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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 pérticle 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 powder(TiOs,
Al:O3) 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 1éss than 100nm 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 TiCl-O; system. Ultrafine TiO; 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 Oz 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 Al:O3
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powder having 10nm in particle size are also prepared. Pure anatase, anatase
and rutile mixture, and pure rutile phase TiO; powders were produced by
the variation of reaction temperature and composition of feeding gas. '

The dispersion of ultrafine TiO; 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 discrepanciés between model
prediction and data, Such, discrepancies were due to some simplified
assumption. y |

The content of this yeai— 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 TiCli-H20 reaction system, as the concentration of H;O increased,
a‘verage particle size became more smaller than TiCl,—-O; system, but
particle size distribution was not uniform. In the case of TiCly-Oz-H:0
system, as the conce,ntraﬁon of H;O increased, change in average particle
size showed same resﬁlts as TiCl4-H20 system, but paﬂ:icle_ size distribution
was more uniform than that system. In the TiCli-Air-Hz0O system, as the
concentration of H20 increased, change in average nparticle size and
distribution became same as TiCli-O;-H;0 system. Ultrafine particles could
be prepared even higher concentration of TiCly aﬁd lower gas flowrate
compared to TiCL-0O; system in the TiCl,-Air-H,O system. '

Ultrafine AlO3 powders also prepared with the change of concentration

and gas flowrate. As the concentration of AICl; increased, particle size

iii

. -




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

Experiments on fhe treatment of surface characteristics of ultrafine TiO»
poWders \;veré investigated wusing esterfication and surface ftreating
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 disbersion 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 fhat 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 resuits 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, ceﬁum 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

(NH4)2SO4 as additive. H2O; was used as reductant of cerium ion. 10 gr of

.CeOz was dissolved completely at 110 °C in 200 ml of 12M H,SO, solution

in which 10 gr of (NH4):SOs was dissolved and 10 ml of 28% H:0: 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 H20; as oxidant. Purity of CeO; in the
precipitate was 72%, and the recovery of CeO; 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 conc. HNO;
solution at 80 °C. Ten minutes was sufficient for the dissolution. Cerium
double salts, (NH4):Ce(S04)s.3H0 was crystallized in the leach liquor of the
cerium hydroxide by addition of two equivalents of NHNOs; 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 CeO; through

four times recrystallization was 78%.
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1. AT &5k BER

1) 8=

BENTFE O *&"“-‘4’7‘4"] Z7 9 mEAHE g3 & dAES F4y
23t 54 95ty s A £ e Aol ol 2EL FAST = BF

U SFER RHY ﬁzﬁﬂrzgg Bt ghEo] Atk B AP A=sta gl
t F£54E9 F79 AFNAE Alole KE 3 2uPEDY AZE o
9] YFd) &£}k xug o4 HElE £ ARy A$E B di9 o4t
eElEEe]l AdEEY g4t 18Uy 2AsCA KBAHE EA53 o]
A EEHES BEEHol v8r)e iR exrEg R 7] wEd B A
o 474 =2 4+ QA B o] BeaFe] el YAty A& FEAS 9

o 22EH ARty Aol o]Fo] XA HE Rolth F YA AAHH AFH
FL& g FEE F AvH2-1.2]

(1) SBEERE 13 BEXoTFu BT &K
(2) BfEF Jelol <3 B9l 4R (nucleation)
3B) ez HEH NTF=29 BRE

Fig. 219& °l8id ZnPxe ARAF L vehiieh. qeo ZAAAL
A EES BELR v 2 & I SF(condensation)o|F 3] FHI
HAZA FAsA 13 AU A7 AEstE A7 Ate AL 2l
3 ¥R(coagulation)o] et °o|FA Aue YE7Y A2 FESHY & & 94
A7t HE 4%e TIT $IFFE A brE YA ol FE Aol mAL




(1) Generetion of Atoms by Chemicol Reoction
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(3) Growth by Coeguletion and Condensation
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Fig.2.1. Generation and gqrowth of ultrafine particles.
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AR tio)] we}l FEARE gAY 2ol 2R & 44 GRAE 7E &
3 & (coalescence)’t o|FAAAN 25 EFEEN WEY FIFY
AE B=y 139 FeE 4AV 7HAE 524 (dentity)E ZHE MR
YA GEd voidE M Er)4 7 (fractal) SAXE TEA

Zu]PAE A% o558 (mobility) & FR k. weld olBo £ ¢
AH(coarse particle)E-& THE wWoe G A9 HAFL 059 o|FEFE
AR giE “-4“1 sidx & 5 o oldE 2L gAY AF 2 olF
Aol dste o3 Zol AHBEuz .

2) ¥ B’k
AR AFAAH o|FHAAL A &) fslie dAA Bo] ARHI JUE
JAEEXIHSE nxrt)dxS gotol g AEEETFF nxrt)dx & 9A 1, Al
b ol Aol x9 x + dxAtoldl e JAES] FE, BF FEEEREAS
/29 %3], number concentration)E UERhE RAL2A AEEEXFSF T
2 4R AF Y ¥z3hF 5@ A3hE FA A7) wet 4 F
glo} o] shtel T4 EE BEE FIL JE Aoth T2 AR A4
T 3% &3 e AWEr. 4

(1) BER

AA7E HE I F71¢2 bulkd] FUIGES dRtFHoR Yn, o|FEFL I
A7t Zold £ WS Fygel Yehted 2 FAE vElE 4] b9
Kelvin(®& Thomson-Gibb)¢] 4]e]tt.

P 4M
In Poo(T) ORTd (2)

q71A P Z717F dQ! €A F71Y, Poo(T)= FE(d)o] = FHA A 9]
Z71HEF Edl= bukdlAY F71)2 71E171Y re 4AE olF= Ed




EAAE, M& 25329 2R, pe AE, TE I BA9 FHe 223 &
T A g FI1EAY $52 bukdE Y] AS o oHYAR S
714 A2 $F5L HYo] EAA g & ¥TH FI¥3}E5 87
o] Ak AA ¢ FEIEE AR H2EF, F YA §EE FHoe
T8 ARy, YA Sxo] Ui o] FBE o8 A Y 2
< X8 o]E ol2d o]|&¢] i ZZ YR £EE Tt B A
4 2 #HE Fe AL FL RE FE A Ao 10079 Hols} = Ao &
A o] old] dF o8 FYe] duly e RAAJ/E & W Fu
At} olFdlA HAZE e#Hm @AY & o]&°] Volmer, Becker 131
Doring®] /M&& 49] “classical theory”2 °o|RL $4 79 FFEAd s
AYoz AP A3 5% o9 AP wg sPo] LA gH2-3]. o
o]el o&H AT wEo A= Y ¥E, F YPY =T &

=2 [ gy o) | L] oo - st ©

o2 FANFHY gA Zled AAY FALIE S #d we} IA FHEE F
AZ = Aok @A P F/EY, mvmeS S7124] 23, ¥9 a¥x
Nm< 71249 FFEE 7t E Kelving 48 o233 o] #ysia
REHE SA FoiAE Y9 27 T TE F A

oo
PRT1nS

(4)

A4 EdA B FEEEI AZFE AAHE 9 277t FolAm PyA
4 EE F Y9 AFe FEE ¢ F Atk ASAA 71 i g4
< F7IEAE] WANdAN FHx3Eo] P9 Aoz AP AAFHE Ao
X F7IEAS ¥ 2L ERAE FAHY Yv FSolth ol e HAA
WS #H— Z4pi(homogeneous nucleation)o]Zt £24 o|gt= g iy




— 4B (heterogeneous nucleation)# A% At ol& ojv] EAE F-Y
(foreign nuclei)dl F718A7 $5389 o] YAHE A= A2 U2 24
S MR FEHo & w=E Ao ojus FEE Alole AFe O &
o] A%e F7 sz FY AN ALE g8 2 7] F(mechanism)7}
2EHAA HiEd ol dig dFE &3] c]FAa Y} AFTFFE AT
Agl Yol nlgtrle]A 2ASE NaCl 8, 283 g T& £FA9 HA
(radiation)2 2 AAA & ti71F9 ol Fo] d7]Hd EAste g7y o

EFHQ). dolth '

(2) #& #&(condensation)

o] 919 WRASZRE g TS0 AW JAEA JEHA HE AQH
ojij #-¥] QA olF o2 AFAsA drh AFAHAR FAAE dA] FE
JE F7 = 9AU £271 s EA FEIY 7€ 4 =& 31H
AAE 47 AZAIE Aol $5FAA)TE & F Aok o9 FL FHFHAAL
FAEY €43 FAN 53 49A9 BEe &5 AUl g dof
YA BF o889 FEFANA FA Ve 2L 2AgA FAY =7
i "“‘*3] zto “i FAEY $F4 9% JERE 49 W8 &= o
=3 2t

s 2 gmtatent) ) (5)
at ax

AN s AREEY B2 BE

_ m(6x/pm)% °Dappve  Poo ,1.333 + 0.71(d2)
¢(’x,t) = " A L ar Fy, ) (8)

2 FA =Y Dme B2 FAAF ope 4Ae] Bxo)3 P T o=
ARAA F2 oA AANAN s= AR AN ke Fro 69 B




Z7t (+) o|F §Fo], (-) ol F&o] dojutA En.

(3) & #(coagulation)

HAFe PRt FEAA 71U AR AL olFE AA
el A gAe] FEol dojur] A AUeEe BE
F Fa% ado] "t} o]Yd o] BFEHE $AEL == &
9 AsFgo] old FIFE HA £ Jth. dFHoz FIEE ALt
1/2b(x1,x2)n(xatin(xer,t)2 BHA = blxixz)= 2Fl &4 x1x29 F
AzF Atelel $HAFE sy 1/20]F AT xi-x29 FESFlY
x2-x19 FESHOIY EF 2L 4oz FHFS] Aol bxixz)E
Fuchsell 93 thg-3 Zo| oAt

blx1,x2) = @) 3@/0x) 312 + x2¥3)(D1 + D28 (7)

o] 4ol4 Dy , Dz & $HSE 2 QA9 F4 AFE Vehm pE e
2o,
1

) 8
d {1+4 (D + DZ)(V12 " V22)/(X11/3 . x21/3) (8)

4714 Ve 4Re £58 Uit BEd §3F oYdE TR Atel A
z3go] EAFTL & EH FAER 9 Van der Waals¥ o] & A A4
FAHez vYehie g3 A7t Astg "He Zgde A7FA {, AVE
g ZA718A JEo] 2 E & ok BEe L4 o= 48 A A4
2o EAANdE 2 ARE B 93 BAAAE =Yt $JASF
ol F3t4 Ae-gith Q) B SHAL WP fe Rolx o EdFE
Van der Waals #-& ‘57‘] 533 W3de] Qe Reol oty °]9]- 2ol &3
9] Wgko] i P 7P dAYA EXNYE S T AL FEL KA
T Agde ¥ A7 fleyd nAdAR B 2ol &3 —‘?‘-°ﬂE A7 254




JYe 4R B8 47 AErt 3 SAA L FAE 2HFHA 9%
e 20 WPl A L4 AME randomP FEjel 2PAS wEC.
= 3YANY B mofm oFUA T random3 HF & YoiNE TR st
7S REe wET. 9E wEHe) gE SRR FERE $AAE 4
A LAAE ¥ ,.rmﬂ. £33 9% Aol AR o8 o5 YRS wAol
ol2old AEolA S7o] Yojupw &A FMY LAY WAL XA @
o},

230 98 YERE P4 Azte] e WSEEE e 2o AW,

an(x,r,t) I
_— nllb. b(x’,x-x")n(x’,r, t)n(x-x",r, t)dx
ot 2 e
o )
— % b(x’,x)n(x’,r, t)n(x,r, t)dx’ (9)
4714 $del RWA Be B TYA SAs AT xd YAE A4
T Foln T F& 4y AF xA AL e A FER AFF
=

43 dae AR FEEE WHEA 931 89X R ZsiHe] 433
£ gxdxdE g8 YA FE “kﬁ ARl 437 ¥A Lejurh,
HE QxS 227 4% BEY AR50 S$Eud o8] HgsmE 2 B4
=7 3A WA et $3d 9% %o:z_m PAEE o BEER
27 ¥d F= 542 gz eHA QAo

3) BEETFS W

RE 239 2uYAE ¢4 J1eP 7RI BN 54 B ol o
9 #54 54 BEF S BIFE ¢ 5 Uk F olg 22 Ao B
o ZFYAE A4, 4, TR, LBSHEH Qo) 5ol 2Pt
WA F FAG dA o) EAS olFs HE oF A oFE BA




7 ZY8= AL A doln zrPRe AR A3 ELd 919
T3 FA49 71 82 KnudsenF8 & 4 o). KnudsenFTE AR}
o BFE AFIEWS 4R =Z7)9 vz FodEn. ZogRe a2 =77t
ofF 2 AolBrZ o] $¢] ko] ul-¢ ARt ol n& URte] A7)} vlm
A Z uEA BEE I ol ZAgde o] 7t HF ol A Aol o714
AR} 2L HFE5FEL free-molecule regimedl Yot st FAeo] ALE
continuum regime®] T+ FE 3T}, continuum regime $E]So] E3F
NG FAA4 OFR e 99 JHEA 29 A goy
free-molecule regimed A= ZuPA SUsIE miAle ER e nlIAsAR
23 & A9 shUzEA A doh mgtA o] Z9¢) YRk ulA R A
L, F QA oFELE AFTE 9 JAEAY B ELE ¥E He
g FAHE =22 4 U0 28 2eEAE ZFE S e g
free-molecule regime® 2% ¥ HXA}HO 2 continuum regimeS Z o] P-L 317
"o}, o471 F regimeAleld] gape WFE 99L transition regimeol}
H23 o] F7F 99L clgFozt o7 nge FYoly] fid o3 F
regime®] U4te] 93 Zg4 who] EAFE mEoltk. F717t 1719k 20Tl A
ZHAE AFF2M)9 kel 0.066umel A& A xudAe #5373 4%
HA o HJFHE-L o] transition regimed| A HW7] W&o o] regimeol] ™3+
o8& AU AAHYE ulhAY fFH FFol Ui olsx gyis A
ol

zu|PAe] A &N FFEFL ZAS}E Aoz 0y 4t
(diffusion), @% & (thermophoresis)&& & 4 Uvh ZvPAe F4de Ax
o] Betd %9 ZAR=Z A5t gAY F=I & AYdA =t ¥
Agdez A9 o]FILE UEE RAoln 49%F FFL ARV HAd)
FAE 2= THi7h Qe oW 29 wE B2 2% FA @& 2% Koz
o] Fste S T3 olHd FFEAALY AFEAYL AEL AFFY YAA
A4 2 AZRd Ad BE4A JeE A




2. RO RE

d9tyos 43 wed o3 Ax JtEd 2uE F4 AFEL VL
A B4 AZE(TIO;, AlOs, SiOs;, FexOs ZrO; Zn0; MgO)e]l Ut} o] 5 &
AFolA AEAZ AP TiO% ALOsE ARste W&4e a7 2.

