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Abstract—Spherical polymer particles with narrow size distribution have been prepared by aerosol-phase
polymerization. The polyurea particles were prepared by the reaction of TDI(toluene-2,4-diisocyanate) or
HDI(hexamethylene diisocyanate) droplets with EDA(ethylene diamine) vapor. The use of seed(NaCl) nuclei
helped the polymer particles smaller in size and made the size distribution of the particles narrower. The
particle size increased substantially with boiler temperature and decreased slightly with increasing the carrier
gas flow rate. Increase in reboiler temperature improved the monodispersity of the particle size. Sphericity
and surface smoothness of the particles were improved by decreasing particle size and controlling the reaction
rates. The coating of TiO; on the surface of the prepared polymer particles was carried out by condensing
Ti(Qet)s on the particle surface and subsequently reacting the liguid film with water vapor. The reaction
system was also applied to prepare polyamide particles successfully.
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Fig. 1. Schematic diagram of the apparatus used to pro-
duce polyurea particles.

1. N; gas cyclinder 9. Mixing zone
2. Furnace 10. EDA reservoir
3. Water bath 11. Reaction tube
4. Boiler 12. Filter

5. Circulation water bath  13. Dryer

6. Condenser 1 14. Air-filters

7. Reboiler 15. Flow meters
8. Condenser 11 16. Thermocouple
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Fig. 2. Schematic diagram of the apparatus used to pro-
duce coated particles.
1. Slidax 6. H,O reservoir
2. Temperature controller 7. Reaction tuber
3. Boiler 8. Filter
4. Condenser 9. Flow meter

5. Mixing zone 10. Thermocouple
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Fig. 3. Schematic diagram of each mixing zone for reac-
tion.
®: monomer aerosol, (¥): EDA vapor

ume] membrane HE]Z](Nuclepore Co., Model : MF
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3-2. BERIX M= EHx|

A Az AR dddat Az AR dAs
°of qlckh Fude o|FWoT IZIE WAHe) 215
mm, Zo]7} 100 mme| 2 wPgZE e 7o) 465 mm,
7Z1ol7} 170 mmeo|t}. 25+ titanium tetraethoxide
[Ti(Oet)4]= ool A 2+ polyureayd At 353 3
SEFog Eo7i} Fuade] £%(80-120C) & 71d
W= (o] 1m, Yol 30 mm)E AHg-3te] ZA3gich
&3 U’ A Az £E&5uF 2ok 7] Ti-
(Oet)sZ71% °lv] wtEo)# 4 Ae) 9] polyurea ¢
28] FHo| g&sle] Hato] HAg ) whgFe} A
cralqlal Alzsk A9k EDA Ale 2F5(H0) &
A2g71el ¥oeh HO =& W =]8E AHe-3}
Aok Ak 242 FUd]Ae] A9k 3ok

3-3. AlEeY

B Algela] 2123 TDI, HDI, Ti(Oet), sebacoyl
chloride, isophthaloyl chloride #4-$&33& ¥
3to] oul-g-o] 4713 EDAY FHA17]7] ool M
2 £EE 9 287 g

B A AlFEY Z7]9hE A Al Fad
Qlato] 7] wjF-ofl 71%9 kB E o] 83514 Antoine*—?(l)
2 7atgda, o] AlellA Aok 2§ A4ghES Table
15 E3lo] Jepligicoh

B

In P<'= A—m (VD
7] 4,

P : vapor pressure(mmHg)

A, B, C: constants of reagent

T : absolute temperature(K)
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Table 1. Constants A, B, and C of each reagent in f\ntolne equation

\% HDI TDI EDA
Comsten™>_

A 20.3 195 8.8
B 6176 64089 324.3
C 286 ~217 2436

Ti(Oet),

6347.0
- 1174

Sebacoy 1 {sophthaloyl
___ chloride chloride f.0 NaCl
544 367 164 182
36867.8 271125 2781.2 19065.6
4038 3511 -880 —919
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Fig. 4. Scanning electron micrographs(SEM) of polyurea
particles obtained from rhe reaction(toluene-2,4-
diisocyanate droplets + ethylenediamine vapor) in
the absence of NaCl nuclei.

