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SUMMARY

I. Title

A Study on the Heat Storage and Transportation with Microencapsulated Phase

Change Material

I. Objectives and Necessity

This study is to investigate the new type of working fluid consisting of
microencapsulated phase change material(MPCM) and water for energy saving from the
effective heat storage and transportation. PCM that adsorbs a large quantity of heat
when it changes from solid to liquid state has been utilized for applications of solar
energy utilization, night electricity storage, the air conditioning of buildings and the
refrigeration of warehouse. In the other side, conventional heat transportation systems
have long and large pipe size in diameter to pump the working fluids between heat
exchangers for source and sink. In such systems, thermal energy is transferred by the
sensible heat of a single phase working fluid, being proportional to temperature
differences. When systems are often operated with small temperature differeﬁces, the
amount of fluid and pumping power should be increased.

MPCM slurry can serve as both the energy storage and heat transfer media due to
high energy storage density. Since the ratio of surface area to volume of MPCM is
relatively large, the heat transfer rate per unit volume to or from the material in the
particle is high. And MPCM slurry systems require no additional equipment for

generating the particles because MPCM can be apply to every conventional systems.

. Contents and Scope

The contents of the present study was to prepare the optimum MPCM for cooling

and heating and to perform the experiments in order to confirm the enhancement of

heat storage and transportation and reliability, etc. This work can be splitted into four



parts as follows ;

1) Preparation of microencapsulated phase change material
- particle size less than 10 #m with polymer wall material
- phase change material : tetradecane, paraffin wax
- yield : up to 95%, solid conc. : up to 40wt.%

2) Evaluation of MPCM properties
- density, characteristics of phase change, thermal conductivities, particle size etc.
- stability and dispersion of slurry
- durability of MPCM

3) Production for cold thermal energy storage system
- reactor scale up for MPCM production
- emulsification and polymerization with the type of agitator
- standardization of overall process for production

4) Experiments for heat storage and transportation performance with MPCM slurry
~ charging and discharging in small storage unit with fluids
- characteristics of fluid dynamics and heat transfer

- evaluation of thermal storage performance in cold energy storage unit

IV. Results

A new type of working fluid consisting of two component suspensions of
microencapsulated phase change materials(MPCM) in water has been studied. In this
study, the microcapsules less than 10u#m by in situ polymerization technique with
melamine-formaldehyde resin have been prepared. It was possible to produce the reliable
microcapsules with the emulsification of core material by anionic emulsifiers and the
adjustment of pH and temperatures iﬁ polymerization process. And the characteristics of
microcapsules such as thermal property, physical properties(density, thermal conductivity, and
etc.), viscosity and fluid mechanics of slurry was also evaluated. Finally, we have studied the
heat storage and transportation with the microencapsulated phase change material slurry from

bench scale unit cooling system using night electricity.

(1) Among lots of phase change material, tetradecane (m.p. : 6°C) was selected as cold
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energy storage material and paraffin wax as hot energy storage material. The selected
PCMs have been emudified by using anionic water-soluble polymers which were used in
the conventional microencapsulation process and compared the characteristics of
emulsification with the surfactants. Microcapsules with the average particle size of less
than 10um were prepared by coacervation with arabic gum and in-situ polymerization with
melamine-formaldehyde(MF) resin. The size of produced MPCM was determined by the
size of oil droplets under the emulsifying conditions such as RPM, the concentration of

surfactant, time and temperature.

(2) The reaction rate and the degree of polymerization in melamine-formalin
condensation can be largely affected by the pH of solution. Replicate experiments under
various reaction condition showed that reaction condition could be optimized by initial pH
control of surfactant solution. From the results of experiments, we have found that in-situ
polymerization with MF can be controlled with the operating conditions and is superior to

coacervation method.

(3) The thermal conductivity and density of slurries mixed with the particles of MPCM
were measured with respect to its temperatures as well as concentrations. For the thermal
conductivity of slurries, a device made from P.A. Hilton (Model No. H470) was adopted.
There was a well-scaled 0.3 mm gap between shells into which the slurry was injected.
The temperatures of the slurry were changed to 5C ~25TC, for which it was controlled by
the supplied voltage and cooling water circulated around the outer shell. The
concentrations -of MPCM slurries were varied from 5 wt% to 50 wt%. Some general
equations such as Maxwell's equation, were evaluated for their applicability with
Micro-PCM slurry. As a result, there was about 20% discrepancy between the experiment

and the applied equations.

(4) The density measurements of MPCM slurry to its temperature and concentration
were performed by hydrometer. The temperature changes of tetradecane were applied for
0T to 20C and a mixed wax for 20C to 60C, and its concentrations were changed from

5 wt% to 30 wt%. The experimental results had good correspondence with a general

equation.

(5) To evaluate the characteristics and performance of MPCM as a thermal storage and
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transportation medium, the concentrations of slurries were prepared for 20 wt%, 30 wt%, and
40 wt%. The results were compared with those of water and 100% tetradecane oil. The pure
water and tetradecane start solidifying within 20 minutes after introducing cooling water into
the thermal storage tank whose flow rates were varied by 125, 250, and 500 cc/min. However,
MPCM slurries were required relatively longer period for their phase change than pure phase
change materials. That was, the entrained MPCM particles control its heat transfer in terms

of natural convection and conduction to them.

(6) The viscosity of MPCM slurry were measured as the functions of its conceﬁtration
and temperature. A rotary type viscometer, equipped with temperature control system was
adopted. The slurry was mixed with water and sodium lauryl sulphate as a surfactant
where its suspended particles were homogeneously dispersed without the segregation of
particles during the experiment. The viscosity was increased with the concentration of
MPCM. The surfactant increased 5% of the viscosity over the working fluid without
particles. Experiments were proceeded by changing parameters. such as PCM particles
concentration as well as the temperature of working fluid. As a result, a model as the
function of temperature for the working fluid and its particle concentration was proposed.
The model, for which its standard deviation shows 0.8068, was agreed well with the

reference data.

(7) The pressure drop was measured by U-tube manometer, and then the friction factor
was obtained. It was noted that the pressure drop was not influenced by the state of
PCM phase, that was solid or liquid in its core materials at their same concentration. On
the other hand, it was described that the pressure drop was much increased over the
working fluid without particles. A friction factor was placed a straight line in all working

fluids of the laminar flow regardless of existing particles as expected.

(8) For the experiments of the heat transportation in laminar flow of MPCM up to 1100
of Reynolds number, the experimental system that consists of a diaphram pump, a liquid
coupled heat exchanger, a manometer, a data logger, two isothermal baths, two flow
meters and thermocouples was used. Concentrations of MPCM particle were varied in 5,
10, 15, 20, 25 and 30 weight percent. The Hausen correlation corresponding to the uniform

wall temperature and the Willson plot were used to determine the value of the thermal
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conductivity of MCPM slurries. Results show that heat transfer coefficient, thermal
conductivity and heat transfer rate of MPCM slurry were significantly augmented.
According to the results, the augmentation of heat transport has indicated its dependence
upon the particle concentration and Reynolds number. Heat transfer coefficient and thermal
conductivity of the MPCM slurry .under phase change process have been seen to be
higher than those under sensible heat transfer process over 36% and 56%, respectively.
Experimental data were analyzed by a model proposed by Ahuja based on the particle

rotations and the entrained fluid. The overall accuracy of the results was within 10%.

(9) We have performed the experiments for transportation durability in a closed
circulation loop using several kinds of pumps. As a results, it was shown that the ratios

of breakage of MPCM were less than 10% over 10,000cycles.

(10) In order to confirm the performance of MPCM for night electricity storage, we
have charged and discharged cold energy to 12C by using 20% slurry. The effective time
for discharging was longer than sensible heat storage of water (more than 180min), the

capacity of heat storage was increased 1.8~2.0 times than sensible water.

V. Application Plan

Compact cold energy storage using the night electricity

It may be very useful to utilize the night electricity for éold energy storage in air
conditioning. From the results of this study, it was shown that the heat storage capacity
of MPCM system was up to 3 times higher than that of sensible water at 5C, can be
utilized for compact thermal storage units for air conditioning or cooling media for

telecommunication unit.

High dense and massive heat transportation for house heating and cooling

For the effective utilization of MPCM slurry for waste heat transportation media, the

pipe size, the flow rate of working fluid and the pumping power should be decreased.

Special heat storage material with thin layer matrix

—x-



Microencapsulation can be utilized in the fields of drug, pesticides and foods etc. Also,
owing to the fine particle of less than 10xm, it may be possible to apply for thin layer

matrix for wall paper, special insulating cloths, and etc.
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PCM T.(T) AJ/g)
Pentaerythritol 187 305
Propionamide 84 168
Pentaglycerine 81 193
Organic Compounds Stearic Acid 69.4 199.2
Tristearin 133 56 191.3
Paraffin Wax 472 210
N-Octodecane 27.8 245
PEG 600 20-25 147
Ba(OH)2.8H20 82 266
Salt Hydrates NazS202.5H20 49 200
NazS04.10H20 32 254
Teflon 327
Cellulose acetate 229
Crystalline Polymers Nylon : Type 6/6 265 105-185
Polyethylene 100-140
HDPE 132 160-180
Si 1415 1654
MgF2 1271 979
Be 1265 1210
NaF 933 750
LiF 868 930
Pure Element LiH 699 2630
46LiF/44NaF/10MgF2 634 848
KClOq4 527 1254
NazO2 349 315
LiNO3 252 370
AlCl3 192 280
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TEGDME : Tetra-ethylene glycol dimethylether
TrEGDME : Tri-ethylene glycol dimethylether

Chi : Chinolin . ETFE : Ethyl-tetrahydrofurfuryether
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2} o) A v & &5 A Q&< (kJ/mol) £ 5(K)

s&=2
Zeolite 13X 79.4
Silica Gel 46.8
o=

= NasS - 5H0 — NaS + 5Hx0 ' 62.3
CaSQs - 1/2H,0 — CaS04 + 1/2H0 324 460
FL5HE
Mg(OH); — MgO + H0 &1 531
Ca(OH); — CaO + H20 109 752
aALLolatet=E

o}z e} FeCl; - 6NH3s — FeClz - 2NH3z + 4NH3 51 388

CaCl; - 8NHs — CaCl; - 4NH3 + 2NHj 42 303
=554stE

T4a MgH; — Mg + H; 76 560
CaNisHs — CaNis + 2Hz 32 315
ELASIEHE
CaCQO3 — CaO + COq 178 1110

71 €} ST k=1
CaCly - 2CH30H — CaCle + 2CHsOH 519 410
CClsF 148 280
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Z 29%dL @A FA2AZ £ e, (28 3-31% o] €39 & (IPF:
Packing Factor)o] 40%% A% 548 WE54S A vidzarle d=d vlsio 128 7
ol WA

dg 7t F& AS(PF<10%)1A9 4o ©E ¢HFuE ’Qlﬁli , FE el
o] £ HoZN AT Ut B Atole viIEHE FASHA I #
&o] Mz Frletd g YAV B £o02 i widHFAA e 4H Tl HAHAE
Holtirl F7retA Hed, ol 48 YAV B FAA FdHeE EFH e olHE A

ric
ne
o
A
24
e
wd
olj

d)

2ol QojA s FHL BF FARE RAFE Zolth A% BRI ¥ A4S, W

o 5§ HHE &

ol

ZABN= A& gAe 3 E(ice plug)e]l BAHT & HoZE E

B& BolA "o,
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<E 3-6> @ F5iAYd EF 2 &8
. Temp. . L.
Fluids ) Materials Application
Saturated water at high Heating, Hot
Hot water 40~200
pressure water supply
Cooling, Air
Cold water 0~10 L
Conditioning
. Coolant -50~0 | Alcohol, Brine Refrigeration
Sensible
heat type s .
Absorbent for Aqueous lithium bromide . .
thermal . ) 40~100 . Refrigeration
) refrigerating solution
fluid
Additives for Polymer, Surfactant, Fibrous j Pumping
flow drag - material, Electromagnetic power
reduction material, Air bubbles reduction
Compound materials Enhancement of
mixed with solid - Polymer slurry heat transfer,

particles

Drag reduction

circulation

. Cooling,
Ice slurry 0 Ice, Water solution . )
Refrigeration
Latent heat . . .
. . 0-60 |Paraffin wax Air conditioning
microemulsion
Solid-liquid
phase Clathrate slurry 0-10 | Gas hydrate, Liquid hydrate | Air conditioning
change
material . . . L
Microcapsule Slurry 0-60 | Microencapsulated PCM Air conditioning
Ext.crosslinked polyethylene, | Heating,
Shape stabilized reed Polvethy £
. - Int.crosslinked paraffin wax, | Hot water
latent heat material . .
Crystal transition material supply
v liquid 100~20 . . Heating, Hot
apor-hquid | Steam 0 High pressure transportation |
phase water supply
change Forced or Natural Air conditioning,
material Coolant vapor -40~20

Refrigeration
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Return Supply

| HEX HEX
P R T

1L

_| SCHEX l

f —
ice-water

P storage

tank

1,0 T ¥ T T T T ¥ Y -T"
0.8 r AT:?AC -
o q
g uol .1
e .
@
& 04p .
= .
£
g "
o
2 aak A
& 3
o L
L 1 X 1 1 1 A L i
0.0 20 40 60 80 100

lce packing (actor,IPF{%)
(29 3-3] €45 S3&3 wid A7 ¥
(Dyv : otolz=<2ld, Dw @ &)
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ool & AtgslE A" wl#@ oM dg dx7F A=W o] sHyse
EA Al dAge2 olo AL HAsAMe= HAZS ASn LAY o] AAsojop &
HFAZ B2}

Pressure gradient , i (i=AP/L)

05 1 2  logiu) (m/s)
® ,

[2% 3-4] &l @2 4l

2) "folaZ o EA

23 854 %t N-akaneA 29 29 59228 89404 Basg de AL o
slaze@Aolet a4t Bol 454 BEAL BAAII AL 229 484 A4
Hed, old e f3AE (29 3-5]

)
.
°
o

FAN(HYF )% 24712 d R )2 74

49 N-alkaned] oEA AxAFL 37X (homogenizer)d A4} AlEHE &3t
oko] Z7}3le) wal FgARET £33 A= PEG(Poly Ethylene Glycol)9} #& H]o] &4

<]

of 2 ALEHE, 2] AAHe] $WY FHEZ FAAA IW Auwsog H2@

o X
@ o b
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Water

Hydrophilic
Radical

Hydrophobic
Radical

Surfactant Molecule

(29 3-5) Azl Ed22E HAH Micelle

) stela 2P ed FIEIA €83

ool Aol vASA EiaE EFY R A AHE FAHAY Aoz diH
ol Az oaE AWFEY, In-situ FHH, Complex coacervation 8, AL ZY, A
So] ot} ol NEFAHES Tt 54 2ol A E dedle RCER

FBEME AEHQ wute] FHo] Lol nEA EFE W -AFEAE A HdAs,
olgg EAEY B -3y Ao Z FH¥He ARHY AeHTAS AdYstA g4 €
Ag 2 54 ddA 2 a&S JYedE IFE 9 ¥AMPCM, Microencapsulated PCM) €
Az & Jed, 2 dEHQ 97t HEdH(Tetradecane)d] HWetrl F£A& 5 FHuto
2 st Yg F9 vyAold, HEHULSE HEEIZ 39 In-situ FEHLE Ax"
mlolaz Hey A uPxe B P 9 ASSHE (29 3-61% (28 3-7]9 &
Z JGeb AT

i

o] Z2AEY £AAE AU/t 2RA BERAZ FAHO FA FoA BHEHoR W
He ALdE FEA479 T A4S HAFeEzA PR FHE AEHoE FAL F
Ak, AN 2H € AR 4 49 L2 vo|AZAEE FAUHAE ol &ty A3l
Ae T4 grrt Forg $83%dH, o8 A3te 4R AWEFAS A W74 43
sto] ME RIHHE F4T F Ue T AFHE FAA AU dojof G, &7 3
ez AMLEE dEHQ 28 EFZE Urea, Melamine, Teflon, Nylon 2 Gelatin &
o] o, nFE e 2 2J& gt

2
iy
r
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s JFEEHY F9dsE 78 F e A5l dolof

Wy FEEAR] 58 Wgo] glojof ot

olFF At FatEo FFo] Soldfof ot

FAZel dA ZEA 3 glo] AFEHE AR F e GBS 7HAk

(24 3-6] FEr @A FHALA

of 341.96C

L 2.63C 49.13J/g

343.75C
-0

194.87J/g
A5+

Heat Flow (mmwW)

20

6.69C

25 A . 1 R A s 1 R 1
-100 0 100 200 300 400

Temperature C)

(29 3-7] vlolz2 &9 @4 AT

i
oX
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4) AAssE £

Tetra-n-butyl ammonium® < 45vol% 2 B3 &3, Ax® £4& A8t 117)/g9
Qe AL 4 9. 8y ZAHAL T 40~70xm AVIE 2HE F3}E £3d 4

ol st #AS Az LFoF AFzo IAHo] FAHAY wige] THI= T XS

dursti= Aol =8 dH|, ol ZEAE <Y FHE EFSH ol &3t dE A4S i

skl sA Lo <E 3-7>dE 2EAE £ dEAY dE WA FFE ol&S
o

BP0l

®Q

. ——

oo ¥3

(29 3-8] #32&dE Ax 2 € F5A29
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<& 3-7> ¥ € wAE 54 v

nlo]l 3 2 W&
g stolazee | AA5HE R
&8 g
ZHLE(T) 5 0 5 5
F4(J/g) - 334 193 229
2 % (g/cm’) - 0.92 1.08 0.81
&8 5 E(%) - 15 45 25
g oA
29 100 117 54
d 2=(J/g)
COP 45 2.4 40~45 4.0
W F7]
ZL2 % (T) 2 10 0~2 0
S A71BA gle |£E83 2o (Aewd $8 | 3o He
R FAA " |A(F)ol &) 7t

A2 wlo]Z 2 E ool 23 v|YPA} A=

5

Ho

ulo] 2 2 7§ & 3Hmicroencapsulation) & ZH-&

e FHAA WFERS A WHS T

o

1S/

rr

B
e

Complex coacervation®©] 2} i
Holx o] 2 ulolaZNE A
27 E2 < i

% xstn e

3A, dA g T 7 59 BF QR

U
st TR FPWEL o) L7 E 87, o] The FHANE EHA VA4S g
3l H4Eel A == $8EY. vlolmEPE BHFE HY3ld A7) vt 3 =

E:
@ FrEol sl Hed, 3349 S Ee AN 9 ARG A&

e
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= Ro] gt o|tt.
aHu, 71AA o] @ 744 8H(Mechanical encapsulation) ¥ Wolx AAHozE &
gsty wgsol TEsdd & gon ™ $yd ¢ P& Hchemical
encapsulation) 33 Eg 237 E A AT gE&EHNE X YA 9. F JHA Y=

EHE oled A3 dEHY dEo] <HE 3-8>o] UEH Y

oX
o

<E 3-8> 8 - 1A SHo % A& FHY BF

3} 5} 3 (Chemical) 3 & 7] Al 3} (Mechanical) 3 A
Complex coacervation Spray drying
Polymer/polymer incompatibility Spray chilling
Interfacial polymerization in liquid Fluidized bed

media

Electrostatic deposition

In-situ polymerization Centrifugal extrusion

In-liquid drying Spinning disk or Rotational Suspension
' Separation

Thermal and ionic gelation in liquid Polymerization at liquid/gas or solid/gas

media : interface

Desolvation in liquid media Pressure extrusion or spraying into

solvent extraction bath

58y FA st AzE Q&S F2 AA/ ALY kA B 9ET]) QoA
FAH A, AN FAHY Ao W&} dA Y SHGAN &

(gas phase)& ©]&3tA Hied, ole 7IAHA Aest FAHE F&d HoAXe URER
(core material) 2ol Z® E3° HZH(droplet) S EF3AY A4E&A o wA(BH)SH
A g BEAstE Wil ostd, TE& mA/AA AW oM FENEL Falo Hes 3
Aede AE 9r g,

o}

r

al

@A7ZEA Y ojwF THE PSHTAE Qe AEtnA e FAH F8AEY &7
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g BEA7)E 2E W9 WSS AAHY £E AT YwHoes 3 4 FAS 24
4o WREAZ S wad 2 279 3
wo Mz AR FHe Ave) AEe A
Y HEd AZEAE AYAEE d7] AaAE oY FHS dY <
MBHoz osishs FHol BWasA Uoh AAZAA AUs® FHES) st
2 7ix AEE9 WP 27)WY7 <E 3-9>] FAHe]

<E 3-9> AUA WesTAHd J5t Azxd vldA 72X

2dstd AesdA Aearld .
Spray Drying 5~500 ¢#m
Fluidized Bed (Wurster) > 100 gm
Engulfing (2-fluid nozzle) Processes > 250 um
Rotational Suspension Separation >5) gm
In-Liquid Drying or Solvent Evaporation < 1-~-1000 #m
Polymer Phase Separation of Coacervation 20~1000 ¢#m
ol AFH Aest FAHEC Y AolMe & AolE BUA R2FoY, EE FF

of glojx 1) BAH(Dispersion) £+ olEAHEH A (emulsion formation), 2) ¥ A (Capsule
wall deposition), 2813l 3) W& R (Capsule isolation)d] Al 71A] FEE ©AE E¥stn
At}

vfo]AZWE3 FAL FHE Y, 28 dFAEL AAWE YA 7| F(drop forming
device) 52 £ty tEAE A4 £ UEE e GUHA ZAEES ML - o83 &
th olgdt AR EoE 1402 AT F AL ALY dF-FA(multi-fluid) =&, 218 F

GE-84 =2 9 ZAF ulE(simple capillary needle), ©% 2 83 ~(simple orifice), ¥
A} x=Z(spray nozzle)® 31 O A Z(rotating disk) 5ol T <l IHEL F= F

F9 7143 FASAR, 22 35A &g FHEL o AAYE APV FES ]
£ <E 3-10>0] P AAYE FAPWL 7122 e WEs e 5%
Adeoz YeEso .
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Adgt vlola2 e Y2 AFHF JALEEC] FAHHY, )& vleja=ghe A2
A3 292 w:x ASUAS ANA Tk JAY FHEY AF oA AALLE §2
(solidification) & =AL &§4H gl& ¥ Z32 (hot melt shell formulation)e] 713 el A
Wzte Ay 9E2a g Ao &yt A Aoz FusdA F2 24dd. g3y TS
A AL AMLLESol AA Ao RH(E@HH Ye FX AHEH o =AR
garEel ¥ 2ol WASHAY HEA o] ()L Hed 2 W] UG

oo

M&s HolAE Ao AHAVE P&} FAHY oA T JYHAA o FIHE &
sgago] s GASEA A&z HojAe nAYAY A7I% EFL aA7 HEdLE
7] Well §QE7] oldel NAANA ZAE st $AHoZ ARG A P3ke YA F
o dxmel Y7 GANA AE 2P P& By HelA AR A4F £ 4a 2
o] % (deposition)F ol A v, olg|g Zuel AAWHAE VARl ZHEHo] e+
249 gAAed 528 F YA &t FWYHo] 27T wA, vlolAZPEE JANY
g5t AlggoAE HEAY AW AFEA HeAx dAHY BT

<HE 3-10> vlolazPE AZXE 9§ A (droplet) 71+

Time Technology Early Developer

1930's Spray Drying : ' ' Flavor Enhancement and Protection

Vitamin Protection

1939~1942 | Centrifugal Extrusi
entrifugal Bxtrusion (Atlantic Fisheries)

1950’'s Waurster (Fluidized Bed) Pharmaceutical Coatings

1960's Centrifugal Orifice : General Encapsulation:

"Spinning Disk” .
1980°'s . . . General Encapsulation
» (Rotational Suspension Separation)

[28 3-9lo] AYAHQ wela2REe) AFEE YA o] 2PN e T4 AA

ALY WE(core)2AL A5 ¥(shel)Z Aol SR e vlolAZPEE RAF D
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Jed, A4714 Pedd A& de Wed AF &3 R F el sFd P& 9o T4
XE (Ro-RDE YBHH 9714 Rie e WF R3S gudth d), Ry, B B X9 &
e p R B o] YRt W, £ HY YR E ZTdsr] Ysle g
o] E0] AHEHAR = ol FHLE HeEokd HAAQYE AFAEC] volazRe Ve
o] s gr] WEolth <E 3-11>0] W&o WA YRS Hasisd ALHE OF
colEo] YdH Utk AFAAE EE 0] AR T AJufd FAHA YT o] Fo
A A kgke ™, Arsadydl 2|8t T4 =o€ AHe] AJAEHZIE Fou, oled o4&
S FE3s A & =9 olFAqAA &t

rl

2 dAFoME PBed Holxle 2L WHEEA(core materia)Z T3 P 4
of Atgsojx= EAL ¥ & A (shell material)olg F 212 Fc}.

