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summary
Metal oxide fine powders finds many applications in industry as new 

materials. It is very much necessary for the development of such powders 

to improve the domestic industry.

The purpose of present research is to develop a process for the 

preparation and utilization of metal oxide fine powder. This project is 

consisted of two main subjects and summary of each subject is as follows;

Subject I : Production of Ultrafine Metal Oxide Powder

Ultrafine metal oxide powder is defined as a metal oxide powder of less 

than 100 nanometer in particle size. Ultrafine titanium dioxide powder is 

used in cosmetics, coating materials as protection against sunlight and 
catalyst. Ultrafine aluminum oxide powder is used as a free-flow aid in 

powder and coating materials for plastics and light bulbs. Many new 

applications of ultrafine powders are expected in future in the field of



advanced materials.
Purpose of this study is to develop gas-phase reaction process by which 

ultrafine metal oxide powder can be produced. This project starting in 1993 
is a laboratory scale research to investigate the effects of various operating 

variables and powder characteristics and to develop a mathematical model 

which can predict the particle size and distribution. The development of this 

system will be further extended later to the stage of commercialization.

The contents of research during the first year were as follows* A 

laboratory scale apparatus to produce ultrafine metal oxide powderCTiOa, 
AI2O3) by oxidizing metal chlorides in vapor phase with oxygen was 
designed and installed. Test runs have been made for the experimental 

apparatus with satisfactory results on mechanical and control performances 

of the apparatus. Ultrafine titanium dioxide powder and aluminum oxide 

powder having a particle size less than lOOnm were produced by a 

gas-phase reaction in the test runs.

The content of second year research were as follows: Experimental 

variables for the control of particle size and distribution were investigated 

in the TiCfi-Oz system. Ultrafine Ti02 powders ranging from 30 to 70 nm 
in average particle sizes were produced. The preheating temperature of 

reactants was found to be an effective factor for particle size and 

distribution of ultrafine powder. As the preheating temperature was 

increased, average particle size became smaller and size distribution more 

uniform. Larger particles having narrow size distribution were produced with 

the increase in TiCL mole fraction under the control of preheating 
temperature. The variation of O2 mole fraction did not show much difference 
on the average particle size. As reaction temperature was increased, average 

particle size became smaller. With the decrease in the residence time of 

reactants in the reaction zone smaller particles were obtained. Ultrafine AI2O3
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powder having lOnm in particle size are also prepared. Pure anatase, anatase 

and rutile mixture, and pure rutile phase TiOz powders were produced by 

the variation of reaction temperature and composition of feeding gas.

The dispersion of ultrafine TiOz particles was evaluated with the variation 

of pH value of solution. Particles were well dispersed at the value of pH 

3.0 in the solution. The absorbance of dispersed solution on ultraviolet ray 

was showed the highest value at pH 3.0.

A mathematical basic model that can predict the particle size and 

distribution was developed. The model predictions were compared with the 

experimental results. However, there were discrepancies between model 

prediction and data. Such discrepancies were due to some simplified 
assumption. /

The content of this year as a third year research were as follows: 

Experiments for the control of particle size and distributions in the various 

reaction system and compared with results of 2nd year research. Various 

reaction systems were adopted for the development of feasible process. In 

the TiCLrHzO reaction system, as the concentration of HzO increased, 

average particle size became more smaller than TiCh-Oz system, but 
particle size distribution was not uniform. In the case of TiCh-Oz-HzO 

system, as the concentration of HzO increased, change in average particle 

size showed same results as TiCLj-HzO system, but particle size distribution 

was more uniform than that system. In the TiCLrAir-HzO system, as the 

concentration of HzO increased, change in average particle size and 

distribution became same as TiCU-Oz-HzO system. Ultrafine particles could 

be prepared even higher concentration of TiCLj and lower gas flowrate 

compared to TiCh-Oz system in the TiCLrAir-HzO system.

Ultrafine AlzOs powders also prepared with the change of concentration 
and gas flowrate. As the concentration of AICI3 increased, particle size

iii



changed from 15nm to 35nm. The crystal structure of particles changed 
from amorphous to mixture of a and Y-phase as gas flow rate decreased.

Experiments on the treatment of surface characteristics of ultrafine TiOz 
powders were investigated using esterfication and surface treating 
agents (Isopropyl tristearyl titanate, methyltrichloro silane and stearic acid). 

In the case of esterfication of powders, autoclave was used but the degree 
of hydrophobicity of powders could not obtained. However, the high degree 

of hydrophobicity of powders could obtained using surface treating agents. 

Among three agents for surface treatment, silane was found to be the most 

effective agent. The degree of dispersion showed same results in the case 
of surface treating experiments. Surface characteristics of treated powders 

in this research was compared with commercial powders used in cosmetic 
companies. The quality of powder treated in this experiment showed same 

property.
A mathematical model that can predict the particle size and distribution 

was also developed. The model predictions were compared with the 

experimental results and model predictions developed in 2nd year research. 

The model developed in this year showed more close to experimental result 

than the results of previous model. Agreement was in the effects of 

reactants concentration and residence time to the particle size. However, in 

the effects of reaction temperature, there were still discrepancies between 
model prediction and data in absolute value.

Subject II : Preparation of Cerium Oxide for High-Grade Polishing 

Powder

Used cerium polishing powder was recycled for preparation of high 

grade cerium oxide polishing powder. Also, cerium hydroxide which was 
generated as by-product in processing of monasite ore was used as another
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material. These two materials were leached respectively by using acid, and 

the precipitate was gained in each leached solution by adjusting pH of the 

solution, and by selective crystallization. These precipitates were calcined to 

make high grade cerium oxide polishing powder. The effect of several 

experimental variables were investigated, and the optimum conditions were 

obtained through the experiments.

Cerium oxide was dissolved well in sulfuric acid solution containing 

(NHJzSOj as additive. H2O2 was used as reductant of cerium ion. 10 gr of 

Ce02 was dissolved completely at 110 °C in 200 ml of 12M H2SO4 solution 

in which 10 gr of (NHDzSC^ was dissolved and 10 ml of 28% H2O2 was 
added. The used cerium polishing powder was leached at the same 

experimental condition, and the rare earth elements in the used cerium 

polishing powder was almost dissolved into the leaching solution. Cerium 

precipitate was obtained from the leach liquor by adjusting pH of the 

solution to 3 and by adding H2O2 as oxidant. Purity of CeC>2 in the 
precipitate was 72%, and the recovery of CeC>2 from the used cerium 
polishing powder was 88%. The cerium hydroxide which was a by-product 

in processing of monasite ore was dissolved well in nitric acid solution. 10 

gr of cerium hydroxide was dissolved completely in 25 ml of cone. HNO3 

solution at 80 °C. Ten minutes was sufficient for the dissolution. Cerium 

double salts, (NH^CeCSO^e-S^O was crystallized in the leach liquor of the 

cerium hydroxide by addition of two equivalents of NH4NO3 into the 

solution. Cerium complex was redissolved and recrystallized for increasing 

the grade of cerium oxide. However, the higher was the grade, the lower 
was the recovery of cerium oxide. The purity of the obtained Ce02 through 
four times recrystallization was 78%.





Contents

Chapter 1. Introduction.................................................................................... 1

Section 1 Status and purpose of the research............................................1

Section 2 Content of the research................................................................5

Chapter 2. Investigation on preparation of metal oxide

fine powder.....................................................................................8

Section 1 Preparation of ultrafine metal oxide.......................................... 8

Section 2 Preparation of rare earth oxide................................................. 19

Chapter 3. Preparation of ultrafine metal oxide......................................46

Section 1 Overview.......:............................................................................. 46

Section 2 Synthesis of ultrafine metal oxide........................................... 46

Section 3 Suface treatment of ultrafine powder...................................... 73

Section 4 Modeling on the formation of ultrafine powder....................98

Chapter 4. Preparation of Ce02 as polishing powder.......................... 121

Section 1 Overview................................................................................... 121

Section 2 Synthesis of Ce02 from spent polishing powder..................121

Section 3 Synthesis of Ce02 from by-product of monasite..................130

Chapter 5. Conclusion..................................................................................137

References.......................................................................................................142

VII



.'V1, '•

t •;;•

V: ■

■SSiS-SaSliElii mm###



B #

m i is m%  1

# 2 #  5

2#  s

mi# mwa^jmw#Ms................................................................. 8

$2# #±#^b#Ms.......................................................................19

s# .................................................46

#i# m ^............................................................................................ 46

$2# m#m&m@Hb#Ms............................................................... 46

#3# .................................................73

S4B m#m'kmmms.^................................................98

4 m mm mmnm Ammm mt m%....................m
mi# m #............................................................ 121

S2S 4##ib#MS......................... 121

msm 3.^}°)s.ms....................iso

5S SB #....................................................................... 137
##]&#............................................................................... 142

IX



j.

.



List of Tables

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

2. 1. Thermodynamic data.

2. 2. Extractants used in separation of rare earths (Phosphates).

2. 3. Extractants used in separation of rare earths(Quatemary 

Ammonium Salts).

2. 4. Extractants used in separation of rare earths (Acidic 

Organophosphorus Compounds).

2. 5. Extractants used in separation of rare earths (Carboxylic Acid).

2. 6. Separation of light rare earths.

2. 7. Patents for yttrium separation by solvent extraction.

2. 8. Physical and chemical data of Chinese polishing powder.

2. 9. Physical and chemical properties for the polishing powder of 

Davison Specialty Chemical Co. (product name : VITROX C).

2.10. Physical and chemical properties for the polishing powder of 

Davison Specialty Chemical Co. (product name : RAREOX 14).

2.11. Physical and chemical properties for the polishing powder of 

Davison Specialty Chemical Co. (product name : RAREOX 90).

2.12. Physical and chemical properties for the polishing powder of 

Davison Specialty Chemical Co. (product name : X-OX).

2.13. Physical and chemical properties for the polishing powder of

Cercoa Co. (product name : Lensmax Z).

2.14. Physical and chemical properties for the polishing powder of 

Cercoa Co. (product name : Lensmax R).

xi

P:?.
' !).

if.'if ;



Table 3. 1. Differences between sol and suspension on particle size.

Table 3. 2. Application of surface treating materials for hydrophobic 

property.
Table 3. 3. Experimental conditions in the operation of autoclave.

Table 3. 4. Degree of hydrophobic on* various surface treating materials.

Table 3. 5. Degree of dispersion on surface treated powders.

Table 3. 6. Variation in process variables.
Table 4. 1. Chemical compositions of cerium polishing powder before & 

after using Lensmax-z at Samsung Coming Co.

Table 4. 2. Chemical reagent used in the experiment.
Table 4. 3. Formed conditions of rare earth hydroxide according to pH & 

atmosphere.
Table 4. 4. Chemical compositions of prepared CeOz from the waste 

abrasive ceria.
Table 4. 5. Chemical compositons of cerium hydroxide obtained by 

monazite treatment.

Table 4. 6. Chemical compositons of crystallized product obtained by ' 

adding NH4NO3 through 1st stage crystallization.

Table 4. 7. Chemical compositons of crystallized product obtained by 
adding NH4NO3 through multi stage crystallization.

Xll

%



List of Figures
Fig. 2. 1. Generation and growth of ultrafine particles.

Fig. 2. 2. Flowsheet of monazite treatment.

Fig. 2. 3. Flowsheet of bastnasite treatment.

Fig. 2. 4. Diagram of a counter current extraction system.
Fig. 2. 5. Experimental conditions for separation of middle/heavy rare 

earths.

Fig. 2. 6. Flowsheet of the preparation of glass additive & polishing 

powder from bastnasite.

Fig. 3. 1. Schematic diagram of experimental apparatus.

Fig. 3. 2. Effect of molar ratio of EfeO to TiClj on particle size in the 
TiCLj-HzO sysytem.

Fig. 3. 3. Log-probability plots of powders with different molar ratio of 

HzO to TiCLj in TiCLj-HzO system.
Fig. 3. 4. Transmission electron microscopic images of TiOz powder.

Fig. 3. 5. X-ray diffraction pattern of produced ultrafine TiOz powder at 

different molar ratio of H2O to TiCLt in TiCLj-HzO system.

Fig. 3. 6. Effect of molar ratio of H2O to TiCLj on particle size in the 

TiCLrOz-HzO sysytem.

Fig. 3. 7. Log-probability plots of powders with different molar ratio of 

H2O to TiCLj in TiCLj-Oz-HzO system.
Fig. 3. 8. Transmission electron microscopic images of TiOz powder.

Fig. 3. 9. X-ray diffraction pattern of produced ultrafine TiOz powder at 
different molar ratio of HzO to TiCLj in TiCLj-O2-H2O system.

Fig. 3.10. Effect of molar ratio of HzO to TiCLj on particle size in the 

TiCLj-Air-HzO sysytem.

Fig. 3.11. Log-probability plots of powders with different molar ratio of

xiii



Fig. 3.12.

Fig. 3.13.

Fig. 3.14.

Fig. 3.15. 

Fig. 3.16. 

Fig. 3.17. 
Fig. 3.18. 

Fig. 3.19.

Fig. 3.20. 

Fig. 3.21.

Fig. 3.22.

Fig. 3.23.

Fig. 3.24.

Fig. 3.25.

Fig. 3.26. 

Fig. 3.27.

Fig. 3.28.

HzO to TiCLt in TiCLrAir-HzO system.

X-ray diffraction pattern of produced ultrafine TiOz powder at 

different molar ratio of H2O to TiCLj in TiCLj-Air-EfeO system. 
Effect of molar ratio of H2O to TiCLj on particle size in the 

TiCl4-Air-H20 sysytem.

X-ray diffraction pattern of produced ultrafine Ti02 powder at 

different molar ratio of H2O to TiCLi in TiCLj-Air-ffeO system. 
Transmission electron microscopic images of AI2O3 powder. 

X-ray diffraction pattern of produced ultrafine AI2O3 powder. 

Schematic diagram of autoclave system.
General flowsheet for azetropic distillation.
Flowsheet of surface modification from hydrophilic to 

hydrophobic.

View of dispersion of ultrafine powder.

IR absorption spectra of ultrafine Ti02 powders (P25) treated 

with different materials.
IR absorption spectra of ultrafine TiOa powders (KIGAM) 

treated with different materials.
IR absorption spectra of ultrafine TiC>2 powders treated 

with stearic acids.

Photograph of dispersion of ultafine powders treated with 

various materials.
Photograph of dispersion of ultafine powders treated with 

various materials(P25 and KIGAM).

Photograph of dispersion of ultafine powders after 50 days. 

Transmittance of treated Ti02 powder with a variation of 

wave number.

Axial distribution of TiCLj, TiC>2 concentration and 1st moment

m iliBSi

xiv



Fig. 3.29. 

Fig. 3.30. 

Fig. 3.31. 

Fig. 3.32.

Fig. 3.33.

Fig. 3.34.

Fig. 3.35.

Fig. 3.36.

Fig. 3.37.

Fig. 3.38.

Fig. 3.39.

Fig. 4. 1. 
Fig. 4. 2.

Fig. 4. 3.

Fig. 4. 4.

(model 2).

Axial distribution of average Mo using model 1 and 2.

Axial distribution of average Mi using model 1 and 2.

Axial distribution of average Mz using model 1 and 2.

Axial distribution of average particle diameter using model 1

and 2.

Axial distribution of geometric standard deviation using model 
1 and 2.

Effect of reaction temperature on the average particle diameter 

using model 1 and 2.

Effect of reaction temperature on geometric standard deviation 
using model 1 and 2.

Effect of TiCU concentration on the average particle diameter 
using model 1 and 2.

Effect of TiCLi concentration on geometric standard deviation 
using model 1 and 2.

Effect of volumetric flow rate on the average particle diameter 

using model 1 and 2.

Effect of preheating temperature on the average particle 

diameter using model 1 and 2.

Schematic diagram of experimental apparatus.

Effect of H2SO4 concentration for CeOz dissolution under 
reducing atmosphere.

Effect of H2SO4 concentration for CeOz dissolution under 

adding (NHJaSC^ and reducing atmosphere.

Effect of HNO3 concentration for cerium hydroxide obtained 

by monazite treatment.

XV



1

m i m mt

AM^fb# «!§* <b# ^ SSIS *444 4-9- #AaM 4442 

$1# M# m#44. RSI1«>1 &* A44444* #4^M 4# *3# 
444 A*4* 44 4# 4^44 ^e#jL 4* #444. 4
4 *4444* AM#ib% m%m # E%m A# mib^mo^ AizOs) g
#±# #<b#(Ce02)4 27>4 4#AS 44 4# S*i ^#4^4

484. 444 27>4 AM^ib#4 44 9Bm#4 #%4 Bto# 4A4 

#4.

1. EM AM#<b# ®

Em %#K44 4 44 as 47>3L7]7> I00nm(0.1//m) 444 4-4# 4 

44 BM44 444^ 4^7> #7>#47] 4#4 4 (nuclei) AS^-4 m 

544* 444 4444 4127} 7}*s}c}.

mmt &mm<b#4 424* 3.4 4*4 mmm 444 <mm 444
44. #44 4444 *4* 7V444 ##44 f *4#4* SS4 m 

A, ES44 EM llltt #^# 4s* 4444. 444 44# & 

mb### ®HbW04 £0S44 EM AM #-fb# #^# 4# 44AS4 

5E4 444# AMibAM M4 44 M, ##, @*g SE&ss 4 

¥44*4 4^ 34# ib#5E# 443. 44 4]#4 4*444 44-7} 
#(negative)4 ^}& 7>44 4# 4444 $14. #44 444 4an EM 

AM E« #*# 424# #4# *** #4444 44 4# 444* 

4AS. 444 4124-8-4 #a 4*44 4* 44 KMS4 %m# 4|&4

— l —

< •-;." .r --'
-■y.-’



# $1# 4 $14. #44 #4# 3# #44 ^
4 44 4# 44 °1 $1-6-4 4&4-&61 42. ^44 c] ## 44 °1 $14.

mma $s# ###^.4 &4 %#43 $14. 344 ###
<9 43.4 7> 444## 44 #44 ^@#4 ^7>4t1144. *@#4 #7}

# EE5.44 @%4 44S44 illt #71-44 >11 44. &4 4 444
44# #44 #M&4 #4 4443 $134 3# ^4# Eiitt0! ### 

4 4* 444 «pdb, 4 3^7H&&4 a}-§-5]2 $14.
3 4413 &4^ 444-44# ### ®4 4 £4 4s. #44 #444

4■§‘43 $14. &4^ 44 OT4# #4# #44 W4 #4# 44 # 

«J, #44 #4#4 4 W#4 %%4 «# 44 34433
Ai a>-§-e|2 $14. &44 ### HfSti- #43a-1 444 #3343 44

4 #34 #37} 3»1 444# #444[l-l,2,3)4].

34 H #4 #4# #4# ®MI4 Degussa/tt 4 B*4 Ishiharafi^^i

^#43 $i4. #447-1# # mmsmm4 44 mmm ®^4

4443 ^#44# ftS^S # OTSB&4- 3#4 44 ^
a}43 $14. gM44# 344 ####-14 ^#44 #4 44 4# # 

3# 44 #44 4#43 $1# #344. &44 #44 EiS4 MS 4# 

4 44 4## 4#4 7>4 #3444. 4#4a-1# 44 7>4 24 4 #4 
4371## 4#4 437114 a47l# 7fl# 4 s44 #4# 4-S-# ### 

##4 <kma, BiHS 4 EE #4 MS# #3 $14. mM444 344 
## #4# #4 4344# 444414 $1# ##33 ±#44 4#4 4 

^4 #34 43# #34# # 44. 344 ±#4^14 4## ##44 
3 S*4 44 4#4# 44 # 4## 4#433 %M1b# #33 4

—2—

C*3K.CL'.1. 4-,



a. 3* €44 447\ aw. 444 4 #444 3*4* mz #sm3 3 
44 y^7> €^€44 *t}-JL /$4€4.

* mm m%* wm 4233 # fb#% 333 m
ma&* 4-6-44 @## mib#* 424* #** 711*4* 4 91
4. * ms* sm^m#44 mmm &mmit®^r 323 3-6-43-24
3 ***##* 42#* *34 444 44 7>4 *33*4 33* €3
#234 ^*4* 243 #34 m?a.7] § *21: 2*#* 7l#& 7Ht

#2. SM# 2444 443 #34 #m #E3 SEE ## ###* M 
a ^ Mfb# 4# 3*71 *4 #4 7]&7}&# 4442* ^4. S*. 

243 #34 444 3-6-7144 43# -6-#33, 3 #2.71 « *
5# 4## * 3* m*A^ s.ii: 7ii*#2# 34. mm

M#&4 441 4127}*# ^ *##* 43#4##(Ti02), 3#€*4* 
(AI2O3), 43# fl-2(Si02), 43#422iir(Zr02), 3#€(Fe203), ##43 
(ZnOz) #[514 *34 #2** 4 44471 4 #4 3 * 7># ^ ###
4 4# 42:71*4 711*43 14471 *#4 444# 3-6-23* 244* 
323.4 3*4 7>*##2 3434-. 4-4-4 # 3*44# #4 9*4# 
# #44 ®?m »*m, 23## ^ 44##4 #53 4--B-4* 4* 
#44-## ###*4## 4*23 **4##4 M<bSE4 4# iSM 
^mmfb# sssEir MS4271- *#.

2. m<b# sb
S±E5cS1-# 33423 Lanthanides423 *434#4, €432

5733 34*2344 7133 *4#4 1555S4 B# €432 2134 2

—3—

4



4#4 3944 43#& &#44 # 17711 414.
4 S±EtcS#s1 4 43^ 444 #*14 #4-471 ttfl^oll €db44

#5:1-4 7} 444 4 1^13 ^444 #3 S±E ^ 4^14#

(mischmetal)-21 #£fl3 4-§-44 5154, 4S-4^ &®4 #^4
4 €4:^ iEMS S±E» ^^5-5 A>-§-e>ui $1

4. #4444 4#4 #±EA# 4 #<b### US, mf, ##, %#,
571134 3 -§-5

7> Pfl-f 4^^712. $14.

at 1 i# 25021 € #53 f#4

4, #4 4&^r -§-57} ;H#5l4, ol ^17} ### 453 4]#44. ^*1,

#mm%(####)4 ^7>#^4 4 ###33 4-§-4#

4##lb#fr #4 T.V 54#44 4445] 7112: 4 447)1 #4 M# 4 

4#7M1 44 #-§-#4 *M47ll #443 $14 4444. 44 44 -§-5 

4 4^5# 7>4 #±#7C##4 ^3 monazite, bastnasite, xenotime 4 4 

4####(ion absorption type), 7l 4(apatite, loparite) 44 ##5344

4444. -
44 144 #45344 S±EtcS4 44 #0)4 1445. 444 4^ 

44 444 ##-& 7l]#§m cf#, chemical separation, ion exchange 4 

solvent extraction method #-& 4 -§-44 #513 #####534 SzhE'fb

443 1#4. #±#lb### 44' 4-§-44 #453 #

4444 SSOTS&53 M ^ 4711453. 444 #44 ## 5# 41

-& 7)12:44.

