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Crystallization has been used for the separation of chloronitrobenzene or 
CNBs, which are isomeric substances (o-, m- and /7-CNB) and important 
intermediates in chemical productions. The effect of feed composition on the m- and 
p-CNB crystallization was first studied. The experiment was carried out with 61.0,
62.9, and 65.0 wt% /n-CNB in the feed. The liquid mixture was cooled to its 
crystallization temperature and the precipitate composition was determined by a gas 
chromatograph. The results reveal that the crystallization of m- and p-CNB at the 
eutectic composition (62.9 wt% m-CNB in the feed) provides opaque precipitates 
with the CNB composition close to that of the feed at 23.0°c. Above the eutectic 
composition (65.0 wt% /W-CNB in the feed), the precipitates appear in a transparent 
form with the composition being rich in m-CNB, while the p-CNB enriched- 
precipitates are observed for the composition below the eutectic composition (61.0 
wt% m-CNB in the feed). The effect of FAU zeolites (NaX, NaY, CaX, CaY, and 
BaX) on their precipitate composition was then investigated. The result shows that 
the FAU zeolites significantly affect the precipitate composition, especially the 
precipitates in the feed above the eutectic composition, the composition of which is 
shifted from being rich in m-CNB to rich in /7-CNB. Moreover, the precipitate 
composition in the feed below the eutectic composition is affected by the cation, type 
of the zeolite and the position of the precipitates more than that in the feed at and 
above the eutectic composition. Zeolite selectivity, type of adsorbent, and adsorbent 
structure also affect the precipitate composition but they do not shift the precipitate 
composition from being rich in one component to the other.



V

ACKNOWELEDGEMENTS

This thesis could not be accomplished without the kind assistant and support 
of the many people and organizations below.

First, I am heartily thankful to Assoc. Prof. Pramoch Rangsunvigit, my 
advisor, whose encouragement, guidance and support enabled me to develop an 
understanding of this thesis more and more. My thanks are also including his 
kindness, effort to explain things clearly and simply, and patience to listen to my 
opinion and proof my writing.

I would like to show my gratitude to Dr. Santi Kulprathipanja, my co­
advisor from UOP, Honeywell Company, USA. He provided me encouragement, 
great advice and teaching throughout this thesis. Moreover, I extremely appreciate 
him for giving his time to answer my e-mail, and his insightful comments on my 
thesis results.

I would like to thank Assoc. Prof. Thirasak Rirksomboon and Assoc. Prof. 
Paisan Kongkachuichay for kindly serving on my thesis committee. Their 
suggestions are certainly important and helpful for completion of this thesis.

I am grateful for the full scholarship and funding of the thesis work provided 
by the Petroleum and Petrochemical College, and by National Center of Excellence 
for Petroleum, Petrochemicals, and Advanced Materials, Chulalongkorn University, 
Thailand.

My thankfulness is extended to UOP, Honeywell Company, USA for 
providing me a thesis budget and all staffs of the Petroleum and Petrochemical 
College, Chulalongkorn University for all their kind assistance and cooperation.

I wish to thank my many friends for informal support, help in difficult time, 
entertainment and care of me.

Finally, I wish to thank my family for moral support, understanding, 
providing lovely environment at home and love.



i
iii
iv
V

vi
ix
xi

1

3
4
4
5
5
6
8
9

10
12
12
14
16
16
17
17
19

TABLE OF CONTENTS

Title Page
Abstract (in English)
Abstract (in Thai)
Acknowledgements 
Table of Contents 
List of Tables 
List of Figures