SHELL

(29 3-9] sle]a =g R/ 7Fx2Y

<E 3-11> woja =€ WR/HEZD L 7t §olE

g3 vHgy 99 FHY W¥EL 99

Shell Core

Wall Internal Phase (IP)
Membrane Fill

Coating Payload

Active Agent

Nucleous

- 34 —



1. Oo|3 2= M=

holazde AZE A8 Ywdos % ¥AW FHoZ: B4R Wuw AN P
9 zosen Wy So gt 4 Bel o8Hm Yx WHoz: AW =3¢
n-sitn 2% 5 & % 9o 58 olF 7199 in-siw FTWE B 488 YN 2
S50 WE AT B oy AzuEcl AU Ve BAR 4A 2HE 4+ 3
ge de AU Aoz el ok | |

7}. Coacervation

ZANA 7 WL o2 A48t Y Complex coacervation PO AZ P& HL L Aol A
o] A Ry, Agd vfolazN&3Y EE coacervationol2 BT Coacervationola}E
gol= nEAY AFHHL Bl B £EE /HXIE oy A7 "HA IAS A
th olgl g WP B uiAA oA nEAE AHoldtd FHHI i Hedd EFS
8o Ao Egiolojol &y Y MAE 1um o3t A 3000 um oj’de] oj&rt. o]
Yl F8o] &7 T 939 Aoj2e dAT ¥ 2 AxE F JE volaRAqE
9 ol oate MEHE HEHoE F2 Fydn

. ﬂl‘ﬂz—?}‘ﬁ
ARFHEe AWM A2 ThE ot 8548 Holt BASE F¥IE W
2], AAHA FFPL AUE FYOE PRI Yojuth /1§ o]FY A%
of +golg BANA Az vlolARAL S FAT GFAE AEst] Az F714de
],
%

r|r
3

Aes ving o Bede $PAA] Bk AdkA dolum A& Ao A FE
A% "ol 5o FAE uolA BT oY VHEL FEARL W)AZWEHT
e 4 g Ao, AWFY F2 47180 A $AHoE Yojuy] WEel Y4
S gl 2, £89 BAA HollE WA 47189 As4oz Haso) 4718
o ol EAHE G FFA BEaiel Aol DEAUE FHAAA HE Relth #7)
g9 e Fedle B £7169 B2 B35 4557 dtn vy Fu
2 o 4ol F& AWelA ol T2 Askn AAR 4ol $4% Ao BE

Aof, BAA7E REA Hots A44 Alolo] EAFLZA TR FY A $HEY & UA

Zrel AR L Alste 98S ALY 28y 0@ 18 FAHIYN =dddode @
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St 4o @ 2ol
HolX 3 Hets X

[e]
o
= Pz AQE, 58 B4A DER NG F8AF Atole] EAse A%

=2
rir
e
b
oX
o
Ho
N
oo m
12
L
id
fil
X
=3
ot
ox
lo
s
g K
ofje
L

t}. In-situ T

upol A2 W& 3o oA in-situ WHL WHEo] ARAANA o]FqE HolMe AVSTH
% AU S EEC] BE A& &alE thg whgo] dojduE oA AolFHe]
Aot 3arx Wl 23 in-situ TP WEEAL dgstA ARG F Y2 & 7§
I AP v go] BAHE FA HAed ‘474]-4 Aozt Attt S AV Ut o
#Hu oldd ¢AA FA FAANE F JE FEA AVEHAAE FA3 MHAsor )
£ o#Fel 213“4, R EA L prepolymerZ ZA3tY FAE A Aed WE2E9

o

mlo

In-situ T AVFHAZ ol&He FEAILEAZE maleic anhydride$} ethylene
monomer?] copolymer(MAEM), poly styrene sulfonic acid(PSSA) Fo] &d|, o]z +&
A e WEEAS #3819 dEdS A% W, g2 F8Y e Ty
(prepolymer)?t £ ¥ Fols pH 2 2xA0d 93 Hest 43 FEHLE 4 s34
o &, 84 nEAE 1) WREZY #3 £, 2) JEd <4AE 3) Ae ¥ FY 2
2 4) He9 ;E*’&Zili“ig 71%5& BA '?53'3}.“4, olE Zt&H EH A sl M
Fasith AWZAA A Al nSE ® & W&, ¥uY 5 FEAAHAL S Zde
F&4 nEAIAGE QEE FUAI7] H =S EolAY pHE

oHAL AAGE FAAINL WFEH] FFAY ddiyes Z <

2 o
> g
i HL
ofh v
2
QL
et
vl
)

i)
n
i)
o
ot
lo
[l
N
Hir
2
X,
g
o
1)
=
o
%
o
n}
Ho
1o
>
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g 2 R AAE Aol tistd AgHE XD WRG FH FLEA M ARES
ABoln o) d wlEk(orientation)o] &5t 1A W] WG] EAFEE e AAT
qEdol AL F AE 25F 2 stawtgo] dojue FEUM, BHEAH F2o=9
olgjg BEe Mg Heo JARANN 584 TEASG dFPeR

gxm ¥ A precondensateﬁ} Aoz P& 9 JHE A ¢EALE VET

Weln-geud slo)azAests Aol QoA AzuEd dngel 1Y T2 T
ABAE FHex Fowd 4 2oy BAN-T22Yd FFE 22 S (prepolymer)
2 Wy 43 F9d FUSA I EE dE Aotk YwHoD AVFAHAE 244
gE 8 248 71202 s oF 01~30wt% AHEsET, oHde ARTYAEL BE T
c agEs YRA/SRA AN MFgse Z 94 FolN A L A} AARE R
S0l ABUE AR Ve o F& AH-dHRe) FAED Fghe] PR T 84
s WAooy FUW 279 A4S HES & Ut UL ¥ ¥WeT REFRo|T
= 4 2oy Agu-Teod TEY LR GRS 5ge] AdL Afol $Hs
AU RolEE LoFojol stul Mol AN UL HEW 5 glojob Aot

rlo
}m
m Lo rz

B522o=d s5d wa HE vjolazPs cdPE 1EEY 4, A ), AR 9
ogle mlo|azAE Ex BFAY 2r]9 vlolaRALE P4Y 5 Utk HYY vlojaE
A 94 ANNE RS pHOA WAU-E=UA Y o FlLARRAL ¥
) E4E olgstA ol old wa ojBA AWAE AAME oA (SHEHE W) BE
ZzolcE e AHZYoM SHEE @ RETEo|E: WYHEE W Wehy-T=
oY 2YAAE YR AW 4oz FEHN FEY LAU-E2WY ATAE Tl I
ars) bEA W guale) AWezRy MEBZolsE RS Hol We SE=
Me ¥ #A4ss] ARG o] AL tlolazAe HEAD ALY de-r22Y P
e 3494 AuPHS Ad ACZH FL pHlM FASHE Ho e 9 B
Zzoloo] olTy AWsA . ¢ oY AT pm oty wWelnl-xe oA 247}
HPPEL NFE o AF Fod AekFe F2AA ABHAL AANNE ALY FA
2 % Qo £ ge PAzs 4 2dY dan-yeed nEas dRae 2 gy F9
AM 2% 7aBol we HESFRo|Es} nlola2ALL EINANN B A Fojg o
AZAEL FRAANNGE Aot olHF FARS TR sty WAN-T2LY &%
3} goley HEFZO|EAlld) ARez e BARE Hasete BANH S
Hojo} g}, |

l

_37_



AR -E2BAMP)Y FFTTEEL os)y) st wEAY pHEL 70082 23
3 "ayt gled, pHot 4001 2T g BHeEEst dXe FAES ¥ 4 A a8
o, B3 Aol MEEEs AUAA FrhetA =58 S BAH @kl Ae) Eriss
A 8ok 2222 old¥ F84 ZEARY AEE 13T o 40~65 HHolHAA 71T A
2% pHE MYsln EE 50~95TE Ao vt At deln-z=22d He o &
HEAZAN datly FEUY ETHE = vgddernio] ALt devy yagds

<+

YA A HEHA YL AANS JYAHOE AL F A Hiw, o o wHw
3 Tzode 24 ¥e AR 2 Fdel 2A 9% WA o 44 3HL A9
Wetgls zewde 2 v o 2~34Es 3% Ao vt Bv-rz e

~3
AFAE pH 6~10014 Bajul-Fedd EGLAe agozny A2 & ey Hde
£t 0 0CAlH FHold NYgdPue] FEAD Y4H T £Ag A
Z3he Zio] €019 50~70T M7 Aot

C Selol-X LB =(UF)E 20~85C, pH 3.8~99 oA oF 40 ¥ ZHA wgan 7
gAx Folu FAHYE BT e ¥o] FEHY WFEZY AFELE $AFE 5 Ao,
e He FEE ds) AHEHE ZFAe Hedd EAste WA derlek HEEA st
2E dodA o WA AEHE FAE HEDY At ¥4 BFUY 3

T2 W g 29 AH BAE AHEed gE U EREE AHEstd 35
AN me gHe QU 7 Jd' FA V€Y AFEAFHEG AFH HARAAE ¢S
ste WHE dEA 3l

2. Coacervation S&80] 2st = o|2X}F M=

‘ufolaZ &3S Ystd HEAZA Aet€l(gelatin)F oy o} LR (arabic gum, Aldrich)
MR, %ﬂ*ﬂi‘i‘ ¥ 22U (37%-formaldehyde)S o] &3d=d, (2@ 3-10]o &
AFNA 598 vlo)azNesd FAL MAFHA agoz Jeug.

]

o
M
il

HEEAE Eo #&4tst ARARE AR KA HE PAd= B2 gelatin ¥ arabic
gum®} 1:1 FY EFFLH10~11 wt%)S H7iste] pH 9 LEE ZAA7)HE 2A(gel) 2 el
2 st dee FY8A 2o o] BHe Bee HEFY 1AY 240] dstn 2=
2 pH 240l 98 4A £gdez A@H2z ol e 2AY A2L dad BFAE F
4, 42ag AP JAH BHol 3 PAY slolazAss d& 4 Aok
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AF ar=4a EOt Capsulation&}

© . =
© o o
(@) | (b) c)

Crosslinking

o
.19 o
O
()

[Z28 3-10] Coacervation] & ©o]&3% nlo]az2&3t T4

Gelatin 3} arabic gum$ ©]&3ld A&3E P 71&9 HPdAMe [29 3-11]% Z
o 3R AXAT v, oF EUz 2Pl Frstel AW AZYYE TEa
2 sk E*lfd. (29 3-11]°] AAE HHE A2 3o <H 3-12>% 22 7|2 AT
A & @ﬁﬁ}%‘ﬂ% ARstdh. <E 3-12>0 2A%9 AL vola=A€Y FHE (¥
3-18]el el EH, 28dA RAAE vie} o] S EHANEA AR HE
2 et o1& ARE 5Ho2 50ToA 10CRe] YAEEE 2T/ mine 2 1As3
ANE ABes A1) H (D)E T3ty Zili"a“?j% HHEsg oy ozl ulo]a R Y& 9
Wz AHNERE 7 A EQo 019 AXE Adtd oS AFdAdA ntd oy e
Bt A8e Aes 53 gelatin@ arabic gum? FEFL AAFoZHN NE2US HAH
&sle Aol Aol AR 7jE VHH ez gS5E vlolaz R4 2718 10 um9 A
22 71A 9A F(sphere)2 7F8ln e HY FAE 05 umo2Z HAEHAY. o] d9
WEE2 o gEde Byule 9113 : 33870 R EHY X 0763% HEZY U
10748 maste] WEEZA o §EA AFUE Aitstd F3AEHY 6953 @ 36.38°] ©o,
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10% Gelatine
=22 30¢g

[ 3-11] Gelatin/arabic gum<& ©]-£3% uloja 2 &3}

<¥E 3-12> 71 @+

10% Arabic Gum
+=EAN 30g

met |

N,

l
10°C

L
|

Lformaldehqu

pH 4.0 |
)

Microcapsule
surry

2A e Hes 2

—

THE

Mes AT

Resd BH(I)

Gelatin 11% 894 30g 11% 49 30g
Arabic Gum 11% £ 30g C11% F894 30g
yEE3 Tetradecane 12g Tetradecane 12 g
z7] #ex 50C 50T
%7] At rpm 100 200
. pH 7(50C) — pH 4(10C) — | pH 7(50C) — pH 4(10C) —
pH e pH. 4(23C) pH 4(23C)
Astx7] 25 Z A 10T, 1 hr 10C, 1 hr
A3 7] rpm 100 200
Aty 25 2 A 23C, 24 hr. 23T, 24 br
A3 7] rpm 50 100
73 3 A Formalin Formalin

olelzZ ML AER

[Z2¥™ 3-12] (A), cake H]

(2" 3-12] (B), lump A
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olglg AeAg digoz WREAY AFL 12g2o nASA HE HEZY FHFL
6.28g°] Bt 11 wt% gelatin® 11 wt% arabic gume #& o2 FYH=z Al o3
o 7} 314g A5 AETFA(net weight) HEZo] HR3A ddh 11wt% gelatin
11 wt% arabic gum< ZtZ 285g $std HEA 628g¢ 83 FTFHA He Ao
olgA AAE F& (¥ 3-1119 ZA3} Xﬂ"lﬂ?\i‘?ﬁ %7] A72A Y Alo|aZP €3} =
Mol ZA WA &S & F AN wEkA PAze] $Fo] AEA TAHE olfE
AN g EFE Yol FRERA F& AHolM AuHoer & A= AAHE HEZHIT 947
of H2Ao] HTHUA Asurgo] AgPHr] Aol AA 3o LAY 7HFez HHT
otk ole] WE AALHozZA (1) HEZUZ 12g & 8000rpme] homogenizerd] 23 10
pme 2712 F§9 200mLAel EAAIL, (2) B8 27]LEE 10TAA 7C2 W3
A7t $AL H2FSEE 50, (3) o] WY pHE 352 x£E3o Astg ¥ EE gelating
arabic gumo] 1:19] Z4& 713 A2 A= vt Hd3te HEF Fo=d Hd9o AAIH
A o M2 AFFES FE3E Aol Hastdo £ 4) AF 2719 AHEHEE
8000rpm &2 A& HA st A3 gAY AR I E A sE FAE A &7
g, oAT Ze MAAES EdE <F 3-13>F 2& Asst Pl FHHAU
23

<E 3-13> fH&d PR (INHE EWE +dE9 Aes $(I)

&3t $H(I)
Gelatin 11 wt% 8 285¢g

Arabic Gum 11 wt% 84 285¢g
yeEEd Tetradecane 12g
zx7] ¥R 50C
27| £AF rpm 8000
pH @3} pH 7(50C) — pH 3.5(7C) — pH 3.5(23C)
Agz7 &= ¥ A 7C, 1 hr
743 %7] mpm 8000
BEHr) &= # AT 23, 24hr
728 Z7] rpm 150
73 3t A Formalin

dojxl nlojA2E HH

40 pme)3H50% LA

—-4]1 -




A o s s
[ 3-12] Coacervationdl] €& &3t WA(1)F (I)E T3 AxE Ae
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(29 3-13]12 A&s Aol 9§ F&3} w35y A AHgd LBFAE HEED

[z 3-13] urA=A] (A : 8000 rpm m¥F X, B : 150 rpm 2 RHEA])

188¢ ' 28
4 -
{
z !
¢ i
i !
= i
[
% sa‘T 118
Flocesm 8
t

Particle size (um),

(29 3-14] &3 Ao 95l AZ vlola2AEs YSLE

__43_



o e
o

....._._:.....r

> 3 i 19
Panbicle cloa fum)

A SO Hlids YENS o

n

(29 3-15] "lolz227&9 YEEX), mp 6T, SMD =165 um

[

’—a—l

.--‘f—L .
1
5'

1 18

Pamd irla eclewm fon)

AWS WAWAL, Dadds GRS o

(Y]

(29 3-16] vlela2 €Y Y= E (2), mp. 50C, SMD =2624m

Hest A 8 dojd &g A vola2h<¢e EW 2 S$ANHE &
@rlze Botel AWMBYUTh (29 317194 2 4 50l Fojn wolzzAee
jAdes 702 AFHJon 500 HER FEFD (29 3-18]A 9 Zo] 9 7

“

of

e
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Hol He2 SYH e A FL F Aol YAt EL EY(snow-man) T
Z= A

et

ARFAEEA(SEM)S Fote] Az8 A& WEEAY 52d ol gelde] zayd 2
=4 olstolde) EHAHE B4 FPoU FYd 2TFHE AAH FAH(scanning)
} olZolAE B4 AAEEC] 9% 2402 WEe] HAWA YREBH YEE A
B2 U3 A% sHsol AvIHel AT WPskA Tarch

2E2 883 BHAA B o gelatin® arabic gumoZ o] FolA qAE P AAL uj
$ R FHE Hatxn oz £y Fo2 Azxd volazfed dAzxAHNN &
e dAEIE JdetlA "o o] dEed SAHZAAAY EE&E FHoE 944 = A
848 A=AGEHRE)SA He 39 A2FAY fHEe 29 st YdxgAo)
A3 FrteA He AL B 5 ded, (29 3-19]¢ Uehd gelatin/arabic gum "to]lZ 2
€9 dn7 ARAME o8 g YA o] AdA TAHE AL Q¥ F Ut
g 23 WAEELE AMME EC} ‘Ii HEAL X E AEE fHed ARIE
el AR3HA "o

<)

i)

(29 3-17) $E( A 98 AZY Ae =389 P
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(23 3-19] Gelatin/arabic gum &9 dv|3 AR
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MAs7] 938ted w9 Frisby Technologiesits HEZAZA ot
(urea)® ol &35 ony, dE9] Japan Capsular ProductAlel A& 2 2k7l(melamine) S - AHE-3}
T 9ot g EAA H2A e B AgoM ALEH R gelatin/arabic gum o] 7+
okst Selof, Wkl A2 HA FMG.

olzig EAH

tlo

o gole} ®Wealme gelatin/arabic gumol B3] A3 ATyt F EFECIEER olEd
247 o]&aA HA wolaERE £ Ax A9 4R $JEY B £ AxA A9
A SAEA =712 43T F UL Ao A metd B AFdAs f-dotst A
gule PEAZ e In-situFH vtolZ2 Y& 7le9] AL 2 HHzo] BT ATE 3
&

o

#, Aes HH(I)S B3t YEHe e T4 o WREAQ HEFHI] J52
Ag #AEA He gelatin} arabic gumel 3t 4FHOE &3 HeAY ARE 4
HEy] datd 7HAHA AFAEE A= 2489 AIHe dF A7 WNPHEK
, lyophilic) teEHe) A&A=YS @ 4 NS dte] nfr AL GERA
doi= dZd 7lxdRed, o]F fst Oil Blue No2 B39 ¢2EZS HAAsL o
Az geEdn 40 A 2AAAL. oA E4d T8 gl ¥ 4=
9l gelatin ¥ arabic gume FY&FT AZAI|HAM A2 BL3E T4 WEEA
ol By BMe HWEAZ N 1 AZE goirte AE AvE F U '