4 444 #4#544# 4# M±W #### # i6S>fc 4##ib% 4 

5# 7)l#m#m# 7)1^4 4453 442H44 4444 44#91^ ^ 3 

4443 44 MW- 433 44 #m@, #@«, %##Aib 4 #m@

—4—



3 
^1

44
 wm

m
 5i 

71
4 #

^^
#4

 4-8
-1

 4% 
*x

±r
 A

flf
.^ %m

4
*P
5K
+1

p
o
Jp
T
T
rfr
W

t
W
Ujo

•jf rtr 
33 ^1° 
'lio p'K
■§■ rtf 
M ‘8°

To
K-l 3Bp 
W oin

* ^
* «
'qH1 $|
^ SK
* o4 
^ w* s t
I ^Is '5‘
I J
M £ 

1$- 

niln) 
51
£w

$

-gy
ml w 
o| # 
fr K
'k0 $£ 
W #

1 5
a @
2 OJ

“H
W
Kh
hT

K-l
%
Dim
41
W

7 w
o|J V\ 
Kf -K-l 
^ ?K

l!

^n) Cfc
^ ,1- 
J|J 3P

. d’K

mini <|

35
S?

4
"3"

Kir W 
. rim W

1 §
1 5
# & 
& nt|

:
M-

33
: h 

TP *|m
w m
W -5" 
#H o|n
^ 33
$? "R"
# 75“

W ‘K0 
W <
^ W 

J|J ? 
To rtr
rul oJ 
a) P|o

* n
I *
3% ID)J 
^ Dim

|S
_ 4 

TT To 
^ D)<
w _
^n) K 

JU T
^ K
Ttr rrl
* I

^ 73:
W *
*■ t? 

£m
^ winn- w

nH Kh 
o| Kim 

73

*3
77 w
fl $

8$
J|J ^
33 a

W -iiK

M
W

fr

TP
#
7JT
T

,r To
ol <h 
33 Tor
^ rm
o" o| 
?< %
# m

■3" 33
* T
t7 w 
M W 
rt= # e4

 714# ^ 44. W
4 4

-1
11

44
 

4#
m

<b
#4

 -H
4 4

#9
f#

m
7l

- 7
m

4
4 7

>^
»1

 jf7
1-

71
-4

 ^=
4 #

44
44

 44
d:

44
 44

44
 44

44
4 #

44
 

5.
 3.7

11
 44

4#
 4-

5-
5.

 4
54

4.

Op T K-l tr
ajo To W ^1
f

w
Kh
4m

4m
•IK

TT
To

W J(n ml
4 op p" WHi)
V T iuh m
t7
i-4 4

T<

o^l
1

mini
W

*
33

^ii n'K TP
W W 4K 33

-^ii # To"
-(}- Jp 1°

77
TPCO

TT
•k0
K4
W

lir
uT

ToT

Kh

'3r
u|m

E T s o~ rf-
8

m
<10

■kt 8 3-J

I m
#

<

W 41 s
oT

3T
KU
t\X e TP m e

I Qffi
1 %

%
S JU

■K
& 44 j)j Tn

&
*

K p'K

m rrn

w
^i

CO % w if
lSr ix u 4m 337< i—l To-

33 i ■‘•
To L
tT • ■ ■ ■
w ;. •

?K ‘ ■

W 'v",": '%m
X ^ ';• —

1 1
3 1

ToJ 1 f'.:-.'
5F ;; ;.'•;
7\
3P
mini :. V:
W 7.4
-Rill -?*'-■•
&
# ' /
"R°

w
4m
-N



4. 54 &14 #4# 4 111 9-0-7] 19 97V9 114 ##91-, W
3.7} 4 #5# 4## 4" 1# #99^ 5#1# 14444.

29459 49!##1445! 144 1444# 4-0-44 519 44 
444##i 12:4 mm#9 mm, bbm mm, &mmm ^ ms^ra # 

4 114 444 37] §1 H7] 1-5.4 44# 4## 544^2 7]44-0-4 
44 44# 544# 944 514# #44 14444 154
44. %m<bl 541 TiOz #14 mm#J ;m# 44 US 14
# 9=3414-. 54 #11 EM 44444# 1994 m@#&# 514

# 7]# 7]]4# 44 7]514# 9=3415 44444-# 54#1 1544 
51# 4544 1# 154155 9##9 #5141 4# 541 194 
4- #1 1514# 9=3414. 1114 W14-57] 147} l0-70nm4 
541 Ti02 1 A1203#1# 15414.

34451 49E W2511# EM #MVbS 15# %mib* ##44 

2445 1114-5 94 ## ### 1149 4-0-451# 4444 44 
414 144# #7M?]7] 44 14# 9=3415, 111 #94 *® # 
#4- 51# 41 447M 54 7]]11# 1#41 #£, #114
441 14 14# 5449 7] #4 !##4 91# 45 15414. 5 
4 29451 144 5117]- ill- ll# 544# 941 5## 544 
1 1444-4 15 45414.

2. #±m mm mm
4111# iW&ft 1 54- 1#FSM 151 44 497V 4

4415 11 7]## 4595 l# 44115 7V14 15# 7V445 17]

1-g-l, 1491# ## 114 7l2.7V5.57V5 4541 #4 1114. 14

X
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## 44# 31444 #4 44 3]Til31 #44# #9 7M°1 #9
5loL $14. 444 ## %^414 # ^9^/^ ^ 2.44*1 ]=
44 mm® ## i&m m±mm-£ %-mmm 4444 #4 #a@: 4««
ir 4^4 4w, *1* 44 143 3 47M* 4144 %#4|#4 4-§-t 9
## 31 # 4 -p- <y 4^1 # 7l] 2:4-317]- 4^4.

199542# # #9A}#4 4) 14-4224 #9711 #4 44# 444 #4.

1. 494 4&944I4 mm%wmmm^ 44431 3)1714# 44##^m#

44#, 4224, 444sl, 4^44 ^ #4444 iWM 4]3=
4 44444 497} 444 #4# 2:aH}jl7} 4^4.

2. 244-4 e. 44 4444 94# 442. #444 4#944## 44 

#, 4224, 4444, ##444 ^ #4444 iESrti: 41##<k#E 4^4 
44444 497} 444 #4# SA}e}oi7} 4#4.

3. 4 *wwmm ^ 24442 x]b]s] 94#2.#4 41##fb# 41

sa] ; 44497} ^HW^-fb## 49# S #9# 4 #*11 44# #4# 244
317} 4#4.

— 7 —



s i e fiflts mm

i. m? m#

1) « s

3 «4*J4 %e?i e 44** *^4

*4 #4 444 4:# 4 ^ 4= 91* 44 444 3#* *443 91* m* 
4- #**& *44 gg#44*"#44 4*4 44. * 4444 *3#3 $X 
* 4444 #44 44-714* 444 S®4 44 34H*44 4sje 4 
4 4#4 #44. &4^ 44444* 4* 4^4 44# M 4#4 44 
444*4 «4*4 4#* 4*44 &4444 SE445. #4143 4 
4444*4 #*44 4*44 4**3H4 44 *4 4*4 m## 44 
4 44 H44 * 9)711 44. 4 ##%4 447> 9144 4* 4*44-31 4 
^33.*4 47>4 444 4*4 441 4* 444. * 44-4 444 444 
4* 4*33. *## * 44[2-l,2],

(1) m$8<b#S®4 44 m##*4 M*4 AaE

(2) jSfMffl 444 44 #4 ^EJSXnucleation)
(3) iAS -¥-4 $*34 J5SS

Fig. 2.14* 444 *4^7M 4444# 444^4. 44 4444* 
3.711 m#4 4*4 4 * 44. **(condensation)4 4 44 M4
^444 4444 5.4 444 *7>7> 4444 447} 444* 4# 44 
3 *4 (coagulation) 4 4 4# Til 444* 4*44 *3. **44 4 *4 
44 4* #4* 444. *444* 44 4*4 914* 4** #4 344

-8-



( 1 ) Generation of Atoms by Chemical Reaction

(2) Formation oF Nuclei! Nucleatlon )

9 •
o

.O'
o°

d .

* o 
o

'O „
’©
« °o
.cr

(3) Growth by Coagulation and Condensation

o O O
.o O
o(Jo o

% o .'O'
* O • °

O'O
o. «o 
.o

(4) Format 1 on oF Single Domo1n~s1ze Port 1c1es

O Q
Oo

C) ^ o o
o

o
O ° o 

o

o

Fig.2.1. Generation and growth of ultraflne particles
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4444 44 3#44# 37}4 2.44 #444. # 44 44# 444 #
3# #4% #l§(coalescence)7} 44444 3#4 mwmU 4#4 #33 
7}# 4=4- 3-44 3## 447} 7}4# #4^(identity)# 2tfl2 7}342 

#44# 3347] 4#4 void# 7}4 #7]#7m(fractal) #34# 4#4
44.

&434# 43# 4##4(mobility)# 7^2 44. 444 42.4 # 3 
7}(coarse particle)## 4# 44# #4 444 34# 4 #4 4 #44# 
244-71 ^3# #444431 # # #4. 434 4# 344 33 ^ 4# 
#34 444 4#4 34 #42.37} 44.

2) m#4 52#

344 33434 4#43# 341 #4 4«H3# 44 #4 4#43 3#
32#513# n(x,r,t)dx# #44 Sk}-. 42#Z## n(x,r,t)dx 4 44 r, 7]
3 t44 #34 x4 x + dx7}44 3# 3^}#4 #2, 2.# ##2(3^}4
4/44 #4, number concentration)# 444# 3253 32#3E'|Hr #2
3. 344 33(x#4 44)4- ##(r4 44)# #7)1 3#(t)ofl 4-4- ^
#4 4 444 #2# 2# 32# #3 ## 344. 4#25. 3^}4 33
4 334 4# 344 #4 #4.

(1) #^52

347} 43 3 #43"# bulk4 #3#24 #3325. #4. 433# 3 
47} 34# ## 4# #34 444#4 3 44# 444# 44 4## 
Kelvin(2# Thomson-Gibb)4 4 44.

In -3-r = (2)
Poo(T) pRTd

47]7] pfe 37]7} d# 37}4 #3#, p«d(t)# ##(d)4 °°3 334714 
#7l#(2# #4# buik434 #7]#)# 7}# 714 7# 37}# 4## #34

—10—



2# 44, M# #7}^, pfe T# 2 #
t $14. 444 #4#7}s] #4# bulknfls.4 #4-4 4 44443. #
7144 #7>s4 ### sg#4 #444 &# # 444 42427> 2#4 

4 44. 44 4 4242# #7}s4 4&##, # 444 #2# 4-T-4# 
#2#: 4444. 444 #24 4# 4## ### 4#4 $14. 344 # 
# 2# 44 4 4# 44# 4#4 44 44 444 #2# f44 2# 4 
##%&## 44 4# 4* ## 4 44 4 10174 447> 4# 44 # 
44 #4 44 4# 4#4 4#4 #44 44# 4#7>» # 4#4 #3 
#4. 4#44 447]- 2443 #4 ## 4#4 Volmer, Becker 3#3 

Boring0! 7114# 24 "classical theory"5. 44# #4 44 4##44 44 

#422 4## #4 5% 444 #424 4# 7>44 #44 &4E2-3]. 4 
4#4 44# 4## ##4 4# 44 #2, # 444 #2 1 #

1 = 2 (2mnkT)T72"
)(nmVm2/3)[ TVm2/3 ,1/2

kT exp
16gAm3

3(kT)4ln S)' (3)

22 S444 #4 4## 444 424-2 S4 3M 44- 3.4 4
## # #4. 4(3)44 P# #4##-, m,Vmf #4#7>4 ^4 343
nm# #7l#7>4 #^2# 71-444. 2 Kelvin4 4ir 4#4 #4 #44# 
424-2 S°)14 #44# 44 34 d~* ## # #4.

4?W
pRTlnS (4)

44 #44 2# 4-2.4-3.7l- 4### 444# 44 3.7)7} 4-4-451 44 
4 #2 4 44 4## #71-4# # # #4. 4#44 4#4 4#4 444 
# #7l#7}#4 44iH44 4-2444 44 4422 44 #44# 42s. 
4 #4#71-4- 4# ## ##2 #444 ## 4444. 44 ## 444
##-& (homogeneous nucleation)°14 #2#4 44# #4

\
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X

— (heterogeneous nucleation)4# 5. $14. 41 44 #7)] 41 41^1 
(foreign nuclei)4 !4*7}7} -#-#44 ^0} Ms]* #23 4# 1#
i- 7}1 1*44 42* #44. o]4* *** 44^ ^44 3 *2

4 441 441 45-3. 54 4^344 414# #4 n 7l4(mechanism)7>
%4441 444 44 4# 4*2 #14 4t44jl $14. 4141# 4# 

Agl 444 4^7H14 ##41 NaCl 4, 342 44 1# 4^444 44 
(radiation)2s $1444 4414 44 44 44€4 #44^ 4444 4 
MSI 444.

(2) # IB (condensation)

44 44 1:5.44 #4 4#4 44 445.4 4*44 4* 444
4444 4444e 4#5.3 #144 44. 4444 14712 S144 114 

$14 #7] 54 444 447} 444 14 #144 4 #4 44 34 5.4 
47}* 44 #44^14 44 #44#44 # 1 $14. 44 44 4i4#4 
*4*4 14 *17^ **4 144 344 4144 44114 44 14 
4714 31 414 134#4^1 *7>4 27]* 11 34471 #7>4 27l 
34 144 4323 *444. **41 44 1213 #14 ## *5* 4 

#4 44.

an(x, r, t) 

at
— { <j> (x, t,n(x,r,t)) } (5)
ax

47)71 4>^ 44*54 *34 31

0(x,t) =
7r( 6x/p7r)2/3DmPpVm ^^1.333..^) 

Too Ts 1 + (d/1)

3 147114 Dm# #7} 444# Ppl l7}4 1243 P4 T444 °°1

17}471 14 144 4447) si 17} &44714 %1 7}414. <i>s>\ *

-12-
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3:7} (+) 4# ##4, (-) 4# ##4 44431 €4.

(3) M S (coagulation)

444 444 ##34{ 4444 444 4## 44* #444 4
#31 444 <344 *#4 44471 4# #4*** 5.# **4 7>
# #3.# ^.44 44. 4431 4 5.4* #4# £*# #* 4#
4 #3:4-8-°1 431 4## 44 * 44. 4#4££ #4#£4 314*
l/2b(xi,X2)n(xi,r,t)n(x2,r,t)5. 71^-4 b(xi,x2)# 444 44 xi,x2?l *

44 444 -8-431*4- 4444 1/244 44# xi-x24 ##-8-444 
X2-Xi4 ##-8-444 5-# 4# ##££ 4#471 4#44. b(xi,x2)#

Fuchs 31 4 41 4*4 44 4444.

b(xi,x2) = (47r)2/3(3/pp)1/3 (xi1/3 + x21/3)(Di + D2)Z? (7)

4 444 Di , d2 r #44# 4 444 4# Til## 4443. g* 4*4 
44.

{1+4 (Di + D2)(ViZ + V22)/(xi1/3 + x21/3)

444 v# 444 *£# 44^4. 5.4* #4 4431s. #44 444 # 
±4#4 #711 #4. 4# #4 ###4 44 Van der Waals44 44 43131 

444# 44 447} 44# 4# 4#4# 47144 4, 471# 
44 4444 4*4 £.41 # 44. 5.4* #444 44# 44 7>4 # 
3:4#°1 #71146)1# zl 3:4# 5.44-71 4sfl 5-444# £-444 #441# 
6)i #44 4**4. 14 5.4# #4# #4=44 &# 44£ 4# £4## 
Van der Waals 4# 44 #4# #4=44 4# 44 444. 44 44 #4 
4 #4=4 &** #44 4)3144 #44 #4 * 31# #4# #44
# 4 #31# 1 #317} &£4 3.3144 #4 44 #4 #31 £ 7}?1 3#4

-13-
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*4 §$)&# 1## 4t]] 44.44 &%M44 44#44 #s4#4 $14 
#S# #4€4 #7} 4s. Knudsen#4 # # $14. Knudsen## 4 4#4 
4 W 444S(l)4 444 H7]4 4s 4444. &444# s h.7]7> 
4# 4# 44ss. 4 #4 St4 4-t- 444. 44 44 444 3.7}?} 4s 
4 # 4^4 5# zl 444 ^#4# 4 #7} 44 44 4 444. 47]4 
47}4 4# #\§.4## free-molecule regime4 $14 #S #7}4 44# 
continuum regime4 $14s ##4:4. continuum regime# #4 #4 #4 # 
444 #44 4#zl $1# 44# 7}44 #44 4s§}7] &S4 

free-molecule regime44# &41^} 4444# 444 #7>4 447}7]s. 

4s4 e #44 44S4 4#4 44. 444 4 4#4 444- 4 4 #44 
4^4#, # $]7M 4#### 4## 4 7] 4 #44 ###ss. #4 
4 #44# s## # $14. zl5]4 S4W7} 44# 4s $1# 4#
free-molecule regimes 5.#e] ^44SS continuum regimeSS. 4 3j# 44 
44. 47]7] # regime444 gap# 44## 44# transition regime44 
#ss 4 #4 44^ 4-E-4S3.# 44 444 4447] 4#4 S4 # 
regime4 4#4 44 ^"94 44 #7]]# 4#44. #7]7} 17]# 20t44 
7}4# 7}#4s(X)4 St4 0.066//m$l 4# #4W &4^7M ##4- #4 
444 #4### 4 transition regime44 S47] 4#4 4 regime4 44 
4#44 44-7} #444 s4444 ##4 #44 4# 44s 444 # 
444.

s4^7}s] 44 #44 ##### M4# 4S3. &417M 4# 

(diffusion), ! 4 #(thermophoresis)## # # $14. 2^4 ^ 7}£] 4## 47}
#4 S4# ##4 44s $144 47}4 #S7} ## 44471 ^5.7}
7]4-S51 44-4 4#### 444# 444 14# #4# 447} 444 

#s #47} $1# 4 s4 44 ## #s #44 1# #s #ss 
4#4# #4# 144. 44# ####4 4#4$1 4## 4344 4 7}# 
4 4 44S1 ?M ##44 444$14.
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2. ftoPto mtt

0.5. 7]##4 #-§-41 4*1) A3i 7}9# n9 4##9 ?7>

4 ^ ^##(TiOz, AI2O3, Si02, FegOs, Zr02, Zn02, MgO)4 $14. 4 f1 9 
49^/1 444 Ti024 AI2O3I- 41^4& 494-8: 494 44.

TiCLi(g) + 02(g) -> Ti02(s) + 2Cl2(g)

4AlCb(g) + 302(g) -> 2AI203(s) + 6Cl2(g)

TiCU^ 9449 9^49 ^71-49 9^4-£-3. 9^44 $M2-4] 499 

5. 9949 494 44.
k = 8.26 x 10"4 exp(-E/RT)s_1, E = 88.8 kj/mol

AKM 44494 4# 499^49 4-4 944 94 94.
9 494^1 49W3 4^9 e94##(TiCl4, AlCIs)^ 4944 494 

tfi9 Gibb's 7^44*1 49^ ^ ^^494 4# t-l]44[2-5]7>
Table 2.1 4 54 4 4 #4. 4944 rH4W3. 449 9944##9

94495. 800 - 1400 °K 4944 Gibb's 7}9444 4# 5b 4 9 

(negative)4 5b9 7WES. 494 t t 814.

Table 2.1. Thermodynamic data on the formation of Ti02 and Al20s .

1) TiCLj + O2 -> Ti02 + 2C12

Temperature(°K) 800 1,000 1,200 1,400

Gibbs Free Energy( A G°),KcaI/moI -30.250 -27.486 -24.804 -23.160

Heat of Reaction(vdH°), Kcal/mol -41.486 -41.089 -40.662 -40.461

Equilibrium ConstantOog Kp) 8.263 6.006 4.517 3.615



2) 2-AlCls + (3/2) 02 -> AI2O3 + 3C12

Temperature(°K) 800 1,000 1,200 1,400

Gibbs Free Energy( ^ G°),Kcal/mol -76.120 -66.628 -57.397 -51.183

Heat of Reaction( -d H°), Kcal/mol -254.363 -253.128 -251.775 -251.769

Equilibrium ConstantOog Kp) 20.793 14.560 10.452 7.989

3. e^4 mt

#*#### 71-s- 44 4444 ^^44## 424
# ##* ### *2482# #4 Kato #[2-6,7,8], Morooka #
[2-9,10], Okuyama #[2-11,,12] ^ Komiyama #[2-13,14] #4 ##7}#o] ii

1975#*# 4 #44 444 41] # 7l# 444*# 44 #* 44##2

4 mechanism ## #4 4*4 ## 44# 4*484. ## # Kato #4 

Morooka ## #4 #4# # #4444*# #*23. 4* 44# *^48 
2, Okuyama #4 Komiyama ## ** 4444—# 8##]44 #
44 44##4# 4 24* #4* **3484. 4444# Pratsinis #
[2-15,16] 4 Friedlander #[2-17,18]4 44 ##7>*# **#4* *4 

4 4# ##44# M484. 444 ##W* 2#*#]# 424* *4 
4 4*482 4% 2# *4 4 #2.# #4 4 #4# #4 4#4 4# £
* 884.

Kato #4 Morooka #4 ##4#4 *^48# ##44# 444# 2#

4#4 44. 1}**2* 900 - 1,200°C 44 #2 #*-7]4 44# ##, 4#

#4, *4#J= # 4## ##* 4*482# #4# **4 ##4# 4-9-4 

#4. 1>*7]4 44# 2 - 3cm &4 44 4*4 4# 4-9-484. ^484 

4 2#* #4#, ###4, glass wool ## 4-9-484. 4# *24 #4*

-17-
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#9#4#4 945144 ^#4# «§db7>dhi- KIM41 #944 ##4# 9 

#4 FTIR Specroscopy# 4944 4 4 7^ ## 449 7^1 #4 4944 
/41449 94# 494# 4. 7)15# 5 4 #414 #4-271 ^ #5L# 94-#4' 

#4 #(Transmission Electron Microscope) 4 4 #7}# 9 494 #£. 4#7) 
# DMPS(Differential Mobility Particle Sizer)# 494#31 #7}# #94 
XRD(X-Ray Diffractometer)# 7)-94#4.