TiCl(g) + Ox(g) — TiOx(s) + 2Clx(g)
4AICI(g) + 30.(g) — 2AlL0s(s) + 6Cla(g)

TiCL9) AR3NHE- £=4)8 gahikg $E402 7= n[2-4] ¥e&

= A54e og3 2
k = 826 x 10 exp(-E/RT)s™, E = 838.8 kJ/mol

AlCls9] Arzhubgo] tigh whg-& =L ola d3A QX gt

E A7 dAEdzs 43T FSEIE(TICL, AlCk)S] 4t4ohe] vk
3 Gibb's AFoluix] @3lgh, W84 2 FFGge] did deleH2-5171
Table 21 ¢ FEAHC] itk & dFolA gAER2 AT FEARESES
AANHe=2 800 - 1400 °K WA Gibb's AFuA W3t el F
(negative)d] e 7HAEZ Ag¥Fos Wgo F AP 4 Yk

Table 2.1. Thermodynamic data on the formation of TiOz and AlLOs .

1) TiCly + O — TiO; + 2Cl

Temperature(’K) 800 1,000 1,200 1,400

Gibbs Free Energy(4G®) Kcal/mol| -30.250| -27.486| -24.804] -23.160

Heat of Reaction(4H®), Kcal/mol | -41.486| -41.089| -40.662| -40.461

Equilibrium Constant(log Kp) 8.263 6.006 4517 3615




2) 2AICIs + (3/2)0, — ALOs; + 3Cl,

Terriperature("K) 800 1,000 -{ 1,200 1,400

Gibbs Free Energy(4G°),Kcal/mol| -76.120| -66.628| -57.397| -51.183

Heat of Reaction(4H°), Kcal/mol | -254.363| -253.128| -251.775| -251.769

Equilibrium Constant(log Kp) 20.793] 14560| 10.452 7.989

3. BBl BIERR MR

F&QREE )4 o Wge) I8 ARAA 26 FEANEL Az
E dFe YdEo] Fxdgen 53 dES Kato $[2-6,78], Morooka &
[2-9,10], Okuyama %$[2-11,121 ¥ Komiyama $[2-13,14] <8 QFAE9]
1975858 HA271A 333 iy F 718 ARRlkgd o3 4 ASEAR
2 mechanism F% 59 td 47 ATE BEHAT o] F Kato 53
Morooka < §4 A3E F oA EEFES ddoz B 438E £3589
3, Okuyama $% Komiyama 52 34 ZAlol=g AEAA zny o
23 e EETE AR 4¥E FE349H. uFAE Pratsinis §
[2-15,16]  Friedlander §[2-17,18]19] o] AFAE] F&43E £ A=
o &3 dFZ2FAE LI dEY AL 2uEAE ARsE AY
ol AFSAL HFL ZeEA AARG F9 o]2FQ A4 AFF AL &
4 A »

Kato 53 Morooka 5¢ dT7AE¢] F489d 4723 E AHAslo 2y
thes 2o ¥ E 900 - 1,200C HSioln ukgr)e] AL Mg g=
uy, EEOlE F HEE EFE AHSSigen JHE 2ed A5TL AHRe
Aot w8718 AL 2 - 3em BA A9 H|%d A& AHSSIET AR
o] X318 &AW, FoldH, glass wool 52 AT e &5 =R




4593 o] AHAA HAHE 4472 E KI§Hd F5AA FAste 1
W3} FTIR Specroscopys AHgste] wi7l7ta Fo] ujubg 7jAF-E &35ty
Adste PEE AHSAR Az 20EA Y YA=27) € EEE FHAAA
#u] 7 (Transmission Electron Microscope)olyt AXH-E o] 835 U= 47
Q1 DMPS(Differential Mobility Particle Sizer)E /‘]—%o}ﬁ‘d"’ AR &
XRD(X-Ray Diffractometer)S A&3}th.

o]at3} ElelFe] A$dls TAY ] armophous$t 2R 9] anatase, rutile®]
ZAFEE /AT ot dFEe dTAES ZAFHS AR YA=Y)
2 2Xd FAFL T3 APscH, 9B Kator ZFYEH =EAF
Aol W7t CO; + HeO, Hy + Ho0 522 @AY =E WgE3R
d AZHAE FYstY AU =S, JEY dFRAELS ALEAY =]
g2 Wggo 9FE e A¥UFEA WEIlLY §&, WHE2E, ¥
29 T 2 g7 AF/AT T AYsty AdgsiAnh J1E9 Z2FAE4
A RY BB 24928 AYS FULE 23 P LT F9

Hol we-e st R EUEy] Fol WeBAEY LEE 2AsE
74 %ol $UEHA Rh B, WIE FUF R WIS A
$aeln B= ZolA HAo] AL FRE Zol AEE FFHE ©wEd T

oltt. Z2ER olEe ZIFIE AFRHE AYAE IA=ZV]E EFH7 01 - 03
I E|P AVIEE =T FYUHA AdF%SE € F AAH. wHA B AT
dAME olg 2L FEL IBSHY Eo A&AA WEezr st 4¥s)
b g L
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1) &1¥E S BH
B S BHELS 42Y ¢ ¢7ESEE Sl ey FE TR
F3l9 ztde] A%sid oo 2ok

(1) Monazite Ore[2-19]

Monazite #1S HMAHEED NaOH SfEc s tds s, ¥RIMEL
G BYRE Jeta stdste &3A7le WEeRA AAFezm M B
o] o]&=e ot wido] NaOH 4L 19539 UM dFE #s 4
Alg ol vz FERY] AFstY BHeid, TR2 g oujg FolA] o] Wy
o3} #H#S 7)o o=tk VA= monaziteF Aol NaOH ZFEol 443}
59t} Fig. 225 monazited] NaOH A& @9 /M8E Vel Aot}

NaOH #f-2 EF(Th)e 2371 §olsta B 257t 71 & 8 o}
Y&, 7 22 BB L(RCE € + dE 5L 7IAx o

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

Bastnasite $i#2 Eud] #RE HAd9 EFHo=2 19679 Mountain Pass %
Aol A 7HERE WMo 2 A, F4bell 2% A=Y & Fig. 234 193] ERSIA
th o] We BRI o8 EaA oo okt RS AT T HEHM
€ Bl FHER 44z £98 ¢ J= 5L 7HA2 ok




Monazite

y
| Grinding |

NaCH — 1
Soln. !

FHot Digestion I

{
I Filtration I
l I
Th, Rare ]éarth {
Hydroxide NagP0s;, NaOH Soln.
oL ——1 !
| Fractional Dissolution I I Crystallization |
oo i :
_— «— I Filtration | | Filtration J
S \)
ReCls Soln. NasP04

HC1 Oxidant
NH;0H ! l ! B

l Adjustment of pH I

i)
| Precipitation |
)
I Filtration |
1)
I I
Ce(OH)4 ’
! I Crystallization
[ Heat treatment 1 !
ReCl3 6Hz0
{
Ce02

Fig. 2.2 Flowsheet of monazite treatment.




Bastnasite

4
—> _C0;
Roasting | . 1oo(111) ~ Ce(IV)]
HC1 — y
Leaching |—— Cl;
i)
) Filtration
4
Ce Cake La, Nd, Eu etc. Soln
HCl —— —— _NayC03
N i) 4 )
_DZEHPA_ (pH Control)
Filtration Solvent Extraction 1
— NaC03, pHs Raffinate
! { Soln,
]
Washing Fe «—| Filtration I { «— NH3
oy -D2EHPA —— Crude La(0H);
Drying Solvent Extraction 1
Zn Amalgam Raffinate
\) ! { Soln,
Grinding Reduction !

. — H,S04 (Nd, Pr)2(C03)3

Ce Concentrate

Filtration — _EuS04

l

Je—— Na,C0s
Heat treatment

(Sm, Gd)2 (C03)3

4
Cel0,

Fig. 2.3 Flowsheet of bastnasite treatment.




(3) Xenotime Ore

Xenotime $k#5& &0 Holx ARE A JTe mEHMEo] A8
Se A9r B m®AoREY 3 &AM UL NHOHE 7t F84]
A ESS AAT £, SAXL 7Y HLETRE oxalic salt2 WA o
2o EWAHSA 24889 ytrium Bitpe 2Tk

(4) o] LBHERIL

JleBmEHGE SO IEE SN F2 AT HHHIT 3T ol
dt oz wAYR gstor] BEMT mEE TAZ UdT. SBHe
monazite® Ao EWH LM vlmy Fool =S Auizeol BT EHE
& BAMEOE 128 01% AEY HLE ARG 2N A
LE7L glo] BAR AL & F Aok HEES 8% A=Y HLEES Fisin
glom LM 2L Xenotime AEe] 77T o|EFo] BT} o LEEEK
& Fpgol Rikslol B, BRT 27 oK Ao A Uk

) 71 €

Sy uo] E(Uraninite)s $-Ha34 Q8 HLE7 FaE Atk =29
o, ulF, siut} AE Sl FEHT. Auces Eetae Fite FA A
$AEL MY O AN FKiEed HLE Ko olEF] 50% o
o ERHLET 2vh

o} 5}E}bo] E(Apatite) = BHEEIURH BUER AR ML 05% o} T+H
o] Y3 2AGAME o] BMGN HEES I5stn Aot

2) AR SEEEK




(1) Monazite2 ¥ AlFR{tH A=

Monazite B3 22 AEFREHE ¥y o2 Fig 224 Vel A 7
Aol o8l AzEck. WA Monazite® 50% NaOHEH o2 7l2E3) A3}t
o 4" BEE FAdES A Qe S3AA £98& ded. o9z
o] 47 &4FiA eEH EF 448 RAAASY FAd JEFLY
< 4 o] §94 AL s AES VIR BEATIZ AEE 2E
3l d& Ce(OH); AElel JAEL 4 Fo2M CeO, & ARJT}; =3
50% NaOH £ |43 £3) th4l NaOH=Z Fritting3 oh-g $3238td &
2 JEF FAES d4ez SAF A& AH o A Ce0:E £
5871 = 3.

(2) BastnasiteZ2 ¥ AF43IE9] A=

A FATEES vty 2 2 Bastnasite A F S 2FE Fig. 234 ved A
Zo] oJ8to] Cerium Concentrate® @-2Thg, ol 4t3} @Az ste Azt
E3 Bastnasite 33¢ FA0T Wastn A AT BL sl £33 o
2, dojn HERSY AAS SH5tm AET 2Wsd HHY Ce(OH) 2
E& SlaFo 2N CeOE AF3V=E 3.

)

@) T% 93 BEAn=RE Az |

Monazite$} bastnasite§fe] Aol &3t9 AojA B{LBEE(TREO 40%,
Ce0/TREO 50%)8-%°l BILHE Alste AES M= AAzl o8, €2

g 715t BLE KBS E Y. a3z 93 Bt KeMuapd
$8 AL AT BLEHES AAS] A3kl A BREEFoA A
Fol o 78 &9 TEH, o7 HRHE 71519 AAHD @EHe 5
2o 2N CeO, & G




3) MLFERS S

| .
BHAKCZRY /HIETLKRE wE3ts WHL  chemical separation
(fractional crystallization, fractional precipitation), ion exchange 2 solvent

extraction ¢} AEH, I FHAE solvent extractiond] WA FAHLE
A3l gl

(1) BLETRY S8 2 HEl
BLE €94 48 4L O5F 20 3 922 7 F AT
7h BEH o2 e HIETRS I o199 HLIETE
) Fe, Co, Ca, Si, Na 2 Al®} 22L& F5A THY
th C, H 0, N 2 F&} 2& 71A iy
TR 493 B8 e =+ solvent extraction®# ion exchanged
o] A&} AL solvent extractiond ol T Bo] o]&Hm: gt} ol &
A& e 2t ’
D A Bl AdAol wom mEmEe] /b5t
i) o]l &g ART AES HHrEe] Ao
iii) 99% °l49 €= ¥ HLIEHEE AIY F Ut
iv) vl¢ Ba zo] 27T RABRKI L£EFKY Ao F
Z3 Hojof 3.
v) 4A7 BRsn TEBE B2 ¥ B} hold-up Ho} gtk
vi) BEgtol v|At.