>¥U$

(i

Aes wgol 2AHY HEZUNH 4 2AHUD TN HFEFLS Ao HEZ
o Sesdel fAsE AAH AE UL oW HPM EFE YA g o g
272 Aed U ) st gzl P& 2 R HEFGHNS WP P2 X
s Yoie AL A 5 Jdon, A& W FHRE WREEIY EFo] BFHA ¥

Aoz Hob 1 24 WANE HIH A vES FAHL UsE ¢ F ATk

rir

43 2He Y 29544 ¥ dule] 858 st WY ¥ U
§ T3 95ad F22AL 27 438n FYsE h-siv FREE AHE, 1Y &

£5¢ 39 NYS AzHR. Az A2 YA BAY - g 54 L YT
Q4,98 EARA 52 AR A4 AA - A% 23 592 % 9 diadule) A4 A4
oz AA4 2 488 54l 37k nRHAAG,



oA R AR

HES UG 2 gepaedo] iy FdEFD2 42 AHGHRT g4 FdE2de Aled
H 2} 6] ZHCH3(CH2)12CHy) 2 4204 ez EAss &§3o] 58CHLd X3 &3
TaA AF gy, g FE EFE ASE HHede A2 ndeg &8
o &gl 55C WA FetdA 85E(CulHzner) ol T

o)Az g o5 guts FAEA He HEAZE olvxFA o dFQ davl 3
(MF, Melamine-Formalin Resin)®} $#lo} A (UF, Urea-Formalin Resin)& A}&3l% =4,
AT JFES x22UY 7 93 stud deE F49

MF$¢ UF9] A7 A (Prepolymer)e ¥4 2719 A4 stollA ukg-3td %3
3214 7tRTE2E AT EA AFHoHME AR ¥HEAHe] Ho oy wge
#35le P oA @ ol GFA, TR-ETELHI=(XT2LAU)S A} REd 2 A9

282 ZAZ v (prepolymer)E FA A7)

FEFHANA HAG FHAZ ALH FE84 Lol ARBYAZE PSSA(Polystyrene
Sulfonic Acid), SMA(Styrene Maleic Anhydride copolymer), citric acid solution, PVA
(PolyVinyl Alchol), SDS(Sodium Dodecyl Sulfate) $°] QoH, o5& Al&std 7} 729
THAEE HREL o] ZFAE uBoF HH AUGHAE A4, WEHFTH L T A
Z254 A&t

k]
(29 3-201& 484 F29 slolz24&HE dste] A48 ol Fx(dual jacke)D 3]
BA%gslolth Yy weEel WeRE @AY st £ Fa sALMS ALge
oA AFHYOH, WE WHE A% 7)AH W) (mechanical stirrer)E 51

2E §X8 AN ¥EY Y2 A7 - st

o[o

mlru

(28 3-21]2 dFAZE AT T DAZAN TLE3e2 349 JEANEVIE el 2
ojtt,. MEE FAE A%t HE FxE AU 4F FHEA ¥EIlo] HlEd
BFS-ER 9 o] FrHE7] Wil FEol A8HE Alzke] thx Zolxg Bg FHI &9
o w77k 2 FE A
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[ 3-21]1 7L & Dual jacket batch reactor

—49-



MSBASY HISES ABLE WA pHl Dehxlew, wegde A pHE &
59 w50 o3 FAHIAG. HES £ dsAelNg DRz

WeEd BNEEC et WEEAY 4 Edd INPE WEde ¢ P A¥EEs 2
BA e, olzid WeAel wlxE pHe do] WA Az wgAwe] ZA wgAe
pHE Hh3 ZHste o] 4FAA FEAA n)$ F2¢ B U Wy 2 A7

AE A" EE A9 wg7lel pH-meterE F&Ag¢ozH wr&AS pHE -3 =4

<
v 9%e FAHoz n#sy] Astd (2 3-22]9 YEd R 2e e A F
A(BROOKFIELD, DV-II+ Viscometer)& Al-&, AAZANA ZF o e A= & =5}
At}

(¥ 3-22] BROOKFIELD DV-II+ Viscometer

AzE HF e I3 EANUs B [Oa¥ 3-23]d Yeld DSCAASAME 84
7], Instrument Specialists Inc.)& Al&3lq FPHJon], W&o FHEY £ 27124 S 9
3ted ohgo [19 3-24]¢F 22 #8d v Z (Olympus, BX50)& AH&stioh.
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(28 3-23] DSC (Instrument Specialists Inc.)

FHAT AL 08T YL BA FHE AT BHFAL YA 27] FHRD obz
Aeo dejst Fxol g AR WA ABTVTHE A Qded, 0P AL B
Qs $We BASA HAo 4B TYeAol FAGEMAY R FA oHAEm) 2
3 So Aol MsaAl Uk weba A& weAwe] A FRAvIAE FY W8 W
B3e #A2 P zo) Tom oF gz WAY 2AJ +9E & Aok

(29 3-24] *‘*5}54“] (Olympus, BX50)
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Azd P& AVIEEE Boh AYsA £4387] A 05 FRITSCHANY FAYER
4718 AHgstgled, 2 ARE [2" 3-25]°0 JEhG

[2¥ 3-25] FAY =& A 7)(FRITSCH Inc., USA)

g fFe AL N

2o AHd 2HE Y3l & % WZo] 75 EE HAE REaA oFAAY

BHE71(DXH : 100X184)& AH&3tA Tt F3HFUL)GANA F8AY F7F € =7 vAE
FFL AHR7] Y59 5wt% PSSA, 5wt% SMA, 10% citric acid, 10% PVA % 001M

SDSF&9Y 200ge 47 ZAsn Wi FEEF 120g £ F homomixerE A,

10000rpmoll A 10 #2toll A4 {3AA AT & =2d HHY FlxdE oz A4

3 AWGYAE HAI.

ry
d ze)Eeuist wrEAZ o2y volazfiest W3S AASA o & AT HF o
gdz AAH AeNFTA ALHAH dgdl-x 22y ZelE v (MF-Prepolymer)&
Wehwl 2g, T2RAQTR-EE LU E) Bgd THFEZFEH AxHH o w FLEA
2 v 12755 AT AN wgE 249 AAd 292 HEHJTG dH3n-x=2

_4

22 EHEC) 60gL. WIST WELE 60TAA 30~4080) BA TG - Wit Al7lE RE
M) vgewey FEE AT WY MF-ZEYsst ¥48

AAHA PEtg e g er 60THA 3~4A0F< 24 JPYH e, o] gof unrE
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== 600rmpmoE FAHY, o2 $3 F3ed L FLELY o w dHT 1JE
¥5g JlE Aed 29 UEA 87 dFHeR Az T Wl AMNH= F
o 2aglzel EFS 93t == (propeller)d E’-‘?iﬂﬂ- AHgEgon wrgAe pHol =
He 9std Wxe Ay FHsH2u 7 (dropping funnel)7t FF = A

gegole) pHE &ol24 e ddde Fi% Fxol o3 AA=HA e, e I
g FAEANE 231%?4“1'91 Awursk 8- ¥& 27 B A pHl 2 9% &
AZ Yz SAHUAE AN 9L vXA HE2 HFe A& Hstst 7] pH

Azo] g w$A pHE AASA ZHsts =Fo] o3tA I
o] & gokd wrezAMY A&z VEFoZH WA HHY gz A
e weE 3% 2 pHEo =EHILH, o]& wgez x7] F3A +& 949 pHE A
A3 zAFoEN B2UAY pHZAGAES A 3EIHE DA FE vHAS

HEAZE 9% AxFY E2HE SRanA ST

Aoz 1) ADEAA 5 2 2) 434 £8 A2, 3) WEE EFHS 4 As
3 wexyd So] 2AHA YFAZE AT TS FHEY FELT

np. ogol-¥autd 9 PR A=Y
1) Selolsxe] QutA FAH

g ob(urea), B etwl(melamine) 53 Zo] o}v7|(-NH)E 71X e FFEH X5
1% = (formaldehyde)®] 9802 YolAE FARALAS Bl ool amino
resin®h @0 $Aol-EEUHFE FAE gol An FA Fs Hdo) goldte §
o) A fBo| A& FFA(binder), Fol L AA AA, 471 € d&F Y F= F¥
E(molding compound) £ ZEAE 2 9 AEHD Yot fEo-EZEFLHIE FA= &
#ote} T2AY =9 FrHekg(addition), % 34H-&(condensation) R %ﬂ‘ﬂ°—% B3t &
AsE AASAFAZAN wAAN A4 pH 4FE A Lo

@D 27182 - 92 5L A4 oA WA IIA HE 842 monomethylol ureas
dimethylol urea”} MAETh FrlubgdMe we&ss it Aoy @zl o
w2 AP, pHr 79 FAHEZAA 713 &8ty oJfA doh T AR $2et
222 Az A= pHIF 7~-82A FAHAAM wSAANA =Hew, o FIWITRG
Btgrgo] $AEA A7 ok
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@ HEUS  AYEY FolM Fotst EELUI=E BHEAY)
ke

oju}7] w &l monomethylol urea?t A 3] AA A o=

L.
=

NH,CONH

NH, + —
NH2CONH, HCHO H,0H
Monomethylol urea
NH,CONH . HCHO NH—-CO—NH
e
H,OH ' (EHQOH H,OH
Dimethylol urea

F.E

Fgwgol el o
ERIEE REBIE LT

doA w2 £84E 7= B8R4 Y methylene diureaZ ¥t} E3F methylene diurea

T

= ¥ E9d 3 =29} 8-83td monomethylol methylene diurea® TS A 5o, o
o A Zutz $elole} W83l dimethylene triurea® A& T TH
NH,CONH . NH,CONH
+ NH,CONH; —» é + H,0
H,OH H,—NHCONH,
Methylene diurea
NH,CONH
NHZCONH + HCHO ’ H;—NHCONH
— —
(.|3H2——NHCONH2 2
H,OH
Monomethylol methylene diurea
NH,CONH
Hg—NHCOI?H + NH,CONH, —
CH,OH
NH,CONH
CH;—NHCONH + H0
H,—NHCONH,
Dimethylene triurea

(o]
Ae

&4 8

A& A ojg st ¥tgo] wtEFH olegfe} 22 HA4FE2 methylene polyurea’t A ® ).
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---—NHCONH
CH,—NHCONH
H,—NHCONH
H,—NHCONH—---
methylene polyurea

+ H20

g LYol AE BE ¢REYE FulE A3t AxHER métﬁylol urea’}
F2 AAED, o7)d A& 7hste stEEH BE - B ALY FE FA(resin)E
o2t} ¥, LELHI =9 u7l 33 g we JHE - Ve FAVE A HE WH, o]
vzt & dole E8& - 2849 X7 AL ot 2yl AsE tuFxe ot F
A2 AFHoz JehWded, §39AY FTAMN /H9E g5 2 TELUI=RNZS
dosidA Zztwrgol dsdT

o
---—N—CH;—N—CH,—N—CHy---
co o}
---—I‘W—CHZ—N—CHng—CHQ—N—---
o o
---——N—CHZ—N—_CHQ—rlJ—CHr-l'w—---
co

2) $HoFEAE HEAR e AE vHEA A=

@D 10g9] PSSA® 7T 190ge EFS T 9 $ X 80THAM o 1A A £3A7
3 A A AAE YZFAA 5wi%e] PSSA &9 200ge ZA g

@ AzD A &4 Yol YR FIEA 120g€ ¥ F homomixerE Ah§3te
10000rpmel A 10837 B4 - f3A1A 74§ 439 F384E ZASH.

lo} waAt AedME 2 &85

@
&
Y
in:)
2
20{5
oft
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-
=
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2
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o 285%E Ao] vay A7) @R TEHA BEE YA dAFY HEAES
Arse #Aol "ot
@ #38d @ Qo fHol-¥22d ZEAWE ¥ F 05N HCl #8948 #7
stel MA 489 pHE 42 BHojETh Selop-2aLd ZFenie 1
S Jegyez o9 A 9o HCIS P8 3y, AAMHQY EY7E A2 1FA
N SYol-xEBAUY FHEEEY FHEL EFUIANA AnF st FZRE vlola

o, Weu-E=wd 9 oAz AP
1) WAl AuH G4

dalo o] A Zo| = dicyandiamide®d & $-#lole] & E 53 urea

e
offt
o
X0
v

3000C~, 50atm’
6H;NCONH, —ooom 2088 NN + 3CO, + 6NH;
NHz—"\N)—NHz
Melamine

Aty FELHI =9 v x 2Yolel npAsIA 2 {71 (addition)-Z & (condensation)F
ol o] 71Ed FrhtsLe A H dZeldeA BT dojdd. tiEAHA BINEgEe o
o 183 2 gy APPh

flo

NTN + CH0 — N“ N o
NH—L_ N)—Nug NH;——Jl\N)—NH—CHQOH
Melamine ' Monomethylol melamine

Monomethylol melamine& R-NH¥CHzOH, A7t" = & "WeE9lE R-NH:E E A8t o]

- 56 —



A e 2PN B go| Yojun], NEEEE WYUFE B3 FTYQINE I
oj1}x et

R—NH—CH,0H R—NH—CHg,_
‘ — O + HO
R—NH—CH,0H R—NH—CHy’

AR o] A = methyléne polymelamine©] BAHEH, oJRAL BE &ujdl =4 &gon 7
3}

rir

Ao galsA ¥3 BaEc ##H, Gz ME polymethylol melamineo.2 €t

wagle s ojnjs|7t A A Yonz Hu 3R A7 S methylolZl7h E91F AT
gapd denl 123 TELYIE 3382 EFstd BAUEF £ GEYCE AHEES
okarzta] ol A S0CAHEZ 7€ 3™ monomethylol melamined] A hexamethylol melamine”7}
28] Z}% methylol melamine® E#Eo] APk A3 AA EFEL AFE °d A
3 37 3709 methylol717} So19E FelE dAS e, o methyll”1& 713 o2 stay
27} BAE DS ol vustd #& 4A Aol AP 5 YAHT old = H
e =& RYEE AXNE 2 AR FA7 4L F Yok stRHe] HE HEE

(methyloD7]17F Al 7] 2 A 7/l 88 Ao F25 obfol ZHz etk

NH—CH,OH CH,O0H—N—CH,0H
NN N° N
CHgOH—NHg—JI\ N)-—NH—CHQOH (CH;OH)Q—NH—tN)—N—(anoH)g
Tirmethylol melamine Hexamethylol melamine

2) Wzt g HEAE = FE vlEA Az

S
-
w
w
>
<
0K
Jo
o
>

tE ol

ac

Ao

D 10g9) PSSASH 254 190g S EFF F WSLE 80COIA o 1A12e] 2R Fala
2 5 g A MAE WZAA 5wi%s PSSA &9 200g8 ZAT

® Az" F3A L4 Yol WP FFEEF 120g€ ¥ ¥ homomixerE AHE st
10000rpmel A 1087 241 - §34407 798 A5 F380¢ 2A -
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® = GFA 2g7 F=22Y 38g, THT 6
PBFE EF - HGAA HEHG WL gdey I s dev
@ 60Cz2 nAE olFAAY W7l vy 2Ad Q¥ FEEAI @ ZejEe
HE ¥& o4& 05N HCl 842 Argste] 4 w&Ale pHE 4
gAY EAVIE e FASA HY dg-2ode FHEEd FHES

AAFE Aol A5an, o8 Foe] ALY vloA2AE T ¢ & Uk

- ML

=

b

&
o

7l Mgz @A 3~4ATES mutsu WA A 3Ee Hd uYxt
seiel® 9/ Hed, we Auel FA JAN ZwrlY YASEE 600pme A
A fA AT

b

e

d4%

oli

SMA £22d S A2

@D SMA 10g 3 0.8wt% NaOH 8% 190gg &3 ¥ 90TojAol A 2A1zto}4F mut
sl §alA) ) T A2 P4 5wt%e SMAFEY 200g S A st}

@ Az" 734 €4 o WE HIEEZ 120g€ W& F homomixerE Al&3td

10000rpmel A 108-3F B4 - §3AAH 79§ dF o f38A8 zx s8]

@ Webw G 2g7 T2wY Bg, FHS 60ge EFEHTL WL 60TAA 30~
408F¢ T -0 AA REFoZ MEeggddus ¥gds WEHY ZgEgy
g 4=

@ 60T2 1RY FAAY Wl MY 2AY Q¥ FA8AH @ el ma)E
W2 He thg JAH LS S, 600mpmoE mershEA 3A7 o4
94 59 G VY £Ig Yk

=
olo
>
o E

4. &E DX HES

In-situ FFANME AHEE o)A LEA HaFY FFd sol watr §A9 pHA
AARHEZ AL HO I fAE Hds] MAs L HgxAde HIs WA ez
YR ZHFEEE AT 5 U dnH oz Hg FAHge TAHAL FEI ¥ dF
Aol F@el © nEA Fao| ay|TFol st oYU Ao Tl A}
HHhoz ddd 4 e, 2 dFdME 712 in-situ Tl 93 NedTHL o

ZHA 8o AHgHE AREYA TF R FE, HF A0S 22 R 4% ZEAEPES
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MEtA A 1 AREAE ¥Z - BASE @8 g 279 wsdd nE FHELE A

g = 8

WEERE FEAYANA F3 R 2AANZE o Sol24d AVIAHAE AHEste Aol =iy
Azt o] AL AW F3E FHsn PHAW/O)Y oAdd FAHEL TAs7] HEo|
. 784 ol AWEAAZ B AFdA ALEE S7HAY ARBLA F2L e
2 vusle A¥S HAASAE [2" 3-26]91A4 7HA Aoz & & XKool PSSA%t SMA
e e AGENAE AHEdte FFRT ddsa AT A4S JAH AT

(d) (e)

(a) 5wt% PSSA (b) 5wt% SMA (c) 10wt% PVA (d) 0.01M SDS (e) 10% citric acid

(29 3-26] AREAAA FFo & #3354 v 2(Homomixer, 10000rpm, 10%)
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AHE-E 10wt% 9 citric acid solution®] 7% TLstn A AHE dede oy
ANe™, 10wt% PVAS A¢ HEo2 AEHE S0l

FAANN e 7127 SAHL FH4D 4H 9 dAAo] HolAE T TAHEC] TAH
o] rlojlazN&sE AT AVGHAZE 28 HYsA X Aoz FIHUA. 0.0IM]
SDS9 79 CMCztel 0.083M9] @& 7HAEBZ olgi g CMColde FrolX FIHDAE
gatged, 49 d7 AR Z1E A Fo] U5 Bol {FEAAI} o]FAAA ¥=
Roz BAHGG. dd Aol Aed nLuy A9 2283 o g8l oA AH S PA st
e AT g3 7|XEH o] FAEEHUA A JAJ ELGAEA f4A HAE
AL 2 4 Jdud, o o 3EAANARY A9 Aol FA3 HolAE Ao=R
Aoz dHo BT £X R HFA A5t T A EAHES HolA 4.

—_

I

£84 12 AUBHAZH AEHE PSSAY A$ Holy 7Y EAHE A A4
HE ¥ 9 ooldg HE vlolazAE &ded AEs HIH e 54 2T 9w
PSSAS #34bEA0] Ta BAF AL B 4 dud ok F8AY $EE AW 2uY
czx 27 4 glen, ¥4 dFY JEEE AL SMAS Hx@ A 279
ad FEe 7Y BA4ES duuE Aoz FAHA,

oXx

A& PSSAS SMAS) E4uTE 95t #3489 AHl 3
2 235950, PSSAY A9 4oIA 80cPY) e 7HNv} SMAS A$ BYzANA
120cPS] @& UEHdnh SAATN JEHE e Pol SMAY A3 gAY BE
wob f5iuAd 2 FYAGNN FU EAL AT ALP o] RTFHAY, §3A9 oA
gaol Qo= PSSART S48 #82RE BojET 2=, Azd F2 oY} HEL
g9 WEst O BLE BT $5% $359n FUY A4 27) ¥E 5o o
o Uehils SMAS Abgo] RAU YA Azol AP WYY Aoz AU Yud
S WREAY BF Y 9% 9EAd FF 2P L 230 Gekd AUGYA 43
Eol Mus 2AAA B, |

0,

5
7]

3

r

o
h

4719 $8A BLLEE Fod 5T FH5HL AL Ro2 BAW PSSAS SMA
2 Agstd Az HEDHRNPED)-BAN(HEA) slojazPse] YE 24P
g (29 3-271o UEhilth @e vadge Asted faaAd musE ¥ ;dAne
22 10000rpms} 10822 FAs AR FHEAS weALL LA 142
02 B EE st AP WF ERATA FAT VEEFE A YERAL AL

24 drezA W A& 24T F de Hed A AGE #e 7 UEF Y. 2

_60_



9 (@) Ve JEEETEE PSSA 498 FIA2 A8ste Y& 3¢ Y
2 e, 239 vto)azAs] JF HARL 15um AEY Rog FAHY,

im 038 o 10 10 034 ‘ o) 0
¥ | / g '3 It
8 | ¢ LB} 16
] | 7 LB A
& | 6 & | 12
5 | 5 5 | 10
0] 4 o ] 1e
k) K 3] L 6
5] 2 a) 4
10 | 1 0] 2
0 o 0 i o
1 § 10 0100 F] ) s 100
G ‘ )
(a) PSSA9] X% (b) SMAS] B¥ %

(2] 3-27]1 HF nlelaz e Y& 7] 2

(27 3-2719) (b H3dANA SMA F8&A4E [FIAANZ AT ZF59 e =L E
E vetd Aoz -HF AL 63umol ]2 AoZ UEY PSSAE A8 (a)o] B¢
Bt A3 A2 AL 4 F don YEEFX EF vjs FdT HHel AHUE AeE &
AH U

Fl

U B EF FHo I4E vlo]az P& v

NesTHolA dutH o g Wol AR EHE Fo|24 AWEAA PSSA(Polystyrenesulfonic
acid)E AH&3le BEZY FHA wWE Q&3 SPE AHEYG. PSSA F8AY B¢ L
4% B4¢ BOUAE SMAS) A4RD HEFY $e HEE YR w3
golattte AHE 7Y (21 3-28]2 WEvl-¥x 22y ZFYnE ALE3
A vlola2AEE ¥Y vl¥AY SEM(Scanning Electron Microscopy)At& o]t}
g Aol BAHH 29 AHe 7(‘_‘-’-7‘—"& Byol d&44 weFoz wigtd AUGA A
o A FeE {FAsA Hed, oldE Sol &
We 2ai-x29d ZEevrzt J7bEd o239 99

P adpgon Y2SEA TP oA Ae ¥ Y

1

e
M
>
2
o

NS
r[]
it

>z 2

.]-01

o
ol
S
oX
4
2
o

=

$RH FAsE
i

Zeo7} 43

o

2
o

)
RUN-)
Au)

oX
i

A

_.61__.



