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4th Midterm 
March 11, 2005

Study Guide


Introduction to Bleaching (Lectures 17)

1. Why do we bleach? (4 reasons)

2. Can you provide me with a definition of brightness?

a) Does brightness mean brightness?

3. Can you provide me with a generic discussion on the basic mechanistic differences between pulping and bleaching? 

a) Why don’t we just pulp until all the lignin is gone?

b) Why don’t we just use a bleaching agent to remove all the lignin instead of pulping?

4. In this lecture, I provided you with 2 tables with a large amount of information on bleaching chemicals.  I would expect that you would be able to provide me with the following information:

a) I expect that if asked, you could provide a pretty long list of chemicals used in bleaching.

b)  I hope you know the letters representing each bleaching chemical.

c) Form which each bleaching agent is applied (ie gas, solution)

d) At least 1 advantage and disadvantage of each chemical (this information was presented also in the following lectures).

Bleaching Mechanisms and Sequences (Lecture 18)

1. I presented to you a table designed by Gierer in which he explains bleaching through cationic, radical, and anionic reactions.  Please be able to describe the following:

a) Which bleaching chemicals react as cations (????) and how is this possible.

b) Under what pH conditions to radical reactions operate?

c) Under what pH conditions to anionic reactions operate?  Why is this?

d) What structures on lignin react under cationic and radical reactions?  How about in anionic reactions?

2. I presented some very general reaction mechanisms for bleaching.  I do not expect you to be able to draw out these mechanisms.  I do expect, however, that you can give some generalities about the following:

a) How do bleaching agents make the lignin soluble?

b) Where on lignin do these attacks occur?

i) Are the side chains attacked?

ii) Are the rings cleaved?

iii) Are chemicals added to lignin changing the structure?

iv) What is an ortho quinone, how is it formed, and what does it react with?

v) What is a muconic acid?

3. Can you explain why bleaching is done is sequences?

4. You will be given a bleaching sequence and I will expect you to explain exactly what is happening (don’t forget washing!!!!!!)

Bleaching Chemicals (Lecture 29-22)

1. For all of the chemicals discussed in these lectures, I expect that you will know the following information:

a) Advantages/Disadvantages of each bleaching agent.

b) Time:  how long (roughly: 1 minute or 2 hours) each stage takes

c) Temperature (I know that there are temperature ranges used but some reactions need to be kept at lower temperatures)

d) pH (acid/neutral/alkaline)

e) Selectivity
Oxygen Bleaching (Lecture 19)

1. Why has bleaching with oxygen become so prevalent? (several reasons)

a) Why is the mill BOD reduced generally with oxygen bleaching?

2. Why is oxygen added to the pulp using a high shear mixture?

3. Why is oxygen bleaching done at an alkaline pH?

4. Chlorine dioxide is a very good delignification agent.  Why would oxygen be used instead of ClO2?

5. What is typically the amount of lignin that can be removed using oxygen?

6. Is oxygen a good brightening agent?

7. Do you know why there are so many oxygen species present during oxygen bleaching?

a) Can you name all of the species?

b) Can you tell which of the oxygen species is the most reactive?

c) Why are free phenolic hydroxyl groups on lignin needed in this process?

d) Do metals affect oxygen bleaching?

8. Higher temperature increases the rate of delignification with oxygen.  Typical temperatures are 85°C to 110°C.  Why not bleach at higher temperatures?
9. Higher levels of NaOH also increase the rate of oxygen delignification.  Why do mills control the levels of NaOH used in this bleaching stage?  (2 reasons)

Chlorine & Chlorine Dioxide (Lecture 20)

1. Why is chlorine bleaching being phased out?

a) What is AOX

b) What are dioxins and what is all the fuss about?

c) What were the benefits of using chlorine?

d) Was chlorine used to remove lignin, brighten pulp, or both?

2. Chlorine Dioxide

a) Is chlorine dioxide used to remove lignin, brighten pulp, or both?

b) What pH range does bleaching occur?

c) If chlorine dioxide doesn't chlorinate lignin, why is there a limited amount of AOX formed during chlorine dioxide bleaching?

d) What are the disadvantages of using chlorine dioxide?

e) In what form is chlorine dioxide applied to pulp?

f) How does chlorine dioxide react with carbohydrates?

g) Where does chlorine dioxide attack lignin preferentially? 
3. NaOH Extraction 
a) This stage is used for modification of lignin and for what else?

i) What are the 3 theories on how this stage improves the bleaching ability of later stages?

b) What agents are typically added with NaOH to improve the extraction stage?

c) Does this stage affect carbohydrates?
Ozone, Hydrogen Peroxide, and NaOH Extraction (Lecture 21)

1. Ozone

a) Why is ozone applied with air or oxygen?

b) Is ozone a delignifier, a brightener, or both?

c) If ozone is 106 times more reactive with lignin than with carbohydrates, why is there so much carbohydrate degradation associated with ozone bleaching?

d) Why is the reaction time of ozone bleaching so short?

e) At what pH is ozone applied?

2. Hydrogen Peroxide

a) Why is hydrogen peroxide bleaching run at a pH between 9.5 and roughly 12.5-13?

b) For peroxide brightening, why is the temperature run held between 35-50(C?

c) What kind of lignin functional groups does hydrogen peroxide react with using brightening conditions?

d) If hydroperoxy anion only reacts with carbonyl and olefinic groups, how can hydrogen peroxide be used as a delignifying agent.

e) Why is it so important to remove metals when bleaching with hydrogen peroxide?

i) What is added to remove the metals?

f) Is there carbohydrate degradation during peroxide bleaching?

Bleaching Loose Ends (Lecture 22)

1. Xylanase

a) Can you explain the function of xylanase in bleaching?  If the goal of bleaching is to remove or brighten lignin, why should an agent which only attacks a hemicellulose be added?

b) What are the benefits of adding xylanase?

2. Acid wash

a) What is the purpose of using an acid wash in a bleach sequence?  Actually what are you trying to wash out and what is the problem with having this material in the pulp?

3. Peracids

a) What are the 2 peracids used commercially?

i) How are these compounds formed?

4. ECF bleaching:

a) What do these letters stand for?

b) Typically, what bleaching agents are used for lignin removal and brightening?

5. TCF bleaching

a) What do these letters stand for?

b) Where is this type of bleaching mostly practiced?

c) Why is TCF bleaching hardly used in the US?

d) What types of chemicals are used in TCF bleaching sequences?

6. Carbohydrate reactions

a) I do not expect you to know these reactions

b) I want you to know that during bleaching, carbohydrates suffer from glycosidic cleavage and peeling reactions just like in pulping.  The oxidizing agents can accelerate these reactions.  Additionally, these agents cause these reactions to occur even at the lower temperatures found under bleaching conditions.