°144 El"El-#Sl rf-4-41-c- ##^14 armophous#- #4 # 4 anatase, rutiled 
#444# 7W:i #4. 4##4 #44-## #4444 41454- #4-2.71 
5 #541 9#94 #31 ###^4, ##4 Kato# #4«4 2### 
441 ##7>^# C02 + H2O, H2 + H20 #55. ##4444- 5# #9## 
41 #7M1# 4494 #44^4. 54, 4 #4 4#4## 44^44 571 
^ 4-8-#41 4## 449 #44954 #9-71154 m, #9#5, 4#7H 
54 #3= § #944 4#4 4 ## 4444 #44-84-. 4#4 #4#4 
4 54 49##4 #944-#4 444 #495 5# ^ 49##°1 9# 
44 49# 4# ##4 5447I #4 49###4 #5# 5#4# 44 
7># ##°1 9*544 &94. 54, 4945 444 95444 494# 4 
9444 4# #44 #44 4# 95# #4 #5# 994# 494 44 
44. 2425 4## #4# #454 9#4 44-244 4#7> o.l - 0.3 
423-442 57l#s. 54 ##44 #### # 9 844-. 444 # 49 
44# 44 ## ### 2^44 54 5##4 9955 711444 ##4 
24- 4#4.
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i

m 2 w m±m mit® mm

i. m±m 7C0$ frmmm

i) m±m mm mm
m±m mm mmm-Sr 4*4 n ^ *4 $1^4 ##

s. **44 444 *^44 4*4 #4.

(1) Monazite Ore[2-19]

Monazite #%* %E*M&4 NaOH &mm±£- 444W,

4#4 ##E* 7>^>JL 7}<144 *444* 0.5.A-] Ai1^1^o.S. 7>^- §

4 4*44 ^4. 4^4 NaOH ftm&Sr 19534 rfl^-2. ##* *

A]# 44 tilS.dh **1>7] Alxj-dH 5-4*, 4 44 *4 A] 4 tij-T^ol]

44 m#47]4 01=314. *4* monazite* 444 NaOH »#&4 

5]$14. Fig. 2.2* monazite*4 NaOH 44H4 7^# 44^ 444.

NaOH ftmm-Sr £*(Th)4 *47} -g-44:2. |®s] 4*7} 7}* # # o}

44 mm7i- ** mmm±(Recw# g* * $1* *** 7}xi:n $14

(2) Bastnasite Ore[2-20,21,22]

Bastnasite ##* Eu4 #%# 444 *4—5. 19674 Mountain Pass 4 

44 A] 7}** 4^^.5-Ai, ^a>o]] o]4- 45]°o^ir Fig. 2.34 444 0^4$

4. 4 M* ME4 44 *44^ 4* 444 :*«* 444 ^ Mtitti 

4- 444 ®±E €^5 #4# * $1^ 44* 7Hjl 534.
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NaOH
Soln.

HC1

HC1
NH4OH

Monazite
4

Grinding

I

1 4

4
ReCla Soln.

Ir 4
Adjustment of pH

Oxidant

4
NaaPOj

Precipitation

Filtration
4

Ce(0H)4

Heat treatment

4
CeOz

Crystallization

4
ReCla 6H20

Fig. 2.2 Flowsheet of monazite treatment.
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Bastnasite

4
, i
i

HC1

Roasting

i i
Leaching

J—> _CQi_

-> [Ce(III) -> Ce(IV)]

-------> Cl2

Filtration

Ce Cake
HC1

D2EHPA

La. Nd. Eu etc. Soln

44 4 NagCOa

Filtration Solvent Extraction
(pH Control)

i r
----------------------1

NazCOa. pHa Raffinate 
Soln.

Washing Fe Filtration 4 NHa

D2EHPA 1 4 Crude La(0H)a

Drying Solvent Extraction 4
Zn Amalgam Raffinate 

Soln.
Grinding Reduction

4
Ce Concentrate

H2SO4

4
(Nd. Pr)?.(C0a)3

Filtration

Heat treatment
4<-----------

(Sm. Gd)2 (COa)a •

-* EuSOj 

— Na2.C0a

4
CeOz

Fig. 2.3 Flowsheet of bastnasite treatment.

-21-



(3) Xenotime Ore

Xenotime »# ###*1 444 ^14:4 4 #4 *m##%4 4#

4# 3#7> S4. HE#®S4 44 4#4?1 4# NH4OH* 7#4 #44 

4 £#ir 444 #, #### 7>44 #±EtgS# oxalic salts. «44. 4 

4-4 @E#iB44 544# yttrium mftm-k ##4.

(4) 4#%##E

4#%#^E# #44 E@S #44 #s. 4#4# #m#44. #4 44 

4# 44 #444 &&44 #AE4 EWE t^Ws 444. #AE# 

monazite^44 W$>±W\ 4^4 454 4M-4 444 #4 #4. ME5 

& WLfrmmsLS. 4#44 0.1% 4£4 m±M7} 44444 #444 444 

#S7> &4 444 4# 4 # &4. EWE# 8% 454 #±^# ##4a. 

$144 #±E4 54#.Xenotime 4#4 7>#3i 4M4 #4. 4#%##E 

# 4444 mib44 M, SS4 24 ES$1 443. 444 44.

(5) 7] 4

#4444E.(Uraninite)# #4444 4^1 S±E7> ##44 $14. 5=#] 
4, 44, 71144, 45 #44 ##44. 71144# #445 4#4 4444 
#4## 4# #4444 »4#4 #±§| m## 4W4 50% 4
4 S#±E7> 4^4.

4444s.(Apatite)# 'JMm EiSffl i5AS. ###7} 0.5% 44* ##4 

4 $1ji 5444# 4 4444 #### 4#4jl $14.

2) 4|#m<b#4 ^#13^
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(1) MonaziteS. ## 4##fb%# 42

Monazite W2S.## 4##<b%# ###25. Fig 2.24 #4# 4# # 

#4 ##4 42€4. #4 Monazite# 50% NaOH#425. 7}### 71##

4 4^# m±m 4"#### 44 ##25. #444 #4# ##4. 44# 

4 #4# #4#44 #414 £# #2# #44444 44# 4£##4
# ##4. 4 #44 #44# 7]-4-4 4## 47}s. M442 #2# 2# 
#4 ## Ce(OH)4 #44 #### #2#254 Ce02 # 42#4. 2# 
50% NaOH #4# 4## #44# NaOHS. Fritting# 4# ####4 #

# #£# ##411 4#2s. #44## #1# 4#4 444 Ce02# #4

4 ##712 ##.

(2) Bastnasite 5. #4 tf] ####4 42.

4##### ##422 Bastnasite 4#AS.#4 Fig. 2.34 44# 44# 

44 4 #4 Cerium Concentrate# #14#, 4# #4 #4 4 #4 42##. 

2# Bastnasite 4## ##25. 42#JL ## ##4 ## 7}#4 #4# # 
#, #4# 4s##44 ##4# 7}#JL #2# 2##4 44# Ce(OH)4 # 

#11 #2#22# Ce02# 42#7l2 #4.

(3) £# 4# #±fbl%2#4 42

Monazite# bastnasite## 4#4 ##4 #4# #ib##(TREO 40%, 

CeOVTREO 50%)#44 MOT# ^7>#4 4## 47>2 ##4# 41, ## 
## 7>#4 *M<b%2 #14. zlbU #4# *MOT#4 #
## 4## 4## S±H5cS# 471 #7] ##4 #4 ^MA@#224 4 

#4 4# ### #4# #*2, 444 MW 7}#4 4## %##1 #
2#22# Ce02 # ##4.
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8BLtiS$E-2-3.:T-El #±#76## chemical separation

(fractional crystallization, fractional precipitation), ion exchange solvent 

extraction #°1 21441, 31 #4145 solvent extraction6!! tflsiM #A1145S. 

^4514 44.

(1) #±mucB4 mm
m±m #441 4## 4#4 #°1 3 4455. ### # &4.

7» #455. 4# S±SugS4 3L 0144 S±EtgS 

4) Fe, Co, Ca, Si, Na 3l Al4 ## ZM#
4) C, H, 0, N £ F4 ## 7141 Ttm®

S±)E7gS4 #‘94 xl #4 4 55.# solvent extraction^ 4 ion exchange# 

°1 4#44 solvent extraction#°1 4# S"°l 4 #4 5 $14. °14 4

3)# 4#4 #4.
i) 4# m#414 ^44 61 ^54 m###6! 7>#44.

ii) 4#5l4#5L4 4#4 ^##61 44_
iii) 99% 4 #4 #±m* 494# # $14.
iv) 4# 4^4 544 5f44 SA»4 54 61 4

54 444 44.
v) 4^17> 44431 Z@m#41 4# 44 S±^7> hold-up 44 214.

vi) s£il&4 444.

(2) ####4

### #<94^-5 4#47l 4 aH4 444 44 ztii- 44444 #4. 

i) ### 4# 4444 2144 #4. ...



ii) tifflME# 4S.aL 7}44444 44 strippingc-l 44°> 44.
iii) ##3l 4314 3.4 ####4 #44-4 44 #4

^=#&444 44.
iv) organic/aqueous 4 4r44 4^—44 4 44.
v) #mmi4 444 55 4^43 4444 4-8-4 4¥44°> 44 

###4 ^44 44.
vi) %4 43 <831 44444 44.

mmm# &#4 #5# 444 rt^ #4 *4#3 44 44#
44 m Jtfi 4 #4 444- 44444 431, 35]3 ##4##
4444 431 444# 4-8-44 44444. SWW!l# #m##4 
4## 4435. zl #344 44 #443 $154 4#4 ## 34# ## 
44 44.

i) ##314 tBUBM SSS7> # 3
ii) ##44 44 #3)57} 4# 3

iii) 3L44-44 4# 4
iv) 443 <831 ### $1# 4
v) ## ^ 44# 4# 4
vi) ttffi A##4 4# SSS7} 44 31344 #K# #4# ^
vii) 4-44 #4#4 44W- 4

5# 313444 emulsion4 44# 444 444 TBP4 34 ## #3# 
7l# 7}# ii||7} 4#44 4#4 ## M# ##44 44.

i) #7l#4 # #sii# 4
ii) ##44 44 #3157} 4# 4
iii) 4 43 <831 ## # $1# 4
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(3) 5]£4€^4 44 3*M 444^

44 S±E4 4s]^7)]& I1II4 #±^444 4444 4 

3M& °i4*Hr 444. Mtirns. #±m# 44# 4i A>-g-§>^ #mm#4 

m±#7cm#4- #±mzK#m^4 44- #444. ^4-as &4 4fr47} <s 

9-5]a. St?]# S4 ^ 7114 ^1:4 42. tfl^= 4844^ 4#4#4 W6)]*] a> 
44-2- &4. #4°M 444 4^414 Table 2.2 - 2.54 #4.

(4) #mm I#

S±HtcS1- 4#m#4^ ^4 Fig. 2.44] 444 444 &4. 4M 4# 

4^ #dz B& #m%M4 e#42, 4^ Afe- Mil 4M4 #444. 

35)4 B°l]fe- A7f #^D44 4D-S-0]] scrubbing 44]4]4 scrubbing 444 B4 

e^# &o]7l 4^1 #^44. Bfe stripping6)] 441 strips]4 B4 444 ^4 

44.

Perforated-plate columns, pulsed columns 35] JL centrifugal extractors 4 

O] A>-g-47]5. 444 ^4 £44^- 444 4# mixer-settler?]- 7># S-4 

4-AS. A>-g-^4.[2-26]

scrubbing

44 A scrubbing 441 4-

44 B 44 4

Fig. 2.4 Diagram of a counter current extraction system.
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Table 2.2 Extractants used in separation of rare earths (Phosphates).

# * # Phosphates

4 3 wmmm

# a R - 0
R - 0 ------- P = 0
R - 0

& mm TBP(tri-n-butyl phosphate)

mm w) trimethyl, bezene, kerosene

nitric acid system
Ln(N03)3-(TBP)3

(D) d^t Ln?gg7> 44 mn44.

frmmm (b) B^- LnM7> 44 44^1,
LnSS7> Dy-fir 4# 7>4 4

450 g/£4 4 1.2 44 2.55. #44.

m tt m # #4 ssm°i mm€4.

be TBP-HN037> 444. EESE4 7N# 4-^4
44 S4 SM44 EE44, 1T54
4 e Jt^5 mm4 #&7V
M44. 444 Ybf-%#4
e mm me##4 m#%55 >844.
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Table 2.3 Extractants used in separation of rare earths (Quaternary

Ammonium Salts).

fb -& # Quaternary Ammonium Salts

4 4 44

it m & ryrr
Lr^ xr J

m) trimethyl, bezene, kerosene

yh, @ nitric acid system 
[(R4N)3]3+[Ln(N03)6]3'

(D) D# #1-44 ^27> #7}#4 44 #7}
44. #44## 444 444-2-3.
4 salting-out 4 443 4444-[2-23]

(B) 444- 44-44 ®S±E4 fi#±ii5.4 «94 
##44; B = 1.2 44 1.5

m % m # 24 #4 4-1-44.

ms ##*m44 ##4#4 N03", 3L5]ji n03"4#
# 444 144 44 44444 4444
4-2-S. 144. n44 3.44 44 NCV 424 
4^4 #44#7> #444.



Table 2.4 Extractants used in separation of rare earths (Acidic 
Organophosphorus Compounds).

fb * # *4

4- $

it m & E-°y° R - °xp^°

Ry XOH, R — O' xOH

# {±i ni EHPA(PC-88A), D2EHPA

mnn w) aliphatic hydrocarbons

nitric acid or hydrochloric acid system
Ln(HPg)3

(D) D* ^-§-44 h+ *27} *7}#4 4-4-
Ln4 e*# #*34-71 444*, Lnf*4-*44
444* *4 ^4444 #4. H+
*27} 6N& #4**4 ##44.
4ft4 4£* 444 **44 444# (Cl", 
N03" etc.)4 44 444#, Ln3+*27} #2*4 
D* W4.C2-24]

m) S±M4 ##44 47>#^4 *** 44 #711 
44442., B = 1.444 625 *7}*#. *#4
4 Ln *2* B4 44 44# <8 #4 §14-.

m % m #4 E&5ES71- 4444-. 4*** PC-88A44 
D2EHPAS.4- * #4 #£5. 7}**#.

nm mn #4 ####fb ### 4444 dimer7}
#4-. *7] 4-4 4 #4427} #7}##,
44 polymer<b7} #442 471425.44 gel
442 PSM4-. 44# gel PBS7} 4444 4 
714444 #442# 4*2444 444* # 
24- 4-2 #2#, 4* D2EHPA *24 0.1544 
0.164 427} 4 4.[2-251
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Table 2.5 Extractants used in separation of rare earths (Carboxylic Acid).

it -n %8 Carboxylic Acid

it m & R

R — C — COOH
1

m a n versatic acid-10

(eii) aliphatic hydrocarbons

$ nitric acid or hydrochloric acid system
Ln(RCOO)3

(D) tomMS^ ph 3 - 6o)]^
Ln^ Ln^ to IE MS
44 #44^ «B]5. ##5140]:
44.

(B) B = 1.1 44 1.5

m to m 4^44 OT.

—30—



7» PC-88A# Al-g-% Xun Wu Ores] #5}

WS Xun Wu Ore# +/M S±$l #Bl*§(liS±E#

ilAs), 4^-5. stripping e}# ^ zl5]jl #

stripping ## ^-i hta m-/s s±e

5. #s1# ^ $lJ>4 4# Fig. 2.541 4441^4.

$14% HCl

I

HCl -§-<4

I

#/m —> —>

loading ---------------- --------------------------

I i
*n±m #4 mm±m -§-4

■> PC-88A

Fig. 2.5 Experimental conditions for separation of 

middle/heavy rare earths.

4) La4 -g-e}

Lanthanum-Si: #<S4-^3. D2EHPA-HC17]]uf

TBP-HN037jH4. bastnasite^ ^#### 3\n*\ 444 Morycorp

Inc.4]4 A}-§-4-^- Table 2.6# D2EHPA-HC1314 TBP-HN03314 M
m±m #51# #4% 344-
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Table 2.6 Separation of light rare earths.

D2EHPA-HC1 SYSTEM

1. TO 2.5 44.
2. SEM4 4-0-4 4, 44 4^4 ram 4|s.444= #4.
3. Feed-0-^4 4^4 4# «r $14. (R2O3 = 100 g/D
4. -0-4ir 90% kerosene, 10 % D2EHPA4 4.

5. 444 -S-444. (4N HC1)

6. Emulsion^- 7j]4 44 444 $14.

7. tll^l m±m )ES7> ^7>44, 4£ gel 4-47> 44.
TBP-HNO3 SYSTEM

1. to 1.5 4444.
2. Sgli§4 4-0-4 7] stainless steel iS87> 4-0*4 4 °i: 44.

3. 4s4 4&4 I®i®4 4-0-4 1, compacts'll4 44.
4. ^4 >£4 TBP7> 4-0-# 4" $14.

5. #& 4-0-4-fe 4444.
6. 11104 2k##4 ^44 4^44.

4) mm *##m 4-0-4 Gd ^4

mm tim <b^4 4-0-4 4 Gd& ^4471 4^4^
7cS$l Eu4 TbAS-44 Gd4 447} #A#}4. TbAS. t]]$4^ S#±S4 

S±^tcS4 4 444 444 f#44. Tb/Gd4 4?H*7} 544 

1047-1 444 6N4 Gdi- 4444 44144 20444 4044 mixer-settler7> 

#^44. 5E4 Gd/Eu4 ^###7} 1.444 1.644 444 1004 444

mixer-settler7> 4A44. *M4 Gd4 %4 Hill: 44

41 strip# t $14.
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4) Yttrium^ EiM SM

444 ^^4 4# 4~§-444-5 Y4 -L S±EtgSM2]

^0### 4f 44. n^44 4-0-4^ #mmi4 ##4 44 S±EtgS 4 

44 Y4 ## e4^ 444. 44# 44 tafctiM 4M4^ #47} 44 

4^44 4# #mm#& 4-0-4 24 ##4 M44 #47} ^4# 4# ^ 

44. 444, 4-B- tattiM 4-0-#4 E/fi S±E# #44-5 #4-53# E 
H# m#±E7G##4 #44-7] 44 #441 ttffigi17> a>^.^4. a.#

#^4# 7>4 —24 mixer-settler# 4-0-«H4 <844 4&44 #4# Table

2.74 444534.

Table 2.7 Patents for yttrium separation by solvent extraction.

Versatic acid4 TBP# 2453. ^44 
#45. 44 reflux 444^1 ##015
4-0-44.

Thorium Ltd. 4# #4
1, 180, 921

f6fct}^J5 versatic acid4 quaternary 
ammonium 4# 4-0-414 #4# 24
53. ”<94144.

Molybdenum
Corp.

44 #4
3, 640, 678

Quaternary ammonium 4# 24
414 thiocyanate °1##
47}44 #m#5 Aj-^-44.

MCI/MEGON 4# #4
3, 751, 553

Versatic acid4 ## #### fb-B"#?
# 24 #44M1 tomWJ5 a>^44.

Nippon
Yttrium

4# #4 
55-45495

Versatic acid# A}-g-s};n. #ib#4 
mfb## S444 #47} 2455.
<84-4^4.

Shin-Etsu
Chemical

<9# #4 
53-39896

TBP4 0# #### fb-B-%# 4-0-4
#iti44 polyaminoacetate7> #4#
*9711471 444 tKSE4 W4&4.

Mitsubushi 
Chemical Ind.

4# #4 
63-2892
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(5) me
»|7} iEME* 47] 44 mixer-settler^ 444 4^47] 4

*4 em#m* #7M?M ;m, #m##4 ##4 #* #

Stem 44 -a^7> 4WM4. 4 444 4% 442

##44.

7» Synergy &4 W2*M4 *7] 44 ^7})

4) 4444 44

4) 4 *-§-4 -§-44 *-§-444 %A 

4) EDTA4 4# 3-444 *-§-444 $7}

Pr-Nd4 4###* *7} a]7]7] 44 Nishimura *[2-27]* versatic acid4 

447M 42^#44 ^7>-E 44SA-4, ^7>4fe tri-octyl phosphine

oxide (TOPO), 2-ethylhexanal oxide (EHO), di-hexyl sulfoxide (DHSO), 

di-hexyl sulfide (DHS), bis-2-ethylhexyl acetamide (BEHAA), TBP, LIX 63 

4 alamin 30844. 24 Nishmura *[2-28]* *#4& D2EHPA*, %7\AS 

TBP, TOPO, amines 4 4# 4*4* *7] *4 444s, methanol, 

acetonitryl (AN) 4 DMSO* 44444 A}444 Pr-Nd4 4###* 44 

444 44 44* 4534. Saeki *[2-29]* 44 #### 44*4 4*4 

4 *4*#44 SWWU4 4*7} 444 &4* 444s s.jl4^4. 

Komasawa 4[2-30]4 tri-n-octylmethylammonium* 444 Pr-Nd *444 

diethylene-triamine-pentaacetic 44 #7}7} *444* 8 2* 944 *7}a] 

^4S M4^4.

D2EHPA4 PC88-A* S±EtcS*44 ####* 4^4 s44]4 

7>4 44 a^o]ji $144 *4 #4 444* 4444 44. 2.4, 4 *

#4*4 n"*°]*4 high loading 4444 gel4 4 #### polymers* 44) 

44* 44 °1 ^4.

—34—



4#4 #BA# l #4 t«| 4### D2EHPA5.4 24

M44 ^7>£ ^2.44 &2, m# m#mi4# Mi 44 solid 

back-extraction 4# °1 4 #4# #^# 7^2 44.

RiO.

R20

Ri : alkyl-phenyl group

R2 : alkyl-group

44# 4 #4 solid back-extraction 7]##, 4## 4 stripping -§-44 44 

#27> 40%# &4# 4 Y# 44 2.# yttrium sulfate #^A5. 8fc

®44# 44# 4 #4 544. Yttrium sulfate# #4 4 #2.2.5. oxalate 

rnethod4 4# M## 4 #414 S]^€ # $14. 44 44 M# 44 H 

7] i#i pH# s#44 444 M4# 4## 427]- $14.

## #### 44# ## system4 4 44 systemic4 ##4## 
4 #di4# #m# #7M144 Mels. #4444 444, 4 4
4# M4* #44 ##4 pH 4## 4444# 544 $12 #### * 

#fkfb^## ^4444. 4 i, pH7> 4444 #542 5
4444 44. 444 4 Mi 44 MSE2.5 M# 4^0 M

4 4# 3E44 %mm## 44-44. Takahashi #[2-31]# TNDA

(tri-n-octylamine) 4 4 ##### W&. tititiWil4 4i #7] 4-4 4 7}44 ## 

4 *#%4 pH4 # 44&4 444 pH# #4# # $1$124, ##4#4 

high loading W44 gel4 44# 44# # $1442. 2.2444. 

D2EHPA# ffiM# 4 444 S±EtcS# #444 4*04 =1E¥«1! 4,

4 m±m 4#4 4# #24 mm4 urn# 4#4# 44 7>#44
[2-32,33].
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#zH445 %±E5cS 4# 4### 44^ #44

^ %54, 4# 5## ###4 44 41-f 4^4. 44-^1 mixer-settler# 4 

# #@# a}## count-current #M0J4 gSH ## #4l# =11447] 4 

Sfl #4 5^4 d] = <^xlJ7 ^4.