(29 3-20) Ay vlojaz W Az F FHYH

[29 3-29]5 [29 3-28]o) YEHd wlo]aZhgo] 4% FANM dFRHUA ME JA
2HYE RYe XL Q& 2otk YL At AgEdn AE ARE HF A=
7 B Aoy, 1o Ae o] A2 S FHE Hatae dou i g0 HHHL

~-62 -~



22 o7 2 st HA EolAe Ao FAHNUT

' 3B ARZYAE 23] T8 delA 2d dFH e E4M7

= agune ggsts Ao ofuzt £ goz FriH: ZeEn el HEBo) #3
g dEERos ANYEES R AUAAE ¥ F4T F gdolok Foh @, AWY

Ao ot F3tE oY A {3 AFAE QAedFTH & 9L vAA Hed, #
szHol AFHoz FYHUY st E olE YA FHIYYol IAFTE oJF2E B
AEA) gow FgaAA 4 EArt ot A&l Y o] FAA ¥ T
AQol BAsA Aok, E=F ALEE ARHAY Fo] FEIAA F3o d4FHE /T 3
= ARGAHAY Zo] AUAA GA FAHE 9 YAE st AW Fez FHHE L3
Zavje o] AHoR HojXER Ang P& HALFE o]FA XA Hol HF dzxd
A AFE AFGANA HEe] gAHE 42 ey g€

Ho

(2% 3-30]o] S-#ol-E=2d ZZYolE AHEsd Azd vwolaze €22y 3
8o A A2 S JeEhGEd, 2g9-222d Ae ¥4E JHAE FE vEASY AAHA
B 95t FgAY wiES 30002 FAA nARAT a”AM £ 5 ARl A&
o] AAMAHQ AZIBEI} W We HHd ZANE Rez veiged, WREd R HE3,
AdA 24E GYsA H3ANA PEHVEE HE - FYPUSAE FHE WEy
AR E 2 o7t BAHA gt WA EFIY IV PEo] FAHE WAL
Sool-xaed ZPEviy AVFALEI F3HE AHo) GASA FAHAET AT ¥
ol AH o =27 fEo #3348 Y dHEo] FH&IN ME FAA B & 44
2 A0 FEF ANE ATy R BoHY, F¥SEIL FUHez wE A=

d-geud wolazAed A% ¢ FUY YIRS Ushdts AAZRY ol 7}
Mol M FHol stk
seol-TERY 4T HEA2 = volazAEe A& AAY AYYE 473 de

Aoz vetsd, odd $Hc-T2uY vo|azAse FAAZ F AWE (27 3-31)
of GEFAYD 1geld B 4+ U%ol 4uHez A E AEES I UREel %Y
5 Az $A2 g0z A4, Audes e A7)e AEEWe] 1 FHE FA5n

Aoz gAHYY.

27, 923We WA FUT WEEANN $98 ABU-E2UY B fool-x=
29 clolazdest TAA A x7) F3Uel SE HolWol WAHA YtEOIE
2751 2 ANt @A OE 54 dehle Aoz FARYY @ Holo|

_63_



TAHE FEHQ YAoEA A AFT vk 2L AWoRe FALE Ao| L AA F
gEEel o] ¢ 5 4 Abd, £ A7 YANE FeANH YUY 2Y YHo 2

Fg&Es AUAez BF 3 $oo-222d dojazAed Ao
N dRE Aed w40 we oggol AUSS FARA At

[2¥ 3-31] Sdoh-222d s AAWZ FH

— 64—



ogol, = a4 x2AG N ojH FAZ ZA AT aTFHH HFH
HNRE A= H2Y F5 WFEAS AYE §8 439 4Ae ZAEG ok
A wesd SHolEAYEHE AsA He e dNAd A2E AvEd, ¢4 22T
o 27M(addition)et$o] BAE F thAl EF(condensation)$& YoVAN HIHo2 F
S(hardening) == BAE AXNA e, olgd ¥ AP T4 AV AW
o o] o AlEHE ool TEo e v g we RiwE ot HrEEsaors
Au ol ZeAA Hol gud Eiue AT ANHH, &= Al BE LB
o wawoe] Uehle AAR FAsAR vddolEstd $HetE: AT AfME BY
1 Alzkel g 3tTt.

b

o=

o?é,

N

¢

ool 2o B = Z2FIR FEAANAM A4 pHE RojEH, W
o]7] 9air = AR B9 #ZA S (resorcinol, CeHi-1,3-(OH))E A7HsA B dAzA=%
EE‘?—J‘?&‘;] 232 e Aol AS WA Ao 3] meta Aol -OHZIE 274 7t = &
2N =9 EMA ortho-, para- 9X ¢ WgAo] HiEn A5 53 FEoAM FI
$ol RYHE ﬁ°] R0t} o]e AYS T3t BEHE FHYste ALl gloiM a2 W
camE FANEUE i JdF F Jdoy $Ho-x2wA £ HEIAR 4

AANEE e RAols -8 B A e Reg B,

ap

=g

Hir

Wz @ geols TEud slavEe P4 HELE AAE 24 A&Ed Ve
e 97 EARNS A5t AAFAIZEH/(DSOE AHE, TA2ANN G 242
Nes 7 A%E Wz - AEsET (29 33200 9SU-E2Pd sloja2Ped 4 ¥
42A7E dehygded, 284 ¥ & 9 v o) 669TAA WHER A% B ¥
wnzs BEgon M0CEIA Bawe HIHE = e 549 HAYoez
A g-slBgde o|2T2E ANt ATt HBHo2 YHHUS S FAT £ Ak

(29 3331 Sdol-T22d vlo]22Ee) I B4 Atk YRES 48 FII)
27 Webe] ASolAsh v&d 7C 2uelA Ui o W 4226 9@ 549
wepme] Agug ¥ 60T AN BESAATL

Y
fr

e
ol
>
2
=
ot
[
e
2
o
N
flo
P
tlo
mg
;9.
rir
=
2
ir
=
iin)
5
&ﬂl
_VrL
_{
o)
o
]
u
sk
[a¢)
i)
>

w3
wede sgsE Sool-T2wAL S4TI TR oid 43 A A3t YA A
ol ostel z7] & tREEE AT FHo-2

—65 -



=93

Heat Flow{W

Heat Flow (mw)

SEA7 FAHA WELE AR 5 Yok

'
-
o

'
-
[}

63 49.13J/g

343.75C

194.87J/g

6.69°C

[l " i " il " 1

-25
-100

0 100 200 300 400

Temperature {C)

[2¥ 3-32] del9-X22Y vlolazqhse d BAA7

-2

-4

-8

-10

-12

14

-16

112.56J/g

7.25C

[ i L A 'y " L. A A

0 100 200 300 400

Temperature {C)

[Z7 3-33] +dcl-X22d no]lazse] 4 £42439

— 66 —




i
A
r d
e
il
s
o
a2
o
-
L
e
fru
s
L
o
N
N
R
et
i
o
_?l_',
rr
o
5,
[
fou
)
fuf
it
o
=z
=]
i
iin)

Kol A8 we Aoz veht A e HEAZ §F&AF da FAH] AINHN
=d), ol AAHAY EAE AAANRA fHol-E2TY ZYPIgvjd] W GIFAE
UHF TGt $ol-dHN-T2LAUMF) HE2E 2te voja2Pes Axstn 2

WweEd 2 AE WeAEY 4L 4URY

(29 3-341= $elol-T2wd T Zule] HAE Suoh o 1%l AFHE Bad
w22 Egen SYzAANY Ped A HF Ae £ Aol AFF Az
A Qo Moz WL} BE o

o = T
go-Z2ud g oty MIMAEEE FAAFN A FAh 2feA ARE F

oS

o] YEEFE Ta BFARYOU Seoh-E22A £1E BT st vo)22
sof ulakel 7 Wl ¥ 4AY PelAE 453 $5F 54 UBE Aoz FARUG

(29 3-34] $eol-dar-x2L vlolazi s &£

(29 3-35]t SHol-ddN-x2TY melazfPs < Ad 32N F FHE
Uetd agolt. AzA 9 He - g5FE02 H& P 4L EFETY AL =

=
Qo dol-E2wd slolzzAeRTE AE A% FHHT dE RS ¥ 5 Ak

]



(2% 3-35] Sdlol-AaR-F22d A&y AAA2FH)

O, wes] Ase BE A& 54

AE PYBPAL 9% FLHAZA TLEHY FIANENE HA - AFsAH. HE=9
HAe e YA ey WRAEY 40%°] HZEHe 2719 71AH 2¥E7)(mechanical
stirer) 2 Abgstgon IWEEE 1700mmAEZ LAFAG. HEEAY A #3E
g e 1ILF w7t 93 Fele) homomixer B ROSSALS] 42 homomixer® AH%
g, o] Edld AzE P& AS$ 2 YRR IV wjf LA 10pcls 2
e e Aoz gagnt [2Y 3-37]2 TLF #He7ldA Axd dzn-z22d o}
olz2A&S Uehd aPolth W wmAPL st 7€ 1LF WHEIE T TI=E
AoA e MEses £YPstAe, o8 Fato Az dHR-X=22A vtola2feY <
2] Apxo) [2¥ 3-36]o) ®A JErYT '

1L #2olo Mol &5t

5%9°] SMA &9 200g] 70ge HEZUIHE ¥ F20A 10000rpm&] AEHEEE f
A7t Wepn) ©FA 18g, X2 33g, B 149gS ST 60TAAM oF 1087 wwkA
A wEge Wiy TaZeee Azsn o WHEdo F3HAAE A58 Yol A

AN 7AH DEI|E o] &ste 600rpme] $EE AWHEA HELE C0TAHM AN

>~

— 68 —



o4 WeAFE AT volasPe £HAR AAHE, HF el ABAo| AFHo|A

NE 218 B4 JEHIES 5] fatd Baw ZeEee FAGE 4reded £

93 waANEd 28e AAAAG. oA PP Bad Az spojazAEe

Wan wRAS W A7t Hwd wsd B FYE YEE YEE Aoz B4
o}

(29 3-36] 1L ¥371el 8 AzF o} MF mtol22 0%

7L 8r3J10A 2 W =3}

‘31%7.]94 garo] Z7latA HW MEERY Q A L EAAY £57 daAA Hu=
1L 918712 Algsled nlolazfess TIPS 9 HEHF 2 2 HIF W}
sulg)ojof st FUF EFL ANAH mwkr) eAGHE HAH FIHA AL doh. wretA
Bk 7)o AHale] ALE3HA HE TEbdsl(impeller)E WE&%F 2 1/3 A A A7 F
2 Astd Axsgon, §3o AgHE G346 Afolx ROSSAA Al2d o
2ro] homomixer T 71(EHE FAldl Agstgoh AHER IWEAE TH & VIELR 9
15° 7}aF v EHA o] dom £ 28cme] BY¥ (blade) A AHE 7HAZ Ao TL @&
2 Jzoz £89 wolARNEE FAL T 2ow, YV Aes} WS A F

o] &2 (working volume)2 A w7 &3 50% FELE FAHAU

il

%o

R}

i

.___/

- 69—



5% SMA 89 1400ge] HEgtdzt 1100g€ &3t homomixerd AHE3t 10000rpm
o £x22 128 F¢ FHAAG By FFA 190g7 E=22Y 320g, B S510gS AL o8
HkS2 ¢ 60C o) A 600rpme. 2 Wy H A 30% 7V ¥rgA)7)E HE A IFPgE= d
o dad-x=22d zZArt Axdd. Yed} e 439 HEDHPE-SMA £
Azd den-z=2d ZZeolg HristAAM AzdHEed, 98] £3E7) e @
Mg AEAAE AYsld o] do WELEE 49 ¥EIIEY g4 L T0CE nAHY
o AEd gz AA AL o]} Aoz HAF Qe £HHUE JAHEY ABS
100%E 7133ty ded Hesddd 1P FEE B 43%0) ol&k Az A&y 2
7l 1L $E71e A AMzd PRt HuF Fe Ao gUHoH YTEE T3 FL
Aol MU= Aoz Yetked o #stdAdA AL E homomixers A 2} (stator)
&0l e T2E8(mesh)F 2 Hoiglol W HFAs s &olstny f3 L AN A1 g8 Z
WRE7) 9 ERAEO] AFPWEIle vste $4317) QE oz YzEqg,

ol

oﬂ.

AN

3}

ol

ntola 29 AxAH FoF RS AAZE F 7MA T, A% TS
h=4

AW, HFRANE U AFo) drlwF FUP 271E AW TLEH olojx e
279E AP YL AT AEAY A%l F28 FAZ FEY w5359
of $4& faAY Mol oY BAUoIY AIAHY AFYL ¥Y + AE =AY 2

-70 -



l

3 $3Aue] Heol AAHojo & AR Ferh 53, & ATEAE AHRY x7)
FL3A 2T 20U AHe AHoz e AFAHE JHAA HY dFIHFeE oo =
FAo)A A A7t FAHAY e A¥n JHE T BA 2AHVE IO FY
3 ARNTAAAES AREE Aol aNy] G 2 2V)0t 2 48E A He
g, w25 A¥e] AR(ZE homomixers AHEdHE A S0 7 AR Holn FLdF A3 o]
HA=E Aoz Yebwtth HomomixerE AHE3te AzE wola2fed 27 237 A9
FUsy AoHes & vlolazhad] Aol LAHA Fof AHY FHoY EFLT
& Ao g A Yetvus ez FAHUG.

2

4, FETANAE YRS FASA He EFE9 8H 5o F83A
of & Atgte g uehgoer FUdF EFE AL Ao odAde HEZY Y4 £x9
Zba AErb uAe F¥e] ¢ A= AL B £ YU e $5Y 2 A
o HEstd FEated 288 e ALE BEste ol By $5% AE9 vela=qes
Azt o 2P 290 Hed, ot #F3¥ 2d 4 ARG BAHE EHN=E
e Agdoze ARz FHLE ¥ FEEE/ wE dHIg F£39 FLodA B
A1ng vlolazP&S doAE AeE BFLHUY

10

g REA dsld & JFdvdA Ax5A

598 2N AVFHAY FH) BE 454 L FYSHL VIR 27 12
AfAe) YeAE AUE $84 - 801&4 AVTHA PSSAS SMAZH 7MY HPE Aoz
BEHRS S V122 sod Wy $50 get 2] e WrEds e Wede-ze
2 AEHTAL FASAT WEso) A4S W 2Ao] YJN WHgozE HER
Hzhe, digozE nelusaE 47 A¥stgen s 18R 2 2L 4] /e
o7 BeHTAel ah2 HEHU}

Az HE P& A7 10gmole e A7|E Yoy vuy dd% 4=
BE¥Z 7lxE Aoz AFHJ [2F 3-38]2 PSSAE AWEAHAR 39 Azxd Fs9
W SEMAAS Uehd Aoz [1¥ 3-39]d EAE SMASY Z$Et &4 mjnze 73
BdFEq gl olHd AL} o] ARGYAZ PSSA FE&AE A3}
HEZUe AR Y& dus FE vEAY BE FEEANMY
st gol FE A £33l R o] ul¢ % AHAS HAY F AME
g, 42 Ao 9B xaA 2 BgXEe FELS SEM #4 A FAHE AAAAA 98



MUV SpaN
VAL s

(a) WHrg | (b) W&

(2% 3-38] PSSAE A&3td Alzxd 9§ - 38 FEvda 2954

97 ARBYADZ SMAE AH4ste 2% HEFHUDL AFEAZ ste Wg FD )
Yxte] A9wy ohlz} setwetas YREEHZ ot B FA ndA AL AR
3

MZH AR Hoel F4seldE R FASA Hed, BW TRl UoAE PSSAE
g8 Agote el Be £EYE0) ¥4E e 2 5 AQh ot WW-z=2wd =
257}

AW Aol AAST A SMAA Ssto] me S22 PAH HePonA
B wrgA Aolst wAstd IFHEAHQ thF T Z(multi-layer structure)E ¥H/dsti
Aoz A% 4 dud, o FHUANA F3A At BRAD 22 FHAA He 3
¢ guRoz FAAY FE ¥ PR 20 28 FWY Qo) wAGe2H 5
NRES B Be o WY YAst 24D £ e AARRE 292 4 U,

AN Sppi Mg O
IROAYEE Be BL

(@ 938 (B) B

(29 3-39] SMAE Atstel Az8 W - diug Fdoiga BRSA

___72..



4374 vol22AE SARA

1. ojo|lazyse 7= A HE

og

9y e Y Ruis FAd 2P =t ¥/Ared 72 7Y JAVL AAY
o2A st WE T WEH e gstd Be ¥iAd B GI T2 4R
Arol Fhsatd), old@ T2 shed NEHA W /X Pl (2 3-1009) EA s

Case A @&HQ B/WRERAL T2E 71XE AU P&& Yebdch uFo Ao
g9 Ry FHEZ YFoAHdtE L AstA Case B Feh £3 Case A9 FH
ol &A@ ztzte) FHEL A7) A(carrier matrix) Wl #HE3 slew o] 7jAE A%

_—

Hol :Elo] dstd EEsd Ao T Ag BY A$ FIol 7FEAE ¥E A W
g 2o, olzd Hele YAEE vlolazAsclY AdFsnA Foh Case Cx HFER o
Aol BE BEo A TUaA EAH e 1A FzAdd, WFEL JAEs A
T 9 YAFAY duyd Hex EASNA decth oA oHE dAsEe dHA
micromatrix particleo]gt 2@t} Case DE WHEZo] BAEME dA AA #4txo] 3l
Ot WelMCase Co FUHA @ A2 B 4+ Ak YHEBY TE WP BASL &9
(solvent)7} HEA(polymer)9t A& Z&de AANY AL FE 45A8E dod 5=
estad BAddoz offd 434S A && FE JuH, 2EY FaY B4 3
% 5= polymer:s E¥A @AZ F83A 2 Reld. ofd ZF$E Case D 2& TEF

72 = 4 A& microspheregt F &t}

2. &g n|AXe 2 - =5ty 54

d Ag 4 FAGREA S4L oSy AT FaPd BN IMEY AE AEE
] om, o] Box ulE o] FaF BHLR AAAD U ol 4L &

o upel Walels SAHS HAm o 53 Edol EFFHY A rolE A EFE 54
Boln Q7] @B AP APATY I oA LI Aok FENPA SYe
Mzo] B 2AHY WHEHS o] AP LEF u JorP B AFdMe dAEE ¥

W7t €5 2 YA FEo vlAE 9% 4¥S B3k 4

1

tlo

o

_73_



Case A : Continuous shell/core Case B : Multinuclear microcapsule
microcapsule

Case C : Micromatrix particle Case D.: Microsphere

(2% 3-40] 4% FuHE 7Ixe vda 2de ey 3=

7 A= R 434335

Goel $'9¢ #erY#e A 4% o AoiN: A4 - fAHH 54 +4 H4HQ
Yoz g, FANNL A 71z B4 F2 2AYAE o188 A dhdl
sl Eolsth, ey Y DlUAE Ut AFl WS 4 B0 DA Ay o
B2 SAs7] d2ol ool WY JHE IF Y7 o T AHHA wye AEE
£9 4 98 Aolth ¢, AANY $6¢ AY YA J2AF2A haba T Y
NYAE A5 FAY BH TP UE, Y, ¥ GWELL LEY A 24P
slom, Yamagishi $9¢ #94 498 A dolus Hy74a4e 48402 24390

@ 54 A 7P WA Zeistedol & BAL WEAW, e FEE A0yt £¥e

seele] SERW olyzt YA FH2A B HrE0 AE W) By SHe

- 74~



AegE o]l aAY AR o A4 FHeel UAAXNE FA stetHojopt e o
He Aol MAH I FAUHAE o] &3t A YoM A& o] e
& 9ok B dFeME Az A7I7F 30~50um e A, A4zl YEWE §H ] 67T,
18 ZR3sA £ A7HA

T, 50CY v@Ae v: ¥ =¥zt m& HEW3g A4S
g2 $38 zE FEu gAYy AEE FASE WAHAE 229 v=d @ 4AY HE
¥ (Non-linear Curve Fitting)& ©] &3l & 79 Ao2 =Z3Ad olE HAstd AA A
A - ARE AFYANE Bl FAsE ZA, S5 dHolHE ol &3l nFAFE
FozM FIuPAE T £y T4 A FHRAHE MRS 94 dgde F
< FrstAoh

o
jr

Ad vlgate Az Odd WHEC] HEHIL oy 4z 29 WeHE AMA
e In-situ Z¢E 3 AURFEHE o] 8ste Wye] /MR HAF Aoz doHT, & A7
e o8 F 71 $HE BF o83 FEuPAE Azxsn oy SHALEE Astq

=HYA e dodle FEuPAE dFo 2 FA Mxdrlde i F
g7 Qo] dRE PR FE AzsFAct W Fs EAL Win e A 19
a9 6T, 18T, 50T A& 7IAE £2E 47 dAssaed, 9F HEHL ofvle X
A nEAEAE AHEIFA

30
20
— J 246.61 J/g 0.12°C
= .
E 10
g 0O - LI LR ELILILLELEE -':;-.:;-—:;“3
— V.. e T T T
k‘ ____________________
-10 -
"‘-é 0 234.16 JIig
s 4 244.77 Jig
o] 277.91 Jig
-204 262.14 Jig
y d.180
- d.90.180
-804 d.45.80
) d.45
-40 -r T v T v T M T M
-40 -20 0 20 . 40 60

Temperature (°C)
(29 3-41] DSC 2445 : (a) B2 (§4 50C), (b) HEFHUIHEHE 6T)