CHAPTER
I INTRODUCTION

II LITERATURE REVIEW
2.1 Chloronitrobenzenes

2.1.1 Production
2.1.2 Application

2.2 CNB separation process
2.2.1 Crystallization
2.2.2 Adsorption

2.3 Crystallization
2.3.1 Solution crystallization
2.3.2 Melt crystallization

2.4 Phase equilibrium
2.4.1 Phase rule
2.4.2 Solid-liquid phase diagram

2.5 Crystal charactertics
2.5.1 Crystal size distributions
2.5.2 Purity

2.6 Adsorption
2.7 Zeolite



CHAPTER PAGE

III EXPERIMENTAL
3.1 Materials 22

3.1.1 Chemicals and solvent 22
3.1.2 Adsorbents 22

3.2 Equipment 22
3.3 Methodology 23

3.3.1 Effect of feed composition on m- and />-CNB
crystallization 23

3.3.2 Effect of FAU zeolite on m- and/?-CNB
crystallization 23

IV RESULTS AND DISCUSSION
4.1 Effect of feed compositions on m- and p-CNB crystallization 25
4.2 Effect of FAU zeolite on m- and £>-CNB crystallization 27

4.2.1 Effect of FAU zeolites on the CNB feed solution
compositions 27

4.2.2 Effect of FAU zeolites on the CNB precipitate
compositions 28

V CONCLUSIONS AND RECOMMENDATIONS 47

REFERENCES 49

APPENDIX 53
Appendix A m-CNB/p-CNB Ratio of the Precipitates

without and with the X and Y Zeolites in the 
Feed with 61.0, 62.9, and 65.0 wt% m-CNB 53

Appendix B w-CNB/p-CNB Ratio of the Precipitates with
the Silicalite, Glass Bead, and Activated Carbon 
in the Feed with 61.0 and 65.0 wt% m-CNB

vii

56



Vlll

CHAPTER PAGE

CURRICULUM VITAE 58



IX

LIST OF TABLES

TABLE PAGE

2.1 Physical properties of chloronitrobenzene isomers 3
2.2 Enthalpies of crystallization and distillation 9
2.3 Differences between melt and solution crystallization 11
4.1 Compositions of m- and p-CNB in the feeds and the precipitates,

and crystallization temperature 26
4.2 m- and />CNB compositions in the feed, 61.0 wt% of m-CNB,

before and after adding the zeolites at 30°c 27
4.3 m- and p-CNB compositions in the feed, 62.9 wt% of m-CNB,

before and after adding the zeolites at 30°c 28
4.4 m- and/?-CNB compositions in the feed, 65.0 wt% of W-CNB,

before and after adding the zeolites at 30°c 28
4.5 Compositions of m- and p-CNB in the precipitates located near

and far from zeolites (Run#l) with 61.0 wt% of W-CNB in the feed 30
4.6 Compositions of m- andp-CNB in the precipitates located near

and far from zeolites (Run#2) with 61.0 wt% of m-CNB in the feed 31
4.7 Compositions of m- and />CNB in the precipitates located near

and far from zeolites (Run#l) with 62.9 wt% of W-CNB in the feed 32
4.8 Compositions of m- and 1 7-CNB in the precipitates located near

and far from zeolites (Run#2) with 62.9 wt% of OT-CNB in the feed 33
4.9 Compositions of m- and p-CNB in the precipitates located near

and far from zeolites (Run#l) with 65.0 wt% of W-CNB in the feed 34
4.10 Compositions of m- and p-CNB in the precipitates located near

and far from zeolites (Run#2) with 65.0 wt% of W-CNB in the feed 35
4.11 General properties of glass bead, activated carbon, and BaX 44
A1 m-CNB/p-CNB ratio of the precipitates without and with the

X and Y zeolites in the feed with 61.0 wt% W-CNB 53
A2 W-CNB//7-CNB ratio of the precipitates without and with the 

X and Y zeolites in the feed with 62.9 wt% W-CNB 54



X

TABLE PAGE

A 3  m -C N B //? -C N B  ratio  o f  th e  p rec ip ita te s  w ith o u t  and  w ith  th e
X  an d  Y  z e o l it e s  in  the fe e d  w ith  6 5 .0  w t%  m -C N B  55

B1 m -C N B /p -C N B  ratio  o f  th e  p rec ip ita te s  w ith  th e  s i l ic a l ite , g la s s  b ead
an d  a c tiv a ted  carb o n  in  th e  fe e d  w ith  6 1 .0  w t%  m -C N B  5 6