(2) WlLHIS] A |
BiEE 49402 4497 A9 089 2e 238 BEAA Aok
D Z2% ol Ag4o] Qoo Atk ‘ -

—24—




i) HiHRAES w25 7tgFo]ojok 319 strippinge] 9ok &t}

i) F5A AAY 29 SEEFAT FREEY 2 Folof iy 9
¥l o oF g}, ‘

iv) organic/aqueous 4 +2|7F wEF2E Qo o}

v) HiliElE 3etdos AAEHT FAZY AMEo] JHEstoiof 3t
Bkl glojok g

vi) gko] A3 HA FA=oof g}

IS HiE €5 $EE 48 FELE o] =R ¢ f7E
o] Rk, HE R RERND T 42& FEAI7) A6, a8 eSS
A7) A FHAE AHLsto] HHAAY. HREE MUFET MmbEEd
FFS MAERE O T4 FA FUHI Jed e e AL #EF
ojof gt

) FEA9 WmAEGE) BEENT 2 R

i) &Y dig & =7t F& A

i) EAFEe] g A

iv) Rz 44 g5 & R

v) ¥ ERE R FH8E ZE A

vi) thit €BfEC] Y BEET AAX A3 TS AT A
vi) 333 Aol Held A

ES A3Aoly emulsiond] BAEE 37 §18td TBPY 2o ¥& ¢=3L

71€ 7t7 HEEIZT AHSEY tes 2e A& #AFooF
D f71%e 2 &2 A
i) FE&Ye g Szt Be A
iii) gto]l A3 H4A 78 & A& A




Q) AEFLAY £ HAC AHSEE F3A

B % BLEY A FREBES BLEA Y AaHd A
3}Ee ol g3t Aot HFEMHE BLES 2T o AL HHAESS
BLETHEEST BEEASKRY o 2Ekadt, 432 gL 32471 @
FEI A 23 ¥ A ghel A tiF BAEE FEAE] EANA A
£53 itk BFA ALE-EE FFA= Table 2.2 - 258 2.

(4) ZEEEH IR

BLETRS SBENSE IRL Fg 249 293 Jehigith 44 32
HE 94 BE #HHBEAN F2HI, 94 AT SRR $894 Bt
a8y Boll:= AVl 24817 A E) scrubbing @A CNA scrubbing £ o] BY
£EE ¥ol7] 98 A=Y B strippingdl 23l strip=Ho] B §-9¢] Lo
Ao

Perforated-plate columns, pulsed columns 8|3 centrifugal extractors &
o] AFEEH7IE SR Wy o] =gl Aj7bo] WE mixer-settler’t 7HE EH
oz ALg-=rh[2-26]

BIEFER
—| #jlH |————| scrubbing >| R | —
oo A scrubbing HSFZ qF2
|9 B &9 |

Fig. 24 Diagram of a counter current extraction system.




Table 2.2 Extractants used in separation of rare earths (Phosphates).
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Table 2.3 Extractants used in separation of rare earths (Quaternary
Ammonium Salts).
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Table 24 Extractants used in separation of rare earths (Acidic
Organophosphorus Compounds).
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Table 25 Extractants used in separation of rare earths (Carboxylic Acid).
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Fig. 25 Experimental conditions for separation of
middle/heavy rare earths.
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Table 2.6 Separation of light rare earths.

D2EHPA-HCI SYSTEM
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Table 2.7 Patents for yttrium separation by solvent extraction.

Versatic acid$} TBP:= 2922 33|A | Thorium Ltd. gZ E3
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ammonium ¥ AH&-3A = 29 Corp. 3, 640, 678
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W2 o]&drt. d7dA Aoz AE-& thA] 900 - 1300°Ce] EAE, BELA
1-5um B=9 EHFFS 25 £ HEES HimB £859 338 AFAA B
BEAo /15T BLE FEWERE Azxdd =3 ASHEBFREZS g2
A=Y o 2N bastnasiteol] FF (NH.SO.E 7M1 v K#&ER FEET
o] 4] 550 - 600°CZ bastnasite3-& wlA3le oA AES EHEE, FEE 2
EY 23T 2N Ax3e Pi2-46= 2AE Aok

(4) detAle T/ 2 4

BLR ABREEHE €54 o2 47 98 S48 7IAx2 Jded, 53] A
' &%, mmEe B Amgle ¢ 2 4R FZ7)d w2 ¥ 2R A W/
EEZ 247 E2F3h

A F5 AT HmLR KEFERIS 54L& Table 283 2th.[2-45]

Table 2.8 Physical and chemical data of Chinese polishing powder.

Content Properties < «,
Appearance beige to pink powder i
TREO 85% min., CeOo/TREO 50%,
Composition (%) F 6-7%, Ca0 3% max.,
FO03 0.05%, ThO; 0.001% max.
Average particle size 15 um
Specific gravity 6.2
Radioactivity a1 X 10 curie / kg

72831 %B W. R. Grace®) Davison Specialty Chemical Co.o] % FI%3I
AE SEWERS] e oS Table 29, 210, 2.11, 2.129] }ebd ule} 2
t}.[2-47]
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) , Table 29 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%, Ce0/TREO 80%
Average particle size 25 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/ce

Usages

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




Table 211 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%, CeOo/TREO 50%
Average particle size 34 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 propei”ties for the polishing powder of
Davison Specialty Chemical Co. (Product Name : X-0X).

Contents Properties and usages
Appearance dark brown powder
Compositions TREO 98%, Ce0/TREO 45%
Average particle size 2.9 um
Tapped bulk density 0.67gr/cc
"precison lense, prism,
Usages | giﬁl’sngée}tes, Oflijlttlgfsl, windows,
, other optical glass specialties

EF A FUelN FEH e "F Cercoa Co.o} AF LEHERS 5
A& th& Table 2.13, 2.149] vEhd vheh ZrH2-48].




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
TREO 66%, CeOo/TREO 68%
GO MSSE o
ope al .9./0, a .470, 2V5 4.JU0
Compositions Lai0; 69%, NdoOs 2.2%, PreOu 0.8%
SrO 2.8%, Fe 03 1.1%, F 6.0%
SO; 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
TREO 51%, Ce0/TREO 86%, Ce0; 44%
La203 4.2%, PzOs 1.7%, Pl‘aOn 0.9%%
Compositions Fex03 0.7%, Nd:03 1.0%, SiOz 10.1%
ALOs; 54%, ZnO; 2.7%, BaO 5.8%
Ca0O 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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F19.3.1. Schematlic dlagran of experlimental apparatus.

1. Gas purifler 6. Load cell 11, Amplifiler

2. Pressure Indicator 7. Thermocoupie 12. A/D. D/A converter

3. Flownmeter 8. Tube furnace 13. Computer

4. TIC14 feed punp 9. Powder collector 14. SCR .
5. Reactor 10. Chlorine absorber
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Fig.3.2. Effect of molar ratio of H,0/TiCl, on the particle
size in the TiCl,- H,O system
(Reaction temp. 1000°C, TiCI4 mole fraction : 0.5%,

Preheating temp. : 900°C, Gas flowrate : 4 |/min).
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Fig.3.3. Log-probability plots of powders with

different molar ratio of HZO/TiCI4 in
TiCl,- H,0 system.
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Fig. 3. 4 Transmission electron microscopic images of TiOz powder.
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Fig.3.5. X- ray diffraction patterns for TiO, powders at
different molar ratio of H,0/TiCl, in TiCl,- H,0,

system.
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Fig.3.6. Effect of molar ratio of H,O/TiCl, on the particle
size in the TiCl,-0,-H,0 system

(Reaction temp. 1000°C, TiCl, mole fraction : 0.5%,
Preheating temp. : 900°C, Gas flowrate : 4 I/min).
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Fig.3.7. Log-probability plots of powders with
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images of TiOs
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Fig.3.10. Effect of molar ratio of H,0/TiCl, on the particle
size in the TiCl,-Air- H,0 system

(Reaction temp. 1000°C, TiCl, mole fraction : 0.5%,
Preheating temp. : 900°C, Gas flowrate : 4 I/min).
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Fig.3.11. Log-probability plots of powders with
different molar ratio of H,0/TiCl 4N
TiCl,-Air-H,0 system.
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Fig.3.12. X- ray diffraction patterns for TiO, powders at
different molar ratio of H,O/TiCl, in TiCl,-Air-H,0

system.
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Fig.3.13. Effect of molar ratio of H,0/TiCl, on the particle
size in the TiCl,-Air-H,0 system
(Reaction temp. 1000°C, TiCl, mole fraction : 1.0%,
Preheating temp. : 900°C, Gas flowrate : 2 I/min).
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Fig.3.14. X- ray diffraction patterns for TiO, powders at
different molar ratio of H,0/TiCl, in TiCl,-Air-H,0

system.
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(A) AICI3 conc.: 0.5 mole%

(B) AICIz3 conc.: 2.0 mole%

Fig. 3.15. Transmission electron microscopic images of Al2O3 powder.
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Fig.3.16. X- ray diffraction patterns for Al,O5 powders .
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zug FrlaA 4 B9, TiO, ,Si0; B ALO; 5€ U2 XIga A}
43, nEX EZ(HIE plastics)e] FARZA, F54 MAA (R 59 2%
WMAA, AR E-d, AR, 244 =8 2 dAAFY 124X T
A7 2Asd AFe Aol TR FZ A3t ddo] Erh ol Ze
AL FrAAY A IFAFAE) dEolth a8z JAFHA 132
2 32 AME S=7F AEAH Y 5 e gl

ojg} ZE& xuly 72 &= AR, AFY wUTE TR F29

AL FEA7] AdME I 229 54LS 2FHAEKELE
AgIBEA O 540 7H<‘iﬂ°12‘lt}. & AF7|(FAE) S FEF FAWE)
o9 AgAdE FARYETL, TS e AFTIHmEE ZATLEN =

F1A8S F71IARE 23 FEFH o2 ek AA EFA Az 7%
< ZA o2 arsAel 2AEHA e Aol

AddlA dFE Fr129 AL MAsteE dlde SAHETER)S o83t
= WY, 543129 alcoholA 7, FAREE o8 FUI1EA Y EAAY F
[3-71e1 oy, o71ME %ulY TiO; ¢ alcchold] 2@ esterfication[3-8]%}
Zulg o]at3lElete] A A o) titanate coupling agent[3-9], silane coupling
agent[3-10] R stearic acid[3-11] & FU/MAAZ st SvA(BEENE o
7HAR gt EAAEYE b &4, 78 F44 2 2440 AR 435% =4
A 2 SME AR 489S FPn = BAFNA AxE Tio, %
2R ¢ 95 9 F(Degussaiite] P25)o] §A4-& Hla AFPFozy E A7
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2. GiktE 220|E(F)Y &

1 4%y 54

Z2ol= JHZ AT AFA FL /N A ATl A T 2
A B4Hol e RS T, oEE 24 LAFTL WA &= BH
Z FoliA Erh. a8y d9EHA guldAE ol A(system)e AT

RE opn], o}F g A9 & Wyt dojdth F JZolEe el 49
gl aA YA ARG FAE dE AAI] FZo]l dovA =9 #AAALS
AA. 1A YAES] =" AZASE Aol AA AL, TIAY
N EZAHEEE) Aol dojdth. a8t mldhuie A 29X EHE of

F =3 31 4=t LA (Agglomeration—Flocculation)o] € ojdti{3-12].

3% |
PP B2o= BA A ¥ e TAYAY FEEE AT

azlet e azjn gAY dxek g dx9) Hold w vt JAT &=
= £33 deA(BEERK=Suspension)| = Zol7t gtk &3 g ol ¢
Zte] =712 vl 3td Table 3.1} 2t}

qAgde 2 Y4Aet zod 2 Lhted] JA yate] QA7 Qe Aol
EASE WA, T 4L A9 2R 24" A snFez WIE
FAET dFEES] THE Lok trFY st EAXNE 4F9 P LY

7t ol FolAth AL URt FExAEo2 YW E ok

N

. B |
A% A B AL AR AFAUAY 92, shig A
AxdIAE RFEE AFel Ui dAEY Eume Awmes

ZaAvlER @t Fe Qs 2 ddud 474 28 s golAw, 2
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2 A9 A aA @ AN dRY ERAE EHL ¢S
HFoz Hele A% YA dd. odd AAL “AFgFH € & s,

A EH=rt vUF AT Gy Hny F&48A doldrh ey
9 Ad dolME Szt ofF At webA olE g AdA e “AlR"E
o2 FEAdY.
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Table 3.1. Differences between sol and suspension on particle size[3-13]

Units, Dimensions, and Resoluﬁon Limits

Light
microscope

Electron
microscope

X-ray
diffraction
107 107 10 10 10° 10°° 107 10® 10° 10 10 102 m

dn cm mm m nm A pm
_ Atom
Suspension Soll molecule

o B (PR $3)

oY & 949 $3& JE@FE IAT B FYHY oy}
2ot E3 AT BAME GRS $h0] oF = FEZ Yojyr
adEs & FAAL AAA vl oHE oM ARe 254
2o A4Q0 UF AFHA o2l 283 43D Aol A=A A

QRS £de HAGHY ol B AABL oATo| ARHE
Aut HS w2 Aoz Pa ¥ St 9 Ao ol gl
A%A4 & WA9HA A dEd, BE WA, AdE BR S 3R
$dolgt 3 A9 AAE Bt ARF Fo|=dAE 2L Ao
g2ol= BN E2oE A NAGH AGFH B2o|=)% s4FQ




AAREA S A5

4 E2o5)E Y.

2) 2584 FuAAe FFE-13]

Titanate A} : - isopropyl tristearyl titanate

Silane A :

Carboxylic

isopropyl tris(dioctyl pyrophosphate) titanate
isopropyl trioctanoyl titanate s
isopropy! tri{N-aminoethyl-aminoethyl) titanate
tetraoctyl bis (ditridecyl phosphate) titanate
bis(dioctyl pyrophosphate) oxyacetate titanate
isopropyl tridodecyl benzene sulfonyl titanate
vinyltrichlorosilane

trimethylchlorosilane

ethyltrichlorosilane
methylchlorosilane , j
methyltrichlorosilane .
trichlorosilane
tetramethlsilane

ethyldichlorosilane

acid A : -stearic acid

-oleic acid
—lauric acid
-rhyristic abid
—palmitic acid

-capric acid
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899 L 43s FAAs AFete] FEEAE Table 329 2] ol &Hx
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Table 3.2. Application of surface treating materials for hydrophobic property.