2. 4# SH4- ##

Dig

m±m ^iifffiife m gffimmm 4441## 4#

(polishing powder)5. zi A]~g- ^47]- 414 W441, 44 444 444 #4-8-

4 444- 44.

L.K. Duncan[2-34]4 441 4&5 19334 44 444###4# S±E # 

em# 4444 Ai^H 1940444 4444 4444 ^###5544 n 

444 444^431 #44^4. 4124 444444 19434 44- J. Barnes 

444 45% CeOz #4 m±M #4#4 #%*#444 4]#4

4 444—5.4 31 W#4. 5# 444 Lindsay Chemical Co.4

-&MM M±M 4]5 4 #5 a] Ail24 4141444 Cerox4-5 #4444 444 

==4 4 #44 7.14# 4 #4. ^45 1960# R. V.

Horrigan[2—35]4 44, #44, TV Braun#, #4te # #%##§# #44

44 #4 7HW55.A-1 n. mmmm# 44 #444 ¥#4. a

# 44 4#44 44444

it 4^55. 1973444 #4444 ##m# #4455. ;H#44 #4## 

4 $14.
n45 4 4 414 444 Cercoa Co. =11 a] Lensmax Z 54 Lensmax R 44-

4 #4455. 4# ##44 41414## #45 ##45 $14
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4^44.

2) %mmm #4
#44 ^&#E# (polishing) 44 5.4 #4# 44 ^@ES (abrasive) A# 

7> #94 43, 4 i£®E$l?lilS-fe- corundum, emery, garnet, silicon carbide 

## #4 #444 #4 4 (slurry) IN3. 4#4#31, o]4- ## E##J# 4 

#44 #44 94# 7] 4 44# (rough treatment, rough
grinding and fine grinding) 4-3 #44-

%wmm 4tM4# mmmm 44# 44 #4# ?ii#4 4443 #44

444 #4 #3 4444. #4433. 4”! 4#4# %#E^#I# #4 g.# 

44 5% V|]44 #5] 5] #43. CeOz ### 4#4#3], *#E##J4 

### 445. ^ n 3L41- 49441 €4. 4^-44 4#4 4

S-i 444 %#E#### 444 &f&5££# 4 4 #4 ^44 4#4 ## 
l1]7>4s ±#J44 444 9 $14.

(i)

Rayleigh[2-36] ^ Thomson[2-37]4 9#4 44 #9^### 4444 4

44 J11 ^ 9#®4 E^ ^ SIII4 #444 444 #^#^4# 

#5. fflfflh 44# 4444 4# #4#4, 44 44# #5. E^#J4 43, 
4444 443-7] ^ f&7]- e 44# 44# 433 4444.

(2)

Beilby[2-38] ^ Rawstron[2-39]4 944 44 %### #43E@E, #44

E^m 4 E#m? 444 #w# its mm 444 %#m#4 ##
4334 444 44 44# #44. 44 44# 93. 44-4# 3

# #44 44 »ifin4 # 44# 4# 433 #444.
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o)

Grebentshikov[2-40] ^ Kaller[2-41]€ €€ tbOT/BE4

# 4€€ €sifKsiOz)4 s±n 4#%#m#m4 #4€ €4€

%±$i Mt(RF3)°] 43 #qq4#4 €44 sit!: «7f qqq-
4 ^-S: €m q 4€ 44 qq- #q.

2(2R203-RF3) + 17H20 + 6Si02 (+ Na20)

mm, mm#
--------------------- > 10R(OH)3 + H2SiF6 + 5Si02 + 2NaOH

--------------------- > 5(R2Si05-3H20) + Na2SiF6 + 2H20

(4) 3 ^OlxKIlS (Hydrolysis)

Cornish4 Watt[2-42] ^ Silvernail4 Goetzinger[2-43] 4 S±H 4###^ 

# Aj-g-qy hydrolysis 444 €4 O-Si-O €#4 4444 CeO-Si€ #€

44444 €3444, 4 4^-444 4elM44 CeO-Si# 44 4444 

33.4 44^44 «3. 4444 €4 .^MS7> €444 44444 € 

43. 33q&4. 32]Ji 44 S±E 4*%#9f#mi7l- €44 44444 4 

4 #4 443 444 €W 4 €4.

€44 €€€ 47>4€ €4444 €€ €€#4 4W4 44 %#### 

4 43 qq-s] 344 4444 ^4 443 ##433. 4444 €4 
€ qq-44 ^33. 44€4.



(1) 4^44

#444 ^ %-m^m 4&# 4 #4 4^4

4 monaziteS-^-E] % 4#7H% *}S.*}%3L, ^4 ##(#)?] #44d:4 4 ^ 

4^4 4 $1AM- #444 44# 4#4#4#d:4 44#4(#)4 ##;114 

# 4^4 44 4 #4 4.

(2) s]#4 4^44
44 4#, 4# 4 44#44i=- 4#*#w#m 4 4-si#

±m<y^ 7ll^[2-44]4- 4&44 ## 414# %4 444% # 
tflS.- 4w# 4442. $14. 4 #4# 4#4 Cercoa Co. 4 4 Lensmax Z 4 
Lensmax R44# I# 7H #44.2, —4— Rhone Poulenc Co. 4 4
4 b*4 4 El 4s^)aH4£ 4# 4# 4## ;H# 4&44 ###3. $1 
4. 242 #±MB54 4 80% 4% 4442 4# #444£ 4 ;H# 
4 444 44 ##4 44 #44 4# 4#44 4 #444 4% 4#= 
2 $1# #444.
#44 4 ^#4 [2-45]-6 ##44 2#£ 444# #44

silicofluoric acid(H2SiF6) 4 ammonium sulfate [(NH4)2SOj# 444 rare 
earth fluosilicate ## (double salt) $Sz 0.5. 44. 44 444
ammonium bicarbonate [(NHOzHCOsl# ## 4# %# 4 4444 4
# ##, ## (NEW2HCO3# 7>#4 8>jl 4#4 M# 44444 4# 4# 
4 mmm, && 4 ## 44# 44 wm%m 4&4# 44.
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(3) m±m ftnwmm mmm
m±m %wwmms= ceo24 #44 m s.n *7>4 **i 3.#4

CeO2(80% U±)4 4*4 CeO2(50% @S)5 *#44 4*4*4, 44* ^

m ##m& 4# 44* @?#m& 4*14.
(FFWSil ##4 4*4* bastnasite(fluorocarbonate mineral

containing rare earth), monazite 1 4* 44*5*4 454 ## ^{b#± 

ib*#44.
7]-) Monazitel-2-3.* 4

4* 7l]#** monazite°H H2S04 44 NaOH# 7>44 444 *s]H^ 4 2 

1 4244A-l 1*4 uj-^o)] 44 *4 14|44 cerium concentrate# 1* 

44, 4* 900 - 1300°C 14444 ^2)W. 144 14 14 4#4 4 

4 ball mill 44 zet milHl ##41 1115S. **4s *4.4 SM* 

7>44 1 S*4* 114 44# 44 SIM* 444 #±#

Alls!4. ^.43. 44M#M #±#44#4 monazite! 44 14 14 
cerium concentrate# 6^41119 4 7}*4 H 55 a]] 1 4 41 444 #5 *

11# 4144 $4 All## 15*4, ItiHl 41S* bastnasite7>

monaziteS.44 4444.

4) Bastnasite#53.*4 #%a

4* 7)]#-## froth flotation 7]## 4444 60% °14 rare earth 

oxide(REO)# 444 bastnasite# 10% 144 1#44 calcite# 7l] 74 4 44 

15 4544 C02# 71144 80%(total REO) 444 444 #4 1*55 7i] 

4444 7lls44.[2-44] 44 bastnasite7> 12 45 44* 7141 7l]#4 

*44 44*1 Ce025 1*14. Fig. 2.64 14 114 #B%#4 44 1 

*41 cerium concentrate* *144 ##41 45.
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#5. »l-§-€4. 47W4 *1#^ 4*1 900 - 1300°C4 ^44, 45^4

1 - 5 um 4^4 ^#4 M- 3J 51^1:4 BMJ SW4 714*1 #

##^4 7>^4 #±# 7i]244. 5# 4#

7fl2^ 6.5.4 bastnasite^-4 444 (NW2SO4# 7>4 4w Tk^S SMT 

i*i 550 - 600°C5. bastnasite4ir 444 4#& ESS, #SS 4

## 7)124^ 44[2-46]£ ^7i5)j7 $4.

(4) <3444 ## 4 44
^SEWWti^ -§-£i 44 44 4# 44# 7}xU 4^^1, 44 4 

#4 44, mWM @M, BM4 4 4 44 a?M 44 4 4^ m

mms, 44 ^#44.
4444 #4 7ii#4 m±m %wmmn14 44^ Table 2.84 44.12-45]

Table 2.8 Physical and chemical data of Chinese polishing powder.

Content Properties

Appearance beige to pink powder

Composition (%)
TREO 85% min., CeCh/TREO 50%,
F 6-7%, CaO 3% max.,
FO2O3 0.05%, Th02 0.001% max.

Average particle size 1.5 Hm

Specific gravity 6.2

Radioactivity ct 1 x 10-8 curie / kg

zielaL HH W. R. Grace si Davison Specialty Chemical Co. 4 #

4# ##fr 4-5- Table 2.9, 2.10, 2.11, 2.1241 44\9 44 4

4. [2-47]
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Bastnasite Ore

Fig. 2

(7% REO)
CRUSH

Steam — 
Reagents

Concentrate
Product

Concentrate
Product

i
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GRIND & CLASSIFY
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-STAGE
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-» Tails
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SCAVENGER 
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REGRIND
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6. Flowsheet of the preparation of glass additive & polishing 

powder from bastnasite.
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Table 2.9 Physical and chemical properties for the polishing powder of

Davison Specialty Chemical Co. (Product Name : VITROX C).

Contents Properties and usages

Appearance pink to beige powder

Compositions TREO 90%, CetVTREO 80%

Average particle size 2.5 Um

Tapped bulk density 1.4 gr/cc

Usages opthalmic optical surfaces, 
granite stone products, quartz crystal.

Table 2.10 Physical and chemical properties for the polishing powder of 

Davison Specialty Chemical Co.(Product Name : RAREOX 14).

Contents Properties and usages

Appearance beige to pink powder

Compositions TREO 87%, CeO/TREO 65%

Average particle size 3.3 Um

Tapped bulk density 1.1 gr/cc

Usages opthalmic lenses, TV tube,
face plates, windshields and mirrors



Table 2.11 Physical and chemical properties for the polishing powder of

Davison Specialty Chemical Co. (Product Name : RAREOX 90).

Contents Properties and usages

Appearance beige powder

Compositions TREO 85%, CeOVTREO 50%

Average particle size 3.4 Um

Tapped bulk density 1.7gr/cc

Usages mirror, plate glass, opthalmic lenses
TV tube, face lates, optical devices

Table 2.12 Physical and chemical properties for the polishing powder of 

Davison Specialty Chemical Co. (Product Name : X-OX).

Contents Properties and usages

Appearance dark brown powder

Compositions TREO 98%, CeCVTREO 45%

Average particle size 2.9 um

Tapped bulk density 0.67gr/cc

Usages
precison lense, prism,
glass plates, optical windows,
gratings, filters,
other optical glass specialties

S4 €4 4444 safe 44 Cercoa Co.4 4# ftWffim®14 4
4& Table 2.13, 2.144 44^ 44 #4(2-48].
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Table 2.13 Physical and chemical properties for the polishing powder of

Cercoa Co. (Product Name : Lensmax Z).

Contents Properties and usages

Appearance deep pink powder

Compositions

TREO 66%, CeOz/TREO 68%
Ce02 45%, AI2O3 6.6%, Si02 9.3%
CaO 10.9%, BaO 4.2%, P205 2.0%
La203 6.9%, Nd2Os 2.2%, Pr6Ou 0.8% 
SrO 2.8%, FezOs 1.1%, F 6.0%
SO3 2.4%

Average particle size 2.1 Um

Tapped bulk density 0.66 gr/cc

Usages TV tube, lenses

Table 2.14 Physical and chemical properties for the polishing powder of 

Cercoa Co. (Product Name '• Lensmax R).

Contents Properties and usages

Appearance brownish pink

Compositions

TREO 51%, CeOz/TREO 86%, CeOz 44% 
La203 4.2%, P205 1.7%, Pr6On 0.9%
Fe203 0.7%, Nd203 1.0%, Si02 10.1%
AlzOs 5.4%, ZnOz 2.7%, BaO 5.8%
CaO 12.7%, SrO 1.1%, F 6.6%

Average particle size 1.8 Um

Tapped bulk density 0.70 gr/cc

Usages TV tube, lenses
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3 s mmn mm

m i w mm

^9### #3 19# #9#-§-4 19###4 42, SI
44 4 44-## 2.14 3t^-5 9#44 9#414. 99###4

#4 #4 -^*4### 44-#*# 4# ###*44 W4 

7>3.7)7> 100nm491 TiOz, A1203 9#4 9 #414. &41
94## 4134 3|5ty7>H.7l, 371^1 # 14^1 31# #4.2.5. #4 4 
4 7M ^9## 3lsM 4M4-14. 341 94#4#:4 Si 4 4 994 

4# &4I7I-4 si# a!44#4 19444 39^254 1# 91 4 

&44^4. Si 4491# 4944 447}-4 54 711144 * 

#711* 4~§-#-4 si7M44 *3, *## ^ 2:4€-#4 9#

#9 1991 919 s#4 43 94 #14. 341# 44 si

7111 994^1# #41*14# 34^7} 434 144* 44-4 H 4 t] 
## 944-2.3 2.1444 l-S-714 #41 1 #41 01*4.37# 414.

I2t mmm &mm m mm

1. %# ##, ^

1) 91 14

914 A>*4 *414** T1CI44- AlCls 44* 4-## 14. 44=* 1*
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YakuriM s-^-a]^o14. #71 a)^ ^ TiCli9 ##44 44 #4 54 ## 

^°1 #4 #7i 93 994 ###4 24444 4^3 ##4 9339 9 

3IM-3 93# #49 A] 5.0)4. AlCisfe 9##444 tiA] 7J-S>

a. 993 3 #4 ### #3### 44 4 #4 94# #49 45.4 4.

4###34 44 &434 42#39 24 9944 499 4 43.7I-2 

9499, 4944, 44-3=4 ^ 4371-2 4499, 232 4944 44 

data acquisition ^ 314 9952 49444. 44444 444 44^9 

Fig. 3.14 44-4 $14.

427>2 94999 7^4444, 7>2#341 9444 $14. 44
4 A}-g-4 7>2# 7>2 94 9449 #2# 47144 44 37}27l7>

20/30 mesh$l copper9iKKwang jin Co.)5 994 column# 400°C 2 7}#4 

4 9444 9 994 44# 0.005 mg/1 44 #49 ##44 44 99# 

# 4449 molecular sieves. 944 gas purifier(Hammond Drierite Co.)# 
9444 Aj-94^4 #27>29 gas purifier## 94A14 Al-94^4. -ft-

949 #9 #47} 0-1 Vmin4 1-10 1/min # 4 94# #444 a>
#4#4. 9711# A>-g-49 39 ## 33# W# 9444 2444 344 
4$14. B4 7>2 3^#43 #44 a>o]6]] 3-331# #33.4 #444 4 

49 44# #345# #94 44# 24444 #44444 #4# 23 

49 444 494244 #49 44# #4471 4444. 44444 #4 

423 TiCU# 39352 93471 444 digital 444 39353

syringed 5(Keun-a mechatronics Co.)# 9#^§ 44 AlCls9

vibration feeder# 4444 9# #22 #4 4 2 %19 Ml#7] #49922 

294 a]2# 93434 ##4t1 3r#4 471449 93# 4434. 24 

TiOz 42434 H2O4 39# #42444 #242 93994 heat 

chamber# 9444 ##9# syringe 35.2 93, 93^13 9#7j# 323- 

#4 93434.
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Flg.3.1. Schematic diagram of experimental apparatus.

1. Gas purifier
2. Pressure Indicator
3. Flowmeter
4. TlCI 4 feed pump
5. Reactor

6. Load ce I I
7. Thermocouple
8. Tube furnace
9. Powder col lector

10. Chlorine absorber

■l 1 . Amp I I f I er
12. A/D. D/A converter
13. Computer
14. SCR



&4M 44# 71#4#a] #^.4 444 #s# 4443. ^-#44

# #### 2# 43 tiV-g-71 4##4 #3, 4#7]44 #3 #4 #4# 4

4] 4#4(AT)4 A/D ^ D/A M4, #47] (amplifier), SCR #4 PE) 4 

4 ^ data acquisition0] 7}#4 iiSS-?]] 4 4 SPECErIX(Intellution Co.)# a} 

#444. Data acquisition# sensor0)]A] 4"7]4 4 7] 4 43.# ##7]44 4 
#B]7> °]7]# # 4# ^44 435. #44^1 4 A/D %#7]44 0»i3.3 

43# 4 4 #435. ##4 4 ^#4& 4#5]# #4444. #£
%1M# sensorS. #b] 4#B]4] #44 data# 3Sm^l]44A] ^ °] 44 4&°1 

4] 44 44# 43# °}#33 43^ #44# D/A €#7]4 3 #44 4 # 

44 4 #4] £]8)] 7>1^S. #47}# 44# S#4# SCR(Silicon Controlled 
Rectifier)# x}#s>4 44444. ##7lifl°] #^# #447] 4^H #443

# #714435. #44# #4 444 (Pressure Transducer)# a}#6}$4.

2)

##44 ##7}^# 4-1-7] 43 #<94-4 4 #4 #47]5. #44 4 4s.

4 44#°] #4##°H4 #<y #x] #44 # $1# #£5. #44##

7}#444. 4#4 4 4#4#4 4###4 #£» ## ^ 437}^ #44 
4 44 444 #J£5. ##b] 71]6]6j] 2M #4A]4 4 ####4 ^-4 44 

## #<9 4 7] 4 a] 4#4 A]2}A]4#A] 4-8-7]S] z} 440] #£# PE)

7]] °] 4 44 4*114 #£5. #447]] #4 4 $4.

3) # 4
444 34 ^ #42] <M 2.#, 3.7] 4 #3# #447] 44 7]#4 4 

47}# 4 5£o] A}#e].# #4 °1 #447}44 4 (Transmisson Electron

Microscope, Jeol Co.) #4# 44 5007]] 3S3] 47}#4 37]# #444 # 

4444[2-6,7], ##4 44-37] 4S# &4#44 34 #5. 544 t]]E4
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2S 494# log-probability plotS94 4 42.# 4 ^(geometric standard 
deviation)# 944 A}94^4[3-1}_ XRD(X-ray Diffractometer, Rigaku 

Co.,Model RTF 300 RC)» 4944 949 44431* #42114.
99*9 ^#7}^# Kl-g-^i 9944 °H I(Iodine) 4##

Na2S203-g-^^S 4^44 94^4[3-2].

2. Tioz

i) 942 4994

942 494 ^1* TiCl4-02 494)44 49494 49 #4494
4s4 <y7>s] 2714 924 44* /Us# 499 49#4 4992* 3.-1 

9 4992, 49*94 #2 ^ 4*4 4# 49# 24-984. 442

4994* 9444 2499 494 #413-3].

(1) 89-371 ^ #5. 2#

7>. 49924 4992, 99*4 #9*, 35)3 4*494 ^<2j %

4 41921: 720944 1000944 #84 44 444 Ti024 W 1*271 

* 62^91 41nmS 944 1492# 444# 4444 9#444 1.5544 

1.35s 9984. 4294 4-i#S7> #7}# 4# 8514271* 4442. 

24# 4 51911 4# 4 9 444.

4. 49# *29 8#= TiCL, *27> 0.0544 1.0mole%S #7>4 tifl 44 

4 TiOz #44 ^54427171- 32nm44 70nmS *7H}&3 3-4 #5.# 4 

9X994 44 1.499441 444 ## 9442 119#, # 544 442 
492.* 9442 1199 9 9 11114. 4 4444 24 49*44 <4144 

444 4s4 944 34927}- 49444 #4 519# 1 9 11114. 2
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1 4# 2# 1##4 111 21^7] 02 #27]- 12.447] 49.7% 44 14 

42 2 14471# <97}^ 27]14-7> 27] g&Cf. 4s#4 S. ^ 144 

71# #£: MS] 14^.4 TiCUS] #£147} ^7>27l 144 4% 444

## i # a%4.

4. 1##24 14= 1##27} 9004|7] nooses. #7}# 4] <y7>S]

13-2.7]# 474]71 35nmS #4#%4. l-0-#27} #7>41 ^lvfls] 7}2 

#47} #7}e}4 4-5-f 4]7i 4-5-1-44 4#-7]44 1244 44. 4-0-7] 4 4] 

t1 4 7}4 7^4-cr 4 A<§ 70 (nucleation)# 144 27] 44—5. 44 44 47]-# 

4 -0-4(coagulation)444] 4# 4 l7}3. 44444 4^-440]

47}# 44 M4| 44 444 7]S]7> 444 44422 4# l7}#o] 4 

24# 422 ^4414.

4. 4HM4S] 4# 444 1##247] 4-0-71 2 #14# 7}A#4# 4 

7M4471 o]^ ##<§s}-#5] ^441 #4 #### 444-71] 4444 4 

1414. 44440] 0.94471 0.54&5. 4244 44- 471-27] 7]- 504)4 

35nm2 42414. 1##4 44444 4244 44 ^7>o]s] -§-34 44 

7044 7] 4 7} 4247] 41:4 47047>4 27]7} 4dM## #.#114.

(2) TiOz 444 444 44

444-0-444 TiOzl-4 424 4444 54# 44 4122# 44-42 

24, 4-0-71-2 24, #e#4 SI #4 444 144 4 14471#. #44 

TiOz### I27} 44-4 #7>4 41# 4441 #4414. 444 444 

TiOz 21 #4 4124 4442# 444 4# 44# #4414. 4##2# 

8004]7] 1100 °C 44 44-7] 4 471 TiOz #4# 424 44 4##2 80044 

71 424 TiOz #4# ##4 44444442 4##27> 900"C 4#471 

#1^4 peak7> 444-7] 7]440] 4-e-#27> 1100 °C 5. #414 44 1-1 

14 270o] #0].^^. <§- # $144. 4##2 1100°C471 42I #14 #1
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#4 ##* 35%4$14. *#4 ##* #*7l2» ##7]f]* *#25.71
TiCLrH2-C02%47] TiCb *# 42*#* 4^4*14. #**2 1,000°C 4 7] 

100% #*# *144 **4, 900°C44 *!*# 52%4 *#4 42##*

* # * $1$14.

2) ##2 i*#4

**54* #*54 #4*4* #242 #44* 3.444 444## 4 

44fe 241 #44 #* f7M?lfe #4* 7lltW 444. 244## 

4 4-t- 444## 4##ir #4444 4 #4# ####4 #2# #714

44 4#4 ####4 #2* #7>44# 44444 # #37171 #7l

*4 44 24!*#4 714# 4#7l# 444 #44# #4. 44 # ## 

44^ ####4 #271 #71445 24 ###4 *7137]# #4# # $1

* #1* 7fl *4371 4#7l# ##4 47-1 7] s44 4- #444 4#4 #*

44* #$14.