B 2  m -C N B //? -C N B  ratio  o f  th e  p r ec ip ita te s  w ith  th e  s i l ic a l ite , g la s s  b ea d
and  a c tiv a ted  carb o n  in th e  fe e d  w ith  6 5 .0  w t%  m -C N B  5 7



XI

LIST OF FIGURES

FIGURE PAGE

2.1  Iso m ers  o f  C N B s . 3
2 .2  A p p lic a t io n  o f  m e lt  c r y s ta lliz a tio n  in  o rg a n ic  sep a ra tio n s . 11
2 .3  S o m e  b in ary  so l id - l iq u id  p h a se  d ia g ra m s e n c o u n te r e d  in

m e lt  c r y s ta lliz a tio n . 12
2 .4  P h a se  d ia g ra m  fo r  th e  s im p le  e u te c t ic  sy s te m

n a p h th a le n e -b e n z e n e . 14
2 .5  L in e  rep rese n ta tio n s  o f  z e o l it e  structure. 2 0
3.1 C r y s ta lliz a t io n  un it. 23
3 .2  L o c a tio n s  w h e r e  p r e c ip ita te s  are c o l le c te d  for พ - a n d /? -C N B

c o m p o s it io n  a n a ly s is . 2 4
4 .1  B in a ry  p h a se  d ia g ra m  o f  พ -  a n d /? -C N B . 25
4 .2  L o c a tio n s  w h e r e  p r e c ip ita te s  w e r e  c o l le c te d  for พ -  an d  p -C N B

c o m p o s it io n  a n a ly s is . 2 9
4 .3  C o m p a r iso n  o f  พ -//? -C N B  ratio o f  th e  p rec ip ita te s  from  6 1 .0  w t%

พ - C N B  in  th e  fe e d  w ith o u t  and w ith  z e o l it e s  (B a X , C a X , N a X ,
C a Y , a n d N a Y ) .  3 8

4 .4  C o m p a r iso n  o f  พ -//? -C N B  ratio o f  th e  p r ec ip ita te s  from  6 2 .9  w t%
พ - C N B  in  th e  fe e d  w ith o u t  and w ith  z e o l it e s  (B a X , C a X , N a X ,
C a Y , a n d N a Y ) .  38

4 .5  C o m p a r iso n  o f  พ -//? -C N B  ratio o f  th e  p rec ip ita te s  from  6 5 .0  w t%
พ -C N B  in  th e  fe e d  w ith o u t  and w ith  z e o l it e s  (B a X , C a X , N a X ,
C a Y , a n d N a Y ) .  3 9

4 .6  P o s it io n s  in  th e  c r y s ta lliz e r , w h ere  th e  tem p era tu re  o f  th e  s o lu t io n
w a s  m e a su red . 4 0

4 .7  T em p era tu re  o f  th e  s o lu t io n  c o n ta in in g  6 5 .0  w t%  พ -C N B  in  the fe e d . 41
4 .8  C o m p a r iso n  o f  พ -//? -C N B  ratio o f  th e  p r ec ip ita te s  from  6 1 .0  w t%

พ - C N B  in  th e  fe e d  w ith  S ilic a l ite , N a Y  and w ith o u t  z e o l ite . 4 2



FIGURE

4 .9  C o m p a r iso n  o f  /77-//7-CNB ratio  o f  th e  p r e c ip ita te s  from  6 5 .0  w t%  
m -C N B  in  th e  fe e d  w ith  S ilic a l ite , N a Y  and  w ith o u t  z e o l ite .

4 .1 0  C o m p a r iso n  o f  m -lp -C N B  ratio  o f  th e  p r e c ip ita te s  from  6 1 .0  w t%  
m -C N B  in  th e  fe e d  w ith  g la s s  b ea d , a c tiv a ted  ca rb o n , B a X  and  
w ith o u t  z e o l ite .

4 .1 1  C o m p a r iso n  o f  m -/p -C N B  ratio o f  th e  p r e c ip ita te s  fro m  6 5 .0  w t%  
m -C N B  in  th e  fe e d  w ith  g la s s  b ea d , a c tiv a ted  ca rb o n , B a X  and  
w ith o u t  z e o l ite .

xii

PAGE

4 2

4 4

45


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



