Pulp and Paper Industry (3 credits)

Exercise 6:

Groundwood Pulp Manufacturing ; Effect of Feeding Rate
(1) Introduction

1.1. General

The present exercise will familiarize with the preparation of groundwood pulp from Spruce wood. In the pulping tests the effect of the feeding rate of a wood specimen on the pulping process, as well as pulp properties, will be studied. After the preparation of the pulp, the compression pressure, compression power, net rotation power, as well as the specific energy consumption shall be determined. Then, the obtained slurry shall be analyzed for the filtration properties (Schopper-Riegler number, Specific Filtration Resistance) and the prepared paper sheets will be examined visually. 

1.2. Schopper-Riegler number (SR)

SR number is a relative value for the filtration property of pulp. It is based on the reduction of filtration rate due to the formation of a fiber pad on the wire of the apparatus. The filtration rate decreases as the thickness of the fiber pad on the wire increases. Therefore, the faster the filtration rate decreases, the larger is the SR number of the pulp.   

1.3. Specific Filtration Resistance (SFR)

SFR number of the pulp may be determined by filtrating a slurry through a wire in a cylinder. The test is carried out by measuring the time required for a known volume of slurry to filtrate through a wire. The filtration rate decreases as a function of time as the thickness of the pulp pad increases and as the hydrostatic pressure caused by the  slurry decreases.

1.3.1. Equation for the Specific Filtration Resistance

According to Darcy’s law, a general equation for a filtration process may be written as:
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in which a liquid with the volume V filtrates in time ( through a wire with a area A. dP is pressure drop through the wire, ( is the viscosity of the liquid, W is the basis weight of fiber pad and R is a filtration resistance.

The hydrostatic pressure, dP, may be written as





dP=(gh=(gV/A
(2)

in which ( is the density of the slurry and g is the gravitation constant (9.81 m/s2). 

Thus, Equation (1) may be written as:


[image: image2.wmf]WR

gV

d

dV

h

r

q

-

=



(3)

For the basis weight, W, we may write:
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(2) Preparation of the groundwood pulp

The operation of the pulping apparatus is complicated and a thorough introduction to the system will be required before the experimental procedure. The main items for the pulping test is presented in Appendix. In the tests the feeding rates of 0,5 and 3 mm/s will be used.

(3) Analysis of the pulping process

Write the following process variables into a file:

Time [s]

Piston Position (Displacement) [mm]

Compression Force [N]

Torque [Nm]

Peripheral Speed [m/s]

Produce the compression pressure as the ratio of Compression Force to the cross-sectional area of the specimen.

Produce the incremental compression work as the product of Incremental Displacement and average Compression Force during the Incremental Displacement. Produce the Total Compression Work as the sum of Incremental Compression Works.

Produce the Specific Energy Consumption in Compression by dividing the Total Compression Work by the Mass of Pulp produced.

Determine the tare value of the Torque in the beginning of the experiment, where no compression pressure is applied on the specimen.

Produce the Net Torque by deducting the Tare Torque from the Torque. 

Produce the Peripheral Force by dividing the Net Torque by the wheel radius. 

Produce the Incremental Peripheral Displacement as the product of Incremental Time and Peripheral Speed.

Produce the Incremental Net Rotation Work as the product of the Peripheral Force and the Incremental Peripheral Displacement.

Produce the Total Net Rotation Work as the sum of Incremental Net Rotation Works.

Produce the Specific Energy Consumption in Rotation by dividing the Total Net Rotation Work by the Mass of Pulp produced.

Produce the Compression Power by dividing the Incremental Compression Work by the Incremental Time.

Produce the Net Rotation Power by dividing the Incremental Net Rotation Work by the Incremental Time.

(4) Determination of the consistency of the slurries

The consistency of the slurry after the pulping test is about 1 g/l. However, for the filtration analysis a consistency of at least 2 g/l will be required. Therefore, the slurry has to be concentrated. 

After the preparation of the slurries they are allowed to sediment overnight. After that a sufficient volume of clear water is removed over the pulp by using siphon technique to obtain a slurry with a consistency of ~2.2-2,6 g/l. 

After that the slurries will be sieved in order to remove shives. For the determination of consistency 500 ml of well-mixed slurry is filtrated through a pre-dried and weighed filtration paper by using Büchner filtration technique. Filtrated fiber samples are dried in oven at 103 (C for 1 hour and after that the samples are weighed and the consistencies can be calculated.

(5) Filtration tests

For the determination of SR-number a volume corresponding 2.0 g/l of oven-dry pulp will be required. This volume is then diluted to 1.0 liter before carrying out the SR-test.

For the determination of SFR a volume corresponding 0.5 g oven-dry pulp/l is needed.  Pour water into the cylinder until the level is ca 10 cm above the wire. Pour the slurry into the cylinder and add water until the total volume above the wire is 1000 ml. The time required for a known volume to filtrate through the wire will then be measured.

(6) Preparation of the sheets

Calculate the sufficient volume of the slurry to obtain sheets with a basis weight of 40 g/m2. 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 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. Press the sheets with a roller. 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.

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. 

(7) Report

· calculate the Specific Energy Consumptions for the pulping tests from the data collected during the tests. Compare the energy used for rotating the wheel to the energy used for compressing wood towards the wheel. Report the effect of the feeding rate on the SEC values. Report the Compression Pressure, Compression Power and Net Rotation Power as a function of piston position during the experiment.

· study the effect of the feeding rate of the wood specimens on the SR and SFR values 

· plot the SR and SFR values as a function of SEC 

· study visually the properties of the prepared paper sheets

Appendix: Operating Instructions for the Pulping Apparatus

1. Turn on the steam generator and start the heating of the water.

2. Close all doors and latches in the apparatus.

3. Start the steam generator and heat up the pulping chamber to desired operating temperature with water steam.

4. About 10 min before the test star the water circulation to heat up the water lines.

5. Ensure that there is no over-pressure in the chamber in which the specimen is inserted.

6. Open the window for the specimen. Insert the specimen and close the window.

7. Pressurize the feeding chamber.

8. Open the pressure latch between the feeding chamber and the pulping chamber.

9. Start the hydraulic pump.

10. Move the piston to the upper position.

11. Lower the cross-head down to the collars. Mount the cross-head.

12. Move the piston until the contact with the specimen is obtained.

13. Move the piston to the position of +10 mm.

14. Offset force to 0 N.

15. Start the cooling water flow for the sealing.

16. Start the water flow to the pulping chamber (3 l/min).

17. Start the electric motor to rotate the grinding wheel.

18. Start the test.

19. After the test turn the electric motor and the water flow off.

20. Insert cold water into the chamber to reduce the temperature and pressure under 100 °C and 1 bar, respectively.

21. Lift up and mount the cross-head.

22. Remove the slurry from the chamber.  
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