(1) TiCl4-H20 #*4

7l#44 TiCl}4 H204 #** #-§-#271 TiCLi4 024 #*4 4 si 4* 

424. 2#55 #r#27]4 4*4 Ti02 *7114 45314-4oil 4* #4 2 

#44 4*4 444* #25* 42711 44 #7l37]7l *# **4 ### 

4*4 &4. 3l#4 ##2714 #*# ** #711-4 *444 e#7ls. *#

* # $1* 4*5# 44# * 114. 3s]35 TiCLt# 7l#*4 #** 4#

* #71457] 4^#7M 37] * *52*4 *44 #42 #44 $14. 7]

#4 #*#4[3-4]* #42# TiCL}4 7l#e4#*4 44 42* *#4 #

* *##447] 47l=L7]7l 3.3 *57l 4* ¥3* ## ** $1$14.

# *4-47]* TiCM H204 7l#^-4#** 4**4 4#47] 244 

Ti02 *# 42 *#* 4W114. #**2, #***4 44711*5, 4*7]
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1, TiCLj #4137} 3144 H20(vapor)4 #4% TiCLi44 14

5. 2441 1247}4 114 44 #€1#4. Fig. 3.2, 3.341 €€44 42= 

% #14 €4371 1# 4 37] #54 1## 444 €4- Fig. 3.244 Si 

H204 "8=4 #7]- f-4 45} 15€7}37]7} 45nm4 4 19nm44 434# 4 

111 1€4. 344 Fig. 3.32] 37] 1-5. 14-44 si H204 °<H #7}

#4 44 Log-Probability Plot44 444 7]*7] %o] #7}## # 37] 15 

7> 1-51 444- 1 1 M4. Fig. 3.444 1444 4si 111 #4€1 

144-4 444144 11144 1°1 H204 44 #7} #4 44 €4-37] 

4 1544 37)1-57]- #51 444 4# f6J t r 114. 11 1444 

H204 4°] #7} #4 44 4 si #14 1547>37]7> #54# 4#1 

H2O4 #4 4135. 5514 44 l-B-4 41 43# 1434 5# #57} 

14 444^37]- #7]-44 41 44#4 444 !°143-444&4. si

444 #14 4437] #57> 4441 441 1##S7} 4# 14 l-S-7]

4 3#€44 4414 111 14 4#4! 451 €44 #7]]44 44s 

7]7> #51 44# 4443 44414.

TiCl4-H20 14444 H20 1S114 44 4si #14 111# 511 

14(Fig. 3.5). H20 1S7> #7} 1444 #114 si 4 21% 41 54%14 

#7> 1# ## 114. 4s#4 TiCl4-H20 144441 1#S7]4 ^#4

441-4 4444144 ##€35.4 114 #37} 4# ^# ## 444.

(2) TiCLr02-H20 1#4

TiCl4-H20 114444 #4# 1314 TiCl4-02-H20 11444 54 € 

#1 4S#1# 14114. l€[3-5]4 411 TiCb-OH&O 114411 

H20/TiCl4 mole ratio7> 154 11 11 7>##4114 1414 €443, 

1 1141 7>1#44 11 11 2-17} lA]6fl 4 4 #4-3. 534 €4. #

11441 H20/TiCl4 mole ratio7> 154 11 €1441 €441 €€ 1

-53-



$

Molar ratio of Ho0 to TiCI

Fig.3.2. Effect of molar ratio of H20/TiCI4 on the particle 
size in the TiCI4- H20 system 

(Reaction temp. 1000°C, TiCI4 mole fraction : 0.5%, 

Preheating temp. : 900°C, Gas flowrate : 4 l/min).
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\

1000

Molar ratio of FLO/TiCI

O : 2 V : 6
▼ : 12• : 3

1 10 30 50 70 90 99 99.9

Percentage Undersize(%)

Fig.3.3. Log-probability plots of powders with
different molar ratio of H20/TiCI4 in 
TiCI4- H20 system.

*
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(A) HaO/TiCLi molar ratio-' 2 (B) H2O/T1CI4 molar ratio: 3

(C) HgO/TiCL; molar ratio'- 6 (D) H2O/T1CI4 molar ratio: 12

Fig. 3. 4. Transmission electron microscopic images of TiOz powder.
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Anatase
Rutile H20/TICI4= 12

..uA.il> ii JL^.^---- -‘vif

H20/TiCI4= 6

u*h)uh*k

H20/TiCI4= 3

H20/TiCI4= 2

_L ±
20 30 40 50 60 70 80

20(Degrees)

Fig.3.5. X- ray diffraction patterns for Ti02 powders at 

different molar ratio of H20/TiCI4 in TiCI4- H2Qi 

system.
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H204 #991 34## 94 H2O/T1CI4 mole ratio?} 13# 1 4144 9 

#494. T1CI4-H2O #1^1444 11# 9l3l(#lls, #1144 44 

7}9lS, 4141, TiCl4 #9137} ^4)44 #37}3# 2 l/min3. #9# 

44 14 4 H20(vapor)£ TiCL,#! 143 2444 12444 14

44 #4 #9414 91494. Fig. 3.6.4 3.741 444 9994* 44 

4$14. Fig. 3.644 31 H20 #914 1?}#4 44 444 194 W9 

43.717} 46nm4 4 19nm49 #3#1 4# 4 # 994. 4 141 

TiCl4-H204-§-444 99# 444 4## 44* 444$134 *94371 4 

314 TiCl4-H204-g-?ll 4434 39 #4* 44" $1$14. Fig. 3.741 H20 

137} #7} 44 44 444 *941-4 371131 Log-probability plot33 

444 $14. Fig. 3.74434 H2OI37} #7}443 H71M1 444 #3 

44 99#1 1 t $1$14. Fig. 3.841 44 9944 434 194 149 

44441 444 $14. 414 44 14 TiCl4-02-H20 41444 H20 13 

17}4 44 *9?}37l7} 43 5-^441 4 1 $1$14.

TiCl4-02-H20 41444 H20 13444 44 434 144 4441 3 

4-494(Fig. 3.9). H20 137} l7}4444 #114 344 16%44 28%4 

4 17} 41 11 $1$14. 444 441 TiCL-HaO 41444 43# 94 

34 #994 #4=4 #11 1 1 $1$14. 71141441 344 444 9 

7}1 4444 943 #444 414 94-41 4414 11433 4-44 

4-4 #4. 444 4=31 #1137} 1###, si 44-4-7)1 944 434 

14=4 #11# 434 44-. l#[3-6]4 441 ?}#e##14 4^0 4 s# 

947} 43}#!4 4@n 7)1 9?}34- #19334 44414 4-343

4-4-4- 94 1 1144-4 9443 911 9 # 994.

444 441 TiCLrH20 #17)14 444 433)1 #41 TiCl4-02-H20 #1 

t)H4 3941 44 19# ##3144 943717} 4 #jl #-## 191 

7)13# 1 911 9 4== 994. 3# 4314 TiCLl 199=1 17}#43
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Molar ratio of Ho0 to TiCI

Fig.3.6. Effect of molar ratio of H20/TiCI4 on the particle 
size in the TiCI4-02-H20 system

(Reaction temp. 1000°C, TiCI4 mole fraction : 0.5%, 
Preheating temp. : 900°C, Gas flowrate : 4 l/min).
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1000
Molar ratio of l-LO/TiCI

O : 2 V : 6
▼ : 12• : 3

10 30 50 70 90 99 99.9
Percentage Undersize(%)

Fig.3.7. Log-probability plots of powders with 
different molar ratio of H20/TiCI4 in 

TiCI4- 02- H20 system.
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(A) H2O/T1CI4 molar ratio: 2 (B) HhO/TiCLj molar ratio: 3

k't-TiayfflfJ

— lOOnm

(C) EfeO/TiCLj molar ratio: 6

SEEBSSEEI

Sr

S*

A

(D) H20/TiCl4 molar ratio: 12

B.naa*sM«i

:,>%s

.%# -

aRmaaa

Fig. 3. 8. Transmission electron microscopic images of TiOa powder.
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Anatase 
. Rutile H20/TiCI4= 12

H20/TiCI4= 6

H20/TiCI4= 3

H20/TiCI4= 2

20 30 40 50 60 70 80
20(Degrees)

Fig.3.9. X- ray diffraction patterns for Ti02 powders at

different molar ratio of H20/TiCI4 in TiCI4-02-H20 

system.
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34!##* 431 * #** # 14411 34!#*4 4*** #7} a] 

€ * *** # * **4.

(3) TiCl4-Air-H20 4*4

TiCl4-02-H20 4*4 #4# 51 ^Aj-tij-^o]] 33 34! 5**4# 43 

4 H204 l7}5 3# 53* 34!4#* 43# 4= *** * * **

4. 3* 44444 4444 *7}5 4## * **4. 3.44 4-§-41- 34 

1 4 **7}5 # *57}5 444 *4 (air)* 4*44 4*4 44* 3* 

44 44 44435. 34! *4* 444 * ** 435 414*4. 44 

4 44-44* TiCl4-Air-H20 4*444 34! *4 4M4* *44*4. 

TiCl4-Air-H20 4*44 44443 TiCLi-02-H20 4*44 4* 3444 

H204 *44* #7M?M4 34! *4* 43444. Fig.3.10, 3.114* 

H20/TiCl4 *4 440]] 4# 344 a?] 4 *344* 444*4. Fig. 3.10, 

3.1144 34 *34* H204 *37} *7}-t*# 34.3717} 47nm44 22nm 

44 434* 4* # * **4. 34 34-371 *53 534* 3 * ** 
4. 444 *4* TiCl4-02- H20 4*4444 444 4* *44*4.

Fig.3.124* *4 3^44 434 *44 111 *4* 444*4. Fig. 

3.1244 34 H204 *37} *7}#*# *144 41°) #7}4**4 4* 

TiCl4-02-H20 4*444 3* 144 1* *** 444*** 3 * ** 

4.

3* * 4*44* TiCl4-Air-H20 4*444 4444 4 4*** *7}a] 

4444 *34* 4*7}34 3=* #4 44*** 4543 n4 444* 

34-4 34 3 *3# 344*4. 1**3, 447}3*3^ 4-7] 3144 

*31 3135 3444 * TiCL}4 *3*3# 0.5 mole%44 1.0 mole%5 

*7}443 1*7}3 14*** 4 l/min44 2 l/min5 1541 3144 * 

44*4. 1114 H207} *344 ##* 4*4* 4534-3717} I03nm5
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40 -

D> 20

> 10

Molar ratio of Ho0 to TiCI

Fig.3.10. Effect of molar ratio of H20/TiCI4 on the particle 
size in the TiCI4-Air- H20 system

(Reaction temp. 1000°C, TiCI4 mole fraction : 0.5%, 
Preheating temp. : 900°C, Gas flowrate : 4 l/min).
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1000
Molar ratio of H20/TiCI

0:2 V : 6 
▼ :12• : 3

I 10 30 50 70 90 99 99.9

Percentage Undersize(%)

Fig.3.11. Log-probability plots of powders with 
different molar ratio of H20/TiCI4 in 
TiCI4-Air-H20 system.
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Fig.3.12. X- ray diffraction patterns for Ti02 powders at 

different molar ratio of H20/TiCI4 in TiCI4-Air-H20 

system.
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*44 # *41 41541** 1 * 9X9X3. H207> *111 44 °^\37}7\ 

55nm44 32nm41 *54* 4# 4 * 114(Fig. 3.13). Fig. 3.141* * 

15114 415 4 f*4 *1*4# 441191 4 14 51
T1CI4-O2-H2O ^*1144 144 417M5. h204 957> #7} #*# * 

1^4 144 47>4jl 1*** * 114. 11155. TiCLi4 14144 
If TiCLi4 45# #71-445 44 54* 15441 4441 47}4 5l 

7> 100nm44-l 111 4&44 51! 44 11# 14441 4141 1 19 
4141 TiCl4-Air-H20 4*4114 51! 11* 415# * 141 #51 1 
4# 1* * 114. 51 441 441 l-l-l* 41 1*4 *1451 4 
-§- 7>#1 nn #51 144-5 44414.

3. am# Abet

51! AI2O3 11 41 & 11* 51! T102 11 41 a 114 41 1* 

mechanism* 41 4554 51! Ti02 11415 4## 155H4 4 7> 

4 1*511 5414 141 *=3# * 114.

1154 144141 AI2O3 11 415 *14 1*455 45* 91417-1 
11* 41544 4H 1*71 #lf*4 *4-41 vibration feeder* *441 
15*1* *=3414. 544 AI2O3 *1 415 *11* 451 AICI37} * 

114115 1 1*41 454 991 *1* 454 *4141
*14 #14. 141** AI2O3II 415 *44 1*4 *451(5103 9 
5: 1.0 mole%, 7>5*#: 4 1/min, l«l7>**5: 1000°C)14 4#*5 14 
*4* *441 4**5 1,100°CIT] **4 49l7>H7l7> 25nm, 4**5 

1.000TC*04 lOnml 14511- 7>1 511 AI2O3 *4* 415414. 11 
4154 *44 *44 54* 41 XRD *1* 4 *4 *414 *41*
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o 100'

O 80

Molar ratio of H20 to TiCI4

Fig.3.13. Effect of molar ratio of H20/TiCI4 on the particle 
size in the TiCI4-Air-H20 system 
(Reaction temp. 1000°C, TiCI4 mole fraction : 1.0%, 

Preheating temp. : 900°C, Gas flowrate : 2 l/min).
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Anatase
Rutile

Ho0/TiCL= 6

Ho0/TiCL = 3

Ho0/TiCL = 2

20(Degrees)

Fig.3.14. X- ray diffraction patterns for Ti02 powders at 

different molar ratio of H20/TiCI4 in TiCI4-Air-H20 

system.
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4 * %%4.

%944# 4**^ 1100 °C 4 4 4-B"i-4(AlCl3)4 *344 ^ 

41*444 444 444* %7}37l ^ 1444 444 &44%4. 4* 

#14 *3# 0.5 mole%44 2.0 mole%5. #7}41444 15 ^7>EL7]7> 

15nm44 35nm5. #7}#* 1* %%4. Fig. 3.154* 414 44 45* 

*14 444%4. 3# 4##1*3 0.5 mole%, 4**3

1100°C44 147}3= *4* 2 1/minS. *444 444 44 45 44-3.717} 

15nm44 25nm5. #7}## 1# %%4. Fig. 3.164* 4444* 134% 

*4 4 31 444 44H 4444* 444%* 4 a^4 7^14 11^4 

4-4 #44* *4* 4s 4 # %%4. 44^ 3=44 44 *** 4*4 

% 4*7} A944 444 14-3*4 714 44 4*4 44 &41 A1203 

*4 4^4 44 7154-3.7} 4-34% 4-3 414% 4%
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(A) AICI3 cone.: 0.5 mole% (B) AICI3 cone.: 2.0 mole%

Fig. 3.15. Transmission electron microscopic images of AI2O3 powder.
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Fig.3.16. X- ray diffraction patterns for Al203 powders .
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m 3 m m.mt mmmm

1.UW

*4^ *4*711 4# #4, Ti02 ,Si02 ^ AI2O3 #* ntfls. 44&3L A> 

#44, 31*4- #€(mi,plastics)4 *4544, **4 71144,45 #4 #7j- 

€4^1, 47}A}4 £-4, 544 55 4 4 #4 32*44 *&n

•g-471- 4444 4*4 *€4 €443i #4 444 44. 44 ##

44* 47]&4M €44 4^4 (#£[:) ^a)4. neiHS. 4*44 ^.7]^

* n a]~§- -§-£7> 4 #4 4 * 44 &4.

44 4* &4^ 444 *54 414:4, 41 #4 3i7l *4 #4- ^ #44 

2.444* 4=4-444 4mHtr 4*44 #44 *4* 5*4(E2Kt£)55 

4&455A1 31 444 7H4444. 4 4*4 (#^#4 **4- *4(mi) 

4-4 €4-4# *4 44*71-, 4*4 4* 4*4 (##%)* #t11€°.54 4 

*47H5.4- *47Hg.# 4W4 **455 €€€*44 *€4 aHs.4 4*

* 4-711 €-A5.4 314*44 #44711 4* 444-.

444 4*4 *444 44* 7%44* «HH* €44m%&)# 4*4

* *4, ***#*4 alcohol a] 4, €€€## 4*€ *4*414 5444 # 

[3-714 $1—4-, 47lAi* 2:4 € TiOz 4 alcohoHl 4€ esterfication[3-8]4 

&4 4 4 ##4 #4 5.4444 titanate coupling agent[3-9], silane coupling 

agent[3-10] ^ stearic acid[3-ll] * 547M45. €31 *44(###!)# 44 

71-45. €4 5444# 4 d%*4, ** *44 ^ **44 7>* #5:€ 54 

444 ^ #41# 444* 44# *4431 5€ *4*44 4^4 TiOz & 

4*414 44 *4*(Degussath4 P25)4 *4* 4^ 44€-5.5.4 * 4* 

44 4s€ *44 TiOz **4 ***4# 7fl€€3i4 4^4.

t,3



2. mzt# 1543(#)4 ##

l) ### #4

#543 #45 Mth ±^ #1 7fl7flSl 31^1 #7}#4 44 #4 $#

#711 1#44 $11 #1 ##14, 451# £#3 341# ### #1 #4 

5 ##$1711 #4. 3514 #444# 44441# 444 4(system)l #4#

#1 444( 4.# 3:444 4-# 44-71- #44-4-. # #44#4 444 #4 

#4-. 34447} 4454 #4# 41 ##4 ##4 #44-4 #4 ##41 
41444-. 34 #41-4 34 4444# 444 447II 4444, ##44 

43##(B#%#ib)##4 #444-. 35147} 4441 #4# ##4#s 4 

B 3# 34 #44 -S"4 (Agglomeration-^Flocculation) 4 #4 ##[3-12].

7}. # #

#4# 15-43 B# #44 14 $11 34 #7}# ###3B #7}14 

344- 44 3513 #7}4 #£4 44 #54 #44 4# #5#. #4- ^5 

1 #4- ##4(M^=Suspension)45 #47} $1#. #4 #444 #41 # 

#4 3715. #3## Table 3.14 #4.

€444 e #44 &4# #1 #444 ###4 #X}7} #144
#7#}^ ##, # e#4 #444 ##1 1#44 4# 5:4#35 #4# 

#71144. 4#3#4 #4# #44 44## 7}3 ##4 #^#4
7} 4f4#4. ##1 #7}# #5##35 #4 #4 5 #4.

4. # %
3414 444 1 4#1 4# 7}#444# #435, #44 41 

##44## #441 ##4 $144 #7}## s##l 7^455

#^47l#3 #4. #1 #7}fe e #7}54 =§t11 ### 44 §14713, -B
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3# 3"# 34 4344 3.t\] €4. 7H7l)S] 444 ##44 £4# 44 

#4355 43# 344 $141 44. 444 4-3# “43:”4 4 # 4#4, 
4# s44 #457} 4^- 444 444 4^4 ##4-711 4444. zz.44 

4##4 44 443# Ms?} 4# 44. 444 444 4444 “^lir 

44353. ^-444.

Table 3.1. Differences between sol and suspension on particle size[3-13] 

Units, Dimensions, and Resolution Limits

Light Electron X-ray
microscope microscope diffraction

10"1 10"2 10'3 10"4 10"5 10'6 10"7 10"8 10'9 10~10 10"11 10"12 m 

dm cm mm um nm A pm

Atom
Suspension Sol molecule

4. M #(44 #3)

-S-444 44 444 444 444 #4 #444 4444.

n44 #4 444 #4 3 s 44#4 -§-44 4# s4.4r55 4444. 

sels.3. #4 433# 444711 4444 444 4444 444 5#3 

#4 4444 44 4444 4#4 ##4 4#44 444 7}#4t11 44.

441-4 -§-44 47>444 444. #4 44## 43#4 444# 

3 #4 44- 4-5711 44-353. M # 4* 344-. 444 4#44

6#3 ## 471444 7114 4#4, 4# 444, 444 #3 ## 434 

-§-444- 4s 71444 Til44S 44-. 434 #54s43s 4# 4444-. 

45.4s 4444 #54s Til# 471434 7%(&#3 #54s)4 7}434
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4^4.

2) ±^4- ##[3-13] -

Titanate A) ‘ - isopropyl tristearyl titanate

- isopropyl tris (dioctyl pyrophosphate) titanate

- isopropyl trioctanoyl titanate

- isopropyl tri(N-aminoethyl-aminoethyl) titanate

- tetraoctyl bis (ditridecyl phosphate) titanate

- bisCdioctyl pyrophosphate) oxyacetate titanate

- isopropyl tridodecyl benzene sulfonyl titanate 

Silane A ■ - vinyltrichlorosilane

- trimethylchlorosilane

- ethyltrichlorosilane

- methylchlorosilane

- methyltrichlorosilane

- trichlorosilane

- tetramethlsilane

- ethyldichlorosilane 

Carboxylic acid A] : -stearic acid

-oleic acid 

-lauric acid 

-myiistic acid 

-palmitic acid 

-capric acid
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3. mm ##

-§-#44# 4-#4 44444 71^4-4 Table 3.24 4:4 4 #4 2

SI 4.

Table 3.2. Application of surface treating materials for hydrophobic property.

# # -§- 2 2. 4

714 4 5. bond 7>4:4"A>7l roll,24 2.-4, 
7147]#: tonner,disc,tape

a## 4 $44 
444 44-

247B& EMI cfl -§-:2S.,4 4 4 3. 2444 44
4’ta^ a-a,a7B 444 47>

Titanate 7-1] 714 44711 4#7]47fl3. 31## a r7lMt£ 712444,4 #4 44

##7iia 7flH44 7B .-7114711 444 42,44714

a s. 25., aa 444 7D4,riM

•51t"4711S. polyurethane,polyester #4 ##7ll# 44 #4 ,##4,4 #4

24 4# 4444 -f-4 2.(giass 44) 4447B4

glass 4-^-rr44:FRP,FRTP 4444

resine concrete 4444
silane Til 31-§-7171] S. polyethylene silane bridge #47114

714 glass #4 #4 4 matte 44#4
carboxylic

Til 71141-^4 a#7ii,PEa4#711,44# 444711 #44 #4
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4 4444 44(1)# butanol# #44 4 44444# autoclave^

44 3L4444# 4442 44(2)# 6### 54444* 4#44 &44 

44#44# 54444# 4444.

i) 4 4(i)

7>. Degussa4 4# 4##44(P25)4 4# #4[3-14]# 4#4 44. 