Adzte $m FEler E AUE A FdFE sdste AL FE vHAE o))
o of$ F23 giolt) oln gellM AFE vieh Zo] ojd dAFoME= §FHo] 47 o
2 A 7HA Y AU A o] 8T A¥E FYHAT. SHEAH & At DSCE °] &,
zZt 229 &3 B FeieEs FEAUAE FUsHAEH oo dF dRE (28 3-41]
YERA AT

HE2d APANE A $79 FAV A seelol AVBHAS ¥ A9 %A @

So] et LESt FEE WAAIN AN FYAF WaE 2HsREd, o g &
Bt 2 AEAY 4 WBeE A F2 AYsgn. AREAAE 9E olfE FIAY )
Zol o 09 AEZ B ur} /bW WEC B3 PeEe @4o BN WEelw, o
P ASAZE Arlats AVEHAY FF Gt gHAT B AFNAE 11749
42s Agstel A7l 2 ERE GUsl 2TFOZA BN Z7) BE ARGLAS
Azste] ddel NASE wolnA sdbd, 24ES Sad FE) 2 Y A
HARAE FAZ L2
MAHAS A BAREE D £A WlME oF 508 ASHYOH, o] FE
ol AFe Fb FA S48 BA4L du9dAd =W 48 FAAEES FA s

7) skl YR BT Tl A 4 BT YA Yuvh
2) AE2H AP

Aanygx se2e £Eo BE FEWEE 2437] st BROOKFIELDALS 2 e
B9 EA(ZDY : LDVD-IDE ol &5t8th A¥RAe) FAL (29 3-4209 et U=
dlol gol WEA, FLEBEE AE F#71(data loggen) T AFHE Sojoley FEAL
2e FE24e Asted Zol7k Almmoln A7l 23mm AANYH) 28 A ov,
Amel eEg mdsr] st YerBsRe A YALE §A7 5 LAY
g7 AesaT o] AEAE ZFAANY YAEERE FAHY o ZR2AYY
WAL Bmmelx o7t 13Bmmelth, YEZAE Fste) AHE Imme] FXE AT 3
9. 47 ¢8R 244A0 9% 90 Y L2 §A5r] Astd AojH Lx9
Zo] £UFEE AFFAT AHEH 2AZANE AAAZEH T2 AFD AFoR EFS
dg o4y WE 2WAH +05%9 oAE 2= AVEE Yehie Ao BAHAU
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Data Logger

Constant Temperature Water Bath

(29 3-42) #EudA €32 F=E SHFA 4=

ArzxA 889 2E24L st £1T7HA AL A7t 7tsd FedT
sty m, gdess ¢HFTE o gty FFIHAeH, 2 2xdAMe &8 52
7) 9stel B3 dEAZASE U AGAAT FESHZA 29017 9
A5 A7l AHF Fole FTFFY 5P WAFY 27 A9 Qlo] dAE

2 #FHRoH, o] AHAN H=FAEL AFEAY €y 2=
stio] AY® K-typed @44 £ XA (thermocouple)E °] &3t FA43tH

PN

2 A

=2

oo

tlo

23]
o of
e

Al
= T

ol
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Ao
Ir

ox
Jo

rle

an}

3) YA YA

$E4 gasdele) FERe 4L §o4 AFYa, U=, Y, FLIA 2 AS
x2 olFojFom oo W@ FHEE (27 3-43l ERAT
2998 433y Astd FZol 400mmeln Eol7t 80mmel VFPY otaY #BaE
AZsAch BAUReE UAY MEe 5T o WA ez dZAA BTIULA

o7t B4 AAT LEE AAT ¢ UES A9k TE e FYD FERIE &
s 3
=]
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Aol Jeldd e Rolth WEdLE AW FAYLR AT Aoz ol HazA Y]
At BT ESE Zo) FrIgae FAMWE(back pressure valve)E A Xdtg o, x| 43
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Water
Jocket

{sother:
Baoth

Compute-

Isothermal
Botn

(28 3-43] v d= €2lg S5 #E FHAZs SAZA F4=

2 d7ddAe ey 345 e M §22 F Ule £IFAE ALY FE
gale 54 nstd AMA "Heio] gle WA FFAE AMEsHEd, ol 54
9] Weber Sensor TechnikAt9] Model No : D-2201 A Felt}t, ¥, W82 OVAL
AHModel No : D012S-22-200)e} AZFFHFAE Algsigdcd, oled AFRIAE W59

42 FFE A AA2A ABA] ¢ & A2 A A

<=
=

MBe FASeeld) 4ARSH L 4 WAL WA £YY & A= AU 4
oo AL 2HAP22Y FRE H90 2 9 FRANE F 44T WDHo)
£ ol %
2000mme] &}

r
4n
iz
i
>
oo
_?[_«l
3424
o
>
o
4z
=
a2
1o
=
o,
flo
N
]
o
k1
Yo

< 45mmel™ Zol&

FE &8l 4& TH(EE AA)EY et dFRI olF TAHLR € AVINE A S
sged, 2438 dzsd 729 WAL 404mmel 4732 554mmel™ elx 2030mm
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o WZsE AR LER FAHUN TIY £ AT B2 Adstd g
o, B gAFHE W) 94 [29 3-431e1 tebd UAY ohie ol El(manometer)
2 4As Y.

4) ABEARA A7tz AT 9%

(27 3-44]olE ARNGHAE AT 2S99 FrletA &L B9 &3] 0T 5=
7} 5% &d(olat FHr)F) 22 we F4AFY HsE Yl F 29 EF
o5yl g mat FAASFE FU Fase Ao duygy 229 Fsol net A4
Ag7t gasts AL Yutd oz deixd Je A 423 dAse Aoy TFAA
227t 15Tl A 60C7HA Weats ¢ FPAFE 2cPAA 1cPAEE W3t Uded
ol &89 BE/ 5% B 29 AF 7 AFE vl HELD R
A9 2P o2 RE 10TAA 40CAoldE AVEEAE A7 &9 FA4AF7L
A7 stA @ Aol "t % & Aoz yERth o]2HEH 40T olste] 5% A2 Al
A A BrrgeEn HAYASFIE wuEA ASE 4T3 EEANE AUEFA
9 ggo] AY e AES ¢ F Ut

15 [ ]
14 [ .

13 MPCMS0 (5%) -

12 ——®— with surfactant >

1M —X— without surfactant ]

: E o0l B
) or 7
> 8 [ .
2 2 ]
‘© 7F ]
8 ef ]
[7)] = -
S °r E
al ]

ar o p

2y —x2 9. - ]

, : ]

0 i " 1 " 1 " L i 1 " [ i 1 i 1 A ] " [ A 1 |
5 10 15 20 25 30 35 40 45 50 55 60 65 70

Temperature (°C)

(2% 3-44] ZFEuldA €29 HE(m = 50T, om = 5%)
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[29 3-45]9l= §3-e] 50Ceoln FE7F 30% €32le x93l wE JAASF9 #3
g e 2@dAM 27t 15CHAA 60T7HA Wases ¢ AAGASFE 13cPAA
7cPE Wgleti, @ F59 fAd v ¢ FFAUSS & F U o] AF 15T
A 60T FAME 2 A@He] EAsA Fonm 2 94» F7to oet F4AFE H#A
ANe AREAAY 9ol g FUHIEES & F Utk & o] Afolx 50CTHZAMY 4
M S AE2 gt gdo AGAF7 Frtste 27 S & 5 U o3
< 50°C°]*J-°4 2xoA Azt & (agglomeration)@/4e] #FEHHoH, o2 A3 AR
o] A&o] B How AR u}. o] FE} 25%0l sl M FAPAT] YEIY R
okstet, ol dig st & dJoE ALE F e AL FEIF 0%l FAME g
(dilute solution)d] 7d& Hojd HAHE & F Uck. F ALY F5 2ol o3 Fifo]
243 Zdigte o2 AzEr

1-’

r@'i
o

£

-
4}

-
H
L

\ o

- —*— without surfactant .

L. ] M 1 " ) M 1 N 1 a1 M 1 PR | s 1 A 1 M L

13

12 [

11 t )
—~ 100 \ B
% ol X 7
~ - e
> 8 - \./.\. -_1
‘® A p
3 6 .
9 s -1
> 4 & MPCM50 (30%) h

3 ~* with surfactant .

2

1 [

0

5 10 1 20 25 30 35 40 45 50 655 60 65 70

Temperature (OC)

(23 3-45] FEvdA <2 HE(m = 50T, om = 30%)

AZo] ALEE HAH 9 741“5%"3%“ Foze Bl dT THY 5% Az FAHAT. o
da vgr EFE sgdis 4 A54e SUAA nE e A7 e A2
2 BREEHAC o8 T AAL 25%015+e] FroA ARTYAY F7t2 QY H=e uA=
FFe [2F 3-44]e vtebd uwie} o] 3] wlwg Hxe
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os)glon AWFHAS HA7FsA LAe " 30% ol TEAAM YA FAEY
s, ol Y] BAM 43z s TAHE Aoz F5E

18 | ]
17 [ E
16 [ MPCM50 with surfactant 7
waf —YT5% T 10%
13F \ T*T15% T4 20% ]
T 12t —+—25% A T30% ]
() "M \ _'
<~ 10f ]
g8 8t T A— R
&) 7t + 4
2 s F T~ ]
> [ \ -
5F ]
4r ¥-\- e + g
| S~ ————
.;2 3 v o '.__x_v“L' E
[ PR RO NP RSN U SN NS VU N SU RO NS S—— h
0
5 10 15 20 25 30 235 40 45 50 55 60 65 70
Temperature (°C)
(a) tm = 50 °C
15[
14 [ . ]
13l MPCM18 with surfactant
12 V5% T *T10% 1
11 \ —*15% T 20% ]
~ 10} —+—25% T4 T30% ]
s of N ]
z B LY
@ 7r \+ \ B
8 6 5 .\- \+\ ‘\ ]
g 5 = 3 ) +\+\\ -:
4 .v\i\ \-\l\ +\A ]
3 ~y_——® N\-\\ + ]
- B o e ——— ]
2 v : ——Ngy -
1 ]
1 1 1 1 1 A 1 i [\ A i i i
0

Temperature (°C)

() tm = 18 T
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20 F ’ ]

19F E

13 2 MPCMS6 with surfactant ]

16 F N TYT5% T T 10% ]

ja b T*T15% T 20%

= 13f T 25% T4 30% 3
O 12 r
Z 1nf P
-“? 10 | +\A\ ]
7 - .
8 2 3 +\\ E
2 7F "‘\-\x\ —_— a4
> 6 + 7
3F — ]

2f 3

(1) o 1 1 1 1 1 I L | IR P SR SPU Sr.

6 4 2 0 2 4 6 8 10 12 14 16 18 20 22

Temperature (OC)
(c) tm = 6T

[Z" 3-46] AMEAEA 7 R v=d 0& I=34 48249

(23 3-46ldl& AREAAE H7ME A+ §3ol 50T, 18C, 6T Fhv|Pa &2
9| =R wWE HAAFY WiE Uit 25 2=t e ma dAASFE
3t Hade AZiii e en o] md dwtHA fAe] AAR dXstE Aold (1Y

3-46]9 (a)ollX &3] 50T =&l A=5AE AHEE tdgny 2o $E7 10%Y
¥ 15CoA 60C7HA] Hstets §¢ EHE AAATE 3cPolA 2cPE #asin e
ol [TZ¥ 3-44]olAX <" 5% B¢l Histd BE %o AX < 1cP & 458 4
ol

AIEARZHY 10%9 BTt 5% A9l Higt] B & £o3 JErt b AMES
d F ded olHTd AL 24 FAHAA FE %7?01] et ddE s A3 dA s Rold.
a2y o] Ag-olx 15T 60TAol9] SEHHAANA HgAF ¥g ZL& 1cPR 5% A
o A FEE ZAE vehdl ok 10CAA 50T MM AREHAE Ao &
glgfe) FAEAFE H7rekA @2 o) vety 47 52 A2 FE JEyoh
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EFE7} 16% 49 2EWEd 02 FAYAFY WM E 7 sl w2t BAEA
F7t Baste AT 5% F 10%Y A9} AT Fae Fo] 4 FIHEINT 19
X L=t 15CoIA 60T7X Watshe $¢ FAAFE 35cPelM 15cP2 Rststn
t}. 35Col e FhoNE 5% L 10%8He A9 vxd S Y gley 35Tl
o MY A5 & Yl . o]2RE FE7t F718e) wel dwdoez H4
AF7F F74ete et erE FUhEo AeEE & F U

FEIF 20%, 25% €@ 2EWste e JAAF HEdME 57t Feddel net
HAAS7 #iste AL 5%, 10% 2 15%9 259 FdatA Hetwd. 5% =9 <
Helox Lxdslo] e FAASY WsE A RE 15CAM 60CT7A HEste ¢ A
AAGE 65cPlM 3cP2 W3sta, w29 Ftd wel AYATE FHEE &UE + 3
o 37 E 35Colste] SEMANMN F7te) Zo] A 35Tl FHANE HRH Fe
Z7h& S degdz 3l

[2% 3-46]9] (DE §Fe] 18T 4¥EAE BIFT A 5~30% =82 2=
e FAAFY 93E JEAT 10T FAFE 42cPE YERL 20T T 32c¢P
7 28 & F Yk ol2RE 10% 8 5% Aol vldtd FAAF7L Aoz A5
3toy, A2 A$ B wistd FAASFIE oF 224 FUMEE € F I o FA= €4
50C g A9 A9 dAste golth Cl2FHE §Ho 50T 18T F 29
ZHe we HAASY Wi e ¢ F AUtk 15% fA9] 2x¥s @2 FYAFE
10C A 52cPE YElI 20CAME 42¢P7F & & = Ao °|2FH MPCMI8 15%
AL 10%8 99 Aol vt FAAFIE Aoz 1cP Bedy, 4&d B+ £
vl st} HAG A7t o S.ZHH 71 & F Utk [28 3-46]19 (O ARIAHAE ¥ 3
S99 §HL=I} 6TCol, FEIF 5~30% S SxWste] ©tE HAAAFY MEAE Jehy
Aqtt. 2o 2Ry 25TY B2 2xdAM HAPASFE 55¢PF Hetiz 2=3F 7 g2 2
28te] 20Co] ol2W 25cP7 & @ & Uth 2R H 5% §HL F2olN Eo ¥t
HAASF7E oF 159 SIS € F A+

N
2

(¢]

[=)

10% <eele e e d4AFe] Hate 4HRd 25T F4AT< 8cPE W
BT 20ColME 33cP7H 9& & 4 Utk o] 2RE 10% £t Ao 2o dsto A
AAF7E o 230 132 & 5 Ut AVENAE AT SAe AEA ¥ S
Hjgte} tigF 05¢cP A= 22 AZAFE Y AU

57t 15%2 A$ 05CY HAAFE 11cPE Uehlz 20CAXE 45¢P7F 28 ¢
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Stk 5Colste) AedMe BAAFY F77 58 FEHAS & + AU ARBHAS
b §Ae AASA g gol Mol UF 1P AR R FAATE dehin AN
o BE7h 20% o4 B 6Tl ALyl HYASE F7Eo] oj¢ Atke AL
& % A9k

AdAR] e 4R veol TFY FAA DAY Qe cAYS AAYHA
2 Apolo] WES) SUE WHE YANA TG F A9 Watel VAL 2a2E ©A
eE ¥ R A9V ¢ & ANL, == AVBHAY AN FFHA e 52
A& ekl A7HE oA vEA VL VL T & AT

6) AT B AP =&

z8j) Atde &do g FAASF A4F47TPL e dI FY2 AL 23 Q)
th 28} o5 YREL <FE 3-14>0] FoiA uie} Zo] Ao FAYAE )& T
ghe] g2 AL 5 Aot & IFE €AY A¥gEs Fud FEAF &
a7ldlE o 71A EAZE o, ol& dwtssly] dsiME v 2xe FFEA B
stojol Mo Z o]fo] JtFEA 2 Aot

<& 3-14> €32 HEd #F FF4H

Equation Source
s = p1 (1 +250y) _ Einstein
us = py expl250./(1-sey)} ' Mooney

s (crowding factor) : 1.35 < s < 191
s = my V(1 - )% Brinkman

ts = 1 {14250 ,+10.05 ¢ 2+ 0.00273exp(16.6 ¢ +)} Thomas

2y-25

s = m (1 - ¢y -349) Core

2 o) Inaba £2& §d™o] ¢ 10Colm Z7)17F 0.1~3.0«m< HEFEIZHCisH) S ©) &8
AAAFe APAE gLy 2ol AL
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p, = Axexp(2666/T) . . (Eq.1)

A7M, A = 1.49%x 107793 —7.61x107%¢% + 1.42x107%¢*, — 6.35x 107"

A7 SEE APAL & skx] FEAATE oj&sted dojxl Adu] v, B ATl
A= ugar P2 FgE2de 40 4y g A 7HA FFHE 088 vxg 2EE K
= yass Ad4S 59 o8 st uMdyg X %EW (Non-linear curve fitting)

_ﬁ.
AYae Annd ged 2o

g ol gstch TR
u, = p, {1+ Bexp(12.69,)} (1 + Cx %) (Eq.2)

o714, B = 00347, C = 1.226°]t}. =+,
p.= p, {1+ Bexp(14.40,)}(1+ Cxt"5) (Eq.3)

o714, B'=0.0327, C'=1.281°]1, A A4 @9 cP (centi-Poise)Z 317 gtelth. 4
(Eq.2)st (Eg3)lAd a3 Ag4e] FFWANStandard deviation)e ZF 2 0.8068% 0.8223
02 [1Y 3-47]o)A BE uis} o] A¥ARe wud AL UFE BRAEH

18 T T v T T T T T ’ T v T

16 T Present Model

""" Ref.(17)

14 —®— Exp. Data(t_=6°C)

12

10

Viscosity (cP)

el 30 wi%

o Sold Phase: Liquid Phase o -
IR ] N 1 . 1 R i . 1

0 5 10 15 20 25 30 35

Temperature (C)

(23 3-47] 559 259 #42 gAY FAASFY 4 g3} o2 % ¥udH
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A716) AAlE AEAF vmEE A(Eql) FPAL 10wt%o) st A mlel 29 Anst
ZHHEE Hgo] Brledict 3 £ AEL 5~-30wt% HHNA APo] Faron,
HEZE M JAME §F3o] 6TY ASols BF 20~25C olstel] sl AP g F
g otk [28 3-47]9A BRI Xo] 25T o]Fo) A¥AHe} 2de 937} FusE of
T2 37HA9 98 §3F & 3 6719 TR E FUT Zdge AREN FEo]
g (Eql)d] 23] o]&d EAL Heditoz §3o] 10Tz 277} 0.1~30xmQ
e wAE Zri2 2 AFdA4 A8 AFde Aozt dd. £33 (Eq.)Y fAldE BL
A3 7] dEol Bl AUEAREAE Hote & AP FY Aojr) Jde Aoeq oA
7] Mol AT AFAHA vuLe ool AUt

lo

7) dH e 2¥E S

tHAste] g 4FE 7] A8t delA o} #Zo] [2Y 3-43]9) Foiz e
o AEFAE ol&3AT. & 2L FHEY HEE {48 ZHsl9 ReynoldsF7}
20000182 g steh. 4HFstE A= AHHQ S Eede AME O e &
7o o= 558 B9 Poiseuille’™ 2o o) F=8 4 ok

i)
2
0,
off
oft

_ 1
aP = 8 Q. (Eq. 4
Qs = ”R% uavg (Eq 5)

%, AGY Yxol g3kl dAFSHE WG + Aok B AWNE FolR FH =2y
FHHHIP)E A FotR, (Bq. D9 (Bq 5E o183 u,, & T8 F 02 Ao s

o vlAALE FHA.
f= "52 (Eq. 6)
L/D.i—% ps

(28 3-48]12 A3l sty Foj AFAZA Reynolds Foll wWe d=H7s WIdsE By
F3 Aok o] 2YY dPxHoRE §Hel 50T} 6T F T/ widxtel 30CY 91y
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Ag Tt YA e AFHAY FAYSHE vhxoiete] o3 Pstach 4P AgH
Mgae gel 50T A AP W FEEDe] mAYHelL 6T ASE AAFHA A
g @ & A ols 2 2o Fust FABee] NAE FFL Fohrs| sl APz
HEH AAHEE 2WAYT AEE U4 FEE BT 5wi%olL AFAAY AF L
£7} 24~30T9) WM AR FASAT. 2PN Uk uhs} o) gARSHE U
4 asgde) Ao 482 wA gt Aoz ¥RAUT. 21U YR THE A58A

b s QA %S FERA wstel A B WA Yolum ULE BAF
3o ol £4S Y3 HEo HuAHE JtFATE 4L E ALY S & F UG

2500 ¥ { o T T T v t T T 1 L 1

2000 || = 't =50°C,t,,=25°C B
o) ® t=50°C,1,,=25°C
T A t =50°C,t_=25°C
E m » tavg™
£ 1500 | w 1t =50°C, 1, =25°C Y .
~ a
8_ + water+surfactant, tm=30°C
-
()]

1000 | .
o
2 -v
3 A v *
& 500 ® . -

»
A. +
A +
0‘.+||.|g|.|.1.|.|.1. )
0 200 400 600 800 1000 1200 1400 1600 1800 2000
' Re

[28 3-48] dlole= 9 ¢HAsHY FHAA (om = 15%)

Yol dold AR HolHE 7122 s (Bq 6)d A 2z n@ALE 7
0e 7 ATE (29 3-490] EAISHRC,

2gdA BE g 2ol NYdxe) THGRe Al nAASE A WP @e U
Ble Ao Ught ot 49¢ 3FEA0] AANES 23 AHEA HBATY I

2 E4g 2 BaFn gt A% @ £ 98 el oo W@ ZFE Yamagishi $ol
ANE 2FuAIAS 494 dng 2 AAFe T F Qo
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1 —
A i 1
[ ]
A
+
¥
© L
B L
S 0.1 o A -
- 0, - o :
2 F ®  =50°C, t,,=25°C - ny 1
= ® t=50°C,t,=25°C + 1
w A 1=6°Ct, =24°C w ]
+
v t=6°C,1,,=24°C a
i + water + surfactant, tw=30°C .|
0.01 a2 a1 I - L M 1 N PYT S |
100 1000
Re

(29 3-49] &Evdxt S o dolex S vpdAFoe FaaA

4. dAEE

Ao AAEEE FAsY] A A= AAY dFILLE dstod AT @& A
o8

A7) AFE =& FE £F AAG EdaAel g Aoow, X =RNE 2
gelo disire HZd A7 ARERNeY, EFEEV F99 A3,
Ads B £7, vEA 7% EF Y dF 2RV 9FE VA TFEA FEH
7] WE e Aoz FAHIIZE g ol Aol ol olfE dFEY A7

Z o dx el A FrEA 2HA Qg ol gsn AP o5
2N =98 dukae Maxwelol dstal AAY thg A& ol &sta Adstn Yo

s
g
it
5
o
H
)
e
)y

2kt k,t20(k,—k)
2+ ky,— b0 (ky—k)

kf= k]' (1)
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AN M7 W AExe HEE7] 8] =g Aoz o 4& A&y fMAE
AA A5 FHEL FAF Zwrgd(dilute solution)ol et Lol 75 Ho2 &
H24 Qo FduPE 284 4 FEFAE Uil AFVIHe)7t 15~20%7 ol &H
3 glen oed FEAdME YAY dsge] FAY AxE AL Aoz deA A
o] Ago] 7k, o] B ¥ FE Fdoldt FEE AT AAAME ADE A&
7llE Y7t dE Aoz #ugo] od da HHF FPYol a7HE Aoy EIE

T @ A €43 BEAAZ dF@on, 4w Al Fourer's Lawol &3} #7|8d. =

——padl
Q=—kA- - (2)

A71H QE x WFozo AHDTLL Uehdo, uAAE ke Fol B IFAEEE
Ut A A Fol GAEEE 58 ARAA FEHIL Yoy, F2 Gd Fojy
£58 2o g 483 2H#E HRaD Aot HHd F bR o] e Aol &

dE ASole BHAH BANCE FTErld ool glo]l S ATHA &xo #Hs
AF7F FaEe 93 Yt & A A (emulsion fluid)W %2 vl # 2H(Microencapsultated
PCM)7t &+8 EFFA & 2AYAE TR Je EFHA Tol 2 A7 € + 3
o}. Kasza and Chen™& 2718 & 443 229 dA=EE 029 Yoz gAY

b

2

ke=kae" (3)

714 k= U9 94 F&-&(eddy motion)ol ¢& vl Al dlF A (microconvection)g E?}
3 8 dAazxolth 2y AQ@)6AM AFd Ko AF n A¥HoE dojF F e
oz 7+ zte] B4 zA TA Fa Ak ghe] 9l Aol Torquato™E #
A QAEEE e F A EFFAC dF S TGS 2ol EHAAG.