(a) Temperatures: boiler 40C ; reboiler 45T
Carrier gas flow rates: through boiler 900 cc
/min; with EDA 40 cc/min

(b) Temperatures: boiler 50T ; reboiler 20C
Carrier gas flow rates: through boiler 1500
cc/min; with EDA 40 cc/min

(¢) Temperatures: boiler 80C ; reboiler 50T
Carrier gas flow rates: through boiler 1000
cc/min; with EDA 40 cc/min
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Table 2. Conditions for the generation of polyurea particles from TDI and EDA by the aerosol procedure

Boiler Reboiler - Flow rate
Boiler EDA . -
Sample’ temperature temperature . . Particle description
) ) sectu?n secu(?n
(cc/min)  (cc/min)

1 40 45 900 40 Spheres(5 um)?, smooth surface
2 40 45 1500 40 Spheres(2.5 um), smooth surface
3 40 45 1800 40 Spheres(1.5 um), smooth surface
4 50 20 1500 40 Incompletely reacted particles(10 um), rough surface
5 50 45 900 40 Incompletely reacted particles(3-5um)
6 60 70 500 40
7 60 70 900 40} Incompletely reacted particles(3-8 um), rough surface
8 60 70 1500 40
lg Zg 3 % :g] Incompletely reacted particles(10 um), rough surface
11 80 85 900 40 Incompletely reacted particles(5-10 um), rough surface

4Samples 1-11 were produced in the absence of NaCl seed.

Particle diameters estimated from SEM micrographs.
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Fig. 5. Infrared spectra(l.R) of polyurea particles obtained

from the reaction(toluene-2,4-diisocyanate drop-

% Transmittance

lets+ ethylenediamine vapor) in the presence of
NaCl nuclei at different boiler temperatures.
(a) Temperatures
: furnace 500C ; boiler 40C ; reboiler 45C
Carrier gas flow rates
: furnace 500 cc/min; EDA 40 cc/min
(b) Temperatures
: furnace 500C ; boiler 60C ; reboiler 65C
Carrier gas flow rates
: furnace 500 cc/min; EDA 40 cc/min
(¢) Temperatures
: furnace 500C ; boiler 80T ; reboiler 85C
Carrier gas flow rates
: furnace 500 cc/min; EDA 40 cc¢/min

ehijol ghoh 2 &) 40T o W) doiA AE
AHRd o] #avt vhehtx] e A2 Mol kA
HhS-gE o2 o, iy 257} 60-80C o W
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Fig. 6. Infrared spectra(I.R) of polyurea particles obtained
(a), (b) from the reaction(hexamethylene diisocya-
nate droplets+ ethylenediamine vapor) in the pre-
sence of NaCl nuclei, (c) from the bulk polymeri-
zation.

(a) Temperatures
: furnace 500C ; boiler 60T ; reboiler 65C
Carrier gas flow rates
: furnace 500 cc/min; EDA 40 cc/min

(b) Temperatures
: furnace 500C ; boiler 80T ; reboiler 85C
Carrier gas flow rates
: furnace 500 cc/min; EDA 40 cc/min

(c) Bulk polymerization

—Mole ratio
HDI: EDA=1:2
o]z HF-EA|ZF SoF BE oA b b3 Ho R
Z2A=), 12| 2 Fig 6(c)& HDIg} EDAE 1:29] &
z 5

(a)

(b)

Fig. 7. Scanning electron micrographs(SEM) of polyurea
particles obtained from the reaction(toluene-2,4-
diisocyanate or hexamethylene diisocyanate drop-
lets +ethylene diamine vapor) in the presence of
NaCl nuclei.