T+ £ = 5 T
bond A4 EAL7] rol,4&% E-~E, 313 2 g9
A4 7] & tonner,disc,tape HAA &3
EMI g} S =8 485 2442 SAEY A
AddAd E3A: AQ,AA va4 &7
Titanate 7| Z1et BEFA|dE7)5A48 2533 € Fr13ALE| ARG USRS
A= QR A:A A A D3 ¥5,537MF
Eg, 93 2 A A,
I EAAE | polyurethanepolyester 52 82| &Y, 454 WEA
A3 el g £ X(glass 2 8]) Zige B i B |
glass 34X 2. FRP,FRTP ARG RS
resine concrete 7%
silane 7
TEAAE polyethylene silane bridge A 713
glass @A FA T E matte 7354
°arb;fy hie 97 PEAA A, FHAE A3 2%

=77-




4. F B

E A¥dA 48(1)2 butanolS ©] &3] Zv|F o)4k3lE] €S autoclavel]
A FeAEss d¥olx 4IQ)E 2584 FTARAIYAS A5l 29
olitZlElErS EWA ] EE AFolt)

A3
7). Degussart AE o] AHEIRH(PB)O) U)g SA[3-141¢ D3} 2.
FF N4 54 : hydrohilic
ARY : fluffy white powder
BET surface area : 50 * 15 m’/g
HE A4 21 nm
R : WE 37 g/ml
moisture : < 15

pH value(4 % aqueous dispersion) : 3 - 4

Si0, % < 02
ALOs % ¢ < 03
Fe0s % © < 001
TiO: % ¢ > 995
7102 % -

HfO; % o

HC % : <03

sieve residue : < 0.05
1}. Butanol & extra pure F Aekgg A4
o A¥1)9 autocalved] AFEE Figldl7s Zth

7] & A (Degussaiit Al & : P25) AtstE|grS 38 FYE butanol® 253}

(hydrophobic)3}7] €3t esterfication 23.
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Fig.3.17 Schematic diagram of autocalve system
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-% 63 49 -
Z7 : heating ¢ 50%, ¥5-¢= : 30 ~ 35 7%k, S % 1 250~270C
HES-AIZE ¢ 6AITH(E A w82 7A-& Table 3.3. %)
( TiO; : 20 grams, butanol : 60ml, set temp : 250°C 7|%)

Table 3.3 Operating conditons in the experiment of autoclave.

Time Stirer REM | OPcreting PI (lbs/inz )
temp(°C)
08:40 301 % —
09:00 300 129 40
0915 296 224 260
09:23 295 249 273
09:30 296 246 384
0950 293 241 356
10:20 594 942 358
11:20 294 942 354
13:20 294 242 354
1420 294 942 356
15:20 294 242 354
Heating off 294 242 364
1625 294 168 57
17:30 297 119 -
1805 298 104 -

13] : A|& : 100g, butanol : 350mlZ %F3-AF} ¥kgo] FA F&. |74 ¥
& AJZ71 HoJA] stirrer?] impeller7t ¥H-2 zonedlA EFES AU =
ggcta B4E. stirrerd shaftg 2cm A A 4E.

23] : AR : 50g, butanol : 300mlE ¥WSATE witre] AL RMALA A




A, 2%9 set 280C2 G A A EFo] EdFH @
a7t AR AezM g Al ZE

33] : Al& : 50g, butanol : 350mlZ %A} stirere] impeller7b 27k ¥
o2 W7} £7]1819-S scratching® o] €3 AA 2.

43] : A& : 35g, butanol : 3B0mIE 9 1), 2) 2 3)FL Ao Hr L
ANA A AE 23 EF

5-63 : WE2E B ZXUEAY FE T& 2ATNY AR APdo 2FF

X

*okox AJAFH B old] WE AW B kx K

3% D.C Bradley & R.C.Mehrotra,” Metal Alkoxides ”, Academic
Press,London, 1978) 3 FEK(HE R ¥WHKHE$,28157(1981)),ME(H
ﬂ:No71973,p 1285-1290,) & F31=2 39,

M(CH), + nROH < M(OR), + nH;O
or

MO, + 2nROH < M(OR)z + nHzO € -

WE-4S $83ld 23 A3, autoclaveR HHSE AFPHATm A7

U dxEEsd Z9d xu Y AdseE g 100%642S AiMe O 2

B3ddo] dojuA ZE Aoz yZEH At

BEEAS M kg3t AAE BPEY BES AZAAS A} 3,

< ¢EEUE FU|¢e] 3 vlFHE] ¥l dEd AHE E39 EF

BL BYss S54%X(Fig3.18)7F Frt=ojok &th & ‘Azeotropic and
extractive distillation process’”7} 2.2 t}H3-15].

ol XA Zu] &4 wE o4ko] EA" Mulolg} original autocalves] F

%
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Fig.3.18 General flow sheet for azeotropic distillation




W7l 71984 Hol & 4R E BEHd A A3 Aol £7F3
o 138 4302 Agso e AVZASFE $7 Ao4A zn|Holit
e dE 273432 /F713EES ol &3t BUMAF=<AIQ)>E
WEFAGSA

2) 4 3Q)

AFQ)E 98/ EUAIA F FAFH 2 71F Zo] ALEEHE isopropyl
triste-aryl titanate(TTS), methyltrichlorosilane(silane) 2 stearic acid & A3
3l Fig. 3.193} & FARo 2 AFPsAT)

7t A4 HA

i) dl& =9 hexane 35ml (22.8gr)5 ] FHAYAE TTSE A-&3tAE L3
22.8gr2] 3wt%< 0.684 gr, 5wt%= 1.14gr, =3 10wt%Z 31d 2.28srS &4zt
magnetic stirrer2 TsEA A LA AT o 10804 INDAE A
F 948 237 Sos FAHW P52 o3t EHE) Tere FY5d
1A A% o wdste] 938 AT Fe Axslo THH sy AH 9
ANE AL FUshy) Ao £8d AL o= AE LA Z2Y AHoA
Yojof Azs|e) A Alzke] @ A,

i) S¢As) - T I AZE sy FHY AL FL AZI| A
3830 hexanedl A$ole HSH o8 690CHA A=A} g 5 ~
6X2t A=W A= Hu giAl AYe] Y3 okl AYA HRgPRoZ Yol
(3=

i) 229 Aojz A AL 4 L et TUAYAS} %01 L
W 2 4894 gon, 4% £980 sudE Az F EHEAS Fy=
SARA} H e ALE Aok

iv) 200ml¢] HAC] FHF 50mle A3, v @ 22 02gr& FHF
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Fig. 3.19 Flowsheet of surface modification
from hydrophilic to hydrephobit




F FoA 2R3 BiE(floating)std 443 (hydrophobic)
o Q& ZHQ Aol

v) o|$} 2ol FFF A F, A &3 AL rpm 60 ~ 10022 WHLEAA
Al %F methanolS FUett. A F9 methanole] FUHHE 49 29I E
o] AAEHY] AFAT. R53E F, 2F3d 2V PEDo] 4Ad AATH

< W ved FAF2FH AFEE FE T3 H3-161% 2o
8= % =a/50+a=70/50+70 (a:FYL dELe F3)
vi) ©]g Zo] AdE AfF3xe UL FE Table 349 HErRAT

Table 3.4 Degree of hydrophobic on various surface treating materials.

= u ¥ A A g A
TTS silane stearic acid
23] A
3wt} 5 |10« | 3wt | 5 |10« [3wt%| 5 {10«
Hexane 35ml (22.8gr)
BPt : 69.0 T 46.2 15171505 50.0 |444146.2| 61.8 |66.9167.5
Bthanol 35ml (272gn) | |\ o | peslse| x | x | x | 618 |643]473
BPt:783 C %
Toluene 35ml (30.0gr)
BPt : 1108 T 469 145814631 265 1480|474 62.1 [64.4166.7
Acetone 35ml (27.2gr) :
BPt : 562 C 28.6 142515001 265 140.1149.0( 645 1669 |67.1
Benzene 35ml (30.1gr)
BPt : 801 C 39.4 139.0146.2| 43.2 |1375|444 | 465 |45.6|45.6

€ Table 349149 %« 2 X 7|5 44
* : TTS(isopropyl tristearyl titanate couping agent)S ethanol®] 7%= &3
(10% 2 §3A A= UF AA AXA] cake BB/t F4HA &2)

X ! Silane< ethanol®] T & FI7MAAH &334, v g ojigelg s &4

32




2 Azx% S48 ugde] FFYAA 257EA &5

& 71E AFA dehte Solatd

i) TTSE hexane, ethanol 2 toulene T tJF-E & &85 Adtydoz &
F37 2 Hy Ffg=Ee 22 "oy, 7 ¥ AL 4t q@AL Yy
Bl 10%°]3siME Fd Fa48 wn, & A Hlsod F=rt ZE H
o]t}

ii) Silaned ¥ HF AT T ¢ U4 .
iii)TTSY 10%E benzened] £3NAI7IH, AZ F A =3l gen F
do] Zsitt

iv) Stearic acidE& £3)(hexane, ethanol, toluene )& &34 AL 23
HR ol stittrer® 1 ~ 2A17t AXE stitrring3td £ F 1 10%0] 4L dE
AlZkel § 22 ZdAY.

v) Stearic acid® ethanol® &84 10% olFelq 3HAlr] AfHshEst "ol
AL & A vlm3e oA HdA FUAE Edo] A A Ed=EE A
o2 JZdAr

vi) TTS, silane D stearic acidE 1%= 3o, 1§38 27 28 TTS 1wt%
o] A] 50.5%, stearic acid 1wt%] A 55.6% L83 TTSE hexanelZ £3)3ld
zu|goldSElES XAMASNS W, TEdE A %L A g2 EHY
NAEH AFdeE HY LA SEA R Zv|HEAY FE3eE &
dxego] &F3e AT 2B FHAE 5 wiXrt FFsn VT &
o | AAYolgtn AT T3 hexane 1wt %9 silaneE ZEHA A
2538 HY mpm 200 22 WEkEEA Z7]4) methanole F{13HA] @olx
B350l AAHY. stearic acid®] =3l WE AGIAEE 57} 1%, 3%,
R 5%2 T7H ¢ 5% A=Y JAFsETt FUIeh 5% o3 10% = FEES
SHANAE AfIdEE A W3R LY. F 5% F7HA] 66.9% Af3lxd

i

—86—




X 615%=Z 1 F7tE0] 06% F7H AvA &of AFeAeE 1HIHH F7t
t gz B 984 stearic aciddl JIME Swtkrt FAFH oz BwaH
o]z}

vii) @F4&eA A AxE zuPolidse|gEs &3A hexane2Z TTS,
silane ¥ stearic acidE £35te FAANT 23 A= (EAY 5wtk E
wAidA)e 44 56.1%, 59.0% 2 662%=2 et o]E Degussaiit AlE
P258 TTS % silane o)A EEAT ABT AF3EAA I L2 Holx,
stearic aciddlAE= A9 2L goe= Yelt. 8|3 polypropylene glycol
(1,000)022 A= FAHAYAME BEAFNA4 AxT 2vjg oidsEHES
silane &2 A3 EAEE Fig.3.203 Table 3594 B vls} Zo] 72413
o] AAWA F A 100% EAFHUL £4E 4L A 984S YA
t}h ol BEAFA AA A= 2v|Y ojidsE e YRE AFFLE AL
A7) Wi EEES EYol FL Ao 2 oF7t Aotz A4 d.

U, 253t9 22 TR(Infrared Ray)E4]
i) Degussa Al9] Fx8 A E(P25), TTS, silane & stearic acid ¢ hexane
|3 o znYolistElge] FHEAIE 229 IR 24

Fig. 3.21¢14 B3 tha|Z2 2709 functional group®] peak’} Yelvdz gt
Z wavenumber 3,600 nm ¥, 2 2900 nm #Z22 Y@gAc} 3600 nm 9
BelolA UelgSs e 71571 -OH, NHz , 2 SH So] leu, guAzs
AeA -OH, NH; 3 SH 717} =848 =2 AHA FPd EAste
AL -OH 7)(¥) Ro|r}, 282 = Fig32l ¢ W o}AZE Degussaiit P25 &
A2 317 W& -OH 719 peak’t ®o] vehta, ¥kge] FAA S o
23 709 aYTANE BasE Aoz Yehtn Qo = ARFeE A5
A3 3,600 nm ©]/3d A Peak’} 74 sl ALE JEldd
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Fig.3.20. View of dispersion on

ultrafine powder
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Fig.3.21. IR absorption spectra of ultrafine TiO, powders
(P25) treated with different materials.
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Table 3.5 Degree of dispersion on suface treated powders

. ] 2Aikel Ax
223 &1
— ;{j};}j zg | T 1F (PGZ 5 wesE A7h

Vg =1 S Z]—Qi‘%i]) wt.-0

o - N AE oF10%YAH LRE °F 10%

Degussathe] A2 wel | 20% ge Tea TEFL BN
silane ( hexane &3l ) 100% Bhog o B0UHS FE=A
silane ( toluene &3 ) 100% SR 9y
TTS ( hexane €3} ) 46 % "
TTS ( ethanol &3 ) 35 % 4942 FEX
stearic acid (hexane£3}]) 5 % n
R} A A) Z,silane( » ) 100%% SR 9N
AAAZTTS( » )| 5% ’
AR A Z, stearic( 7 ) 60 % "

283 2,900 nmol A9 29 A (P25 + TTS) ¥ 44 A (P25 +stearic acid) L)

o] 8 peakst 202 UEN}E e FRAYAS stearic acid A HFEZ

A2 s 279 vj£d FolH, o]RE CH;- ¥ CHx- 59 functional group
ojt}. ol EWA A stearyl group ©] EFHI7] wWFolt. Fig. 3.219
AR P25 + silane) AL FHAZAQY methyltrichlorosilane?] F+Z4 TiO:
9 A%71 -OH: 52 A=A HCE o WA Wihs, = -CHs 717 €
H A E£F=o] IR ¥4 YA e Aoz B

ii) TTS, silane @ stearic acid®] FWHAA9 &34 (hexane)S AF-£314
B dFA AZE 29¥ TiO, 2 ddEdAz] 49 2 IR £4
Fig3.22 e AF4& AANA A= xu|RBolistElgd oz Degussart




1 [ T
KIGAM + Stearic aw
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KIGAM + Silane
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=
n
C
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L ] 1
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Fig.3.22. IR absorption spectra of ultrafine TiO, powders
(KIGAM) treated with different materials.