##44 #4 : hydrohilic 
52.# •' fluffy white powder

BET surface area : 50 ± 15 m2/g 

45 445 : 21 nm 
42 : 44 3.7 g/ml
moisture : < 1.5

pH value(4 % aqueous dispersion) : 3 - 4

Si02 % : < 0.2

AI2O3 % ■ < 0.3

FezOa % ■ < 0.01

Ti02 % : > 99.5

ZrOz % : -
Hf02 % : -
HC1 % : < 0.3
sieve residue : < 0.05

4. Butanol # extra pure 5 44## 4##^ 4.

4. 44(1)4 autocalve4 442# Fig.3.174 44.

4#4(Degussa/T±4# : P25) #444# 44 #4# butanols. 2#4 

(hydrophobic)44 44 esterfication 44.



cc ntroller

□
_ □ 
S/WBOX

motor

Fig. 3.17 Schematic diagram of autocalve system



-# 631 ## -

35 : heating 5 50#, 5# 5 3 : 30 ~ 35 7]#, 5##3 : 250-2701 

5-B-55 : 655(54 5-§-35# Table 3.3. #3)

( TiOz : 20 grams, butanol : 60ml, set temp : 250°C 7]#)

Table 3.3 Operating conditons in the experiment of autoclave.

Time Stirrer RPM
Operating
temp(°C)

PI (lbs/inz )

08:40 301 26 -

09:00 300 129 40
09:15 296 224 260
09:23 295 249 273
09:30 296 246 384
09:50 293 241 356
10:20 294 242 358
11:20 294 242 354
13:20 294 242 354
14:20 294 242 356
15:20 294 242 354

Heating off 294 242 364
16:25 294 168 57

17:30 297 119
18:05 298 104 -

13) : 53. : lOOg, butanol : 350ml5. 5-§-o] #%] g>-g-. #7H u]

4 A]S.7> 455 stirrer^ impeller7> 5-8- zone415 ##-& 443 

##u}-37 455 stirrer^1 shaft# 2cm #55 4 55 

23| : 5& : 50g, butanol : 300ml5. 5#555 554 5# 5557> 5
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3. 454 set 280°CS. 41 44 44^1 4# 4 4 4] 4 4 4 

±7} 11% 1A5-1 cf-g- -^14

33] : a]^ : 50g, butanol • 350mlS. 1414 stirrer! impeller^]- 41 4 

55. 447}- 47] 444 scratching5] 4 H 14 1.

43) : a] a : 35g, butanol : 350mlS. 4 1), 2) ^ 3)## 1444 14 

14 *H 41 44 #4

5-631 : 1445 4 S441! 45 44 5144 44 4444 5<r# 

# 44471 44 1445 #444 44 #4 44

★ ★★ 4444 4 44 4# 4411 5.4 ★★★

4s D.C Bradley & RC.Mehrotra," Metal Alkoxides ", Academic 

Press,London, 1978) 4 4 28,157(1981)),0

lb,No.7,1973,p.1285-1290,) 44 4315. 44,

M(OH)„ + nROH ~ M(OR)n + nH20 

or

MOn + 2nROH *-* M(OR)2n + nH20 4

1444 -5-444 414 44, autoclaves. 444 41144431 ^41 

4 4S1S.44 Hi 4 &41 14414! 100%444 1*1144 444 4 

4 544 4144 go.4 44444 4444 &4 4 AS. 1444 44. 

44444 1*1144 4444 114 11444 44 44471444 43i, 

1144 445.45 4444 431 4414 ^4 444 114 444 41 

44 4144 4-414 (Fig.3.18.)7> #7l-£}44: 14. 4 Azeotropic and 

extractive distillation process’7> #A44[3-15].

44 1*414444 4# 414 4H #144 4 original autocalve! 4

-81-
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Condenser

Decanter

Water

Open or

closed steam

Water

Water-free product

Fig. 3.18 General flow sheet for azeotropic distillation



2^44 #7M44 44 5 4544 44 4-545 44 #7>s>

4 145 5W43. 4444 ^315 3] 4 44 4# 547} $144 &4^44 

4444 W 254545 57]44#5 4544 ^7fl4^«^|(2)»s 

4544484.

2) 4 4(2)

€4(2)5 447>4 £4444 5 #4423. 7}4 #4 4545 isopropyl 

triste-aryl titanate(TTS), methyltrichlorosilane(silane) 4 stearic acid 5 44

44 Fig. 3.194 #5 #423 ^44&u}.

7>. €44^

i) 4# hexane 35ml (22.8gr)#4 &4444# TTS2 4544 53] 4] 

22.8gr4 3wt%4 0.684 gr, 5wt%5 1.14gr, 24 10wt%3 44 2.28gr# 44 

magnetic stirrerS. JR4444 444 531444. 4 104-44 14442 2.4 

4 444 53] 7} 4422 4444 P25(&44 444 44) 7gr4 5444 

144 42 4 51444 444 5-444. 44 427] 3] 544 slurry 4314 

444 44 5847] 44 544 44 42 42 53] 3] 7} #44 #3] 3] 4 

^44 427]^4 444 4 444.

ii) 444 54 • 54-44 44 424 slurry 43]4 4# 45 427] 44 

54#4°1 hexane?! 4545 454 444 69.0’C44 4244. 44 5- 
644 424 42 44 44 444 ^2 443] 444 4444425. 44 

44.

in) 424 442 444 45 44 4 45444. 544447} 7%44 4

45 4 53144 #24, 44 5444 4442 42 5 54544 53)2 
4314417} 445 452 $14.

iv) 200ml4 444 #55 50ml5 452, 454 4 54 0.2gr4 #554
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stirringoJ-nfA-J

STIRRING

X5 a ta oo"TTT TIT

Fig. 3.19 Flowsheet of surface modification 
from hydrophilic to hydrophobic

£D)^Ti02 3=

3 °)*\
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=l#4. -§-#4 #4^1 #^^1 ##(Goating)#^. 2# SKhydrophobic)s]

4 21 ir #9121 ^°14.

v) 44 #4 ##t #31 #, 4 4.H-4 ^# rpm 60 ~ 100A5. 32.4444 

44'w' methanol# ^444. 4444 methanol4 ^444 ##4 2:44#

44 44471 4444. ###€ #, 2##^ &44W4 444 4444 

# 44 44# ^44^-&#4 4##^ %# #4# 4[3-1614- 44; 

4#4£ % = a / 50 + a = 70 / 50 + 70 (a : ^44 44#4 #4)

vi) 44 44 444 4#4^4 44# 4# Table 3.44 444214.

Table 3.4 Degree of hydrophobic on various surface treating materials.

5 4 4 4 4

TTS silane stearic acid
#^Mh\

3wt% 5<- io<- 3wt% 5*- 10*- 3wt% 5*- 10<-

Hexane 35ml (22.8gr) 
B.Pt : 69.0 °C

46.2 51.7 50.5 50.0 44.4 46.2 61.8 66.9 67.5

Ethanol 35ml (27.2gr) 
B.Pt : 78.3 °C

44.8 45.6 45.6
★

X X X 61.8 64.3 47.3

Toluene 35ml (30.0gr) 
B.Pt : 110.6 °C

46.9 45.8 46.3 26.5 48.0 47.4 62.1 64.4 66.7

Acetone 35ml (27.2gr) 
B.Pt : 56.2 °C

28.6 42.5 50.0 26.5 40.1 49.0 64.5 66.9 67.1

Benzene 35ml (30.1gr) 
B.Pt : 80.1 °C

39.4 39.0 46.2 43.2 37.5 44.4 46.5 45.6 45.6

♦ Table 3.4444 ★ 4 X 43: 44

★ : TTS(isopropyl tristearyl titanate couping agent)# ethanol-4 7%2 #4

(10%s. #44 ^£7> 4# 44 4^44 cake ^447} 44=14 ##)

X : Silane# ethanoM #5# #7>44 #444, 44444# S4
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U #3# 44% 4##4 ###47) 3#444 to.

♦ 7li} #44 444^ #4714

i) TTS# hexane, ethanol 4 toulene 44 444 # 4444 44433 &

4#7> #44 4#### 4# €44, ##7l to to 444 #444 4 

44)31 10%4#444 4# W44 44, 4-4 44 444 ##7l ## 4 

44.
ii) Silane4 444 4# 44# 4#4 44 444.

iii) TTS4 10%* benzene^ #4444, 43 f- 444 3444 &34 4

44 #44.

iv) Stearic acid# #4 (hexane, ethanol, toluene #)3 4*44 4 #4 4 #4 

44 to4 stitrrer3 1 - 24# 43 stitrring44 #443 10%4#4 44

444 4 34 #44.

v) Stearic acid# ethanolS. #44 10% 4444 #7}7) 4tts1-#71 #44

4# 4# 44 43144 44447-1 54444 ##4 =94 xfl #44# 4 

3# 4)444.

vi) TTS, silane 4 stearic acid# 1%3 44, 4#4 £L# 4^ TTS lwt% 

44 50.5%, stearic acid lwt%44 55.6% 315)31 TTS# hexane-2-3 #444 

34^4#444# M7D44## 4, ##4# 44 4## #4 to #4 

7)1444 3#4# 44 #447} ##4 #44 344#44 ##433 5 

44444 3#4# ##44. 3l4h3. #4^11# 5 wt%7> 4#43i 4# # 
3# 4#4#4431 4444. 34 hexane lwt %4 silane33. ##444 

3#4# 44 rpm 200 33 3#4#4 344 methanol# ##44 to# 

#444 4444. stearic acid# ###44 4# ##4## ##7> 1%, 3%, 

^ 5%3 #714 4 5% 4 #4 ##4#7> #7144 5% 4# 10% 3 ### 

#7144# -51 #4## 7) 4 #4*7) 6£#4. # 5% #714 66.9%4 ##434



# 67.5%3 3 #7}# 4 0.6% 444 #4 ##2#* 2*#4€ #7}

9 $142. #4. 4-44 stearic acid4 €4*2 5wt%7> #4*442 4:44 

444-.
vii) €924* 44 *2# 24€4##*4* -§-44 hexane23 TTS, 

silane 4 stearic acid* -§-444 #€44# 44 €##2(#4# 5wt% 5 
€444)9 AA 56.1%, 59.0% 4 66.2%S 44 €4- 49 Degussafi 4# 
P25* TTS 4 silane 44 #€44# *34 €*#244 4* 9* €42, 
stearic acid44* 44 ## 44€4. 342 polypropylene glycol

(1,000)23- *42 #*##4*9 *€*44 42# 24# 4*#44* 

sUane 23. 44# *#29 Fig.3.20# Table 3.544 2* #4* #4 724* 

4# 4-€#4 4 ## 100% ##4€2 *## 4* *4 *44* 4-4-4€ 
4. 4* #€944 *4 42# 24 € 4*#4#4 *5.* 4 4*22 *# 

4€4 4*4 ***4 #44 4* 44 2 4** €4-2 4444.

4*. 29#€ **4 IR(Infrared Ray)*#
i) Degussa 44 944 4*(P25), TTS, silane 4 stearic acid 4 hexane 

#444 4# 24€4*#4#4 #€44# *#4 JR *4 
Fig. 3.2144 2€ 442 27]]4 functional group4 peak7> 4-4-42 €4.

# wavenumber 3,600 nm #9, € 2,900 nm #923 4-4*4. 3,600 nm 4 
€444 44*9 €9 4*49 -OH, NH2,4 SH *4 €24, #€444 
*44 -OH, NH2 4 SH 7]7> ### ###3 4444 #€4€ #7]]4# 

** -OH 7l(S) #44. 2*2.3 Fig.3.21 4 € 4*# Degussa# P25 9 
9444€4 494 -OH 44 peak7> #4 4442, #€4 #€44# 4
# 3 7M 3.4 = 449 #2#9 *23 4442 €4. * #4*23 29# 

44#€ 3,600 nm 4*4* Peak7> *2#9 *23 4444.
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P25 +Stearic acid

P25 +Silane

P25 + TTS.

P25(TiOJ

2800 3200 36002000 2400
Wave Numbers(nm)

Fig.3.21. IR absorption spectra of ultrafine Ti02 powders 

(P25) treated with different materials.
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Table 3.5 Degree of dispersion on suface treated powders

55444 
5470444 #5

544 45 
(7244 44 
4444)

ti} 31

(PG4 5 wt.%5 47})

Degussa44 544 44 20%
45 410% 4 4 455 4 10% 
45 5#4 54(554 54)

silane ( hexane -§-'s0 ) 100% 455 4 60%4 4

silane ( toluene -§-®0 ) 100% 44 ^04

TTS ( hexane 4H0 ) 46 % //

TTS ( ethanol 5S0 ) 35 % 44 554

stearic acid (hexane-§-41) 75 % n
7} 4 A 5,silane( " ) 100% 44 9)4

7>445,TTS( " ) 25 % //

7} 7)14 5,stearic( " ) .60 % //

2,900 24*)KP25 + TTS) 4 4«i^(P25 +stearic acid) rz.5fl

54 4% peak?} 27H5. 4444 44 5445403. stearic acid A tffS 

444 444 ti144 4444, 444 CH3- ^ CH2- 54 functional group 

44. 44 547)444 steaiyl group 4 4544. Fig. 3.214

A44(P25 + silane) 4 54444 4 methyltrichlorosilane4 454 TiOz 

4 4544 -OH4 5# 4&4 HC15 4 44 47}jl, 54 -CH3 7)7} 4 

A 44 54-44 IR 544 4-44-4 &4 455 54.

ii) TTS, silane 4 stearic acid4 547})444 5S04(hexane)# 4444 

5 4444 454 544 TiOz 544 445444 44 4 IR 54 

Fig.3.22 445 455 7>444 5444444455 Degussa4
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KIGAM + Stearic acid

KIGAM +Silane

KIGAM+ TTS

2000 2400 2800 3200 3600
Wave Numbers(nm)

Fig.3.22. IR absorption spectra of ultrafine Ti02 powders 

(KIGAM) treated with different materials.
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P254 4* *#4** 44 5444# IR *4 35fi544. ICIGAM (Ti02)

3 413* r^t 341 4##4#* IR *4# *35 DegussaA> 41*4 

tilJEl- 4 *#* til ^>4 -OH group *Ml 444-3. $14. 4* 444 # 

’It 2:4144444 413* #3# 44*35 4-*# 44s. ^4 
44. 44 44- *4* *#3 #4445 44 44* 54*4. 3# 

KIGAM44 43# #* TTS,silane 4 stearic acid35 4444 3# 44 

#35 4* 44* 4443 $14,444 *##*# 4* 4*4 *43 ** 

4-##4443. 444^44 4% 4444 434 435. silane4 44 

5*44# 44 100% *4444 435 4444. 344 444 4-**(# 

4*)35 4*4* 5*44# 341 44444* silane35 444 4* 

4443 44371- 3** 443 Stearic acidS 5*44# *45 4*4* 

4* silane-4 437} 4*44 4*4 *435 $14 *4*4 *444 ^4 

4* *444 stearic acid5 444 341 44444* 4*44 #4 44 
44.

iii) stearic acid5 5.4444 4*41* *4, Degussa 44 *4 54 

44 # 4*3 7}444 4s* 44 tilH 

Fig.3.23 44* 54444# stearic acid 5 43, *44* 4* 4*4

4 ## 345CMT-100T)* 4443, 5* hexane35 44# 341444 

#4 *#4 4* IR *4 tilm 3.4544. 1# 4*4- ICIGAM 4-444 4 
3# 44- til544 44 3454 4*4 *4. 4* 4*3 *44* hexane 

4 *#7} 4444. *4 Degussa 4 4w, 4*4 # KIGAM4 44- til5# 
4 wavenumber7> 2,900 nm **44* 244 peak7> $1*4 »!* $J44 4 

1* *43, 3,450 nm **44 4*44 4*3 7}7iMM 45* 54444 

*44 *44 peak 7} #4# ** * * 44. 4* 3414*4444 3* 

#7} #44* #35 * * $13, 44# 4** 45*44 #44 3 444 

44 44- 44-44*4.
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Fig.3.23. IR absorption spectra of ultrafine Ti02 powders 

treated with stearic acids.
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4. #44 rfltb #3 #4
Fig. 3.24b 87H # (1)4- 4345, 3# 534345 53 334434# 

434 rt-| polypropylene glycol(lOOO) 44 #443 4 72 43 # #45

# #3#44 4334.
Fig. 3.24 # (1)4 5#4# 434 355 &##43 &3334

4#33 #444 334 444b 3# # # $14.

(2)b stearic acid # ethanol5 -§-414 30l5, (3)4 345 441 454 5 

3 3 #3# TTS3 444341 4 hexane55 -§4), (4)5 44 4154 4# 

stearic acid 4 hexane55, (5)b Degussa4 4## stearic acid 4 hexane,

(6)5 Degussa4 4]#-& silane 3 hexane55 43, (7)5 44 4154 44- 

silane 3 hexane 55 43, #55 (8)b Degussa4 41## silane 3 toluene 

55 534343 #443 4444.

Fig. 3.25b Degussa4 4# P254 4444 454 4# 3^4 4455 

A(l), (2) 4 (3)4 P253 444, (l)b silane 4 hexane 55 434 455 

53455b 100% #43 455 544 4-334 43-44 #54 355 
3 2/3 457} Wb ##4# 35 $14. (2)b TTS 3 ethanol 5, (3)b 

silane 4 toluene55 434 455 7244 34 44 #3b 100 % #43 

455 5354 3 120043(3 503)44 #3b 3 83%3 #4343 45 

5 #4 34334.

Fig. 3.25 3 B (1), (2) 3 (3)b 34 3)54 455, (1)# silane, (2)b 

TTS,3(3)b stearic acid # 333 M4 3 45 #33b 5# hexane 55 

434 444. 3 #44 (l)b silane 4 hexane55 53434 433 100 

%5 #43 455 44334. (2) 3 (3)b TTS 3 stearic acid# 5343 

3 4 #3 3 5b hexane55 4#4 434. Fig. 3.26b 4 503 3344

# #45 #3#3 4 43554, zl334 3# 433) 4# silane 4 

toluene55 53434 433 4 83%33 #4343 33 #33)4 3134
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Fig.3.24. Photograph of dispersion on ultrafine powders 

treated with various materials

treated with various materials (P25 and KIGAM)
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Fig.3.26. Photograph of dispersion on ultrafine 

powders after SOdays

Data processing

zero transmittance

Ifinn
or 1000.0 NM100.0[NM/DIV] 

wavenumbers 1600 or 1000 NM 0.3 %l
200 

or 400

Fig.3.27. Transmittance of treated TiOg powder 
with a variation of wave number

, *

:
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li
s) silane 4 hexane -9.5. &4444 504 °] 44& 100% 44 °1

444 4^1 °]4. 444 ^l-gr Degussa4 &44°]4444^-5. 4 ?M3. 4 

44 ^-Sr 44& 4444 4^4 ^°]4. 44444 4 5.°]4 &A4, 44 

4#44 444 44 Degussa4 ^S.4 yfl^o] c) 44 4°14.

Fig. 3.27-6: 44 #4^-5. 100%5. 444 Degussa4 4 #4 44 4&4 &

44 °1444 44 44 UV spectxophotomete 160A 4 44& 44 chart0]4 

°] 7] 4 5. wavenumber 200 ~ 1000 nm4 44 44 100% 444 4—5. 44

44.

\
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m 4W mmi &mmm

l.«EH

#f2] 44" 443 #4 34, #7] R#44 $@69 -S-46)] 2]-5)] monomers] 

44°1 4442., °] monomer-21 35.7} ^*1]4]°1|4 #7}#41 44 ‘M— 44 

414 45.5}4 4^7} 44 #K41 44 <87>7> 4444, 4441 monomer 

7> 4-44714, ^4-444 #5^41 4«fl 47}2] 3.71 7} 44-43 #7}# 44711

44. H °1 44-3 nfl^isl 3:1-41 44- 44 -8-44 44- #7}# 4 33°11 4

4 447} 43444 444-33. 4A>4 444- 44-, 2.e]jl 43443 5.#
43 7]3-§- 3.44-71 444-fe- 4 4 3 5.43 (particle size distribution

function) n(.x,r,t)-# 44 4-3 44 4# ## ^7#^ 53 #^A3 414 4 

#4-41 44. 4 4*44 4- general dynamic equartion(GDE) 4 4-3, 43 4# 

4- 433 544 443 4-4433. 4-4-4r4-[3-17, 2-1]. 4 GDE4 4453.

5 4 #44 3.711 4 4:4 (discrete method)4- 4 #4 (continuous method) 4 4 

4. 4714 4443 444 444-3# 1 ;H4 3433 334-4 4 344

4## #43 sectional method[3-18,19]7} 7}# 34471] &43, 4W443

4433#34 3^3## 4343 3te 44 #4 344. 4 43443 

37}4 343 4# 4#44 TiCLi4 4# 44 #34 4# 4443 Ti024 

7>4 444 4# 44 #5# 544^4.

3te ^4 444#4 44-4 #4433 4-34 #3 Lee#[3-20]4 

444#4 34444 4333 43#44 3444. &44 n#3 4433 
2) 44(3347}) cl #41 47}2l 44-4 443 44=3 344-4 4-3443 

44-43# 44-44-4 43 4# 43 344. 34 4# 44 43, 3 44 
4, 33, 44-2] ol# 3 44-4 4434 4# 433 3# 244 342] 7))
44 ICim[3-21] 34 2]*]] o]^.e>i #4. oi#3 4#4 o]^] 44
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free molecule regime#- 7}44! HI 4# 4#4. #1 Pratsinis # 

[3-22,23]#- 44-4 1444 ### 12]#1 t]]# transition regime#- 3144 

31 #4*4 1*11# M GDE# #4 2.1#: tt &m#. 1

* 31### 2-# 2#, ** 2.1m##: A)

4##4.