EL1+C,8+C,89
(1+C3+C48%

k/z (4)

2(10)el4 BE Az B dAREQ k%S FAY kY FFEA T dAHe=
FdEEH,
B = (ky—2k)+1 6))

A4yl FolA A C~Ceo = 2FHoE Fok st FH22 ol W dvtAHQ
Ze A A g @A F oA B GHEEI g KA W 8 - 0 o H2s
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3 A@@)ANA k= k7t BT

{in)

7104 AFE vk gol £EY AYHE YU/ Aste 4Ye B 45
Hol WAFAT olge) Au7t £EHA e AUl F A EFHAN U BYA
d2a7] 9E QuHeN vl BANE B8 5 Y

(U

k= ¢uk,+(1— bk, (6)
2

& 7t

&

FoAME AE)FH APE Bt Lo EFFAY € AEEE v, olEY &
Ae Agd 2u Fd vdAE EFE 8y 2x R Fxo U Ty
Ze) Ruzt @oh dRe) v % 2x9 HEE Fo ALY AHAMY dAEES
248 gt AREE A7) Hdtd 4R FEE 5~-30%9 AF¥FTEE WHAAIE
A R, 2E, Azt e AWs BEY TR e S dotEV] A 2de Y
sttt

off

)
i
r <

D 23R

[2E 3-50]o) YEld uie} Zo] AF FHA e AL EHEEE A7 Y F A (test
section)} Wz &G, volH HAALH, A3 Ag(voltage) S ZAH3I7] A AY

FAZAZ FAHA AT

Data Acquisition

o
ik

Test Section

Input Voltage Control

Const. Temp.
Circulation Bath

[23 3-50] }En A € A==E SHs7 A%

(1

gL
o3l
)
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QA= P. A Hilton*H(Model No. : HAT0)l A AZg 44 L 72§ JAEE £33
N2 olgsATh 2 X9 AFHA EHL AR (1Y 3-5014 BE vl Zo] 97
o] 45mmo] T Zol7t 108mm<l YESZ AHALeH, WRE FAA $He] 196mmel 2
ol d2uy AAZ WS gov, FANAY AeuelE Aol 33629 SE W
fo) gty ZAAAYS 03mme] Aol ol Y& WwAHe) 199mmel B F(Brass)e 2 A

B2 AT Qe 9EAAGs Yon, qRAUY Hog WH4E SHIES T4
Ho] gtk FAAAGY YRAUY Alole] LEAE 2A7] A K-typed] Ads} 4
asol gtk B AL A7 Besed AAE ¥ 4 ALE 2PN AR ok,
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(28 3-62] AErda €289 8 B € FEedE #A

7t. R4 gA £2je ARAL=2 |

2209 cdAE A%er) A5kl 970l 40mmeln Eol7h 800mmd YEFe o2
2 9zg AR Aol YHY Wag 4A%n YUY wae L9 A8
A gAugA eolasl B4 94 LEE §AY & UES FUT £¢ FE0 AR $9
o) UL FERTE 44T & UES 92 Yo T2 LARGed, ASIE 4
NYx seee 929 H3E o FFYL ARE Bopo} A+HER ARHAG,

L= R

Aavga ¢dele YA 4o FLUYAE FHHT A7) WE YNHY WxE
AESE DA FESAUATt QOBE old WAE st HolojLY HIE AHAL

g, tholoj = FEE §HPLY dF oz AW FAYLE FF& TANIA A /F
242 ABe] ¥ W2 2HFLEN Jhesit tolojLy FZY dHLE {FF A
F@Ao Yehde A, oleld @A HAsle Hdtd HZESFE Fof Frdae
Wl B (Back pressure valve)Z A X3ttt <F 3-15>¢] B AF oA A18E F=Zeo 7|2 X}
F& 7lEsA
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<E 3-15> f% 2 € AGAd g A" Hi(vertical metering pump)®| ALY

34 VX-13
ANES Y 1020
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A1E2Y(kg/em?) | PTPE 10
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- 2EZ35(spm) , | 58
A&7 5 2 $13% 418
[18 73 212 (mm)] FAx | KSIOK 15A (VX-13. 23 PTFEKKS 10K 20A)
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2 A7 E e dA €98 £5E7 g - tEy 8§22 F A FFAE ARE
ok Adn YA e goze FIvHA €829 FA4E :1134'}5% Aol eAdel ¢l
= gAY fEAE AHREAT YgFEo2e AFHFAE AEEHT. 2FFFAE
AE Y2 /%L SASE FAZ G vig & Aoz dHA o <& 3-16>
of B AT Aedeln AFFHAY AEE YEhRAS

-109 -



<¥ 3-16> OVAL micro motion 2% FZFA 9 Al

TAG NO.
Q'TY 1 set
FLUID -
VISCOSITY /Sp. Gr.
OPERATING FULL SCALE 0~5 kg/min
g MAX.
CONDITION | FLOW RA NOR.
MIN
TEMPERATURE 100°C
PRESSURE
SIZE CONNECTION
1- | MODEL D012S-SS-200
2 | FLOW RANGE 0.26-5.2
3 | FULL SCALE
4 | ZERO-STABILITY 0.0018 kg/min
SENSOR 5 { ACCURACY 0.2% of Reading
6 | CONNECT/NOMINAL SIZE RC 1/4 SCREW TYPE
UNIT 7 | TEMP. RANGE 240 - 177C
8 | MAX.ALLOWED PRESSURE 317Kg/cm®
HOUING SUS304
9 | MATERIAL - Frpp SUS316L"
SPECIAL CABLE ‘ 10m
1 | MODEL (PANEL TYPE) MT9712-3AF110
2 | POWER : 110V AC 60Hz
3 | ENCLOSURE EExib lib T4
ELECTRONICS =17 URIENT TEMP. -10-55C
. OUTPUT DEGITAL 0.01 Kg/P
SIGNAL ANALOG 4~ 20mA AT 0-F.S
9 | MODEL EL0122 - 332110
4 | POWER 110V AC 60Hz
RECEIVER # | FLOW INDICATOR
# | TATALIZER
2}, w3

Adnda g o AgAPe] AYPHE RES 2glas 28 2 ALY
a9 BEAME §94T WIAo] L BT FBE F2 AgsAt AYY v
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1/4° SUS Pipe
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2 a7 HE LE2AE dAdte] T-type HUE AS3th FLuYR eigy 5

z457) dsted 1149 JAUE 200mm AL B WP FPL Hol WAt

3H, ZAr PR A7 FE5Ee F I8 2ESHE HAdte 400mm HALZ 6709
QAYE dxeges RE dAdE dHolHSIAYE AX AFHA A28 & @7l

A A ZEn g £ B vEAY EFE0)7] BE vtxrHY JH S F
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AL Zex

2 AT s FErdA e &3 YAF gz F U9 22 E ALl Ed, oY
3% gezo Ao <E 3-17>] 7le5o Uk

<HE 3-17> € 243§ F2x9 A4

SPEC. MODEL RBC-30
Cubic Type Bath, Urethane
30t insulation
BASIC Specially Designed Cock
Double Paint & Baked Spcc.
BATH & External
EXTERNAL Bath Size 30x45%23 (cm)
Bath Volume 30
Top Open 30X 28
Ext. Size 58X 46 X 80
Pump 4m, 251 max at 0 head
Range -25C™120C
Control Digital P.ILD Control with pt-10080
TEMP Accuracy/ +0.02°C without cooling
Uniformity *+0.05C with cooling
Ext. Sensor Yes
Cooling Capacity 550 kcal/hr
REFRIGERATOR HBP System 1550 kcal/hr
Basic 220V AC, 1PS 60Hz
ELECTRIC
Consumption 27 kW
2. MEuH

2 afod gguidAd €99 4% A @ A2 L 4IPS 54 vebss] st
4A% 4gHge oest g

7h. w&4de 4 A9 R 493 43
© 54 vxo FIu YA g AFPad Fu o
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FH O 22 52 ¥ ZHdA 9 Hausen equationlA k; B4l k, e sty W
A B9 hgs Ao

0.27mc,/xL (30)
1+0.04(4 mc,/ 7Lk

hiD=3.65k, +

bl k@S &3 UE ol & A L AFT e Ao gLEE =3 AL

“

_?_
% mic, o e ,%a% ¢ 5 A 9.

1_1.,06_ 1
r= R T (31)
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O € 21g7e HE B £ FEAUT
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AGAFE T F AEE I
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Z39q. |

Fe

@ AW mel WA dAH A9 FYe v

A9 e e F3o chetel BEFoTA AolW AHE NE2 e, o e L
2748 2928 (29 3-6519) et

o Wzt §3usid e o AgAS: Ay

Wilson plot€ #438t7] AsiMe Was §3FS A2 o Ax & ALAs gol 2
sstt. g3l ol g 4F AR YErA

D m,, My, t; L t,; B AZRAANL 2 BYgAY & 2 §$IFL 2RI

@ A9 AFNM m,, t; DR t,; £ 1R BANAY %E FAANN A m, FT WHA
A Z BeoNe ex 2 fFL& FHUT
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1) 7|2A &

2 d7dAe ZEuda <22 lf 29 /% €8%F Hlu 9 FAvdAR Astog AA

L.

go @ AYHSel AL JES Hetsug stgch Bk TE AP WA B2 o

Aoz AANEY 1 AYE EAEEZ 435U

ojul 3™o] AFH AGolA st Zo] A YR el FAASF 2AHAGAME s
£ =7} 6C(MPCMS), 18°C(MPCMI18) 2 50C(MPCM50)¢! Al 259 FAul Y& A%
I, 5E 5~30%71R 69AZ WAz o Zze Fxo st 6719 X distd 4
st B FAYSHY A4S 3(RGuYAX2(ARGHA A R)X6(FE)X6(LE)
o ost % 21639 AYS AU '
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7} 242 6T 50T HAnGAE AHgaHT. o] AFelAE 3(FLTFR)X5(H5)ol
AAS & 1589 Ao ANHew, FAAPANE PANLEs} 50T B YA
2 Algste} 189 48S +9s9th Willson Plot A@ME AWsteEst 50T )
YAE Agsgsd, 3 AYE FLNYRA FE)X3(E F5) s 95 BH A
Q.

2) AN AR s @ BYAS 2 4 ARASY AR
Fgnga e @ ARASE Ader) 98 FAe Ged 2o

© myc, = Dho - @h A% > @ hs A — © ks A4

3) Wilson plot

Wilson plot& € Z@7lelA o= & £ Q@ AGAFS 24T o AL=E Fyolo
o] e ¢35 2 Zuwe & AT HErFsn, 4 TBWAZA TI)% B YR
2% A4 shesich R g FAu P st 223 ¥ FelE Bo] £FdE ¢
29 g AGAFE F2 LT FFo)7] B, APAyd A exwsyt 2X ¥od
2o g AQASFE dAsTL B 4 gon e go] Ued £ o

-};1; = const;%zl (32)

4 (3% o3 4 (3DE et 2ol ushd 4 At

% = hL + ;b; + const———u%,»g (33)

s

A (3322 RH IhE /W)Y $49€ ¢ 5 Atk oladd BAAES &89 1/
€ x%Fo) Yehl /hE yFol dehlol BY (19 3-661% 22 I YetuA He
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du) Pz 2o e Wilson plotg A3ttt 244 € Wilson plote 258 y& 49 4

HE T3 o|ZRE V(h) &E ATSAH.
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ey i ex25E £x @ MFgAF(overall heat transfer coefficient)g& T3t =A%
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(]
- -
_5 . 1 1 1 1
0 100 200 300 400
Time(min)
(e) 40 wt% Z v HA <8 g
(29 3-112] t}%3 AHEEdd o3 22938 (W44 FF 125 co/min, €% 10T)
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(29 3-11219 (@9 (D)E Anuw HEdRsd 559 Lxuss g Fd0Ygz
selge exus g e AolE UEUL JE Re ¢ 5 At 2PN BFHE
o) elEhE (O~ A T/C-6We 57t /M4 gl ANg T/C-3u% LE7} £
Ueun Qe o= Zdudze HFo] 089~095 HAY #e YEhii Y] HEo] &
A7F AN FAZ FHJYE A Fe uFe) EYEo] FRZ T HEA A
oz BBHYY =, AY R2e AdAuPA FEst Y FEo FEET ¥ 10~20%
A me oz BRHYE, R ojF WNEL G HEEE AsAIE sube 9
oz FosA g AAYF EH T/C-3014 SAHE LE7 T/C-6¢ Fitod 539
exud B4 ZEgojol stAT ojgt e HETo| ot Ax FIAxANE Aty
o 4ol B3 Atk FEU YA FHE A=z LE7 T/C-1 BEAN 7 %A
goests A% ojsh e olfolA A HET & Ut |

rlr

Z4zte] xo] B2 FAF AES AT G2 AL AEET
Lygogns = Lyl = @m) + Lom @ (51)

A7 N, Los 2859 F2BE0kcalkg)e HEHNH L WREAQ HEZUDY F

A B(SEkealkg)d, on FAUBR e FF HAEE 27 derdnh FG, VYA
oF 50~80 wi%E HlEuo] AX T U7l Aol A FLF AL AAA o 50wt
b sEEzle] St ARHE A2 AAHL o = pax058 WSS A
4ae B¢ ANBH 0w FdujPa Sl FAFL 695kealke, 0 wt%S) B¢
o= 64.25kcal/kg, 28T 40wt%S A$olE 59kcal/kgdl 74°§ "}EPXZ*C"# ol2RH &
Ao BT =AE ZHE> 0wt% > 0w > O wt%e EHE BT olg e 3
3 wmatel (27 3-11204 AEHoz FAWEo] FRYE AHE 4¥pd, HEYEHD
o o 240min AH T T/C-7 REL EdA olyd Aol AL Jom, FRFE
T/C-7 8914 o 310min Fo] FAWEo FHT Yok ALY £ 2$E ¥
AH R 40wt%st 30wt%e oF 240minl A, 20 wtd%= 290 mindl A T/C-1& 7|&£2.2 #
o wao) 2ayt Aoz Usyd 7 2aASY Y $deAE UYdduR ggn 2o

e 7 <40 wt% FEu P <30wt% FEu A <20wt% FLPI A <FFT

Aedoz, ua 293RL nse AL AME FFREV IR T FEARA 2
g87bA7t S go), HAEHAE AW FHE Aol nPATL dehie FEB
da) AA FGFo] 2A FAH) HE FHEFR

kv
k)

2 58% 7ldse Aol



A @

39, ALndA e AW £4¢ ARAE A4 HHEY 2 ¢AAY Sof
sEo] £4APolY gAREIF 2A LAHA FES = sdeld WY FEE 7} &
2 24 8es AA B9 o8 Asd obg [2¥ 3-1131% [2F 3-114]01 §Fo] 2
% 500cc/min® W 7 RE LEwsE 2z ygudi

.

ot Br

50

(28 312~ 1141494 22 B2 7% 38¢ $¢ 27 @ ALE dBE Axol 9@ A
oz ARSI dT/d Yol BE 2L ANSFAD. Z 2E9 Aol7h e Aol o
o 27 Wel Az A7 7)IE AdSGE PP qFH 7)LsE 2%
G, 7 A% GAEES $e 100% HESUBE 0015~00179 @ VehiRes @ AE

22 05 YeEZ Ut ZOWt%*'E 0.005~0.007, 30wt¥%< 0.01, 40 wt%+=
001€ 27 Yshiln ged, ol 2& ZHE (27 3-112dA =9 @ v} SUg Az
2 0wt%st Owiol Aol @ A=A e 4TS Fetn AT FF4 Lo Wl
2780l 5 Feol YoM dT/dt @ Al MEd +48 Yeun ged, gY 2zt
A dele AZE FEAFUS) AY G2 WA gE oz Uk,

rir

(29 3-112~114]914 Jdo] HEHE oS AWRE &4 HEZHHHS e 37C
(DSC B4Z2# 699C2 Yetd® Z55= o 1~0C ¥Wogon 20wt%E 01~-1T,
30wt°p-‘:t -05~-17TC, 40wt%+= -05~-17C8 A& ¢ F Ut B A7 ZHd g3d
g9 $E7} 274842 g0 4RO WolxE Hez uehdon], 30wid% ol 4l
HE o o4 ¥8E Rolx %1 Y: Aoz Yeyd Andoz BN 5
wt%ol M o ol e WA g oz AAHYLG AFHoE FdY A £4 A 7}
4 Wgatn APE BEE 0wt%~40wt%s WY el = Aoz Bund. |
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Temperature (°C)

Temperature(°C)
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100 200 300 400 ’ 0 100 200 300 400 500

Time (min) Time(min)
(a) HEZH g (b) =
151
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o | ,ﬁfﬂﬁuﬂet
e i
3
®
o
Q
£
o
[

" I ! L — _5 7 —_—t " 1 1 J

100 200 300 400 500 0 100 200 300 400

Time(min) Time(min)

(¢) 20wt% FErEA €8 (d) 30wt FEvHA =&

15
i
~ 10t
S
g
3 5
©
g
£ 0
Q
= ;
-5 ’ N 2 2 N
0 100 200 300 400
Time(min) ,

(e) 40wt% dudA &

(2% 3-113] 37 % 250cc/minel X o] #3H Zt JEEAE 2285
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Temperature(°C)

Temperature (°C)

15 15
10 [‘“‘L- ————— 10 MJD!Q}N,‘»W.T_WW@— o
Oufier—" 5 At
. : 5
5 / 3
YA ©
S e 8‘
ol £
/7 @
f 2
5 ‘ , . S ) 5l ; . . ,
0 100 200 300 400 0 100 200 300 400
Time(min) Time(min)
(a) tetradecane (b) water
30%-500-D
151 15¢
Jnlet .
10F T LR
) 0 ~rCOutlet i o
9 A
2
{v
o)
Q
£
o
[
_5 : i 4 I ) 5 1 Il 1 ]
0 100 200 300 400 500 0 100 200 300 400
Time (min) Time(min)
(c) 20wt% FEvi gz €& (d) 30wt% FEu YA &2

15

-
(=

(4}

o—
~~Bltlet
/

<

Temperature(C)

(29 3-114] 35 7%

200 300 400
Time(min)

