PSE 476/Chem E 471 
1st Midterm 
January 19, 2005

Study Guide


Here is the study guide for the first exam.  For those of you who haven’t taken a class from me I will typically ask questions based on what is asked in this document.  For this class, I will also look back at the questions from the homework so it is important that you also look at these.
Introduction and Raw Material (Lecture 1)

1) I hope you learned a little bit about the history of papermaking in the first part of this lecture.  Here are a couple of questions regarding what I hoped you learned in this section.
a) Before paper was made from wood, what was it made from?
b) When were the first chemical pulping processes developed? 

2) There are large differences in raw material use for pulp production in the United States based on geographic location.  I expect that you would know the following:
a) Are hardwoods or softwoods most used in the West?  How about roundwood versus residual?
b) Are hardwoods or softwoods most used in the Southeast and South Central?  How about roundwood versus residual?

c) Are hardwoods or softwoods most used in the Northeast and North Central?  How about roundwood versus residual?

d) Why are there these differences in use patterns?

3) When material (wood/chips/whatever) comes into a mill there are a number of things which happen such as debarking, chipping, washing, screening, testing etc.  Why are these important?
4) Physical Measurements

a) Moisture content: Do you know the equations for moisture content green and oven dry?  Which one is used in the pulp and paper business
b) Density:  Why is density important?

c) Why is chip size important?

d) What problems do debris cause?

5) Wood degradation:  Why is this process a problem for pulp manufacture?
a) There are a variety of variables that affect the decay processes that go on in a chip pile.  Why are the following 
i) Time in the pile

ii) Moisture

iii) Temperature

iv) Shape of the pile

Mechanical Pulping: (Lecture 2)

1) What is different between the raw materials used for stone groundwood and for refiner pulps?

a) What is important about the raw materials used in both processes in terms of age, species, cleanliness, etc?

2) Can you list in general terms the properties of mechanical pulps?

3) Can you describe the operation of a stone groundwood operation?

a) Why are there burrs on the stone?

b) How often are these burrs “sharpened”?

c) Why is water used in this process?

4) Can you explain the mechanism of the removal of fibers?

a) What effect does heat or chemicals have on this process?

b) What portion of the cell wall does separation occur?

c) What is the effect of getting the fibers too hot?  Where does separation occur under these conditions.  What effect does this have on the resulting fibers?

5) Can you name the different type of refiner processes?

6) Can you draw a basic flowsheet for a refiner plant?

a) Why are chips washed before refinning?

b) Why is there more than one refiner in series in the process flow sheet?
c) What is the purpose of a latency tank? 
7) Can you describe a refiner plate?

8) Can you name the conditions used for each refining process (RMP/TMP/CTMP/CMP) in terms of:

i) Is there a preheating time?  At what temperature?

ii) Are there chemicals used?  What are they?  How long a treatment?  At what temperature do they chemically treat?

iii) Why does the CTMP produce a product superior to RMP and TMP?

8) How is endpoint determined in mechanical pulping?

Mechanical Pulp Bleaching (Lecture 3)

1) Can you explain why mechanical pulp is not as bright as chemical pulp

a) Why does mechanical pulp turn yellow on exposure to light?

i) What types of chemical structures are responsible for this yellowing and for the reduced brightness?

2) What are the 2 systems used to bleach mechanical pulps?

3) Can you provide a basic discussion of how each of these systems work chemically?

4) Can you provide a description of the system variables used in both these systems and how they affect the final product?

a) What chemicals are used and why?

b) What other variables are important?

c) Which system is more likely to suffer through color reversion?
d) Why are chelating agents added to the oxidative system?

5) Which of these 2 systems is the most efficient?

Introduction to Chemical Pulping (Lecture 4)

1. Chip quality issues: there are a lot of issues related to chip quality mentioned in my lectures.  Here are some issues that I find important.
a) Chip Thickness:  Why is chip thickness such an important variable?

b) Why is chip moisture content important for pulping?

c) How does wood density affect production, and pulp qualities?  Are hardwoods or softwoods typically denser?

d) Why is it not a good idea to pulp forest thinnings with chips from mature trees?

e) What problems does heartwood pose for pulping and for pulp properties?

f) Reaction wood:  How does compression wood and tension wood affect pulp?

g) How does the use of decayed wood affect pulp properties?

2. Batch reactors

a) Typically how large are these reactors?

b) Typically how many batch digesters does a typical kraft mill have?

3. Can you describe the methods used to pack a digester?

a) Which methods work best?

b) Why do you want improved packing?

4. Why would you want to presteam?

5. Can you describe the methods used to heat a digester?

a) Can you name the benefits of both?

6. Chip impregnation

a) What is the difference between penetration and diffusion of liquor? In general terms what variables affect each process?
7. General Kraft Pulping Process: 

a) Why is the heating time usually longer than time at temperature?

b) Why is there gas relief?  What gasses are vented?

c) Can you describe the process of blowing down the digester?

i) Why do the chips turn into fibers at this point? (2 reasons)

d) What is displacement pulping?  Why is this done?

Continuous Reactors (Lecture 5)

This was a pretty short lecture.  There are several facts I wanted you to understand.
1. There is more chemical pulp produced using continuous reactors than batch reactors.

2. Chips move continuously through these reactors; all the same steps that occur in a batch system occur in a continuous reactor. 

a) Can you name the different zones in a continuous reactor?
b) Can you provide a rough temperature profile of a reactor?
c) Why is there different direction of flow of liquor in different sections?
d) Roughly how long is the retention time in each section?
e) Do you know the steps involved in getting chips into a continuous digester?
i) Why presteam?
ii) How are the chips charged into the reactor?

a) Why is excess white liquor used?

f) Why is black liquor used to “wash” the chips if what the washing system is supposed to do is remove black liquor?  (Question thanks to Paul and Joe)

3. Important: Can you compare the benefits of both the batch and continuous systems?

Kraft Pulping Chemicals (Lecture 6)

1. White liquor versus black liquor: In simple terms, can you describe what these are?

2. You need to be able to name (and know the chemical structure) of the 6 components of white liquor
a) Can you identify their source (origin)?

b) Can you identify which ones are active reactants?

c) Roughly how much NaOH and Na2S are found in black liquor

d) Which has more dissolve organic material, black or white liquor?

3. White liquor equations

a) You will need to know the equations for:

i) Total Alkali

ii) Effective Alkali

iii) Active Alkali

iv) Sulfidity

v) Reduction Efficiency

vi) Causticizing Efficiency 

4. The Na2O issue

a) You need to be able to convert any sodium species in the world to a Na2O basis.  This is something you need to be able to do in your sleep (like drawing the structure of vanillin).

5. You need to know reaction equation for when Na2S is added to water?

a) Why isn’t there more H2S produced in this reaction?

6. Let me make this very simple for you.  In homework #6 and on the in class problems I asked you to make a variety of calculations.  You need to understand how the answers to these questions were obtained.  You also need to be able to work these types of problems without a lot of thinking time.  There will be questions like these on the exam and in real life.  

a) Can you work with moisture contents to determine how much dry wood you have?

b) Do you understand the concept of liquor to wood ratio?

c) Can you convert from g/liter to charge (% on wood)

d) Can you convert from g/l Na2O to moles/liter of the actual chemical

e) Do you understand the concept that the amount of OH- in solution is dependent upon NaOH and Sulfide
f) Basically make sure you understand the questions from Homework #6…..don’t just look at the questions; understand what you are doing.