(a) TDI+EDA
Temperatures: furnace 550C ; boiler 80T ; re-
boiler 85C
Carrier gas flow rates: through furnace 500
cc/min; with EDA 40 cc/min

(b) HDI+EDA
Temperatures: furnace 500C ; boiler 70C ; re-
boiler 75C
Carrier gas flow rates: through furnace 500
ce/min; with EDA 40 cc/min
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o] A2 2 g7} Qlek & L&i[11]0l 25)4 A} 284
HlekE diisocyanate 7} A ¥ diisocyanate .o} k55
w7} o] wEchy ¥aste gk B Ase mx SEM
Abzlol| 4] TDIS] 73-%-oll = ¥.5-9} /] =} o] 9]of o}F 2}

HWAHAK KONGHAK Vol. 31, No. 6, December, 1993



730

Boiler temperatures

e um)

Particle diameter
o

1.5

0-550

550 600
Furnace temperature ()

650

Fig. 8. Effect of furnace temperature on particle diameter
at different boiler temperatures(HDI+ EDA).
(Furnace carrier gas flow rate: 500 cc/min, EDA
reservoir carrier gas flow rate: 40 cc/min)
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Fig. 9. Effect of furnace temperature on particle diameter

at different carrier gas flow rates(HDI+ EDA).
(Boiler temperature: 80T, EDA reservoir carrier
gas flow rate: 40 cc/min)
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Fig. 10. Effect of boiler temperature on particle diameter
at different carrier gas flow rates(HD1+EDA).
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Fig. 11. Effect of boiler temperature on particle diameter

at different boiler temperatures(HDI+ EDA).
(Furnace carrier gas flow rate: 500 cc/min, EDA
reservoir carrier gas flow rate: 40 cc/min)
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Fig. 12. Effect of carrier gas flow rate on particle diameter
at different boiler temperatures(HDI+ EDA).
(Furnace carrier gas flow rate: 500 cc/min, EDA

reservoir carrier gas flow rate: 40 cc/min)

Fig. 14. Scanning electron micrographs(SEM) of polyurea
3.0 particles obtained from the reaction(hexamethy-

lene diisocyanate droplets+ ethylene diamine va-
por) in the presence of NaCl nuclei.
(a) Temperatures: furnace 5507T ; boiler 60T ;
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Fig. 15. ESCA(Electron Spectroscopy for Chemical Ana-
lysis) spectra of polyurea particles(HDI+EDA)
interacted with ftitanium ethoxide subsequently
hydrolyzed with water vapor.

Temperatures: furnace 500C ; boiler(HDI) 60C ;
reboiler 65C ; boiler{ Ti(Oet),] 100T

Carrier gas flow rates: through furnace 500 cc/
min; with EDA 40 cc/min; with H;0O 60 cc/min
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Fig. 16. Transmission electron micrographs(TEM) of pol-
yurea particles(HDI+ EDA) interacted with tita-
nium tetraethoxide subsequently hydrolyzed with
water vapor.
(@) Temperatures: furnace 500 ; boiler(HDI) 60
C; reboiler 65T ; boiler[Ti(Oet)s] 40T
Carrier gas flow rates: through furnace 500
cc/min; with EDA 40 cc/min; with H,O 60
cc/min
(b) Temperatures: furnace 500C ; boiler(HDI) 60
¢ ; reboiler 65C ; boiler[ Ti(Oet)s] 100C
Carrier gas flow rates: through furnace 500
cc/min; with EDA 40 cc/min; with H,O 60
cc/min
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Fig. 17. Scanning electron micrographs(SEM) of polya-
mide particles obtained from the reaction(seba-
coyl chloride droplets+ ethylene diamine vapor)
in the absence or in the presence of NaCl nuclei.
(a) In the absence of NaCl nuclei
Temperatures: boiler 90T ; reboiler 95C
Carrier gas flow rates: through furnace 500
cc/min; with EDA 40 cc/min

(b) In the presence of NaCl nuclei.
Temperatures: furnace 600T ; boiler 90T ;
reboiler 95T
Carrier gas flow rates: through furnace 2000
cc/min; with EDA 40 cc/min
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