(e) 40wt% Hdv|g= £
500cc/minoll A ¢} #2d 4 JIEZEY 2=w3)
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9 AGASFE 27] 5020 H2HE VISH F ASHoE e HMIE Hojurt &
oA AYE Roln Ytk 7] 508 T/C-3°] AL o
gatz 1A A AALHZ BFHRA Lo & FAF =T
o gastE Agold ol T T/AC-3% 7IFo2 &g 9 [2¥ 3-112]9 (@) %R [2H
3-11419 (@M AT @Al tiF @ AZALZ wAE AFol|x s o] ¥ & HE
Ase AEFA F3o tsted wj$ oo AXE Bolxm ledl olHF FA7E ¢ 100
B X A&HGI ot £ FAY B2AR FHE QA dn. ot [2¥ 3-112]~
(2@ 3-114]9] (@)olA T/C-9o) siZ=E FEol mAelM A, & FdoA dd 942
exustz ABHE AHoly] WEUY, o]2RY 4 Ao o]FoAx A& dd=Ed ¥
o RE dddA &L yFde] TASA Foh FEEE vl (29 3-115]9 b)
2 Aupd 502 oA7A AA Wd% yREol IFHI Y & F oA, HrL
Qo] F7)= 500cc/min, 250cc/min, 125cc/min®] €A E W2 At AE5F uig Zo
Axe] o FAs457t A5 A YREL AL o, A EE Fo] HEANF F

oF 502 AENAH o]FiAm gtk
(28 3-115]9 (o), (DE ZFF dgd g AgAse Fdee Yl Qo [2H
3-112]~[2Q 3-11419) Z (b) 2FelA e LxWsE Fuz 45y T/C-39 FIFTE}
oF. 308 AFAHAA o]FA T gloH, ol HEZHPAAM =F uts} o] FE39
AR R0l o A]7]o] EF o]Rojxm; Y& HPsE el o] F FEEAY W ss
o Q3 %A ¥nS AWURY E2FFE ALY A7) HESUD Bl vt o 2~3
W omE 5o H4ERE dshin You 4% WelaE i LawdH 1766l o2k
Aoz Uehgt ot 7 249 d AEE © FARL 712sd A48 & Y, FRF
o GHEES} oF 056W/miC A Watel EHHE o 02W/mPT2AH Wek 250
o ztol7} WS, AP = FFFY A 80kcalkg(336kl/kg)l o2& WA HEZ
970¢ S5kealkg(@31k/kg)o 2 o 147 BUh FR4el o@ 02Le) 3L A+E R ¥

o @3 84sd deutd N 087 $U FE o] <E 3-18>0] BEIDH
€

a3 BEHY] A 22F B9 AL 5T + 3
HA 29 shtolth olg st [2d 3-150] FIE W¥e)
auste] U 9% WARE TARYoR, 32 F5E A
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h(W/m’oC)

h (W/m*°C)

h (W/m*°C)

—— 125 ce/min 300¢

. 250 cclmin 250 *
el 500 cc/min :
06} 7 : + 250 ce/min
: % 1s0f -+ - 500 ce/min
2 L
o 100f:
50\,
0.0 : . . . o 0 I s e
0 100 200 300 0 50 100 150 200 250 300
Time (min) Time(min)
(a) tetradecane (b) tetradecane
10 300
k —— 125 e¢/min %
ot 250 co/min | : 250}
‘ - -500cc/min |- —— 125 ee/min
. = 200¢ 250 cc/min
£ 10} e 500 cE/min
E‘ t
(e} 100+
00 L i 1 —_— ] 0 1 1 n N
0 50 100 150 200 0 50 100 150 200
Time (min) Time(min)
(c) water (d) water
10 300y,
o8} ~—— 125 cefmin 207 — 125 ca/min
: 250 ce/min 200k 250 ce/min
0.6 ». ............. 500 cc/min :@ i - 500 ce/min
® 150
04F; 3
: o 1ot
02 50 .
00 ) A 1 S Sarw e GRS k] 0 — 1 " L e - \'}\_"‘-\\-\—-ﬂ
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (min) Time (min)
(e) MicroPCM 20wt% (f) MicroPCM 20wt%
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1.0
o8k —— 125 ce/min
b 250 cc/min
08 [ 500 ce/min
N
£
=3
L
0.0 L . l“:' it Sak
0 50 100 150 200 250 300
Time (min)
(g) MicroPCM 30wt%
1.0p;
08¢ —— 125 cc/min
; - 250 cc/min
06p: | 500 cc/min

h (W/m™°C)

250 300

50 100 150 200
Time (min)
(i) MicroPCM 40wt%

3007,

— 125 c¢/min
- 200 250 cc/min
<2 I R 500 cc/min
©
s |-
a 100 ¢

0 50 100 150 200 250 300
Time (min)
(h) MicroPCM 30wt%

300
250 [ —— 125 co/min
250 cc/min
~ 2000 e 500 c/min
2 I
® 150}
g 100k
] R

0 50 100 150 200 250 300
Time (min)

(j) MicroPCM 40wt%

(29 3-115] 322 WEe) @ AY A7 AGRHAY FFAs] vAE 9P

agoA AHEE T/C-391A49 ezt nAldA HAZ vif= Aol B 308 ~50%

<E 3-18>9 A9 o)& Hma}y] ity 508L sFez

RS ARrt < 3-19>0) veht Uk <E 3-19>00AH &

Aol 848 & 2L AR 5L <E 3-18>9 "HESUHnY vy 9 0wit%} I

Uda g 3¢ 2 #%F 125, 250, 500cc/mine] thshed 74%, 47% B 45%H dE3m 3l

o 0wt E 74%, 91% 2L 379%, L2 40wt%ol M= 143%, 93% 2 64%°] Z7+&
& Ztz Bolx T

o olze AL ¢ F U=,
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<E 3-18> 5F3 2 HEZHUHDY g3 dE s¢s ¢ 29 T s¢&
125 cc/min 250 cc/min 500 cc/min
Released 1617 2222 3797
Tetradecane Heat(Watts)
(up to 50min) Mean Releasing
7
rate(Watts/min) 32 44 6
Rel d
: cease 2239 3825 6332
Water Heat (Watts )
Omi ]
(up to 30min) Mean Relea31.ng 74 198 211
rate(Watts/min)

<E 3-19> T/C-3 3¢ 293 A9 ¥d & 2 €9 HE I

125¢¢/min | 250cc/min | 500cc/min
Released Heat(Watts) 2815 3275 5504
MPCM 20 wt%
{(up to 50 min) Mean Releasing
rate(Watts/min) % 65 110
Released Heat(Watts) 2821 4248 5193
MPCM 30 wt%
. Releasi
(up to 50 min) Mean eeam'ng 56 34 118
rate(Watts/min)
Released Heat(Watts) 3926 4287 6225
MPCM 40 wt%
(up to 50 min) M Releasi
up to 50 min ean eeaSJ'ng 79 %6 125
rate(Watts/min)

<E 3-20>°e A9 EE XA Z4HEst daHe AFEQ 3E A F 3002714 9
% o9 49 ¢ 3588 UYetdn gled, HESGgS ol &5t 35 43 & 7
Fog vudy 2y oy 2o 7] & §%F 125cc/min, 250 ¢/min, 500 cc/min®] o 3}
o FBUAZHEL B oty 3Fd EHe HEGUTH vustd of 110%, 159% %
163% 7} F7tatdvt. FEvidx 289 Ao oAM= 20wt 3.3%, 37% =
345%9 717t BEHALH, 30wtBlA 23%, 67% L 64%, 1L 40 wtHo M E 76%,

Y
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zzx22 AF UYux RN A7) AnE wHoR V) HFEF FUE ¥y
v 5Ty A4EE WA 0wtnd FEE AxE FAu YA €8st 453 ¢
3 a#E vebdo] FAHAon, £3 BVHA HA FFFAAE & F7HEE Holn
ott. &H 3 Ale AEHA FFE 250cc/min® B $7F 500cc/min F2 125cc/mind 73
sur}l $43 Aoz FAUT AF o9 B AYFAAESE wHLE, FEZ HEES A
3 QoY 8389 e Owt%r 7HE AFgs, AFHAN FF L 250cc/ming 7
27t 7t Aedd e 2EAE F UG

<E 3-20> A¥s gaAgdMe £ H5EF R HHE TE

125 cc/min 250 cc/min 500 cc/min
Released Heat(Watts) 5487 4546 6704
Tetradecane ) :
Mean Relea51'ng 18 15 99
rate(Watts/min)
Released Heat(Watts) 11536 11775 17664
Water
M Releasi
ean Re eamlng 33 19 59
rate(Watts/min)
Released Heat(Watts) 5672 6241 9020
MPCM 20 wt%
Mean Releasing
1 -2
rate(Watts/min) o ! ‘ 30
Released Heat(Watts) 6749 7594 11020
MPCM 30 wt%
M i .
ean Relea51.ng 99 o5 37
rate(Watts/min)
Released Heat(Watts) 9655 7851 11014
MPCM 40 wt%
Mean Releasing
32 2 37
rate(Watts/min) 6
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(29 3-116]2 AFFA §F
3 gded, 4 F2 dso &

40 wt%6, 30 wt%, 20 wt%,
Egtug A4 Agdte

% adHYe Bepe] FE Rolrt
125 cc/min
10
——tetradecane
0.8 - - water
T ——— MicroPCM 20wt%
. ---— MicroPCM 30wt%
O e MicroPCM 40wt%
&
s
L

Time (min)

(a) 125 cc/min

250 cc/min
10p:
-} | ——tetradecane ‘
08}5 - - water ¢
——— MicroPCM 20wt%
06 X -~ MicroPCM 20wt%
: ———— MicroPCM 20wt%

h (W/m”°C)

Time {min})

{c) 250 cc/min

Wt e Z7e 9 ALASF 2
AeATE TF
9 M2 et 28 b), @, O deht Ydssee
HESdte ¢48 Bam
ABTE Mwi%E EGT FA0 YR £ Ao

¥ 35ES YE
> HEg gk >40 wt% > 30 wt% > 20 wt%
Hlasie) 4ued
ol& 100%< H
Aol ¢

=z =2 A

o T,

gee gAY,

125 cc/min

—— tetradecane

- - water
—— MicroPCM 20 wit%
- MicroPCM 30 wi%
e MicroPCM 40 wt%

Q (Watts)

0 50 100 150 200 250
Time (min)
(b) 125 cc/min
250 ce/min
200,
! — tetradecane
wate—

S MicroPCM 20wt%
- MicroPCM 30wt%
—— MicroPCM 40wt%

o.0]
300

250

150 200
Time (min)

(d) 250 cc/min

0 50 1 60
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500 cc/min 500.cc/min

1.0¢- :
tetradecane
08§ . -~ water ——tefradecane
H e MicroPCM 20wt% - - -water
G oeft: | MicroPCM 30wt% ——— MicroPCM 20wt%
& . - MicroPCM 40wWt% - MicroPCM 30wt%
§ i —— MicroPCM 40wt%
P
—i 0 L 15' i A "" v e "‘-".r.'.':._~:¢:
300 0 50 100 150 200 250 300
Time (min) _ Time (min)
(e) 500 cc/min (f) 500 cc/min

(29 3-116] A5 5A9 f3dst B 4 A2AS 2L UE H4e

2923 5¢ 2954 WAIEE 9oz 5-67 TR AokuHE 1R
g w2 3 BlgA €84 @ - GRS 42 44 - ARk oF Az
WolH AZY WS FLUNAAE NGO S AT AKADE W -9y A2
QA $AAHE EdT UsTd 2 A9Td, T4 844, ARA 2 24 5o B9
GoA BAY 4 Ye Wee FYE D ¥ - P Ave 483 hsHe Prhsge, o

Bro 71& Aagol & olFujAE AEHE EE o, FURAANY WadYE 7Y
gozd B dATAA Mdd FAPAE 59 2 5% A" vshis ¥ G E

2 ol a4 HorEch

ofN
£
Fo{u
_r.l

lo

2 g7 AE FAudRs} s e 3988 2 @ $4ELS AU B3
7] stel TS A Ux} F TRUAD AT AL PR SHAE 2AAZ 8o

o majAE £38A7) s nA A (static type) ¥ - P Al 4838 £RE FHA
9 A7} 2esReH, o] A we FEEAA @ d el BAE £ e FIA
79 27 2 4 BAARE BANAE FA @ 2P 2 QA ALELS N £ 3
A Ao @@, ol B4 ZD NPA £ANS LA ASHE A0 8 @
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A AR AEES AFHAY &4 (dynamic type) ¥ - HAHE AA - ARFozH
qE A 71 ¥ - ¢ R de FEEHEA ey 1A AM tsAdE A
A Aok g g ol Rdte v 594 ALY d WAE IFE vEa ez diA
A A F5 A TAste € E48 HLsen U4 dFEHE Soge 52 38S
ANES e ol sissAl Hn, ole e ALY ¢BENE YARoT AdPoeR
TEEY ¥ - A Z83 TheAdol ddstdn.

1. H4 OIEX W+ 8ot

7l #¥E A0 HA A2AE H 25 4F §& T3 FEudAY dFT A

2P 0Bl e £ F94F L I £4540 o AFD Aot ol B
AYRE AA - F Asgel A B4 ANAE 3¢ AzZ2D L 4PAY

o EZ37} $HHOE 2T7HE VW, UG 54 BHAYL Fad 93 S5 44
54 2 Bed - 39Y 54 5& 70 AA RAE £ UAES st FAv AR ¥
WFEgel 4Al REAL 71Zo2 AASojop At

ol

et £ AFME TR F5EY R F58FE MAE A dE A FF A998
HZE AdAst v e AA c8AL2EE TEHALH, o] F3l9 U4 55
2 zA8 FIr g2 e 4A 204A B 2F ¢8G2 Az F4dn)
YAl WFAE Brkste A6 AA W - g Axgozd HE A AT £ I AR
€A 2 FFEE A8t T EAMEE HYstuz st

7 74 3714399 w7

AL PAE THAL Ax Z YRS 2UH S48 4¥nw (E 3203 2o 2AL
Z% A (spray dryen)E€ Tt & Azd W38 FAvidAY HFS FHS A 9
087~091g/ccel MY FE 7HAe Aoz FAHAM=d, HEdd ALEHAD 3 JRE
o HF SRS vusq & o ot WREZS HFEGE I3 HEZD % FdvA=
AMEEE B9 T ROE A2 IYE & & Utk we dHF] FEvHAE 8 £F
gt S Axsn AL HASA Hd FEvAA QYEF £ HF Aol 93}
o £2g &9 F Fo2 FAHE AL AFY 5 YA Aok ¥4, FIWEA Qg
%59 B4 34 R @ 3 T2 3y AAHE AF £ AR ¥
Heol 2749 W - AR EHE A BTN <2 stF Fo 2L FHE 3
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A e, ol AEulgA & FALE EIAHY SA4E 1Y @ 4 v Fe] & 2
go-¥x2ad 3FEAY FHdS & 5 U

<E 3-21> AdudAE A8 de 4 AR 294 54

Shell Materials Core Material Medium
Physical Properties
Melamine Formalin Tetradecane Water
Melting Point (T) 345.0 -118.0 59 0.0
Boiling Point (TC) - -195 253.7 100.0
Specific Gravity (g/ec) | 157 | ' 100 . | 073, |, 1000

olg]d BEH A Aolg uvgoz AxAzdd HELHAD FIAvEA seeE P4
st AA7I wAE F EAdE 4 39 FAE vIFoZA FIEuYAY YT E B
Hoz 2ARE ol sAsdd® odd AE WTAHY A 27 HlaE Had Fo
g Me 9 &(breakage fraction, %)% A% @ A - Fo FAvdA €38 F £,
BATE [29 3-117]90 &7 deEhA

(Lo'Lt)

Breakage fraction D, = ;
0

Capsule

Broken Capsule
Shell Residual

Before Circulation After Circulation

(29 3-117] W& #48 2 AN A el 2 2o 2AE
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b R

HFEAZHEE B3t Azxd ZEMHA S E&
F Zb7) 2 g T E F39 dRAANDEY B

259 439 A

Belshel A Y- BA o)A -3
Re@mY ILUA 29 FAE
2 Ho ¢ WeFHEe Aedn 1 AHE wa

(B

A 718t
it Zt Sl 8Ll F
- 5o Aoy YIS TYF FoE AFY g T A4 o
AAE 45 Fo2 &A

- J7HE g <E 3-22>el &

54 sx==2 3

st ¢ €29
ZA8A Hed, oHE FA WS

of ApgHoIA HEZEY A2 @ 2dy, FFFHE 44 YUY

A A 7

.

}\]-t‘ oﬂ

HES
=823

<¥ 3-22> W74 HrHAgd A8d HZ T/ R FH
Classification Company ‘ Model No. Pump Type
Type A HANIL PDB-40 Centrifugal
Type B MASTERFLexw L/S 7553-70 Peristaltic
Type C CHEON SEI MONAS 31.B-08 Mono
o Agd
[2¥ 3-118] FLudEA LH—T“* Hrte e FHE AYRAE el A4 o -

u Aj2de] Au]gele] ulel ot %%_,] sg_:_z_?]. ANgg 2

g .

>,

==
TTE d

Wae o 13 %

Al st Aot

= HSM ALEE mpolAZAE
£ FAvPAEA, WREAZ
ZiZeod g3 IHE ZE2A TF
AAT H&o BTAAEL
T2 Asdd. @9,
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2 Ye E= Jbed JHE dEHU A A F
st} WP %7}@@01] ALg-st

£€ in-situ FEUE S hFAzL A
2 dEguns Assged 9% 9z 2o
gz FHH ek
36 umol o120 AzAS selel W THE FEE WY 45% 7
£28Y Ao AAY wBe] Aol AR A2 AHgHE U
Zzo HPHZE £449 BB B AYEI D ool
nesed LU AR e2id FEE NVAZY FLAEY $I

YETH A Fo)
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T et S
B ? s

(29 3-118] FEuidAa W+A B7HE A8 cTLFRA

FA sl v 2ol LT YA ¢HUE ZAS APANBFL B =5 3 )

spolo] st} Aoz Ae uF FErYAst FHYez w3 ¥ L %A
Wae WEA A7 4. a%e o2 Ul Rel¥t I <E 3-21>¢) uehd 2
AW AAPIPAE FARL AL F AR WFe] 0 22 AolWE vehim 9E 3
g 2 Bl 229% Ao) WS Po] BAel AW 4¥AF =80 BE ool 3
AYH 2ol 274 T FYaA ot A YYAAE Qoluhy] YET. weky B A7
AE BAzidl 43 HE4PE bsel s $A6 Rtk 3% 4YEAE EEEI) 9

ste] 94 &2 71(HANIL, Model No.: HA-50)& °] &, ¢84d¥ A - ¥ FIrda €839
2g w2 $52 2AY F UTH FAEY dstged, AN @ Y=o Heey

g Hagely] 9ake] HASEE 3000rpm, LA 0min® L3 EezANN 2z
ARz NPT '

(29 3-1191= AZY ZATIAAE 10% 559 £HAZ 2AE F G FZs Fof
YN ZEG 28BN F 2 A9 AenHee vimste Uebd aPolth TN 2
4 Qe we o] ZE ASel Yold WIS B9 Sed BRI FHEFE 4R
2eslojgle W& 2o AA © FANE RS B £ Jud, ok BI £8 Ao B9
Aee HEATo] AR gota] 22 % 202 FAYAA BFHE diold, o
828 UR HEdRY A$ AAYozE DAY Fout BAuR A BEIsA
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HAJQA FH.

ARHoz £RAR A - T A% YA AR FEHA S FA WIRES} FL
Asd4e FAn PR sdgol B Jehde ¢ & A Hed, o /1Fe vige
2 a2gd ydd 24ze A$E umstel BY YAWI(A type, centrifugal pump)e] A4
Mo daggol /1A FALS ¢ 4 Atk vE T HE(C type, mono pump)e) A$ 1 T
Hgol 7 2 Aoz FAHJEU ol WA B JAxH(stator)9 34 AHrotor)7}
22 ASGUM FAS JBAINEE HAY BT T2 SAN £F A JduY
A7t BARE stFAGe) g ALun 27 YR AzEg,

* Type A: Centrifugal pump

o « Type B : Peristaltic pump

tdq:&fg«v;:’!? E= , *+ Type C: Mono pump

= E — E — == () 10wt-% PCM Slurry
: (b) After 3000 Cycle
. (c) After 6000 Cycle

(d) After 9000 Cycle

(2% 3-119] v Ex €38 «83F(cycle)d WE Feddf& A3

HE FR0l ME AEAALE BT ANHQ PP wim - BASY st FAxA
X AT WEE FLUYAE AE, 10%S) AU PA seE ZAQ F A2 @x

s
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£ E3 1000039 «£34FS £33 vlzFdrt (29 3-120]0 dEdT 2™”AM =
F 9lEo] AR zFo] o]FojA7] Hele EE AL dolA &E B9 EE Fol

AR g 7L A2 EF=H oy AR ol R Foe A7 Pe F
ARz welk 7] & FAY AF AE Fo] FAHE AL AYY + 34
FHxo FFHo WE H&udg YEE FHEE ()9 LH4FZ R b)Y AFHZY F 5
£ U 9, (0 ExHZY A FUHos ye H44¢ vehy
BHRE, ol A AFE [29 3-119]9 EAH2FE 4= v Y.

o

{a) No Cycle {b) Centrifugal {c ) Peristaltic {d) Mono

(29 3-120] Tho}st BEZE E9 10000cycle 2BAY F9] BeAg m

(29 3-117]258 Ao WERA2S 0Bz o 2 Ao dolHe A& FARE
§ 448 £ 2 @38 (29 3-120060 dErigich 2904 RiAE wst ol % we
H48e Uehd RumETe Aol 100008 ¢849 oFo] o277 20% olste] ¥
Bgon AART © AFHL ASoE o BE X 10% vlwe] sy
28 Ugde ¢ = 3o o AnE AYWITE AESHE AA - I A2l
qdd seae AEANE AS HT BALE 71202 & 482 W) LARANHE 1
WAl 109 7o) AEHoAe oulate Ao, AzY AU YA 5 F9EE 2
9 s5Ee 59 ST - H%Y AYL AUE A BUAHNOZE B S5 W)

flo
o
&
mlo

M

FHe AT Qe FsE AFoloh
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Nu.mber of circulation

(29 3-121] #EmdA ea cBAYIAS e ¥

selaz e AZPHe] BE /1297 R P FD 39Ae) B 5%y 54 A7
g vigoz AN A Be FEFL YU JETIL A%, B 23N wEa
4g B o5 wolaZAEH AL AT v AL, o Aes FTAL T3
o 229 HHo FRASLEL AUHE I UBARYNE THeitd 2oz HLHY
9. A28 2N AZHY AN YAE 59 2 o S5 B8S 2Hoz
AN 45 2 4 A2AYR 4% 292049 2QUEAAL Folel $49 AW - By
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H EXE HAlE Ao gFHAeH, AA ¥ - W Aadd F8HE FF 22 AL
Aoz velgt metx B dFedAe FEvidas dui@E=
e Az Ade] W d Adul 3838 BEEE Aopd¥ S ¥83e 5~6% TR 4
W ode 2928 AA - ARG oH, olg T3 dA HRRAAMY F-WIddE
Fgteozn AA £ A AT F Ae BAFES AdsE FAC FEvEAE
gggozH 7|de F e dux Htad @ FAY FUHEAR T& 4HRIA FAG
AU PAE E4Fo2ZA 4 YE dIT 2RSS HUb- EYEY) Astd 4 WA=
S AHgate 499 9AsEY FEnER g AHBste Byl Mg Wi
4 23402 APt (2R 3-12214 24 3P E FAFL YE 4 FAEY
A2 MAEE Yehlded, 3714 Te 22AE F3tn W AHFAE dn .