Pratsinis #2] 3# 1^## ### 144311 2.1s] #42! #1-# 1 

1# 1# 5# 4^°]4. 3ia]# zl#s] 2.1m# !#44 ### 2444

^2 2.# 4## #444"2m HA]e]5]o], #7} 4 #4 27] ##o] *X|£] 
31, ##7] *#lA] 11## #A} 1#11 1*}1*MS2] o]l# 2.A>#7] 

11#. * 1444 #4# monomer2] 117} 1# #1 # &2#

11-2] 4*7} 1# ##44"! 5.441 14444-442 11] ##11 1 

1# 441 111 4= 1## ## #22] JL# #11 1## #1##. * 

14-2] #111 #25] 1 ###24 #7># #1# # gr# -1# ##1 1 

31 1 11 #11 41 1# 31] 7>### 21 *1 11# l7># 371] 4 

44#. #4# ## ###27} #11 ## l7}7> 4#4# 1# 4444 

[3-24]l# 115. 2.A}#1 ##7ll ##. 2# #A}#7}5A] 12 42 44

#7)1 5]# 1 #4*4 ##, 4#2.2 #44# 142] #17} 14444. 1# 

447} 14# 4 #7} !#! ## #7}#1 A] 2 ## #7}5 1### 1 

21 A]#-o] 447] 111#. 1 €#, # 24 117} 41## 1 44s] # 

#2] 1147}a]# 4a}44-2a] 14 44##, 4# 4# #4# 2l #7}m 

A] 2] 4 441 41, #1 #4 431 #14 aggregation! 41 lA}#7}54 

44"4! 44. 44 1 1## #44 #4414! 1## #1# ##44, 2 

4W4 7}# 14* GDE! 24-4### 21 #4# #44# 41 ##4 

#1#* ##2m ###1 # #4. 2# ## 4# 44-4 441 #4# 4

# 1 #4 3(slow coagulation) #4444 41* ## 1*1 a] 7] 2 #4. 4 

A] #4# #7] 1 ##(electrical double layer)! 4 # 111 a] 4 44"1# *

_99_
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"3"<H 1 4 4 (heterogeneous nucleation)4 4 #7} 4-3 zz.4 1 4. 1 4 #* *]] 
1*. # 4**S4 14, <9 • o']*} *4 ^ * #*

4 s4- #* 14*1, *4 4*4 s#-! .g.^ *4* 4s. s#-#

^S7> $14. 44S4 3S414 #^4 Pratsinis £f (Model 1)4 44 4 

4# 38* 4 44 *44 4 8** 44 4* 444 ^44 44 44#

* 4s 3144 13* S* (Model 2)* 4a]444. 4 3314* Model 24

#4* #44 Model 14 4*4 *44 444 #4 4s *3*1 #14 s 

** 44** 3441 4*4 #44 443* si* *114484.

2. ^@^4 mm#

1) GDE4 *44

4*41 4*4* 4* *441* **414 **4 *sl 4* *14
Sill 4 144 41 S444. o] r= 4* * 144 TEACH code [3-25]

1 41 *44S3. 1*44. *4 4 # 414 *14 *4?] 11 1* 43

* 4*711 * TiCLi4 mass balance#4 TiOz4 monomer*!#, 31#31 GDE 
4 #1 43 1*44. 14a] *14 sl* #4 144 *4#* 4 S3L# 

4 44 4#S3 4SS3 14# 44 4*44* &*4. s 4*4 4|7>4 

#* 414 41 5444.

TiCLi4 mass balance # :

V • (pVC)= V • (pDVO-RXN (1)

T1O2 monomer *4# •
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V • (pVCi)= V • {pD\V C\)+RXN- f xv(x)Hx-x*)dx- f t|/(x,Ci,t)n(x,r,t)dx (2)Jx* Jx*

GDE 4 =

V *~(pVh)=V • (pD'7n+rVjn)+v(x)^(x-xm)dx—^~[V(x,Ci,t)n(x,r,f)]

+ ~2~ b(x-x',x')n(x-x'j-,t)dx'-n(.xj-,t) b(x',x)n(x';7,t)dx' (3)

1 444 p, k, y, 1^# 4-4# 444# 2.# 7] 4###! 12,

4 #^4 ^44 14# #2# 4442, D, Di# TiCl4#7] ^ TIO2 

monomer-1 44:4 9 4 2 C, Ci# TiCLi*7] ^ TiOz monomer! H=#2.4 

4. (1)4 (2)41 RXN# #44#4 14 TiCLsl 1#*25 (-)7> dzl

# #44. (2)44 (3)41 v(x)5(x-x*Rr 444 #2# 442. H/(x,Cl,t)* 

#44 14 17} 4 ##2(growth rate)# #44.

2) 4##2, 444 #24 ##4^! #4 

TiC14l 4#4#1 4##2 4# 4 22444 &44 44 4# 4# 4 

#414. 44 4# Ti02 #41 #714# 1442.5. 2.44# #244 4# 

4 ^4. 444 44 444 42# 1444 12-4 #44 144 1441

3-7}?} #7} 57fl 442 °1 #4 4 4# 23.7]- 14 [2-7] classical nucleation 

theory# 4#4144# 4# 4# 111 #444-. 3.414 # 49-47]# 

TiOzl 4# #41 #7>24 441 4TIM# 4## 425 214. 4 44

4 #7> 44# 144 25 # Pratsinis #1 7>44 44 7} 14. # 49-414

# 44 7]#4 441 4444 ## 44# l*} 4*1 4944 #442

5 2A>"t *ji4 til]§.611 14 dimer* 14425 # 444. 444 4*4 

14 444 TiOz *7l *4 # 4# dimer* 4*44 4# 4444 145

-101-
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4 4 #44 #44 4 44-4 3.714 44# #4#7}# 44#4 ### # 

4 44-1- 444, 4# 444 ##4-4 #44 44 #4# #1944.

4-44 #3# monomer?]44 #4 #5. 433 344 # 44

v(x) 8(x-x*) = b\iCVm\ (4)

5. 3444. 444 6a# r44 #4 4 #5. free molecule regime6!] 4

1/6
6n = (^) (6/cT)vz p p^4 V^mi76 (5)

5. 44-44-. 4 #4 °1] 4 mi# monomer4 4 #4 4.

44 ##4 44 44-## #3#

Hr(x,Ci,t)=^-4( -^-j^CiCS-DJt^JTn 1 + -

-rr-.Kh2+1.016

-3h+l
(6)

5. 3.44# 4 4# ICnudsen number ICn4 4 44, # transition regime6!]

4 444-5-5. 4#€ # $14.

3) 2-te 4.4

44#34##4#4 #4 #4 4 33136)] 4# 4M # $14.

MkCr,t)= f xkn(x,r,t)dx (7)Vx*

4 7js]d]] s]sfl GDE44 4444 xk# #4-3 4444 444 x*6)]# #4 

#444 37]44 4 4# 4#44 345 444 4#44. 444 #44# 

4 34# 4 33.44 tfl-g-4 43 #44## 4 (6)44 3# 44 44 

Knudsen number4 4##5 44433 4* 3^3 4444 443# 1/Kn 

4 Taylor ##5 4 7]] 44 €44^4.

441 4 (7) 44 444 GDE4 44# 3te 444 # $14. 0, 1 2 45

444 GDE4# TiCU #44 Ti02 monomer44 44 4^44 4^44
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initial-value 40 4#U<0'7J435. f ^§44. 1# 444# 4 3244. 4°1 

initial-value problem stover*?! LSODE package'll 41 #°1 4##4 TiCLj, 

44 TiOz #71^-44 4##2, 471-3.71 #3#f4 0, 1, 24 £^E£l %& 

##4. 44# #4 4 32aHa1 Model 14 1 4f4 Model 2# 4 

# 4es41 #4 *944 441- 4541 f 2.14 #4# 45.44

4. 4#25 #4^f# 444 7>4 4-S-71 #4^4 ^14 ^#1^4 $04 

#54 &M4# 1^14, Model 14 Model 244 4# 44414 44# 4 

t)1 ^1 2.14 4-8-4# 4^414. 4-8-4 #4If 4 s4# 44444 4 

444 Table 3.61 444.

Table.3.6 Variation in process variables

Process variables Values

Reaction temperature(°K) 1173, 1273, 1373

Inlet TiCU concentrations(mol %) 0.05, 0.1, 0.5

Inlet O2 concentrations(mol %) 12.4, 37.3, 49.7

Carrier gas flow ratesO/min) 3, 4, 5

3. g e#

1) 441 4# 14

Fig. 3.281 A) Fig. 3.3344# 444 &# 241 A) 444 fill4 44 

# 44# #14 M (Model 1)35- 4# 44# 4 "gfl4 414 

(Model 2)35. 44 44 44# 41 414.

Fig. 3.281# 4 411 41 4-4 444 4## TiCb, Ti02 #44 

7>, A84 471-4 4##2* #4#1 41 34 3$14. #4#4 ##4 24
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14# #471471 444 tfl# 3LA]s>$4. 3L%*\]*\ 3# 44 41

TiCL,4 *3# 4-S-7] l#3 #4 4 1 cm e44^i *44 4344 Ti024 

#7] #3# 102 cm # 44433 44 *7}447} 4A] 43.4-1: 4 # 1 

14. »H l7}4 *3# ##4 *7}414. 34 6)l7i *14 4* Ti02 

#7] #34 <944 *3# ti]5LSi- 4 TiOz #7] #3<l] 44%4 444* 

10 2cm 4A1# monomer-4 4f^£7} #114# s' 4- $14. °1 4* #H 4 

14A1 l7}4#34] monomer4 *344# 3W3, 27] 44 44 1-5. 

4*» 4*4**33 4# 4 4443. 44. 44435. 4#4*

4-34144 Will 4441 44 444 434 monomer! #3# 035. 

#1*44. 344 4 3.4414 44 4# 44 4:4 444 344 4*7] 44 

444 71441 43.3s. monomer4 #3# 4 7} 44 #3<*H 444 4*3. 

#44-3 4w4 1*44. 471414 monomer4 4* 3 444 47}41 4^H

4# 4333 #4341 44714 1*3 #4 444 7!4414-71 44=4 44

3 4s- ^3S 4444. 44A1 4 monomer-4 #4# #44-3 4444 #. 

44 434 e °M# 41^33 44 #44* 344* *^4 314 4 

444 45-4 4444. 4 1*4 7] # monomer# 43 414 44 3 #4#

4443 4# #44 4433 13 34 43 &4 nll#4 #4 414 #4

# 43 43 3443 1## 4 4= 44.

Fig. 3.294# 44#4 44 41 #34# 07} 3#m4 14# 34 433 

#5fl 3#(Model 1)4 4 1#4 3#(Model 2)4# 43.44 34 444. 4
314A1 monomer# 47}4 44471 444 Model 27} H ^-# #3#- 3 

4# 4# 414 43 1444. 35-14 44] Model 247] 4144 monomer4 

#3* 17} #34] 444 44* °1 314 44 34 31 44# 34 1 

#441 317] 4# g#4. * &7]# 7i]443# 14471 11 ### 17}

4 *37} Model 14 34 61171 ^ cl 4443 1*# 4 # 14. °1 7}o]

# #3 monomer#34 14471 3# 333 314. Monomer! 4*3#
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4 # #, -3•# #°1] 4 Sfl 4-24# 4 #4 # 444 ##4# ## ### 

Ostwald ripening ## 23] # 4 4^# 44 #44 ##4 44 »}# w}#

#22 44 4 4422 n ^£5) e 427} 4 #-14. M 4 42# 44 
monomer #2# #4 022 7}#^ 44 Model 14## 4# 4444 42
4, 44## 42# e W44 ##4 4^4 42#44 #444 23H2
5. ##df27} 7^1-5)37 ^7} ^ #24 #27} Model 24 441 #2#7]?]] a

444 4# 4.
4 #4# 44 #4 Fig. 3.304 4##2#-t4 14 2#24## # al 

444 44 44# 244 &#4. 4# 4 444 Model 24 444 #1# 
# 4444 4#4 #• J2.1 7}o]4 monomer ^a- #4 444# 4##"44 

4 4# 4V4 444 a## 4#42 44. Fig. 3.314 424 2I24 plot4 
4# Model 14 44 Model 24 444 11 4# #2 a## 244. 2

4 2427} 444 #4-24 44SI## 4444 Model 244 444 444 

#427} 14 4# 44# 424# 4 44 4# Fig. 3.334 #444 4# 

442 44.

Fig. 3.324 3.334# 4# #4 4##2##4 4 242# 4#44 45 
444 43#24 a##4# 4#4 442 #4 ##4 427] 44 24 
444. 44 Fig. 3.3244 24 4# ##27} 4# Model 24 4#4 444 

4# 434 a# 24 #2 a4. Fig. 3.334 #e 444 31 44 Model 27} 

## a# ## 422 4444. # 2#4 44 44 444 44# 2# # 

2#4 4444 #4# T a4. # 444 #44 monomer2 #44 444 

#4 #4# 4# 4 Model 14 a4 4# 444 #44 4##a monomer #- 
44# 2 3.7] #2# ###4# 4#4 27]oil 444 4#4# #22 # 

4. 44 44 monomer# 42 4444 ### 2# # Model 24]## ##4 
#4 2 ### 4444 4# 4 ##24 #7} #4# #4# 4# #22 #
444. 4#7]4 #44# Model 2# 4#rl 5. #4 #7} self-preserving #2
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TiCI4 concentration

c 10

Ti02 concentration

1st moment

Axial distance

Fig. 3.28. Axial distribution of TiCI4,Ti02 
concentrations^/cm3) and 1st moment(model2) 

(Tin=11 73K,TW=11 73K,TiCl4=0.5mole%,02=49.75nnole%).
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Fig. 3.29. Axial distribution of average M0 
using model 1 and 2

(Tin=1173K,TW=1173K,TiCU=0.5mole%,02=49.75mole^).
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Fig. 3.30. Axial distribution of average M-, 
using model 1 and 2

(Tjn=1173K,TW= 11 73K,TiCl4=0.5mole%,d2=49.75mole%).
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Fig.3.31. Axial distribution of average M2 
using model 1 and 2

(Tjn= 11 73K,TW=1 1 73K,TiCl4=0.5mole%,02=49.75mole%).
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Fig. 3.32. Axial distribution of average particle 
diameter using model 1 and 2 

(Tin=1 1 73K,TW=11 73K,TiCI4=0.5mole%,02=49.75mole%).
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Fig.3.33. Axial distribution of geometric standard 
deviation using model 1 and 2 

(Tjn=1173K,TW=11 73K,TiCI4=0.5mole%,02=49.75mole%).
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4 1.4 %3 444 *1** 1 *

2) €"9 *444 tils.

Fig. 3.3433 Fig. 3.4344* ^ *** *#7l#5, TiCL,4 % #*7l 

44 *4*4, as) a 4# *5# **5 44 #14 444, Model 14-

Model 244 44 44:4 *4334 44# #4 #4 a 44-* tiia4$4.

13 Fig. 3.3444 51 *54 *7}7} 44 3.44 #7}5 4444. a34 

4* #3*44* 444* 44-44, 444 a45 445. 444 4-4-4: 4 

44 ti]3fl a.Til 4444. 47>4 &7l -*34* 3334 ##4 Ml s?14 
43 4 * 471-7} 3# 4=5 4#44^4, 4 4* 47}7} s}# 4= 4*4 7] 

544 447} $1* 4 3334 *** 45 a44* Model 24 4# 434 

Til* 444 *41 355 5.4 44. 4* 4# *57} *4 7}1 *#71 3
*440] g}a}4jl, 447} *#7l 4*43 *4#4=# monomer?} §1471*
3 47}* #* 344 43 34* *53 7}* 544 444 444 34s 

5 434* 444 4^3 14-13* *34=44. 43 H13 Model 1* #4

** a*455. *5* #7}7} #1* #444 4#* «} *5. *57} 4*

354 1* 4 e *7}# **4. 44355. a^33 5* 3334 ** 3 

4# a** Model 233 *5 #7}3 33 *7} 344 *41* 4 4= *4 

4* 444 *711* 45 35 *4** 4 * *4. **55 4*334 44 

* *4*44 a* o]a * 544 44* *44 44 *7}54 34# *# 

*4 4=*4#7l 3#3 45 454 447} ** 355 3*14. 44 *7}

4 34* 3333 534 3455 *47}* 4444, a34 4*45 * 

*7}** 51 *34 7H4 **7l 3*3*54 #* 4*3 444* 35

5 43 3* **7} #*4 434a $154[2-17] a 14# 513 4*# 

** *344 $1* &4. 4* *#714 *57} *4 # *# 14 47}54 
344 # 4 53 13# 34 4344, &3 7l#l 331 *#4 3 3*
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Fig.3.34. The effect of reaction temperature on average 
particle diameter using model 1 and 2 

(TiCI4=0.5mole^,02=49.75mole%).
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4 #4 4di3 4# 37} 44 4345 4# -2.54- 4^@# #55 5#4. # 
##4-44 #337} 5# *7}# 55, # 4 #4 44 557} 4#4 4 3.7)1 
4*4* 435. 544. 44 #44 *5# 4*37} 5* 5# 44454 
47>7> 44444 434 #544 1437}54 s] 444 #7} fs.s)s 4 

437}5# ^44 A] 45) 7] 3*34. Fig. 3.354 5*#7}* 5# Model 27} 
Model 14 44 444 ##43 *4# #4# 44 #4. 344 2434-57} 
4 4444* 544 444 4*4 4 *4* 44=44 444 14& 57]
* 4343 *4.

Fig. 3.3644 Fig. 3.39444 *4#4= 54* 54 444 #44 4 Model 

#44 #443 ### 54*3 34. 3^4 #4 #4 344* 344 4 

#, Model 2, ##4, Model 14 *7} 3. 4444. # Model 14 4* ##45 

4 344 3 37)7} #7)1 4443 44-34544 44-44 3^4445 4 

#4 34-34-4 37)54 43-7)* 44* 54** 435 54 3 4 #4 4 

4# 44# 7}t)1 44. Fig. 3.36, 374 TiCti# 54* monomer4 4#4=* 

#4 37}5 44# 7}#* *34* 444 3 3437)3 #7} # 37]*5 

4 ###-# ##5 537} b)]A} 444 44. Fig. 3.3844* ##7)4 #4* 

#4 *7>4# 4*444 #57} #344 34 457} 34#4* # ## 
#44-3 #4. 41 *54 54* 444* Fig. 3.394 ##344 4*. 4 

#=# Model 154* Model 244 4 #* 14* 544, 3 44=43 4* 3 

4344 54*7]# 3.4# *4334 #47} M * #4* 533 #4. 

34*54 5*#7}# 3 #4 55 Model 1, Model 2, ##4 *55 44#4. 

4#* 4 4# 3* 443 1444 3437}4 #4* 344# 331 ## 

** 3* 4 #4. #3)5 1437HA} 37} 37}554 #44 3*3 

(transition)* * #31 37}4 37] 47} 4# *7)] 33# #55 *4.

47] #4# #* 37)4 37}7} #3)43 3437}# #5# 4 54 #37} 

4- 4* 344 #43 4# 1437} 443 4* 34 13# 434 3*3
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Fig.3.35. The effect of reaction temperature on 
standard deviation using model 1 and 2 

(Tw= 1 1 73K,TiCl4=o.5rnole%).
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Fig.3.36. The effect of TiCI4 concentration on 
average particle diameter using model 1 and 

(Tw=11 73K,TiCl4=0.5mole^,02=49.75mole%).
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Fig.3.37. The effect of TiCI4 concentration on 
geometric standard deviation using model 1 and 2 

(Tw= 11 73K,TiCI4=0.5mole%,02=49.75mole%).
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Fig.3.38. The effect of volumetric flow rate on average 
particle diameter using model 1 and 2 

(Tin= 1 1 73K,TW= 11 73K,TiCI4=0.5mole%,02=49.75mole%).
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Fig.3.39. The effect of preheating temperature on 
average particle diameter using model 1 and 2 
(Tw= 11 73K,TiCI4=0.5mole%,02=49.75mole%).



°1 ^#4 a.44 44# M #4 # 3^-3. 44. 444 44^1)4
-€4 &4 ^44^3. ##4 #4# 3^3. 43*44 -€444 4=4444 3 

43-4 3# 44# €4# 4= a# 3-0-3. 44.



s 4 s 4##^# mm
}

m i w u m

^11 #44## #3- (cathode ray tube, Braun tube)-#- #4 ^ 4]#

44414 €&4 #41 #4 5413. 4#4#41, 44 4^44# 19934# 

4 #53. 4 2,500# 4453. ##44, ^ ^44# 44444 #44 44- 

## #445 4# 4# 44- #4 44 TV •=£ personal computer-4 44

# ###=4 #7}# 54#3 #44 mam 4 444 ^@*####13. 4

-§-4 a 4#44#4 544# #4#^# #4444, 44- m #4 ^#4 

##4 #7} s# 544 #7M % €44 444. 444 4# €4 4# 

## 4444 #4 #nfl ^ 4-0-4#4, 44 44444 #4

#44-4 4#4444# 57H 4% 3## 5&#3 #44.

44- 3# #54 554# 7>€ 4#44# 4 44## 412444 ## 

4 ##4 444 44 4|54#4, #5. 41#€5# #4 ### Monazite 

4 Bastnasite# 4444 €#4. zz.44 # 4#4 44€54# 7^z1j#

# #444 44#444 4 54445# 444 ###3. #44 4#t# 

4## #4#, #5.2:#, ####, #44 4 45(calcination)4 #"# 44 

#4# 714 4##4## 412:4^4 4$ 4.

m 2,m n ee

1. mm ^

### Lensmax-Z(##4)4# #-#a#(#)4M TV

34#34 44##414 4#42 4 # M3 44#4441# 4#444.
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Lensmax-Z-£] 4-§-€4 4-§-f 4 4*Br- Table 4.14 44^ 4

4 #4. Table 4.144 2^44 #4 Ce024 €443. 4-8-44 4

44 4444 €44 4^€ 44, Si024 4444 7^# 44&4A&4 

4 €47> 4^4 444 34 4^ ^7>4 €4* 4 t M4.

Table 4.1 Chemical compositions of cerium polishing powder Lenzmax-Z 

before & after using in Sam Sung Coming Co.

(unit : %)

^^^Component
Sample La203 Ce02 PreOn Nd203 Fe203 A1203 Si02

Lensmax-Z(before) 6.9 45.0 0. 8 2.2 1.1 6.6 9.3

Lensmax-Z(after) 4.6 26.4 . 0.26 1.3 0.9 9.9 25.4

nel3i s. Al-g-fl g^s} SE4 Table 4.24 44€ 4

4 #4.

Table 4.2 Chemical reagent used in the experiment

Reagent Name Chemical formula Grade Manufacturer

Cerium Oxide Ce02 C.P. Alfa Chemical Co.

Nitric Acid hno3 E.P. Junsei Chemical Co.

Sulfuric Acid h2so4 ff

Ammonium Sulfate (NH4)2S04 G.R. n

Hydrogen Peroxide h2o2 E.P. Oriental Chemical Co.

Sodium Hydroxide NaOH rr

Ammonium Hydroxide NHtOH G.R. //
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* %#4 XisUBS.# Fig 4.14 448 44 4* ##3# 4

#484. 4 #34 37l# 41 8.5 cm 4 *4 10 cm 5-4 ###44 # 

## 44 44 4444 *44 4-0-71# 4*483, oh 4**3 ^ 3 

44M 44 34471- #44 hot plate# 4#44 3#484. 35]jl 4 

44-0-4 til°1444, 44#4 434 44 44# 43# muffle furnace4 

4 *3484.
MEu*i£* 42:44si 1# 44# Ce02 » 4#4-0-341 43 8##4 

44 3# 44# 7MM 34444 M44#, 44 434 4# 44# 
144334 -0-sH## ^14444. 343 ##444 4# ^14#44^1»

mm# 444 si^E #dn ^ 4444 ##4 #e#4 ai2o3 4 sio2 ^## 

71144 #, 444 #4# 433444 #44^11# 44# 4444 4# 4 

4444. 4# 44 muffle furnace44 850°C3 244 43#3 444 4 

## 1# ^ ##3/1-44 3 44# #4484.

3. ^ ##5

^411 #44414 ##4 Ce02# #4433 4#4471 444 44 44 
4 Ce02* 4#33 444 44 #41 4## #4384. 44 4 #44# 
4*44* 4 #«H44 484.