P25¢t 2& 48RS AA FHAHET IR £4 gzt KIGAM (TiOz)
aHZE TR 2uY oA EEE IR £43 A2 =E Degussarl #AFF
B2 o FFS 8&eyd -OH group A JeEUd: o) ol oA 4
B AAY ZvgolislE g AXA 9EE ANFFLE AT 2= AL
gl o9t L BEAL AR FAAME 2L e HAEY =R
KIGAMeA AZ# R& TTSgsilane ¥ stearic acide 2 Azste] H™ A
Aoz 2L ¥3e vz JQu.3VtR FEEUNE AL UFdd £4i4E 53
ARG GAAE AFIAAT QT4 AA A AxXFT AL Z silaned] 93
FHAZEE Aol 100% B4HAAR Aoz yedo. add ALd AE-E(3
Zgreg AgHe FUAIAT 20 ojASElRL silaneo® AT RS
71983 BRI 23S UME stearic acid®2 FANHT REE A 4HE

RL silaned] 47t ARH] AR EAoE AT FREo] FEHA Y-

3t 2ol A stearic acidZ AT 2A Y o)ilgEde AgsA gu ¥F
g

iii) stearic acid2 EHAZE LEAF £, Degussa AHY £Z¢ ¥9

A E AT7A AA A Ax A ¥z

Fig3.23 dlAE EAANAAE stearic acid 2 &3, &34 Q8 AFY
W AZ 2HPZ(MT-100DE A9 5t3, 5 hexanelE A3 xn]Po]AlE
2o £9d g IR 24 8l 2 Eo|ty. & AFEFH KIGAM AA A A
Z% A3 vudtd A af=Ee] Fiol ek B AFE &3AE hexane
o] old7} AZE . 59U Degussa AF AE, 44 2 KIGAMS A vjagd
W wavenumber”?} 2,900 nm FZdAE 271¢] peak’t YEH ol oA A
B RAol3, 3450 nm FZo)A LEAGG T4 AAAA AxH FAXNDL
2ol 439 peak 7t EolE AL E F Yt o= v HoliFE|RY &F
71 A5olA Ao B & 93, olHE olfE 94BET =44 2 9]

1A g} AzE oA,

S v ot
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Fig.3.23. IR absorption spectra of ultrafine TiO, powders

treated with stearic acids.




o} B4k BE S A
3 8/ T ()& AYstz:, 4F FUAHIAAZ zv|do|AgEHES
=¥ £2¢ polypropylene glycol(1000) el EAAA ¢ 72 A F AAx

£ SAERF Aotk
3

(2)= stearic acid € ethanol® £3& Aolx, (3) AFA AA AZXd =
oPETE TTSS FEUAA 2 hexaneS 2 £3), (D= A A2 A&
stearic acid & hexane® &, (5)= Degussarl AFES stearic acid ¥ hexane,
(6)% Degussar} A|FE silane ¥ hexanelZ g, (NE AA AZFT AL
silane R hexane 22 A&, €22 (8)2 Degussart A|F S silane ® toluene

oz EuAsd 22442 Aol

Fig. 3255 Degussarl AF P25¢ AAdA AZRFT AL v AlJe=
A, (2) & (3)& P25 AQH], (1) silane & hexane 22 A3 A=
EUFL 2= 100% w4td ALE Holy AFde Yz oy doe=
¢ 2/3 A=7L d& F&4L& Ha Ik & TTS R ethanol 2, (3)&
silane 2 tolueneZE A § A2 72A1ZF A WX FdE 100 % E4d

o A2

o2 BPoy} oF 1200A1ZH S} 509)ER] Tl oF 83%%  #AtH
St FEHA '
Fig. 325 ) B (1), (20 2 )& AA AZ% A=, (1) silane, 2=
2(3) stearic acid & 21’2}94 EUAAZ £3AE EF hexane &2
A2 Aot o] FoA (1) silane E hexaneoZ FAX S A 100
%2 248 Aoz AAHUGY (2) 2 (3)2 TTS ¥ stearic acidE EHA ]
A 2 LA ZE hexanelE ALE3F Aoltl, Fig. 326 oF 50¢ AAutx]
T A= g ApRezA, A AF AYMA AL silane H

Stz
toluene 22 ERAUE AAT o %ol LUl WA FHsAst A9A

rO(
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Fig.3.24. Photograph of dispersion on ultrafine powders

treated with various materials

¥ <

.3.25. Photograph of dispersion on ultrafine powders

treated with various materials (P25 and KIGAM)




Fig.3.26. Photograph of dispersion on' ultrafine

powders after SOdays e
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Fig.3.27. Transmittance of treated TiO2 powder ¥
with a variation of wave number .




8 AL silane R hexane 22 EHA Y A2 504°] A= 100% 24kl
FX8 Aeoltt. FHA AL Degussarl ZulYolitselgtoz 3 Aojx A
HA AL dF4 AAGA Az Aot AR GAME & Ho|A] gfov, A
HEdA 2T di= Degussarl AR HAlo] o 73 Holt).

Fig. 327& 59 &3 02 100%2 #4te Degussarl AEF3} A A2% =
u] Yol st3lElghe] fd UV spectrophotomete 160A ¢ F3-& ¥4 charto]d
o 7] M = wavenumber 200 ~ 1000 nmdl] Z2F A< 100% 9dE Ao=2 1}
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E4E BN EEREY NTER =22

1=

BT 43 A4 AvEd, AX KoY #ER 24 23] monomers
BAgo] dojit, o] monomers] FE7F viAWAA FUHg] wiE}l o] AA
oA FHEste] A/t J9 &ZHEEel 93 A7 @A4=H™, 9719 monomer
7t $5HAY, 4R FERe] o ‘?37}’9—] arzt BFste AAE AAA
g E o] 4% viAe sFo] met o 2919 IF FAFH] EF I
3 GATE ol F3EA Yoy AR AR A7, aEI o)FIRE £
e ATE EAEY] A8AME 9B R EFS(particle size  distribution
function) n(xrt)E A9 sz ol MF FE FERX Ex KRS A9 @
23 A €l o] WAL general dynamic equartion(GDE)E} 33, o]& W&
I HEe T3 vFE AN o2 vehdd{3-17, 2-11 °] GDEY #HEo=
E AE7HRA ZA o)4by(discrete method)® ¢4 % (continuous method)e]
o}k d71A ol e AAY QAR EE R MY FHoE FEIHY Z 749
ASS A9E sectional method[3-18,1917F 713 #33A 2ol3, A& o=
QALEFTFY] RHEES o]&3E ZHE Ho] o] 2}, o] AFdqAE
FAQ EHE PE AgYsty TiCLY 714 43t ¥rge] 93] BAHE TiOH
Ze] 27 diE 473 EEE EARIAH.

L ZHUE o] dojEe] FHd EAHLE AEE AL LeeT[3-20]°]
dojgi&e SAAF AFoE ALLEHEA REYTE 27]d 2EL YAEE
o] AR (EEUAol A AL A wXe dFL 1HI}A HEAdHE
PALFE AT B wE AL B4t Fo g2 AF 77, F 44
A, &5, 4A9 °lF F 41 4950 UE AFS EF 1y B9 )
o] Kim[3-21]1 o 93] o]Fo] Frh o5& AR AFFH olFd U




free molecule regimeg 7FAste EAo HZ sgth. Fo] Pratsinis
[3-22,23]& 94A+e] YABAZH $5L AdlE Al transition regimeS 3133}
3 AR dFolFE #7 GDEE o] 4AAZY 2ds g A4 =34 9
F OFEL BF USATEE S AAETESFE Hol, 5 EUEES A
23t ‘
Pratsinis 59 4% #8373 $5& Atz
AE ol AL Adoltt. 22y 289 Rd2E YPFFH $5& 1A
B3 EE AEE SRAEELE dZAYEHY, 9A 27 x7] ] FAH
3, ¥kg7] FEkolA dojue dA YAelA olZAAAAN R oY & EA}EY)
ol¥tt. F ¥YPAF $5LE monomerd EA7T Je FU FAE F gloy
olE9 7177 4F SR EFE AdEnsitEs A4 AN ¢
T8 Z2FE 4o F YL g 2x9 I FolA HFd Bodd F
YA SR Wo] ZEHA WG Frle B4d © B Yyg wEo y
3 o] Bol &R A3 oS A AgdE Bo Fo AAY A= A &
g, g FF HESEIF B 5 4AVE FolRE B 4¥d
[3-24]2& ANZE BASHA X34 ot =T dAYARA o= F= ZF
A Hd F YA FE, FF2E FAFHA 4AY AU o1 ARG ol&
PA7E AAE Z4 A W7 e BAEC] AZ g2 AR o5 b
2 Azre] A7) WFolch o] @A, & 272 A LU T AR &
Ao AAJQAAE dAJAZA AE A, B 3¢ AL 14 A=
Ao Q3stA =Hol, FASHA n @& aggregationd] 93] o]AYA= e
37387 @t otF o] o]&L A3 FX N o)L AL oA, &
Z2%A e 7bs9FE GDEY EFAIIHE EE SIS AAdE Ao oYz
drukg S0z 585 of gt EY B B¢ AR HFe) $He F
8] A &= 31(slow coagulation) §547Fe] AulE @o} o]FoA 7% dt} o
Al sl A7) o] FZ(electrical double layer)o] 2§ gA|ojre] AFo) E

rlr
O
e
o,
O
2
o¥
oft
ro
A




g A4 (heterogen(;,ous nucleation)®] 73$-7} vlE At} olg} ZE& A
T} ol F wE2E9 F3, 4 - olR YA AFe FE, $5AW J A%
o ZA B& fulstd, QA 4B BAle] 944, ¢ $3L w2 1Y
ge7l 9o Adxe BuAoA F#l9 Pratsinis 22 (Model Dl o1& 2
FZ HQE W #& &89 o] AFE olg 2L AR AR AE JFE
< oz 3P Y2 22 (Model 2)& AASATE o] BIXE Model 29
ZA3E F9 Model 18} o}&¥ 489 Aot &7 vla AES A T =2
28 AFEE BAstd xu|PA we7] AAd AR 2dE AA AT

2. FEAXR FRAT BEREN

1) GDES] QA

Wgrlel HESE 712 Bl WA §53} L2 UF fA9
W4 2 oy o] TED. o] F AL 2 ¢l TEACH code [3-25]
g8 $AHoz ALDY. FH o B A 2o LA WF AW
¥2-71A19) TiCL2} mass balance? # TiOz9] monomersA4], L8]3 GDE
Ao] A o1gAT 74 £A9 A" A3 uR FAHL W B3N
A% FHez gonz oA HA ZeaRE SeT I Bed AR
& olast o] EAHL,

2 W

o fo 1

Jx

TiCL9 mass balance 4 :

v - (pVC)=V - (pDVC)-RXN )

TiO2 monomer F3A4] :
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V - (0VC1)=V - (pD1V C)+RXN- [ " (0B e-x" el J:lll(x, Cutin(xrt)dx (2

GDE 4] :

V - (pVn)=V + (pDVn+Vm)+v(x)5(x-x")dx- _aax [W(x, Ci,On(x10)]
.l * s s I_> s > w 7 /.—> 7
* f b(x-x"x"In(x-x’,r,t)dx -n(x,r,t)f b(x’,x)n(x’;r,t)dx 3)
xX* Ix s

9 Ao p, k, V, Vie FHE AUYlE RE JXEFEY BE, dAES

3 #4373 949 9T $E8 Uiz, D, D TiCLEY ¥ TiO
monomer®] FAtAFolx C, & TiCLE”] ¥ TiO: monomerd ZAFF o]
o (DF 249 RXNS 3p3tetgd &3 TiCLe Be&x=2 735 (-7 &4
€ XE% Q4% @49 v ix-xE Y8 FEE THI vxCLYE

$-3o] 93 9A AF4=(growth rate)E E=3t}.