© Q

,‘,‘{ Hea' sforage Un" ch CO“ ®
Unit

X

l

oo

Chiller

Flow meter —~~~" @ """
Circulation .

Pump

(23 3-122] &2 WHAdu 9 A JHE=

294 4 - dAdE 5L YdME B 2 FE™EA T FEUAE AFEH FA
of o]8 B8] 83 IR d nAde & Fd AFELEE FAY F Y= TEEY F<
z Aze] 7% $AHeoz melFHoor gtk B FdAE o FEx W - or W3
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o ARLANZA T2 (copper)E AAFAEH, ol T2 ety
o £ JEAEES 23 Aot FU} Ay 5847 8747 Ao
gejeo] 298 9z AA - A™AAL gL 2o

fr

£ g A

1) £E87 712x31

g 4719 A7jE 80X8X10cm(ZIZE X AZ X EDE AZHYo =g L7 W 37
o] Yrizdo] A FHAFEF HAHAJG. 4 AEEES I3y Yoty 287 g
& 8 EE 3 fin-tubet normal sizeZt 12.7mmeol 3} 3=+ middle fin sized] AEFZ
o2 MAAFHNUEY, fin-tubed] &7 (0D, Outer Diameter) ¥ WZA(ID, Inner Diameter) 2zt
Z+ 1909 R 1092mm, # He FAE 089mmeoltt =3 E ALEE L&Y 78R AL
7) 15te] ANH A fin-tubes) B EAHL 17.71xX10°m/m ¢ A2 vrehe

2) HEx &7HE S48 F

71 71ed 598719 712D E WP E R fin-tubeEd 3t AAHE RHE
AsHA HA B FAXAANM e7HE HAA Fd2 W £H 47 £8 2A1Hoz AA
le ol 758t AeE fin-tubed e AXF 11709 fing 7R e Aojm 2 ol 3
ArstA 10cmZ 44709 fino] $1A8tT UL YA Fin-tubes) VY EHAHEL 7|Foz
10cmdl FEHE EAHE At Bd g 2,

rir

[
. 0‘ ¢

1771 x 10 7%m? /m x 0.1m = 1.71 x 10" %m? (51)

Aq71A FolZ fin & /4 FE& dF 12mmE 7HRSE AAHE 58 FFHAE 2 94
& Z+z} 127 2 19.05mol2 2

Ve = m/4 x (0.019092 — 0.0127%) x 0.0012 = 1.9 x 10~ " #®/ fin (52)

et 44709 fino]l AR &HA HE £ EuE 8361x10°m’e) T,

@, fin Abol9] space Eol find] %3} FAshE AL RO finol Pk FE 9
3 BRAE Aol ny

Vewe = m/4 x [0.0127 (Do.p)1% % 0.0012 X = 1.517 x 10~7 m® / tube (53)
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orA AArR AAF fin tube 10cm B 44719 fino] EAFEZ FYU3 Zo] W Y 3x
9l spaced Fi= & 45700lW o]Eo] FAEA He F AL 6841x10°m’o] Aok 2
=, fin tube & 77} AA s e F FHc Y 20

Vin—twe = Vin + Vige = 1.520 X 10 ™°m?/ fin— tube (54)

9, sl FF 47 el F 180719 #3 fin-tube?t TAFEE o]0 AA e F
23E 180 tubes X Vinwe & 4 22 5E 2.736X107°m’e] & ¢ & Uk

ety $3oz AUFE 34 Ju 2 dd AXNHE & ¥Ae 2Ye) EAsE
346709 fin 347709 spaceE 71ELE A7) AlFHE A FAdF A4S rEFoZH A
£9 4 9on, 1 e 3554%x107me A,

A2 & 79 2487194 fin tube AAJL AAGE F By
V wabemin—stact = (0.277 + 3.554) x 10 "*m® = 3.831 x 10 ~*n’® (55)

o] P& & £ glon o]E nEoz AMY Hd47 W FEEHY £ = 2947
7} =88 & g ARGl =947 W fin tube’t AXFE MM RS W oz F
oA A HEz AR S 6.090%X107%m’e] €& & F gt

4714 4ol A FAEH A BaF FABAY Fe 04m’e] HEE AR -y
My FEo] a7HE 28719 ASE 04/00609=66H2 ARHAAAT B AT
2% Aaae oA 2 @ £4& sl & oW A FLENE AHNE F - BT 4
g FEsy. |

v, 283 A

AARANN dEHojd wE Ed2 Im® £ 282 o) 800x800x100mm 27|
AR =dL7)(stack) 871F FHozZ ¥ F 1 WH F 400L9Y tetradecaneS MY ¥
At T, 2L F SIx Aleld Wl FhAE HAA Q-9 A d £F5E BT
A He ZFdviga 8 E A, 7€ 4 A vadEE st dA 4
o YoiME AEulgal dAl 28 AMEdtE 4¥E A4 BPFHAGY.

d 292 95l F9Z YR Yoladds IZFE Ry WAV E dAsned, ¥y
AL Y5ty 4 F4uAY 88 F AEE AAE fan coil unite] GEd 4FFL R
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o AAHUG. £ Yeled S A= 20L/min® ¥+ Fol 8me F45HE

)J

1d 94

r‘

HEE B rx Aoy £28E fan coil unite2 F£437] 98] Y 8L AYe
dxo] 94 FEZE 7 REAsAen, % FHE Y8 Iz 479 &7 24 7
F e fFAE AAEEe FH, d57] 222 D HZ/fan coil unite 4 HA=F

< 98A A2 control boxE A2t

FEZ2 WY 2=5AL Sstd 528719 & F & T-typed @HNE Fasgon,
WE7] @ FEXE, fan coil unite] 4 - &7 WA E EAUNE R &4 9 &9%3
Al zh AR A&7 2EE SAsAS. olgh §Al fan coil unite 2 @ WA FF A
dHFeE FAT 7 e AYAE dAGIeH, €0 £ AGA AU g5E FEx
2 ZE B G £A9 H23E Aael w2 27 RYAAD,

27) A9l A48 WERHE IRT(IRT=330keal/h) el WE5EE 710 HE79e
o, A - dd 2" Hg A9 2R FYL TEE YE5Yol 2RTY o2k 3
F70] AANE FARANNY 4G AN s

(29 3-123] ole@ 4BFAS] AFEE Ui, 4714 BHAL Wu 4R
Zyestad o] ERA2E, YA R AAE AN A48T JYASY2 589 P B
gugat & (EE B)Y 0| $AZE 27 vehur

IEEE e -

Fan Coil Unit = '
Q ] _:I%
!

Refrigeration (:‘——Ezzzz::::::::

l

}

1 |

|

L_esEsssmeea i o | B = fe®)

Evaporator Heat Storage Tank

[Z¥ 3-123] FEvEA <8F LA YA AE=

[29 3-12411& ol & AYe wioz A7 . Ay Zdv)da 288 224 YUy
wle] AA AR JERRLTH
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Chiller Heat Storage Unit Using Microencapsulated PCM Slurry

(1% 3-124] Lo UR ¢88 294 YA 2d

. 293 |

AobdsE B4 0F 10ASH oY oA 87X AYL ol g3t B P 20wi% FAn
47 29 E B3 Qe SAE ol WAL FAAAG dg F9E FFL o] 27
£ Aol fan coil unit Fatel AW el AgH ol HYE Tk B 2 zd
qud szt AUe 89 @ 2d A% - $4582 B ok &, FUAQe] A
PE71e Fad odojd WAL AneT AR & JdrukE Aoz nASA He, o
2 wgoz T 2 d 5% D FANE Bk wEsA Goh olg FA6l 98 Y
2g Agsed UF RAY UILE HE YIS FAL F AT Pe5AE WA
| g, dndos: SUGRS NF02 ¢ $E WIS wMagozy @A PulE
A AY YR BT £ A 2R @AY R FEEAS AL Foja A%E ¥
goz FATYAE Agete PPALH BE4E P kool s & AT
AN & -9y ARz thed 714d Wen 2ok

r\r

)
N

D 4 A49=x2
Ado] A T & ujAe x7) LEE 12C2 YASA 2R oH, FARA L Aopd
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718 ASE 4 At oF 10A%E Y 01 874 £ 104 2H A=Ak $F7)
7FEAIZE 2 BA AL control box el R&E 24217t ElolH o sty A Ed, du &
dzzol AFHW A W AEHE T ertrol o) oW £E7l FUrE Fan

T ola ¥ui(20% AEdIAE FEYG & TEFHUAM LEE EFoFA HY, ol
H4& T3 ¥48 dvs 43 wES T3 FE2UY FEE7) IR E &FsAA

52871 WH9 tetradecaned ¥ FEv| P €29 258 HolzA do. o
HAo] dA AFL JAFHH FuizgtE dozl FIdA UFo] T Heo Wdo] YA
F AZEA HAed, o3 YES YEAPN dLdH A LHEH AUNTIE H A
A7l 928 TP Fug, SE2FAAY YFr] EE -1CE 2HsAo

2) HE() 4¥=4

Wz Yzl Fue AF F, 99 24 8AE 7oz AFFHE, 49 ¥y
ol NZEY FE2 WY =7t 12T7HA Asdte AFZAA fAH/ $92 W 2%
7F 12T ol2® EE A2FE FRHUT HYExA A A% dF7Ee AXEA Hy &
dx2g Tolo Yol AR FE€= W B € 20wtk FE PR &P o)Ax P2 g
¥t fan coil unite2 FEHUAM & mPHo o7t Feddh olHF FHL Fatd
fan coil unitE T ¥FFGo] YEY Aoz & € JIvHAI dA He ¥E
hEel d@ol $£3HE vE S Tt AUE YYAINA He Aol

% agask

2719404 488 IRT 9W578 5% % .9y 48237} (1Y 3-125]9 =A5of
Atk 2PN & 4 UFo] B L 0wt ZAvIYA sy Yz A gdolgn 2
He SEWE REL T Ulx A% 2% B2HA @9y 28 sy geld® Aauw
Zo] oJste] BFHE TR LEWs TAL dehdA Aged, ole Folxl 2z 2
Y 29 249 ol Hlge] WE/Y WEYSol FuHos Yol Ause] WAy I
3 9 TBe oFx Eay] froz BuEY F AoksE ol g HYss Wi
of AANE 2 FWAIZ] ARWHR FAH JomT YA Yo| Ause] 275
259 93¢ FIY & A= AR PTEF oA WEIY was =, 22 ol
Bazo ma ALPANA ARHoD ARG o 2 WEERe WEI 2FHE A
olt}. weta 2 QATeAE 2RT(6640kcal/h)F ) WE 5L Ad WE7S 24 - 4H o
onl olg Fato] FYZANMY & PPAYL BBl YR
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Charging-Discharging Data

(Water & 20wt% Slurry)-1RT

Water Discharging Time
Water Charging Time ¢ i > 20wt% Slurr'y

13 >
Discharging Time
12
11 b 20wt% Slurry Charging Time i / '/j
—~ 10 |- -
Q/ 3
L s
a r water~]
S sl
[V}
o
E 7}
Q
= 6 20wt% slurry
5 /
4
3 1 L A L

A A A A i A J
0 100 200 300 400 . 500 600 700 800 900 1000
Time ( min )

[2¥ 3-125] 1RTH W3E718 o1&% 5 -4 4323

[2¥ 3-126]9) YEbd wieh Zo] Hu & WEEF] WYEVE T3t AHde AE, F
Wz A 229 duste 2o d%c] I 220 FE3 TEHER ZUAAAM &
ZHE LR =W FHo] #FAY. £ Ad7dME FFY ¥FVE T3 dAFAIL
27 Fyzzs s Sdx ABHE FEFTS 4 B 2H EF dAHsHE
AAsteA & - FEAHES AASAEH, o2 AF ol AFAHA= AHAA FESE
ool Wsy S Fristed WiAde] F83 wdriEe] o obd AN & & U
%ol 23 FEvYA SE € MAR st FUE 2PM Y BEdPe YT 23
st gt YHLEES HAA HE Azto) FAv PR seie] ASolN Br o
808 A= ZA detds Aol BFHAEH, ol Tl AFA AN A AJFLLS
dEdo] Ul Fdtez Wyo] o] FolH & 2r|sin dAT o] THE % 4
Al ol o] 8F F de Alo] IAEuHANAM FUHezs AA vEEE EINAFE
Aot AAZ AE3E ot & A7 st AFE YAHu Y FHFA gloA
A7) 200288 AT €FE TELF S0l o] FolW Aol UolA Wz A FA
g 2A I0AZ 8l Hyza Yal% 12TE 89 Asd 47, 82 o 542 158, &

ol
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PE 8A7 1286 A AW IWe ¥
@ zhselA 2e AAFE Agse o WG Bkl Fdx ol oFo FIY
Gdvel 29 3 ARH 22 AstE Atut FEUPA SHAE AEHE AS
£2 22 4 Jom Hu ¥ FA4Y BN =W T 5 Ao 2
A7l JgE WPzt g Aok ol gatE Aok
qg 224 WHANYe TS AA @ g Huze 83 A Bo e ux 2
FaHe WY F AL Ao 4dch

Charging & Discharging Data

(Water & 20wt® Sturry)

12 .
K Charging Time - 562min(Water & 20wt% Slurry) _ | Water Discharging Timc-315min)/1 /

11 > 2
20wW1%e Slurry Dischgfping Tlne - 492wiin N
!g 177min >

10

A

©

LN R B

-

Charging Discharging
_— >

R L

Temperature (C )
~

6
5 = 20wt% Siurry
4
Water "
3 80min
2 I 1 A 1 L 1 — 1 A 1 1 A 1 —r 1 ' L I 1 P S|
0 100° 200 300 400 500 600 700 800 800 1000 1100

Time( min )

[(2d 3-126] B3 4Au]gAE £RA2 o= 2. PR Az
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A4 22 o ags

4 AR7IEL &Y YodN SHLE HHAdA e dodle FEEZE o F
gAY 249 Wxe Zvte wel $94x 27|18 AL F A H2E Y -9 AL"
el o] 7tA] olHE d& F UAY, oY F AW} EAWE AHEEA HY wHEHE &

SRR BAY gZo] FAFHAY A2g Ui FRHE T FARS T
Ag ggo] ¥oh T3 ol W s B2E SA2PAN & HAY R ¥4
EQE BolA HEEZ o889 $4F AEANL U= FASAA A AFH Jig
AMEL aRdez AL £ de AZE 71€9 Mol 8T7HE, oHE ¥HYE.
29 gEAHQ o7t vz vz N3 71ES o83 WAL A §7] W

EON

nlolaz4d FAvidAe F& EHLEA e dodle FEEAS AFA
Holux getdoz tAFHo) L nEA FAZ IYHY F 10umolde AVIE A
& A vEAE Zaiy, ol vIPAE B 2L AF A EFFeEN S Y4
Z AgsHA H9 s £ 4 AReS v F e AL £ FaANA 2=
o d4¢ AY FEae Aol EEA Ho AR A HF ez E8E A 7Y
@ 4 gtk B dFoME & 282 JIAE B ARE AdY 4 FEuA A 2§
8¢ 2xog volaeRed FLugR Axr1Ee ALstd o]§ AN FFEHs o
o] FXE $FE 7154E ez A2 Mg d AR R FEANLDE MEsaR
st ot

FEnEAE AZsE PHEe A48 A7 A& ¢ AU B ATAHE WaH B
22 UEUE 255 W& Y B ohe Azugo) AYsT WE WA
A 2AT 4 Yoe APL AYE A2 YAA U in-sin FHEEL WA P&
g sysgon, olg FALY F wAFAL FARE AAUA R FRLANAY TR
s5e ¥ds 2AHT ANNVLZA FEHE AT IF YU FHE A

e

o

9, ALsE ¥ - F duj2e A A8 BYrie 5HeE Axd FEvHAY
dHEAHL naae FB FEY 2 FAGRH 54 R Uk, WEE 9 Y 54
S A Hrt= A sy5900, UTAH HHAES Fotod AW S5 BHSS v
2 29 Y129 dA HEAFe AMSAT
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Al1d AE

B d7E B30 399 GIP 4¥9ARSL 2oty e 2o

() ZEuda iy ZigEdze oS Astd Y¥soz: dHEHe, dwgo
2 g2ty 428 HAAAT AAE U EALS o2 84 nEA f3tA &9
S AHE3t] w9 2L AV fdAH o FAHNAEC, of FAHAN I FsAE M
Aot 42 FAY FFHA BE JFES A FESNDD. Arabic gume ©] £5
£ coacervationd ¥ W2tul £X& o] g3E in-situ YL Tt HF Aol 10 zmol
o2t AIUHEAE AxXE 5 3UMed, Azxd FEUEAY] YREXE FFAY awns
= g %i}*.ﬂ FE, AT R SR T AHHOE LS & F AT

(2) 78349 godAd AgEHe dG-Ta2Td EFuSe dojxo wgsr T
THHEE WS89 pHl 2 A dFee Ao Jewed, i 2HdA9 srBay
23 oA F89e 7] pHE A3 zdgozN de9-Fa22d ZEnd 9
= & AHgss Aol s Tl FAHUY Hejvl-Fe2od ZZy
Aoz JHE Ae 9o AFHo|AME AT Egy A4
A RS F3td YA Y FIvHAE coacervation ol 5t A
]@7‘}.‘1‘4 T E93 - g8y EA4S e S ¢ A9

A

ol

o

(3) 2P 2929 2% 2 ¥Ert dHEEY UE So Y BN nE g5

ZR8A. 5~25CT dA 2=MAY 5~50wt.%e] FEUHANN 24"  Agse
et HEato vMuY A dAEEE dF 20%AEY HAAE HPon, Axwis A
5 % £12% 9 HYdA @EFHAD.

filo

(4) 54 2= R =AM FIujdA £ YU E AT 4 A9 248 A
e EUE & At FREAAE ALt noked, A49 2dne] gE2dEx g}
< 080682 YEIY vlmd F dAHE 4BBFANYLE AT = A

6) FLuPA7E Uehls @ AFNAZNY 43¢ B et 28 2AZA Y
SE439e FYAAG. A4 9 FLuAES FFF, ESANG L B A7 AxE I
dujdae AAstn AErEAe] F=E YAUEE HAAA AES 23, Boly HEH
dzte] 25 ¥4 =8 F YGzde oFeA 208wl St Alatsig ey, Zdugy
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A seige] Aeole noh B Ao 22990 ot &4 Wl 2a5o gt Fdug
Ao WR FAEDol Austas] dstel UF I HERAL o, I AL FFE) o
gol] o]gi@ 18¢ Fotel 29x WP I WYL 2ASE o2 HHUT

6) Ut vhvlebs ALgstd £5A9 LA FR8D o) WP hBATE
AEAG 44 28 A9 dPede FAUPA WP FusEde] Aros FuaA
$A 0 dAe E7 Fohel we B3 g 1 g @A FAee Aoz duh
cu, 2RI 25 FAE 2ol THR Yxel FHsA HYHA BAR 2

(7) Res7F 110001’2}9] SHEANAY @ ALEEA HIHE Astd € n@T], HE, v
el 2 Fex To2 FHE @ AGAF SAFAE AFAAR. ATYANNY FL0™
A 4 AGAFE B vEd FASA 2 For F7HE Aoz JUgdoy Fdd 94
d AAT S EE HB%e)d o2 Aoz FYHUG.

8) Az=d Asd HTAH H7HE sty I FZoMe HEndA e L8 S
AN stgct. FEER FE FH &2 £H3AF 10000cycle ol FoME chFES] HZo
izt 10% ol Ziii ety wff S8 WFAE HRE e §UdyT

9 A AA - A FE $PEVE T 0wtxe FLrI YA <2 E 4 WA=
st F94dd 2 dAEA20T»7HAS WA EE s HokdrE ol &y FY
AP fFHE EFoE F9d SEXERYH AW WS A3 Y¥HE 5 YA
S B % € A& vt WF 1808 7tF I A2 YERpeH, olv FET YA
d ZgFo] B9 ZLET 18~20u ol 2 AYE RAFE QP—PO]‘{:}.

lo

A2A $F BEAY

Ao PAE FE8te Bokd Ao AokH7IE o] € 1dE - AR E YW FEE A
dozol Hgo] dAHoZ 7Y ARV & ALZ B, & dFA JiEd FEE
5C 7189 2gA2de 2HL% 0TE 7|F22 3tE 7|€9 %4 vlgld 1 FYE=E
7F 3] ol EL Aoz HriHded, 1R £FEO g% Fdx 9 FLEFHE du
Zde] 7ok (compact) 4% WA ET iyt FAANAE T YHgadez: de &
g 5 de Ao B4,

>
>

T3 e ez ol&x A ZiME F Jed, FEriPA SHHE AG ¥ - Y
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Wi 27 2 HE A85EE A #FAAE & A

rlr
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o
10,

Arade

g, FAu) YA AZE A5te & dFoA HHsdE viola2£8 JieL FEMHA
Azt ofyel oof, Fok, AFFotdE 4y oj8d F UL AR JdHY, dxd 3
du)Pae) =7 10 pmojate] Wi g WA I 1A FUYF EEE HolDnE o)E F
gAY gz oF 4A Fol EHA MEL FELAMEA o] &dleE RE 7MFE Aoz B
A3},
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