Pulp and Paper Industry (3 credits)

Exercise 1:

Preparation of Paper; Size Effect Due to Thickness

Pulps used in the exercise:

(a) Chemical pulp

(b) Mechanical pulp

(1) Determination of the dry weight of the pulp

The amount of pulp used in the work is 360(5 g oven-dried pulp. For the determination of the dry weight of the pulp prepare two samples (20-50 g) and dry them in oven at 103(C for 12 h. The dry-weight is then calculated according to Eq. 1:

X = b/a ( 100 %
(1)

where X is the dry-weight of the pulp (%), b is the mass after drying and a is the mass before drying. The mass of pulp required for the work is obtained by dividing the desired oven-dry weight (360 g) with the dry-weight portion.

(2) Soaking of the pulp

 Weight the mass of pulp which is equal to 360 g oved-dry pulp. Soak the pulp in water for 4 hours. The total volume of the pulp and water should be  5 litres. Do not tear the pulp into flakes due to the shortening of the fibres.

(3) Filling the beater

Close the drain hole of the beater, put the top plates in their position and take off the weight from the lever arm. Pour 18 litres of water (20(5 (C) into the beater tank and start the engine. Tear the soaked pulp into pieces of ca. 25 mm and add them slowly (in about 5 minutes) into the beater with the water used in the soaking Thus the total volume of pulp and water in the beater is 23 litres and the consistency of the slurry 15.7 g/l. Mix the slurry for 30 minutes. Position the weight on the lever arm to start the beating. The beating time is 30 minutes.  

(4) Diluting the slurry

Prepare sheets with the basis weights of 30, 50,70 and 90 g/m2. To do this the slurry must be diluted in order to obtain the desired basis weights (Table 1). The area of the sheet mold is 1652 mm2 and the volume of slurry to be poured into the sheet mold is 1.0 litres. The volume of diluted slurry should be sufficient for the preparation of at least 5 sheets of paper.

Table 1. Diluting the slurry in order to obtain the desired basis weights

	Basis weight of a sheet (g/m2)
	Desired weight of a sheet (g)
	Volume of the slurry (l)
	Total volume of the diluted slurry (l)

	        30
	      0.82
	        0.4
	             7.7

	        50
	      1.36
	        0.6
	             6.9

	        70
	      1.91
	        0.9
	             7.4

	        90
	      2.45
	        1.2
	             7.7


(5) Preparation of the sheets

The volume of slurry needed to prepare one sheet is 1000 ml. Make sure that the wire of the mold is clean. Close the exit valve of the mold and open the water valve. Let the water flow for a moment with the sheet mold open. Close the sheet mold and let the water level rise up about 5 cm above the wire. Pour 1000 ml of slurry into the mold and add water until water level reaches the mark on the mold wall. Close the water valve and start the stirring.

After 10 seconds open the bottom valve and let the water flow out of the mold.  Let the suction continue for ca. 5 seconds. Then close the bottom valve.

Open the mold and put one new and one used drying sheet on the prepared sheet. Position a pressing plate on the sheets for ca. 45 seconds. Lift off the pressing plate and remove the upper drying sheet. Remove the prepared sheet together with the drying sheet from the wire and position them on the pressing plate and two used drying sheets in a way that the prepared sheet is on the top.  Mark the prepared sheet with a proper pen to for recognition. Position a new drying sheet and two used drying sheets on the prepared sheet.

Let the water flow through the mold for a moment with the mold open. Repeat the preparation process as above.

After preparing all sheets position a pressing plate on them. Take the bundle of sheets into a pneumatic sheet press. Carry out the pressing of the sheets according to the instructions by using the pressure of 400 kPa.

In order to obtain sheets with different densities prepare 9 sheets with the basis weight of 90 g/m2. Press the sheets by using pressures of 100, 200 and 500 kPa. Prepare 3 sheets pressed at each pressures. 

(6) Drying of the sheets

Dry the sheets in a drying cylinder for 2 hours. During the drying process only one drying sheet on both sides of the  prepared sheet is allowed. The prepared sheets as well as the used drying sheets (3 sheets together) are positioned on the textile of the drying cylinder. 

After the drying remove the drying sheets and the prepared sheets from the cylinder. Take the prepared sheets to an air-conditioning room for at least 4 hours. 

(7) Testing of the prepared sheets

Air-conditioned sheets are cut to the dimensions of 141 x 141 mm. Determine the basis weight of the sheets by measuring the weight of 5 sheets prepared in identical way and by dividing the total weight by the accumulated area of the 5 sheets.

Determine the thickness of the sheets by using a micrometer. Execute at least 20 references. The measurements must be done at least 2 cm from the nearest edge of the sheet.

Calculate the density of the sheets according to the following equation:



( = W/t

where ( is the density of a sheet (kg/m3)


w is basic weight (kg/m2)


t is thickness (m) 

Determine what kind of a function of basis weight and density is 

· tensile rigidity (N)

· tensile failure load (N)

· Young’s modulus (GPa)

· tensile strength (Pa)

· failure strain (%)

· tensile rigidity index (Nm/g)

· tensile strength index (Nm/g)

(8) Report

The report must include:

· materials used in the exercise

· methods used in the exercise

· obtained results

· examination and interpretation of the results (What kind of physical phenomena do the results reveal?)