2) LT YAY &9 $54E9] A

TiCl49] Ar3hrgo] weEs AL A HaMdA FAF A L 4L A}
2319 38 WS TiO, 2719 Z7)¢e dutd oz 3 slE LXoA A
3 2t} orld] F AN AnE FHAA o EA st dAYe
A7 A 57 o)st2 o)FojAtE ¥ :st $101[2-7] classical nucleation
theory & ZEA17171E vF & fde] £33t 284 B AFqME
TiOz8] 745 T 2AZA shte] AAYES o]FE A= Bk} o] Ho
A BA s dANeE B Pratsinis 9 /1A 2ojrt Ak B AFA
t Ad 71¢d AXNE YABEH 5 FAZE 4A H4FY 7179 ERAFHe
2 BAE FdeA i 99 dimers 9AYoE E Rojth welA ukgd
98 AL TiO, 571 £&4 F /AE dimerE WHEWEA & P39 Y=
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A QEFT TR o] o] ZV]Y A= FIIRAE @WolEd $5& F

3 AZE gAY, g2 QA FEIY SR g AFE Y

ugtA YA £EE monomer7] B8 SF S o2 FAY F g9
v(x)8(x-x*)=buC¥mi )

2 EAEY. 94714 bnte F A SHATE free molecule regimeo] A

1/6
bu=| %) (6kT) 2p;234V2mY® 5)

2 Jehdr} o] FAdA mi& monomerd] & Fojr},
FH S5 9T AR &=

-1
B k41016

172
V(xCLH= d,%( B cus-1mign 1+ —2 ®
3 Kn+l

2 ¥AYE d o] Knudsen number Kn®) A 9], & transition regimed]
A duizez AL ¢ Yok

3) 2dE ¥
B EXETE 053 2o] 39 & ZdEd o3 dgdE + Ut

MuTD= [ HnxFod 0

o] Aslol o3 GDEAQ o] x'e Fotn YA AFQA xxo)M FE
e

2ade) 2774 2 We BESR Zee ¥ge] 48T orlg $AAS
9 EAE A 2uAY UEH 22 $FAGE 4 @A e v 2ol
Knudsen nu{nbergl ,_v:-ri Jellez ol zdE ¥y H}EE 1/Kn
9] Taylor 52 AN HIAAZ

oA o] (7) Aol sl5t] GDEY HWAE ZHWE ¥RE F vk 0,12 A=
M#e GDEAS TiCL 2718 TiO: monomerdd @7 @] thaize
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initial-value ¥ w&WA2 ez FAHL o WAL A HIAG Zo]
initial-value problem slover¢l LSODE package©l] <J3] o] ¥2E9 TiCl,
A4 TIO, B718A) AWEE, dA27 BEG 0, 1, 24 TAEY B
det 23e $4 A BEaMdA ALLE Model 13 o] 979 Model 28 2
< J1EZQ4 g3 Fo Qo7 AHRE vludy F Rd EAE AEIHY
o GSoE FHAFE o] i wkgr] T4 Ao FFAAH 97
X9 EFUANE 4¥ZF, Model 17 Model 2914 4L FA 84 23 &
7 Aol 2l FHE&AE vusgrt. AMEE IAUFY AL oA
28} Table 3.691 At

Table.3.6 Variation in process variables

Process variables Values
Reaction temperature(°K) 1173, 1273, 1373
Inlet TiCls concentrations(mol 26) 0.05, 0.1, 05
Inlet Oz concentrations(mol %) 12.4, 37.3, 49.7
Carrier gas flow rates(l/min) 3,45

3. BR R &

D) $9% 2eld Be us

Fig. 3.2894 Fig. 3337tX& 489 EE =X AL FX 849 Ax
g st 299 FAModel D2E TR HE B AT £9F 4
(Model 2022 72 78 ZsE 7 A3k

Fig. 32891 o Wdel o8l 22 Add WLE TiCL, A4 TIO, /1%
A, A4 AR AFFEES Swel da) 28 gtk 24P £3) 27
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¥ s BZA7)7] 95t U4 £Fo2 FAET 2994 BE upe o)
TiCLY F=+ 987 49472 8 g 1 cm 2XddA §33 Z23y TiO:9
Z7) ¥EE 10° cm € HUgeo= s F7sitst oA Z2ads ¢ F A
At old vl ALY FEE FEI] FIMEIAY. 2RAA £B8E AL TiO:
37 vx¢ 4AY FEE BEPUE 9 TiO; 7] Tx Hdgte
10%m 74}A1%E monomerd] AFFEI} SAFE ¢ & Ut} o] FL FY W
oA 949 5E0l monomers) BENAE THs:, 27 BEH 47 BE
F5E dFATFEEE e ¥ AP S AASn Ak dtFd oz gFA3T
EXdAe HFFF% AR @2} 4] H2<Q monomerd FEE (22
A9 a9y o] 2YA B FE ukst 2ol P 2719 WEY) AT
23 A J2EF monomerd FEE YA AA Fxo FTE v L=
EA%T 310 43Arh 17191t monomers] A% I AFo] YA )3
olF Fomz L£ELd QoM UTE HE I AZdA IS AA
3 Ae Aoz A2, watA o] monomerd EAE FASE FEFLA F,
Aol vud 2 JAE Yoz do $ATUNE 2 T 2do A
Ao 2oFo] A7l ©o] dFIME monomerE WE o] o] 1 EAE
PRI o] §59 AAo=z Ex 1Y 32 7] Wi FH Py 24
g o= AE ngsm e ¢ 5 AUk

Fig. 32001 2990] e} YALIFS 0% BES) MAE 1 Ao
Z4 =2dModel 1) o] 79 22 (Model 2)FE v de] A Aot} o]
894 monomerE {AS FAFoA A LE Model 27 B8 B FEE B
12 AL 393 42 A9, a8y HA Model 2914 Al4HE monomer$]
EE 947 sz e A2FE o] 1™ ¥4 a8 Y AFe 18 o
E87 BoxBe FeTh & 2718 AdFne dFAA 2o} A4S 4R
$E7 Model 18] ZA1A A o HAn Aee & F Atk of Aol

FZ monomersEe W3l 2 Aoz BAY. Monomerd FEEE

L
o
T
rir

o]

off

L

e
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YA, €5 T 3] Faste ¥ F3 2 JAC FEI}E 35 7L
Ostwald ripening & 38 & o vxd YA 7189 FE ¥& ofF we
£52 Jdo] ¢ Aojuz 1 Fxe F Zavt dAdrh & o] AaE ol
monomer E5E A9 022 71AF vd Model 194 AF JeEhtR go
B, 471X 82 & FI97 FAY v A=l Se] 1YHE
2 LALE7 AgEI A& & 29 #FA7F Model 291 vlg] F=AA &
oz et

o F5 = vle} Zo] Fig. 3309 4AEEZFY 1x3 EUHEAE F 24
Atolo] AF Holg BolA FEth ol o] AT Model 29 Aite FBA
< 3433 o} g F B4 Aolo] monomer HF W ol FZWHol
U Al Aol 2elrt g18e 9Fsn ¢l Fig. 3319 23 =HES] plotd
ME Model 101 8] Model 29 277} 94 & & 73 3188 2AT. 2
A R EV} 9479 Eadxe BANSES ZASHE Model 2914 ALdE 9479
AZIE AR FE ALE daste § o]o] 1L Fig. 3339 A™A fiA
7|2 g

Fig. 3.32¢} 3330+ @A T3 YZEXZETY Al EREE o]§3ld HF
B3 YAEEY EFUAE STl 472 FH =79 ol27] 71x 2™
Zoltt, WA Fig. 33294 2 AL $£¥FEJF Y& Model 29 A$7F 243
e 4749 e B F3 Ytk Fig. 3339 EF HA9 g A Model 27}
Y e Fe Aoz Yt F 249 o] dA YAt HFE BE F
249 HoloA 2¥E £ gk F A& AF°] monomerE FE < d#d
3 %€ IR Y Model 10 X 4AE 3] 242 monomer’d
golx o 327 EEE BAANIIE HAFo] 274 F43] JAYHE Ao B
t}h. ole] B]3] monomerE WE wojWo] §5& ¥ E Model 29X & &5
Aol I BAL JAEd YA BARY E7 FAE EIAINE Rez A
Ztgich, wkg-719] EFFolA Model 2= A4tE EFHAV} self-preserving £X
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TiCly concentration
10 =

10 ~®

TiO, concentration

1st moment

Mass concentration(g/cm3)
o o > P
X L | )

10 -15

pepsd peomd youund wavemd poegd gaeened v evpd s aaiml o eepd g oaed tvesed ppoopd prpond o bound posned 3y

10 =" T T T T T T T T T

0™ 10 107°, 107" 1Q°7° 1
Axial distance (cm

Fig. 3.28. Axial distribution of TiCl,TiO,
concentrations(g/cm”) and 1st moment(model2)

(Tin=1173K,T,=1173K,TiCl4,=0.5mole®,0,=49.75molex).
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Fig. 3.29. Axial distribution of average M,
using model 1 and 2

(Tin=1173K,T,=1173K,TiCl,=0.5mole®,0,=49.75moles).
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10~ feetete® Model 1

] ++++ Model 2

M1 ( g TiO, particles/cm3 gas )

10_‘ 1 ] T T 1 )
0 10 20 30 40 50 60 .
Axial distance (cm) :

Fig. 3.30. Axial distribution of average M;
using model 1 and 2 , g
(Tin=1173K,T,=1173K,TiCl,=0.5moles,0,=49.75moles).
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Fig.3.31. Axial distribution of average M,
using model 1 and 2
(Tin=1173K,T,=1173K,TiCl4=0.5mole®,0,=49.75moles ).
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Fig. 3.32. Axial distribution of average particle
diameter using model 1 and 2
(Tin=1173K,T,=1173K,TiCl,=0.5mole®,0,=49.75molex).
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Fig.3.33. Axial distribution of geometric standard
deviation using model 1 and 2

(T;n=1 173K, T,=1173K,TiCl,=0.5mole®,0,=49.75mole%).

—111—

b, 0 -



9] 14 gel 233 23 ¢ F I+

2) 48 Zztele] vlun

Fig. 3.3491A4 Fig. 3437kA& 34 95 #37]LE, TiCLY ¥E, &37)
A RAFF, 23 AYLEES FFE 9 AP Zsh, Model 1%
Model 2614 Zz A%d X849 AAE &7 4o 2 ARE BlmaATh

WA Fig. 334914 B9 2% Z771 4A 279 F712 vehdd. oy
ol A¥ZFeE NAHE 2oy, 49 V= qAR 44 YEd 2
stol] B]E =ZA Jehdrh 4Ae 27 43 g3 59 AdF Zv)4
g3 © 2 4AT H& F2 dEAEY, § FE 43 g F WE A
ko] Aolzt gl Wl ¥R $5& = 22 3tE Model 298] AF oA
ALt Ao widgd Aoz Ho A, o ¥hg 2571 &8 JHE 87 A
FAZo] FolAx, At &7 TN E4EFE monomerZt $LojAHE
A YA R AFo] AA AAE F=EI M 238 A3 gEtE RAolm
2 AAHA Fdo] ojFA ZEAE WA Folt). ofe] H|3 Model 12 &3
e 3Pt uZ 2x9 F/ S$AE FRAsA Aed ¥ g2 X7 1
quc 8Q o Z YRS HET Z2gHos O Bd dqFAH 55 A
44 12d Model 2914 2% F7te] dis] gA AF o] E32& ¢ F+ o}
AY A7 FA o= Ax ZHEES ¢ F At FHE AP 2
& dAgiAe Z7)olm F Ede] AfdE 4Ad oA dARY AFE FE
ol F&397] WE olx= FE A7t Y& ALE dFErt. o& AR
o] AL dAGH A AFe2 Yolrte AFold, AT sHIE F
QA £Z FAY ATEe] ¥E7] ARAIZEG FE B9 vYEUE A2
2 old g A7r} &3 IAPHn Jou2-17] 2 AF}E 2L o]&F
w2 A9se 97 Gk Gw B39 LR 23 & F3 AR A=Y
7ol F o 2 AYF Ao] ZldiHAY, g4 JIEd AAE g7l W AF
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Fig.3.34. The effect of reaction temperature on average

Temperature (K)

particle diameter using model 1 and 2
(TiCl,=0.5mole®,0,=49.75molex).
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Nzre] Zzd] Be 4R 4% vl A 229 3T Ao BAY A
YA HRGA BE FAY 24, F AFALY 247 333 o 2A
ZFgdte Ao v A ZEE 2k AedAM o2& 23 FAE=Y
Z77t AFARSY Zad FESe AAYA2AL) PPl WA FEH: of
QA2 AAFe] A7) W&ol Fig. 3359 EEHAE BA Model 27}
Model 1] Hl3] 433 A¥As] =3¢ FFE dedd. 2y 23924
o] ARZANAAE EFT Aol7] wEd o] AFAE AFHU ZFe dA=Z B
£ ol¥tz Bo.

