution of a task No. 16. "Paper wrinkles"

12FM team Novosibirsk, 8th class

chnmk@mail.ru
2 слайд. The statement of the task: When a piece of paper dries after being wet, it can get wrinkled. Investigate and explain this phenomenon.
When studying the theoretical material on the research topic, a working hypothesis was formed: If the press pulls the cellulose fibers in the production of paper, then under the influence of water they diverge from each other, changing the shape of the paper.

3 слайд. Purpose: to research the phenomenon of deformation of paper upon drying after wetting.

The objectives of the study:

1) Explain from the scientific point of view the process of formation of deformation waves in dried paper;

2) to model the phenomenon of paper deformation of different varieties during drying after wetting in the laboratory conditions;

3) quantify the "wrinkling" of paper of different varieties;

4) establish the dependence of the density of wrinkles on the wetting process;

5) offer the best ways of preventing wrinkles.

Let us consider the basic physical concepts underlying the solution of this problem.

4 слайд. Paper is a material produced by pressing together moist fibres of cellulose pulp derived from wood, rags or gasses, and drying them into flexible sheets.
Depending on the nature of the manufacture, both primary and secondary raw materials are used. Magazines, newspapers and other printing products can be recycled. The primary raw materials include fibers of cellulose, processed from wood.

When preparing the working mixture, the raw material is ground, giving the fibers the necessary thickness and physical properties. Grinding is carried out in devices of periodic and continuous action (rolls, conical and disk mills, refiners and others).

5 слайд. Today there are a huge number of various types of paper and the technology of paper production is constantly developing. However, the basic principles of making industrial paper have remained unchanged for many years.

6 слайд. When the paper interacts with water, the molecules of the water bind to the cellulose molecules and "spread" them, causing swelling. When the water evaporates, the disturbed structure can not return to compact (compressed) state.

In our opinion, factors affecting "wrinkling" will be the features of the conditions of wetting and drying.

To describe the process of deformation of paper, which appeared after drying after wetting, we introduce the concept of "wrinkling."

 7 слайд. By "wrinkling" we mean a change in the relief of a sheet of paper. Change of the relief will be carried out using a laser tape measure Leica Disto D3a. For this, we will take readings through each centimeter of the prototype, recording the readings of the device. The statistic error of this device is ± 1mm. To visualize the result using the Surfer program, we will compose the relief of the sheets. The relief is represented in the form of a color scheme. The more color scale in the relief, the more "wrinkled" the paper. The scale shows the distance from the table surface to the sheet in centimeters. The thickness of the sheets was neglected. It is less than the statistic error.  

8 слайд. The experimental part of the study. Let us consider the dependence of the deformation of the paper on the time of its interaction with the liquid.

Experiment 1. The purpose of the experiment is to establish the dependence of the value of deformation of the paper on the time of its interaction with the liquid.

The equipment: sheets of printing squared paper 8 * 9cm, 100 ml of water, a stopwatch, a laser tape measure, a tripod.

In the same amount of water at the room temperature, we immerse the  paper for 10, 30, 60, 120 seconds. The drying process takes place on the surface of the glass table. The sheet dries out without human exposure.

The result of the measurements is presented in the form of a table.

 The conclusion: the longer a sheet of paper is in the liquid, the more it deforms, as the time of "build-up" of water molecules in the cellulose structure increases.  

9 слайд. Experiment 2. The dependence of the value of deformation on a grade of paper.

The purpose of the experiment is to define the dependence of the strain on paper grade.

The equipment: a sheet of printing paper and toilet paper, a sheet of baking paper, a cardboard sheet 8 * 9cm (lined in a cage of 1 cm), 100 ml of water, a stopwatch, a laser tape measure, a tripod.

In the same amount of water at the room temperature, we immerse the paper for 10 seconds. The drying process takes place on the surface of the glass table. The sheet dries out without human exposure.

The results of the experiment are presented in the table.

The conclusion: the amount of deformation depends on the type of paper, in particular on the density, the features of manufacture and the kind of raw materials.
10 слайд. Experiment 3. The dependence of the deformation value of sheets of paper on the temperature of the environment.

The purpose of the experiment is to determine the dependence of the magnitude of the deformation on the ambient temperature when the paper is drying.

The equipment: sheets of printing paper in size 10 * 10cm, 10 ml of water.

In the same amount of liquid at the room temperature, we immerse the printing paper for 10 seconds. The drying process takes place on the surface of the glass table at temperature of 24 ° C, on the surface of the glass on a radiator in a room with a set temperature of 50 ° C. The sheet dries out without human exposure.

The result of the experiment is shown in the table.

The conclusion: the higher the temperature of the environment, the evaporation of water occurs faster, which leads to the greatest deformation of the sheet. The cellulose fibers "shrink" as the temperature rises, returning to their original structure.  

11 слайд. Experiment 4. Dependence of the deformation of a sheet on its position in air space upon drying.

The purpose of the experiment is to define the dependence of the strain on the position of a sheet of paper when it dries up in space.

The equipment: sheets of printing paper with a size of 10 * 10 cm, 10 ml of water, a tripod, a foot with a coupling, a press.

In the same amount of liquid at room temperature, we immerse the printing paper for 10 seconds. At temperature of 24ºC the drying process takes place. The first sample suspended on the tripod, the second sample is placed under the press, the third sample is on the surface of the glass table. The sheet dries out without human exposure.

The conclusion: the position of a sheet of paper during drying has a significant effect on the amount of deformation. In the "free position" on the tripod, the area of ​​evaporation of the liquid increases and the cellulose fibers begin to fold. When it dries on the smooth surface, the water molecules interact not only with the paper but also with the table, preventing the fibers from assuming the usual shape.

12 слайд. Experiment 5. The dependence of the strength of the sheet on its quality and residence time in water.

The purpose of the experiment is to define the dependence of the sheet strength on its quality and time in water.

The equipment: samples from the experiment 1 and 2 8 * 9cm, weights 100gr (2pcs), 50gr (2pcs), 20gr (4pcs), 10gr (2pcs), 5gr (2pcs), 2gr (4pcs), thread of 25 cm (6pcs).

13 слайд. The loop was tied from a thread and it was put on a sheet. At the other end of the thread we attached weight, as shown in the picture:

At each lift, 10 grams were added. The results are presented in the table:

The conclusion: The time when the paper is in the water before drying significantly affects the strength of the paper, and the quality of the paper also affects the strength. The less paper is in the water and the denser it is, the stronger it is.

14 слайд. Thus, during the experimental part of the study, the process of deformation of the paper was observed during drying after wetting.

The amount of deformation was measured quantitatively, and it depends on:

- time of interaction of paper and liquid;

- the kind of paper;

- temperature of the environment;

- The position of the paper in the air space when it dries.
You can also iron paper under low heat in much the same way you can iron cotton, linen or rayon fabric in order to remove the resulting wrinkles.