(i) Geo, *H4

Ce02 lOgr# 4#34 43 #4#4 200ml * 7>4 * 444 44 28% 

H202 10ml # 1 71-44 444 #44* 3444. 4# 34444 4#* 

3 not44 844 #8 4*44 8* Ce02 #44 14# Fig 4.24 44 

*34 4*3 44484.

Fig 4.2 44 3# 44 #°1 48*34 *7>4 44 Ce02 *4#* #4
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O 4 0

1. Reactor
2. Thernoneter
3. Condenser
4. Hot plate
5. Magnet Ic bar

Fig.4.I. Schematic diagram of experimental apparatus.
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Cone, of H0SOA(Mole)

Fig.4.2. Effect of H2S04 concentration for Ce02 dissolution 
under reducing atmosphere.
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#7}4* 5.447} 8M H2SO4 4*44* 4 4*4 ME* #*

4 &* *#* 5-4£ $14. 4*4 445. 444 5.4 CeOz M4 44 

% *##£* 8M 45.4 *£3. 4444, 4# ME 4 4-4 &4 87%

45. 44 44 44 444 Ce024 -Ml# 4^14^ 4# Etiti SE4 47} 

7} A44# 4 4 44.

4KH 44 Ce02 M 4*4* 444 44 Ml# * $1*4, #*#4 

4 5.* 44 44 H202# 444 #4444 4 #4 £4 iiTcWtis. 4444 

4#44#4 ME* -§-447)1 4 #4# 4## 4 * $1514.

2CeC>2 + 3H2SO4 + H2O2 = Ce2(S04)3 + 4H20 + O2 t

zLBiJL ^#A]g}o_& #*4 #4* 7}44 Ce02# ME44£ * £47} 

3144, #4 tflAHl (NH4)2S04 7} M)4 44 H2S04 4#-§-4£5. Ce02# 

ME 4:2.7} 444.

(2) *# (NH4)2S04 Wo4

Fig. 4.3 * (NH4)2S04 lOgr 4 M4 44 4**4 200ml 4 Ce02 lOgr 

* 7}44 110°C44 M4#4, 444 *£ 44-7} Ce02 ME4 44# 4 

** 3*44 -l 44* 44# 444. 4«3 **4* 28% H202 #4

10ml * 4**43 4#*4*4 #7} 4444.

Fig. 4.3 44 ti}2} #01 44#£4 *7}4 44 Ce02 ME*# t!

4 4*4£3 #7}4* #** 44451*4, *#*£ 12M 44* 100% 

ME7} 4*4$4. 444 #43 4*4£4, 4#MM1 (NH4)2S044

#7}* Ce02 ME4 4* £4444* 4#* *514. 44 Ce02 ME* 

4*4 ** 44# 4*4£5. 44# * 51*4, Ce027} £44 £3 ME4 

4** 44 4*444 * * 51*44 *4 (NWzSO, #7}4| 44 4*4 
#44 7l#*4.[4-l]
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Cone, of H0SOA(Mole)

\
Fig.4.3. Effect of H2S04 concentration for Ce02 dissolution 

under adding (NH4)2S04 and reducing atmosphere.
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CeOz + 2H2SO4 - Ce(SC>4)2 + 2H2O 

Ce4+ + 2H2O2 = Ce3+ +2H20 + O2T 

662(804)3 + (NH4)2S04 = 2NH4Ce(S04)2
If ’

(3) 4 4* m.m$\ 24

ceo2 **ii #4# °i*# an #4 4211 *4 42*424 m
* 44*444 lOgr* (NH4)2S04 10gr°l *44 12M H2S04 *44

nor 414 24# *4 iz# ###224 ^#^4. °M M42 4-*4

28% H2O2 10ml* **#* * 4**312 47144^4.

■H5]uL ###4 *41 #*4 *** -xHr## Si02 ^ AI2O3 #* 317\#7l 

444 3484. ZL ## #4;*) **2-42.2*4 51*4 *#

4## •97] 444 *# 2.44 NaOH -§-4# 7>#jl a>£s. pH 3.00.5. & 

*4 4, 444 *47141* E-M2 4*4*28% H2O2 10ml* ### * 

7l#22# Ce(0H)44 4#4 44* *2#84.

431 4*2-4 #41 #7#}* Ce3+ * H2O2 *#414] °m Ce4+2 *## 

#4 Ce(0H)44 *44 *44 o] =.01^^1311, o]s. ti}-g-Ai 0.5 3:44.4 4#

4 *4.

Ce3+ + H2O2 = Ce4+ + 20H”

Ce4+ + 40H" = Ce(OH)4

#£*424 *5 *#41 4# **#* *4# **7141 4
4 4*41, **41 #** Table 4.3 * *#.[4-2]

Table 4.3 4 *##541 44* 4# 47f# 37>4 *4#*2# 44 4g

* pH 41 e #o]7> 444, *44 **7141 44*2. 4* 4#

4, 45. 01 aN* 4*44 42* 4# 42*42*4 *4# * 4

4. im# *4# #*441 4^4 *44 41 #**#*4 *4*(31# 4

4 4* 42* **#*2 ** **4)* 850°C 41 * 244*4 #2*22
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4 ### *§9)5. <344^4, °H 4r-§-4£ 4&4 ^4.

Ce(OH)4 = CeOz + 2H20

Table 4.3 Conditions for the formation of rare earth hydroxide according

to pH & atmosphere.

Atmosphere 
& Acidity

Hydroxide^^\^^ NOs" Cl' CHsCOO' S04:'

La(OH)3 7.82 8.03 7.93 7.41

Ce(OH)3 7.6 7.41 7.77 7.35

Ce(OH)4 3.5 3.5 2.96 2.75

Pr(OH)3 7.35 7.05 7.66 7.17

Nd(OH)3 7.31 7.02 7.59 6.95

Sm(OH)3 6.92 6.83 7.40 6.70

Eu(OH)3 6.82 - 7.18 6.68

Gd(OH)3 6.83 - 7.10 6.75

Er(OH)3 6.96 - 6.59 6.50

Tm(OH)3 6.40 - 6.53 6.21

Yb(OH)3 6.30 6.50 6.18

Lu(OH)3 6.30 - 6.46 6.18

Y(OH)3 6.95 6.78 6.83 6.83

SM 4## ^-4 3)4^ -S-3-g- 444 <344 4#4##4 54 £ Table 4.4 

4 Table 4.4 44 5.^44 4 #€54 #444^ 5€4 444

4 ^4 4^- €57} 4-^4 3£#4 4-4# 4 ^ 444.

nelai 4 4 #4445.^4 ^43)4" #44 44 454 4#€4#4 # 

4# 72% 7|£01^37 3]^i-4, 88% 45.4 4# 455. &4-4%#4, 44

#6 455. 4 #4 54 JL^A)f-344 54 €55. 4 #4-7] €444# #
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1 # 4 H4# #17> 41444 1: 3 6.3. ##44-.

Table 4.4 Chemical compositions of prepared CeOa from the waste 

abraisive ceria.

(Unit : %)

Components Ce02 LazOs PreOn NdgOs FezOs AI2O3 SiOz

Content(%) 71.55 5.75 0.47 2.24 0.073 0.16 0.18

3 # 22.4-4-42= umm*\m

1.1

K#1 54-4-4H *]e) 44 §## #1 ###4 4# £M
4l#H4-#l 4-§-4^l4. 547>4£l 200gr4 50% NaOH 14 800ml

* 71-44 4:115 140°C44 44#!#: 4444 W}°1^ mud#

14### 800ml #5. ##4-2. 4414-. #44 441-4 10N HC1 300ml

# 7>4-4 4144 44-44 4# 4£#141 #14. ## 4£#1°-H 

#44-1 U 4 Th# 144-1£ 44471# 4-#, #44 144 KMn04# 

14-4£ 4714-4 1414 37> 1415. #441 41 #1 47>5 14-442 

NH4OH5 pH# 544-4 Ce(OH)4 144 4#1 ##4-. 44-41 441 

#25 #44 54-44£ HI# 7il#H#ll 45.5 414424, 2 

4#1 Table 4.5 4 44.

Table 4.5 44 5144 44 4#4#1 #11 50% 4 54 2, 4-441
714- #£#4- KMn04£ 141 1#44 1#4 14114 411# 42
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3. 245)^4. =LZ)l1 4|#f4:4# 3]3A] ^]44 7lBj- s|£^3

7} 4-44= 3#4 433 4 #4 34, pH 344 44 4#e#4#4 #4 

S|## 4:444 ## 433 4:4484.

ZL^3 s. ^1^611^^ SSfctb Table 4.2 4 444 44 #44 @#4 #

tea" 7}4 g^## 4#484-

Table 4.5 Chemical compositions of cerium hydroxide obtained by 

monazite treatment.

(Unit : %)

Components Ce02 La203 PreOn Nd203 y2o3 A1203

Content 50.05 5.94 1.83 6.40 0.52 0.11

Components CaO Fe203 MgO MnO Si02 Ti02

Content 0.39 0.12 0.03 8.38 0.24 0.02

2. ^

^ %#44 4# 4 lu^tb Fig 4.1-2] 4^] 4 muffle furnace#

4 #484.
4444 4##44#(34443 44#") 10gr# 44 44 

33 -%-n 4 4 4444 NH4NO3* 7>s>3 wm4 ^4 ^444. 44 

44433 4444 (NH4)2Ce(N03)6 • 3H20 4 3444 444 444^4, 

4 -g-4# 844 44# 44 44 444 ##, jm#, m,

M ^ 4»fF# l@^S44. 4444 4444 444 44# 850 "C 

44 2A]4 #4 muffle furnace6!]4 4344 4] #44# #4# 4#4.

#1
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A'-

W24442 mum#)# #*H4 i#, 141

4#1 47} 4## NH4NO3 4 4#44 #4)27} 1# ammonium 

cerium nitrate [(NH^eGSTC^e • 3H20] SShbb# 44122 114

4.C4-30] »H 4# 42#121-# 4 #442 #7#}#^, #Afl

4 114 4-1# 44-44 pnp^7> ## 4##### 4# # 44. # 4 

444# 45. 441# 44# 4#44 5:4122 4#44## #2.4 4 

14.

(1) ^m#&4 ##

4##44#(24142 #4#) lOgr# 1#&4 ^2 #4 100ml# 7> 

4# 80"c 44 24 4#4 24 #444, 444 #2 447} 4##44# 

4 #44 44# "34# Fig. 4.44 444$4. Fig. 4.4 44 2#44 1 

4 14#24 #7>4 44 24441= #4#4 4##44#4 #4## 4 
# 44 #244 #44 #7}4# 14# 2447}, 3M HN03 444 #2 

44# #4#4 #7}?} #44# 44* 4442 14. ^2 8M HN03 

44 24442 #4#4 44 100% #6D4# 142 4#4 24, 2 44 

4. #2 #7}# #444 422 4444. 244 4## #44 

[(NH4)2Ce(N03)6 • 3H20] 11 142 4##27} # if, 441444 #4 

44 ##27} 1# 41# 4##7] 4#4, cone. HN03 25ml2 80°C44 

1044 414 #444 #444 114# #44# 14 4 4444 14 
4. 14422 A#7K#lb## 444 #t!1 #^4# 122 144 I24, 

24142 f 4#1 11 ##44#4 1#, 1414 #24# #47} 4#4 

14# 41# 4#44#4 #47} #444 Si# 14 44-1^7} 4## 

4#44 1# 14 41# 122 IM4. 144 44 4##44#4 

#*H 4### 144 14 #44 # 14.
Ce(OH)4 + 4HN03 = Ce(N03)4 + 4H20

»rr?= f- ?rryrr^rr--,-->: x-----
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Cone, of HNOo(Mole)

Fig.4.4. Effect of HNOg concentration for Cerium hydroxide 
obtained by monazite treatment.



(2) mm# NH4NO3 man#4 44# %m
4#44## ###£ 4###4# lOgri 25ml cone. HN03

# 7}sM SO’c^lH -&n*}5L, 44 4444 NH4NO3* 47}44 44444 

4#, £44 444## 44 S 4#4A&4 31S4-314.4&4.

Table 4.6# 444 #44 4^4 44 14 #4444 4^44, 

NH4NO3 47>4iM 447> ##4 &44 44# £4# 444 444.

Table 4.6 Chemical compositions of crystallized product obtained by 

adding NH4NO3 through 1st stage-crystallization.

(Unit : %)

Elements
Eqv. aP\ 
NH4NO3

Ce02 La202 PreOn NdaOs Y2O3 MnO A1202 Fe2Os

1.0 (5.0gr) 53.3 8.1 1.5 4.6 0.17 3.1 1.7 0.94

1.5 (7.5gr) 53.4 7.6 1.6 5.5 0.26 5.1 1.7 0.95

2.0 (lOgr) 57.1 8.9 1.4 4.5 0.11 2.9 2.1 0.92

Table 4.644 iL#44 #4 Ce024 44# 44&4 444 NH4NO3 4

7> 444 47>4 44 44 #7>4# 44# £4-2. &£4, 4# 4 £#4

£ 4 ###4##4 44 44# 444 444 £4. #4444 44# 

4m## 444 ### 7>4 44 4#4 44 444 4££4, 4

4-4# 44-# 444 444^44.

44-4# 445. 4 #4 £4 NH4NO3 47M 44 4 444 #444

(fractional crystallization)-5-3. 4#4## £4444 #44# 4# 44# 

n, # 4 31#4 Ce02# £71 444# 444£ 444-7]- 4#444= 4 4 

44.

4##44## 44£m #sfl4 4#, £44 #44 NH4NO3# 7>44
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#44 4^44441 4#4# 4414 3M-.

Ce(N03)4 + 2NH4NO3 + 3H20 = (NH4)2Ce(N03)6 • 3H20

ne]jL #44 44 444 4 44 4#44# 4^

(calcination) 4#4# 4#4 #4.

(NH4)2Ce(N03)e * 3H20 = Ce02 + 2NHs + 3N20s + 4H20

(3) ^]#^bhhmm mmm 44# ##
444^4 2\n*\ 4#m#m# 4s# nh^nos #;m# 2##

(lOgr)^-S. 3.443., 44 4444 4# 4#4 #4#

Table 4.74 44444.

Table 4.7 Chemical compositions of crystallized product obtained by

adding NH4NO3 through multistage-crystallization.

(Unit : %)

Elements
Ce02 La203 PreOn Nd203 Y2Os MnO A1203 Fe^s

Stage of 
crystallization

1 57.1 8.9 1.4 4.5 0.11 2.9 2.1 0.94

2 60.3 5.8 0.8 3.1 0.08 2.5 2.2 0.52

3 77.1 3.5 0.46 1.9 0.06 2.0 1.8 0.27

Table 4.7 44 S.#44 #4 Ce024 44# #4*9 4444^r7> 444

4 44 7114*114 #44^4, 4# 45.# 4 #4# 45#4 44# 5 

44 4^4# 44# 44^44.

444# 445- 4#4S-4 NH4NO3 ^7>4 44 (NH4)2Ce(N03)6 • 3H20
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4445s. ^BBB{b7> 4144, *i]44 51 4511 444 1
$14 4H#ii 4&# i $14. 44 aeamimM- #444 4

1-441-4 #4# 4444 4 $154, 44 41-444 4444 -2-44 4 

5453. #44 BM1 2444 m^ibB%# 44444 44. 444 

444 444 44& 444.444 41441-4 144 78%4$14.
444 4&41 445. 41414 4 41W#m 4 411441(54 

7}45 SS4 @Um#)5#El 4# 4414 luS64 444 444 4 
14^44, 4##-fb#4 a,#4 14 goES

4144 4144 4144444 AES.#: 4#m<b#4 SiS4
414 344.
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5 ]#

i 444^1# mu # mtm ±m mitMTiCh, ai2o3) s

SdbE m<b#(CeOz)4 2?M 4123. OH tfli B## pg^s>3L^>

414/441 mm&#m#4 4# 4^i w%s\ mmfr

4#4 #4.

i. mam mm9?%

i) mm
5#11# #44 -ti-^7>>il- 714MH l#Al4 <y7>37]7> 0.1 4 2# 

(100nm)411 &41 5#11# #1# 4 2 a] <g*>EL7l, IMS. 2l 1 

1#1# 2^44 1441 1 ^41# &41 #14 4& #7} A)47H

% 44 7>4 11# #^14 4#4 11 14# i$&4.

(1) T1CI4-H2O 1#444 241 T1O2 #1 TflSA] H2OS] ^£7> #7} #

4 44 24^ #14 WMh.717> 19nm44 44 $2, 3.7]

#i# 1-54 44# l# 1 4" 114. 4^1 #4 34*9 #4 1

4 #1^94 ##4 S]JL 54%4 #14 45=]# 1 f 444.

(2) T1CI4-O2-H2O l-g-444 241 TiOz#l All2A] m 44-2:444 

H2O4- TiCL,4 1-47> #7|-44 44 4943 144 Wl7>H7l7> I9nm44 

12113, 37)^5. ml 41 511 114 45 414. 4^91 114 1 
4^ 14 14 1114 2/94 44 28% 1 114 42 414. 441 14- 

214 T1CI4-O2-H2O 11444 241 111 4211 14 TiCU-HzO 1 

1444 111 4211 124 4-3 511 &41 111 42 1 1 11 

111 114. 21 111 2144 11114 #2# 2.0 mole% 44 

#71-442 &41 111 421 # 1# #21 14# 1 # 114.
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(3) #### 3444 iStifll #7]# 4-W4 TiCl4-Air-H20 4#444 
&41 #1 4s *1# #=344 T1CI4-O2-H2O 4#444 8# 444- # 
44 44# 884. £t 444 si 4 4 4##14 #s# 24s. #7}4
47>H7l7> 444 &3 4444 4 S44 #44 4444 24s #7}4# 

#34 44# 444.
(4) AI2Q34S 444 4S# 4#433. #444 4##14 #s 44 8 

4*414 444 44 44# #4484. 4##14 #S7> *7> 44 44 
441 #44 443.717> I5nm44 35nm44 #7>483, 4*414 IS* 

4 44 #44 11^4 #44 4 a44 y4 #444 #1# 4s 4# 8
84.

2) mmi A##ib#4 SMSI
&44 #44 5844# 4#444 S#433. 14443 #1*4# s 

444 14 S4#41 5448 #4# #44 44 4#4 4## 884.

(1) s44 444444 #8# butanols autoclave# 4 #44 esterfication

44 s#4s 5.44444# #5348-9-4 S#4 444 #44 #84.

(2) #7]# 544444 isopropyl tristearyl titanate, methyltrichlorosilane 4 

stearic acid 4 #7] #4 4 hexane, ethanol, toluene, acetone # benzene # 4 

#484. S44 T1O2 #4# #8 Degussaf±l 4#4 P25 4 # 4#44 

4s4 4# 4#44 #44 14 4#4 1# 14# 484.

7>. #7l #44 5 wt%l 54444# 4-#4# 14 54444 834 1 

4# 4483 3.44 44# 34 4 44* #44#4 414 34 14 4 

&#4484. 544444 #£7> 5wt% S4 ## 4# l#4sl *7>5 

444-3, 13: • ## ^ 54441 #1# 444# 4 414 143 144
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483 43143171- #4# 34-s. #%4.

4. methanol# 4# 4 ###2 4 41 # 5# 4 4^1 # hexane #

#41412 4#4, 4# #^H4l24 #2# ?^H]£ #942 424 ## 4#

#2# 44^4. 2#4 5#4#^2 stearic acid# 4#44# ##424 

acetone# hexane# 4## 4] 2.# 4# ###2. 4# 44^4.

4. # #944 4 2# &4# TiOz #4# TTS, silane 4 stearic acidS. 

5# 4# # 42 44# 24 #4 44 ###2 #4 3M P254 1# 3# 

# 2#4. 5£4 44 5#444 &4##1# IR#44 1# 44# #14.

4. s4 4 4444 4# 2#4 5# 4 4 # 4 4444 ##4 #4# 54 
444 # silane# hexane4 5wt%2 #444 2##444, 44 #=2# # 

100% #441# 444 #2 #444 4#4 444# 4# 4# 4# 4.

3) mm. ±mmn 2.#

##2 ##44# 44 4# 4444 2.1, 4 714 ##4444 TiCL, 4 

44#4 4# TiOz 2:4#44 444 444 4# 2.## 4# 4#4 #4 

4444 444 #2.4 ## #4# #41 2444 Model 2# 4442 2# 

4 442# #444 4#4 4# 4## #14.

(1) Model 24 4#4 Model 14 4#4 4# 44 44# ##4#24 4# 

monomer4 #4# 4444 #444 #44 ##444 44## M4.

(2) 44 Model 24 ## 44# #44 27] ##2» #4 ##444 44
4 ###-# 24 ^#4.

(3) 141444 44#424 4422 7}# 44 14# ##4 #44 4 

44# 422 2#4. 4# 9- #4 44 24 M4 #4 49-4 #4 4# 

44# 4 41 #444 4# 14414.

(4) TiCh4 #2, 4##27} #4 444 ### ^#24, 4##4 41#

—139—
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3* 94 *94 e 9*4 994.

(5) 94-94494 4 99 94 9* 3944 # 99-4- 4* 99 9:4 #

#4 * e 994 ##0,1 tii^fl ui# ^Tii 944 9999 a.99 **3*

9349* nil 7H## 933 399.

2. #m ESSJ* 9|#m<b% EBE28

* E2594* 4 4#E#m 4 4#2Km<b#(2.4^Mm 44 §### #

Em, @mi® 4 ^m&ib m#44 mm#j mm-* ^49 4*, 4#

43*334 iE&ft 4*9-4#* EB4* 39## E5%#^44 4*9 9 

* ##%# 994.

1) GeOz lOgr # (NH^SO, lOgr 9 *49 12M H2S04 9#*4 200ml 

4 93 EfeQz 10ml # 7leM 110 °C 44 9*494 4*94#* 44 100% 

-#-4494.

2) Ce02 -§-44 4&*99 *99 2S^.s 44#944* 9# 449, 4 

4*944 #4 9£*93** 4** -§-4494.

3) 44*9444 1144 949 -§-4* pH 3.0 .2-3. 3943, 44-7113 

H202 # 444 449 99*# 4944 *4 72%4 Ce02 9*4 9494. 
44 44*4443*4 Ce02 4#** 88% 494.

4) 4#=r44#(3444E **#) 10gr4 Cone. HN03 25ml* 7>94 80C 

44 10*9 9*449 711**94#* 494 *4494.

5) 4**44*4 9*94- 949 *433*4 4*93* 499 944 
(NH4)2Ce('so4)6*3H20 4*4, NH4NO3 9 7}** 2**4 49494.



6) ^3# 2)^7} Ce02 4 #4]^

^.4, ^5)^ 3## M4. <>H 42]S] 434 43& 3
43 ^43 CeOz 2] #4^ 78%e>]^4.
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