Fig. 336014 Fig. 33971X9) $385 23E BW Aol 497 2 Model
oA A3 JAFE BAFT gloh. 2™kY A @l JAe 439 A
9 Model 2, A&X], Model 19] €42 vedt). & Model 18] 3$ 4811
o 238 o 7P A Ushdz ojAdARA S AR nsiEstE 4
g ARYAe) 27T FolAe ARE BAFE A0S Hel 1 FEA
A& d4& sHA @t} Fig. 336, 379 TiCLSl E3+E monomerd BAFE
8 4AZ Agtd AdE ERde FoA o 43379 I 2 IVEE
9 Z9EL AdE HuAdA Zz}et 2o} Fig. 33894 2974 Fo4
Fo F7MeHE ARALY FLaVE wEH] 47 AV dojdte 3 §&
wdsta Qo dd %9 AnE YeEllE Fig 3399 BFAAY A5, F
2 Model 13 0Hs Model 2914 © & X & Holu, I AFAQ He o
A4Ae EFAAE 2T AN AFH7L AR 2 ZHE Hola I
AAETS FFHAE YWFHOE Model 1, Model 2, 289 &o2 e,
BES Al Y BEF AR dAstY ol dAY A4S IsE 44 2
FE 2SS A 2o A2 dAYJAANA oF dRe=9 HA9 oF
(transition)> ¥ ¥A 4A9 7Z7] A7t FFF €S =A dojd Re= B,
oAl 2k ZE Z719 dAVE At dAQIAE wEE A Bo 2 4A
S} e A A T AAPA BFo] B HA Lol A7) YEd

—114—




Geometric standard deviation
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Fig.3.35. The effect of reaction temperature on geometric
standard deviation using model 1 and 2
(Tw=1 1 73K:TiCI4=O.5mole%).
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Fig.3.36. The effect of TiCly concentration on
average particle diameter using model 1 and 2
(T,=1173K,TiCl4=0.5mole,0,=49.75molex).
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Fig.3.37. The effect of TiCl, concentration on
geometric standard deviation using model 1 and 2
(Ty=1173K,TiCl,=0.5mole®,0,=49.75molex).
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Fig.3.38. The effect of volumetric flow rate on average
particle diameter using model 1 and 2
(Tin=1173K,T,=1173K,TiCl,=0.5mole,0,=49.75moles ).
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Fig.3.39. The effect of preheating temperature on
average particle diameter using model 1 and 2
(T,=1173K,TiCl4=0.5mole®,0,=49.75molex).
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£ 45 SEVIERN AsRl & P

F1EG M E

A EAsEL F2 B (cathode ray tube, Braun tube)§ #2 B AF
AutAle) A=st ZoiEY 242 oI, Y THAUTL 10039e
AZOE o 2508 ol¥oz A, I FFE BANYS) Tl B
34 soyz A& dAHelth. 53] W TV E personal computers] F3
@ AP Foke Bew S WER 2 S99 EELEFERL o
23t ABANEY 29FE FOAAL BRI, S5 2F FAAETe
A% B2t =% 20F 27t) @ Ado] It oldd] AF B T
g2 A48 2o &0 2 AEEMEE ASPEd, $F 29499 2r
£ 6% o ASBANLE 249 9B BAL T2ND Aol

o 2& $ES} £22F2 /1Y ASVNE P HFEL AN A%
@ 4% e 99 Az=ed, 2= AFALE Bol FHT Monazite
2 Bastnasite® Ase] rd, o} B A7) FadEdE 424
& 2904 AAFAA 2 RUAo =S Al FAE2 2AY AF4D
A%, HAE2Y, 944, 248 2 2 (calcination) 2& A

AL AA AFAHES Az} FAH.
28 3 AEHERZYE ARy WS

BRHE Lensmax-Z($E%)AE FEABFEHZA, FAIIF)IA TV <

Bede] ArtgAdA Atz b ¥ 24" FAAFANAE A& i
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Lensmax-Z9) AH43% A4 422H @3 Table 419 Uehd 1t
s} 2. Table 41014 BEnls} 2] Ce0,d) &L AntAlZ AR 1]
ste] ALgEo] AR PaF B, SiOE SR 1EE fEEHoER
B 299 s A% A 30 Ax 274 A%E ¢ 5 AW

Table 41 Chemical compositions of cenum pdlishing' powder Lenzmax-Z
before & after using in Sam Sung Corning Co. ‘ ‘
| (unit : %)

Sarmie Component Lay0s | CeO; | PreOn | Nd2Os | FexOs | AleOsz | SiO:

Lensmax-Z(before) | 69 | 450 | 0.8 | 22 | 1.1 | 66 | 93

Lensmax~Z(after) 46 264 .| 026 13 0.9 99 | 254

agx & AFA AT RAES EES S Table 4201 e Bt
g Zo. '

Table 4.2 Chemical reagent used in the experiment

Reagent Name . |Chemical formula| Grade Manufacturer
Cerium Oxide CeD | CP. | Alfa Chemical Co.
Nitric Acid HNO; EP. | Junsei Chemical Co.
Sulfuric Acid HzSOs "
Ammonium Sulfate (NH4)2SO4 G.R. o
Hydrogen Peroxide  HyO EP. |Oriental Chemical Co.
Sodium Hydroxide NaOH " "
Ammonium Hydroxide| — NH,OH GR | "
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2. HERERE R HE

A Kol AHSE BREEES Fig 414 vl bie 22 ASxE 9

£3dct. AEx9 A7) A4 85 cm & 0] 10 cm 24 &L QY F
Te 2] A% AU FFd werE ol&syE, oY WHedx: R W

E A4 3u7)7F 239 hot plateE Al gt =Rsigo. gz A
Aukg-& Hlo]ANA, AAE] Ao 93 43E AR+ muffle furnacedl
A 3.

BRHES 712489 3% ASF CeO; & AN ¥ dAF
B e AAE Jhste] muElEA SHAIAF, 4% AxE o A}
AFFoZN L3&E Attt a8z $84F9 A9 HAEAR
ke Wl os &3 2 AFH3teq B84 ELEYU ALOs B Si0: 4
AAT F, A3 §d& A=xAste] FAFAE AAE AL 98 o
H&t4t.  °o]F Al muffle furnaced A 850CE 2412t d43ta Ao 4t
¢ 4% 2 A¥aNsd 1 23e 2,

o

2

]

o
=3

K3
>

o
2,
o

tlo

3. BRER R EER

HAFAvAY 78 CeO,Z EFHoz AEATZ] A WA A<k
F Ce0:® W22 Fiol 9% 3 AFS Avugch 94 2 ywe
AgAdE B A F

(1) CeO; B3N HERRES ¥

CeO; 10gre& &= U3 A& 200ml € 71 F 7)o oA 28%
Ho0; 10ml & #7tete] 44 25718 240 o]E mwtatdA g2
& 110TAA 8AIZE Tt HEAIA @& CeO; &3] ZHE Fig 4.2 4t
Fro A= Yt

Fig 42 oA B¥x ute} Zo] Fasxe Z7ld] ua} CeO, £3& F3
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1 .Reactor

2. Thermnoneter
3.Condensor
4 Hot plate
5.Magnetic bar

Fig.4.1. Schematic diagran of experimental apparatus.




Dissolution(%)

Fig.4.2.

90 | I |

80 - o—© -
/
70 F | -' -
60 |- -
50 I 1 \
4 6 8 10 12

Conc. of H,S0,(Mole)

Effect of H,S0, concentration for CeO,, dissolution
under reducing atmosphere.
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3 Zrlele ARe Holtst 8M IS0 ol A E o ol gd Bue B4
o g ALE Holx Utk ol ¥y ABE mTo] Hel CeO, H3A FA
& AsEE M A A0 AR, B BF $AA SahE] 87%
RS W] 57 o} AT CeOpel S31E AMME T2 BH R A7)
J aEe ¢ 4 Aok .

B4kl A CeOz &3 WAL ohdsh Lol WAY e, weae
A-BE vhe ge] B0 244 297104 AFRaY ETAZ 4o
AEAe2Y &3l golatA 8 2oE AL ¢ 5 AT

2Ce0z + 3HzSO4 + H2O2 = Cex(SO4q)3 + 4H20 + Oz 1

g3 AEA e it AAAE J1Ele Ce0E £33t =E & E37)
oA, A4 diale] (NHL):S0s 7F &3]€ Zg HoSOy FEEYo 2 CeOF
g3 staAt sty '

(2) A& FEEFI (NH)2S04 i%%?lﬂﬂ e

Fig. 43 & (NH),SO; 10gr ©] 4319 A& 24+49} 200ml o] CeO; 10gr
& 7}sled 110ToA E3iA1Z2 0, B34ty 5= WEIT CeO; &30 A& ¥
Fg FAElY 2 Z23E e Aot FdAZ FL-3E 28% Hy0: €9
10ml £ 234 FeAd2 A&2&4F 71 Hojmoh

Fig. 43 oA X vle} Zo] sz F7te] wa CeO; £3&2 A
o FXHoz Friete AEE JeEhided, F4ilsE 12M A s 100%
L3871 olFojA. ol ZFIFH=E wFojHol IFELAFT (NHY):S042
A7tE CeO; &30 ¢ EFFolgdts AHEE EUdth oW CeO: &3
&3 2 9AE BgAd o2 Yeid ¢ e, CeOF £F3F 02 S3)d
olf-& olell w&AdA & 5 ket 2ol (NHy2SO0s H7tel| 9% B3y

Ao 7191 %ke}[4-1]

IJ
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=
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A
@
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O | ' ] [
4 6 8 10 12

Conc. of HZSO4(MoIe)

Fig.4.3. Effect of H,SO, concentration for CeO,, dissolution
under adding (NH,),S0, and reducing atmosphere.
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CeQz + 2HsSO4 = Ce(S04)2 + 2H20
Ce* + 2H:02 = Ce*" +2H,0 + 021
Cea(S04)s + (NHg)2S04 = 2NH4Ce(SO4)2

(3) ¥ ASHELY EELER 3 BB 24 -

CeO; &3] 71248 ARE 0|48 HANSATA Z9 AEFILY 23
£ HASATA 10gre (NSO, 10gro] €319 12M HySOs &9 7hsted
110ColA 241 ¢ vt A=Fo=zy Fauch. old FAA=Z AHe=
28% H:0; 10mle A&e F P4z Frbeoiz,

283 AE249 39 FHE 244 3N Si0 B ALO; $& AAF
Astel ERAHE ARAT. T B QojA AZEJL2RE 1FS 43
AES 47 st AE ZYo] NaOH &9 7}%}51 AEE pH 3028 =
A F, oA 297l M BLEIE ZFEshE 28% H0p 10mIE MM 38 A
7oz M Ce(OH),S 93 AAL f=3t4t)

ol AE2w A Fo EAEE C & H0; AsAl 93 Ce*'z b3}z
WA Ce(OH)o HE)a 7o) o]24X =), o]& W&oz TASH b
Z 2t}

Ce* + H0 = Ce™ + 20H"
Ce™ + 40H = Ce(OH)q

AEFU2Y AT Wt B2 FAE ANEAL 99 2970 @}
g 24, 28] 95tA Table 43 3 2th[4-2]

Table 43 ¢ 232 o3t AF 47t9} 37t9) Sasigzo) A4
A pH o 2 Folzk Agwut of}, £99) B9jy)d) AR H$ o
b}, Bl2 o] AL o]gste] AF Y2E U HERJAEY 2T £ g
HwE Es g A o AFFANES AFENF 9

=2

o Ue HEF FAHEE 9% FHD)e S0TAA 24DFY oo

o

&
=
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A ARE PHZ ARy, ojd ¥EALS &3 2o
Ce(OH)4 = CeO; + 2H0

Table 43 Conditions for the formation of rare earth hydroxide according
to pH & atmosphere.

Atmosphere
NG A Noy Cr | CHCOO™ | SO
Hydroxide
La(OH)3 7.82 8.03 7.93 741
Ce(OH)3 7.6 741 7.77 7.35
Ce(OH)4 35 35 2.96 2.75
Pr(OH)s 7.35 7.05 7.66 7.17
Nd(OH)s 7.31 7.02 759 6.95
Sm(OH); 6.92 6.83 7.40 6.70
Eu(OH)3 6.82 - 7.18 6.68
Gd(OH)s 6.83 - 7.10 6.75
Er(OH)3 6.96 - 6.59 6.50
Tm(OH); 6.40 - 6.53 6.21
Yb(OH)3 6.30 - 6.50 6.18
Lu(OH); 6.30 - 6.46 6.18
Y(OH)3 6.95 6.78 6.83 6.83

kA 71&% 28 5 TALE ARA AR AFARES =L Table 44
o} &, Table 44 o4 BEuleh Z2o] AFda EE3F 200 ¢4}
A kol AR AERF davt AFF TFE AHLS & F AU
a3 AAEAAZRE 235 T4 g3 Az A2 F
e 2% BEOIUR HAFLL, 8% AR o]& ALE ZAHUEH, ol
Ze Aoz nFojrol AFAFANA LALRE o] §37] AstAME F
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F & o 7A4Y 477 o|FlA} T AoE BpE

Table 44 Chemical compositions of prepared CeO: from the waste
abraisive ceria.

(Unit : %)

Components CeO2 | Las0s | PrsOn | Nd2Os | FezOz | AlOs Si0;

Content(%) 7155 | 575 0.47 224 | 0073 | 016 0.18

#36 ZUAE RIEHWAEARIEHIZNY AFRLY
B8

1 0B 3 A8

REE BustelEd Aa 243 EEw U= 4 B2 U gy
AS2AREL ALFAT. BUAlEF 200gre] 50% NaOH £ 800ml
2 bt WLLE 140THA 4NDEL $ANA BajE BUANE mudE
1A7H5<E 800ml B2 AEn 9@t Qojd YAB) 10N HCl 300ml
£ e AEAA dnEE 93 HEFLAS AT 98 HEFE
E8E U 2 The £4322 344 0, 2o £9¢ KMnO,=
AAZ @ 2459 ) AP EQdE ASS vt AsAvn
NH,OHZ pHE Zd&c] Ce(OH) A¥9 AL AAT. olshge My
Foz dod FURIE IEA AFFAREL A8z ALsgon, 1
HE-L Table 45 9 2} |

Table 45 oA BEvtst Zo] AEASE §FS 50% Axolx, YR

718 B ERS KMnO2 £4& 48tAle 98 4L diEd AL
—130—




2 ZAERY. 2T AFFARE AZA AFS AYS JE JERLL
7} 9% THE ASE mFo] e}, pH 24 I AFF4IEe] B
e $ASA G Aoz FRIR.
23 2 AL WL Table 42 o Uehd Rz SIS wES %
& M BEEe ALsa

Table 4.5 Chemical compositions of cerium hydroxide obtained by
monazite treatment.

(Unit : %)

Components CeO2 LasO3 PreOn Nd203 Y203 AlO3

Content 50.05 5.94 1.83 6.40 0.52 0.11

Components CaO Fes0s MgO MnO Si0, TiOz

Content 0.39 0.12 0.03 8.38 0.24 0.02

2. REAEGE R Hik

B

A FEA ALE3 BEREEYE fid Fig 419 A9 muffle furnaces
o] &-3tAtt. .

BRFEE d3F) AFFAIZ(BUYAE F4E) 10gre AT 24
o2 §3F F HFF] NHNO:E 7eta mBdgiEe ol Wzgch o)q
AgFoz EFHA (NH,)LCe(NOs)s - 3H0 9] A ZAA o] AAFH=H),
o] &94& BERSHESE, 2ol ZAE T AT AL WBE, mEh, BE,
WEH B SEHRFS BMEIREZCT. ojdZeo] st AR AA S 80T
oA 2212 5<t muffle furnaced] A 3t43A A FAEE £2S derh

3. HBAMR U %% e




AEKBILD(ZIRCE EEY)S 2402 33 23, 4443 FE8
&Fel g8 471 AEFS NHNO; ¢ ¥33td &= 32 ammonium
cerium nitrate [(NH,):Ce(NOs)s - 3H:0] #HSE #aS Adzo=z P4
th[4-30] old O& JEFILEL BEP oJ2FHZ EAst=H, FA
A 243 F3AHS BHESHE S 22 AESEES & U0 £ 4
ol e vtz ojshr-e A S o] &3t AFJHoz MEAFES duA 3}
Aot

V) mHBEY Y
AESASHE(TUAIE 228 10gre AEE] $3 24 100miE
% 80T A 2ABFE T ST, A FE Wt ABFA
o fald) PAE FLE Fig 449 YHAGT Fig 44 o4 Biwie
o] AVEES ZAd B BUR]E RHBA AFFAHBY S5EL

e A% sEdA F48 2= AL Holthrh, 3M HNO; o139 B
s Saes A7 E5E A%S Yeiz Utk 223 8M HNOs
g4 SuAelE BaZo] A 100% SAFE AR HTo] Hel, 7 o)
g 3% Zd: Tua oz wwdr. 1y AEE 29d
[(NEL):Ce(NOos - 3H:0] 274 W= S55tuz @ 2%, ABA 4 B
do gaizrt e AL o83ty W&, conc. HNOs 25ml= 80T o)A
1027 928 Sastel TH) AAHET AARE Ao § HIHY Aol
T, Qumos SEAMLWS e 47 SAHE Aoz FHA gk,
SUAoE RABY ABFUHBY B8, ALY FEAA S o] F
ATs AL ABAREBY Sa7t SoHA B A AASdast 4D
F4H0] A= A AT Aoz BHUY. AN 9 AFSAsge
g3 gL ofehe} go AT & gtk

Ce(OH); + 4HNOs; = Ce(NO3)4 + 4H,O

N,

1

my g

A

=

(U
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Dissolution(%)

100 I | | 6/

80 - -

60 |- -

50 1 1 1 I 1
0 2 4 6 8 10 12

Conc. of HNO3(MoIe)

Fig.4.4. Effect of HNO4 concentration for Cerium hydroxide

obtained by monazite treatment.
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(2) AER-EEY BIER NILNO; fimEe] WX+ &

AEA}EL BUAOE BAHEQ HAEFASE 10gro] 25ml conc. HNO;
S 78t} 80TCeA &3k, thA] A& ZFe] NHNOsS et 2ASAA

+ o3 ZAAES 4% R saFe 2R A=A U

Table 46& oA HA¥E el s 11X ZAIANA A=,
NHLNOs #7Fg%e] ¥styh g 24 #Ae 932 vehd Aot

Table 46 Chemical compositions of crystallized product obtained by
adding NH4NO3 through 1st stage-crystallization.

(Unit : %)
Elements
Eqv. of CeO;z | Laz03| PreOu1 | Nd20s | Y203 | MnO | Al2Oz | FezOs3
NH4NO3

1.0 (5.0gr) 533 | 81 15 46 {017 | 31 | 17 | 094

1.5 (7.5gr) 534 | 76 16 55 026 | 61 | 1.7 | 095

2.0 (10gr) | 571 | 89 14 45 | 011 | 29 | 21 | 092

Table 46514 BEUS} o] CeOpel T AT ¥sked NHNO; 3
7t B St wEk % I e AFES Holn Jou, tE FHERH
A2 4 ECEALEY §F Aste 9AT APl gt SU18TE AL
ERE AT E€E 44T /M Bol T8 F &FY 724w, o]
SZe ZFE 423 wpFA=Yo.

oje}g L AHA= w|FojHol NHNO; 7t o3 & dIwe] 2323
(fractional crystallization)22 AHEF3FE AH 30|z ZE3oes FE& UE
g, & o ZESH Ce0:E &7] YalAE wEZQA AAZIL o]Fojxo & A
o},

A5t E

tlo

Agoz 233 98, AolW S9o] NILNOsE 7+ated
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42y BEdoz AAZFAZAY uk32]e otz zt}
Ce(NO3)s + 2NH4NOs + 3H20 = (NH4)2Ce(NOs)s + 3H20

a83 AAS Az dojd ATe) Ao G ABAHE ARA i
(calcination) ¥Fg-4]& t}g3 2t}

(NH4)2Ce(NOg3)s « 3H20 = CeQO2 + 2NH; + 3N205 + 4H0

(3) ABHBEY WER ESEEET AE v ;
Wb AYEel AN ABHREN AZA NLNO; HMES 2%

(10gD 0.2 TA%HT, B BHEALEHD WhlA Qe 2o 24 A%s

Table 4.74] YeER ST

Table 4.7 Chemical compositions of crystallized product obtained by
adding NH4NO; through multistage—crystallization.

(Unit : %)
Elements
Ce02 |Lax0s3| PreOn1 | Nd203 | Y203 | MnO | AlO3 | FeaO3
Stage of :
crystallization
1 571 | 89 14 45 1011 29 21 | 094
2 60.3 | 5.8 0.8 31 | 008 | 25 22 | 052
3 771 | 35 0.46 19 [ 006 | 2.0 18 | 0.27

Table 4.7 o)A BiEule} 7o) Ce0r9] &2 BJE 2R3
o @t A&KHA FUHEHALY, UE JEF £ EEE 44259 FFE 2
3le AAHE A% YA

oo} AFZE u]FolRol NHNO; H7ld 213 (NHy):Ce(NOs)s - 3H20
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249 248 $4e AR ol AFATY FAE 8%k

olde] 24¥ AR vRolBu 3 AFFEM L ASFITETEY
Ao E gl HEWMZEH AF AHE Az: WwRd P g4 7
SRAAD, HREKD ABRIEDS BT B 9—.%9.11; LR R RS
olgete] A&HA AT/l olFoiAobwe] BB ABMILMS Wi
g Aol
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BOE & W

E AL &BRRty HniE T BN 8 BW(TIO, ALO) 2
Bt BIEWCe0)d 2714 Bk e BPez od g HHS BRsnA
4tk ol SBRLYSS WEHMGHEEY 9% SEE FRY g£Hhe
g3 2o

1. BN &BRY BEHR

1) Rk SBmY s

FE£A%E 279 BAtAE AAdH BSAA YAI7|7 01 Wa=E
(100nm)el3tel 27 Y 244138 Bug A=A dR=7), YJERE 23 o
2438 2R BYAT T YANE 20Y 22 F& 27} A9
@ o9 7Hx RERNA A¥e $959 Ged e FHE Aot

ol

(1) TiCL-H0 ¥¢AdA 209 TiO, £ A=A H09 57 =7 &
°of et AdHe 2vd 229 FILAAZI 19m7AA Fel R, A7)
BEE EFY A AE € F AN AAHE 22 T 2AY BY Z
I FEY FFo] Y3 54%Q0 o] AXEEL ¢ £ YU

(2) TiCL-0:-H0 ¥H&-AlolA Zu]F TiOET AZA 9AT Sz A
H20¢ TiCL®] E4]71F F71del wat BAE £29 FFYAZ717 19nm7HA]
ZASRJR, A7|EE =T o] FIF BIdo] A=X HAUh AHE 229 A
RAY Y A 22399 4] F 28%% E2Zo] AX FHU} oI A
23¥ TiCL-OrHO #8ANA 279 £2¢ A=ZsE Ao TiCL-HO
SANA EEE ARdFE AR Fu FIdH g 2L A 5+ Qe
€ ¢ F JUT =F Y P04 HEEAY BEE 20 mole% 7HA
FNHAARE 298 2L A=Y & Y& T2 2FHE ¢ 5 qQ
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@ 4e3te mAstd JadA F7IE 45 TiCL-Ar-HO0 WA A
299 £2 A= 49 F93te] TICL-O-HO0 #3ANA Q& Zsst #
Ag AE A EE AFE 2AA B$EAY BEE M2 I
AIA 7t AAA F3n FAAL T 26Y B ATV 22 FAEE
F2% Foe 99 |

@ ALOAIZ d¥e NEE A%dos FYsn WLEAY FE A L
ARAZS Wl g 4¥e FPsAch BLEDY FE/ 271 o) o}
ARE 229 4A=7171 15nmelA 3Bnm7tA] F7HER R, AFALe] i
of W g2 ZAPol Y L oW 1) THYY 2L A= TF 3
st}

2) BHK SBRMLYS) RERE |

zUlY oo EUEHS AFYIA aFyoz AVAVL BASHE =

As7] g8 zrEAY gude A9 $9% 2% o9 2ee AR

1) =9 [014‘1'3}51 g3 FYL butanolE autoclaveE ¢]-£3514 esterﬁcation'

st 255tz EUAYLYE FIHRAOY 253 doo] SolX k).

(@) $71% EWA2A Q) isopropyl tristearyl titanate, methyltrichlorosilane 2
stearic acid ¢} #7181l hexane, ethanol, toluene, acetone 2 benzene & At
&390 279 TiO, £%¢ 59 Degussait®) AEFA P25 o & A7
AZE AL Aedel A¥D A% g 2L AFE AR

7 7] 4% 5 wiss) ERAYAE A4 Aol DAY F=F B
B}g UBEDm Tols AL 1A ¥ AT S Azte] S 2wl
zeAo RUAAA 57} 5wi% BT & Ax A43EY s
Hlopsta, A - 3% F EUANY 22 HASE ) Azo] AL B4




AA FHAAN} AdHE L= AR

. methanole AH&¥ A= SN 4T EHAAA F hexane &
AR A4, O SAEY R SRAE 782 BjaY w2 I
BEE Yetgo. a3y ERAYAZ stearic acidS AHEAldE SA=EA
acetoned} hexaneg AHE¥ W ZF 2 AF3E e Ugdlth

th B dFA A= 2y TiO; £2& TTS, silane ¥ stearic acid®
FHAE & wx dad 2uFd 4 IRFAE A o] PBY e AF
€ B2t £g o ZAAE 2v|PELL IREAA 2 2AE dU

2t Zu| ol dstEeS &4 FHAR ¥ 94 AR FRY #UIE ¥9
A A F silanes hexaned] Swi%z £33t AFIAHA, M FEF =
. 100% BAA S YBUYD ¢9as) A2 Yrhl: A QA

3) BHE SBBY BTFER 29
FUE AFME AQ A9 9A4F B, F 714 23719049 TiCL
shkge] @ TIO, ZFIAAS 44 4% B 2Le d% dEo 94

ARNA YA =9 5 S 7 T8 Model 28 ¢S =2
o] HEE E9HA Ued 2L dES AT

(1) Model 29] 7337} Model 18] 7o) H& AR FFS SR o=
monomer?} EAE 43713 QA3 A ol S5EF] EAYL AR

(2) ¥4 Model 29] $5 472 4Ate =27 2AEE E9 43449 23
o ZHIE Ho FA

(3) GAYANA oA PYAR HFoz st ol AFLS uE7] Fale) U
Bus A2 HAH ol F AA T 27 FAY Y R g o]F
o]AE H AFAIZEe] o] ZAF}A.

(4) TiCLS s%, ¥E2x7t 4 A7) 4TS Fer, BHeE9 482
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= 4A AFd 2 9] g _

6 SAAAAA L 47 o Z2& QA 2 A% Fe QA 9 F
o] T 2 QA 259 wH TS PA Lol YAYA 27l BAEES
Zd2A71E H 7l93te Aoz Bt

2. Bk WERS ASRtY BLEWHR

& HEAME J ASHEE R AFKREH(ZEUACE A= BEDS B
R, RERLG 2 o5& RES BEMN WEWS £RAD O, oE
stago=N Gz AFAES gl =0EE WEHARSY ged 2
< fme AT

1) CeO, 10gr & (NH),SO: 10gr ] €31% 12M H,SO; %49 200ml
o W3 H0, 10ml & 7hske] 110C o4 #eA7W ASASHEL A9 100%
8= Q,

2) CeO; 8319 712487 £U8 zh02 ANEARAS A2 A7)W, 7
AEQAriA 29 HEFLLSL HuE S35

3) AAEAFAY FE2EH 94 £9¢ pH 30 o2 AR, VA=
0, & 75t A9 AAEL sh28W B3 72%9] CeD, A2 o] dojAL}.
old) AAMEATIAZRE CeO, 5582 88% olSlth.

4) AFFAHB(IUA]E 24E) 10gro] Conc. HNOs 25miE 713he] 80T
A 1087 HLAFW AFSEAREL S LHHQL.

5) AFFAHEY 227} Ao SYo=Ry ASYAES Y P9
(NEL)Ce(SODe-3H;0 21441, NHNO; A72& 2%aFo] AAsgch




6) B3d 2343 A5t S SRS E Ce0; o F9= A& F4HA

oy, 288 Hege AaUE FTL B
AA o)A Ce0, o EAE T8%IRH.
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