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Inorganic Compounds as Coatings on Polymer Particles

and as Hollow Spheres
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Spherical polymer particles have been coated with uniform layers of iron oxides, cupric basic carbon-

ate, and titanium dioxide by controlled hydrolysis of FeCl;, Cu(NO,)., and titanium tetrabutoxide, respec-

tively. The thickness of the coating layer could be altered by adjusting the concentration of reagent and the

amount of polymer latex added to the system. Magnetic or electrical conductive properties were adjusted

by appropriate heating of the coated powders in an atmosphere of hydrogen. Hollow inorganic spheres

were obtained by calcination of the so-coated polymer lattices at an elevated temperature.
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Table 1 Conditions of preparation of composite parti-
cles in the presence of 100mg dm™ in PS latex
and 0.9wt % PVP, aged at 100°C for 2days.

Sample FeCl; Urea Acid  Coated particle ~ System
(mol dm™) (mol dm™) (mol dm™) diameter (z2m)characteristics*
1 5.0%107° = = = N
2 5.0%107° 2.2%X107 - - N
3 5.0%107° - 22.0%x107 0.59 M
4 5.0%107° 2.2x107* *3.0x10°* 0.51 S
5 5.0x107° 1.1x107" ®3.0x107* 0.58 M
6 5.0%107° 4.4X10" *3.0x10°* 0.56 M
7 5.0%107° 2.2X%107* *1.0x10°* 0.45 S
8 5.0%107° 2.2x107* *4.0x10°* 0.57 M
9 5.0%107°  2.2x107% *1.0x107" - N
10 5.0x107° 2.2x107* *3.0%x107* 0.53 M
11 5.0%107° 2.2X%107% ©1.0x10°* - N
12 5.0%107° 2.2x107* “3.0x107* - N
13 1.0x107% 2.2x107% 23.0%107* 0.44 S
14 7.5X107°  2.2X107* °3.0x10°* 0. 60 M

* Used HCL " used HNO:. ¢ used H.SO.. ¢ used CH;COOH. ‘S;
smooth-coated particles, M; mixed systems consisting of
coated particles and separated hematite particles, N; no-coated
systems.
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Fig. 1 Transmission electron micrographs (TEM) of
(a) polystyrene particles, (b) Sample 13, (c)
Sample 5, and (d) hematite particles prepared
by aging at 100°C for 2 days a solution of 5.0%
107%mol dm™ in FeCli, 3.0X107mol dm™ in
HCI, and 2.2X10*mol dm™ in urea, containing
0.9wt % PVP
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Fig. 2 Precipitation domain for the pH of the systems
before aging vs aging in the presence of 100mg
dm™ PS latex, 5.0<10*mol dm™ in FeCl;, and
0.9wt % PVP, containing varying amounts of
urea and hydrochloric acid, aged at 100°C for 2
days. S; smooth-coated latex, M; mixed systems,
N; no-coated systems.
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Fig. 3 Electrokinetic mobilities of dispersions consisting
of PS particles, composite particles (Sample 4),
and hematite particles obtained in the absence
of PS latex, as a function of pH in 0.01mol
dm™ NaNO:;.

Table 2 Properties of hollow particles obtained by calci-
nation at various conditions (heating rate 10

C min™).
.. Calcination  Particle ~Composition
Original .
Sample sample temperature diameter (#m)
P () outer inner core shell
15* Sample 4 500 0.50 0.40 void a-Fe,0,
16 Sample 13 500 0.44 0.40 void a-Fe;0;
17° Sample 15 350 0.46 0.35 void Fe;O,

* calcined in air for 3h. " calcined in hydrogen for 1h.
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Fig. 4 IR spectra of (a) polystyrene latex, (b) coated
particles (Sample 4), (c) hematite particles ob-
tained in the absence of PS latex, and (d) hol-
low hematite particles (Sample 15).

Fig. 5 TEM of hollow hematite particles; (a) Sample
15, (b) Sample 16, and (c) hollow magnetite
particles obtained by calcining Sample 15 at
350C in an atmosphere of hydrogen for 1h
(Sample 17).
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Fig. 6 Scanning electron micrographs (SEM) of coated
particles; (a) Sample 22 and (b) Sample 19.
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Fig. 7 The relation ship between the volume of the
hematite shell and the molar concentration of
FeCl, for the systems prepared by gradually add-
ing of various amounts of aqueous solution of
FeCl; on the coating of constant amount of sul-
fonated polymer latex (6.12rm, 5g dm™), hy-
drochloric acid (0.03mol dm™), PVP (0.6wt %)
and urea (0.15mol dm™) aged at 95C.

Table 3 Effects of the pH in the system controlled by
controlling the adding speed of aqueous solu-
tion of FeCl; on the coating. Constant amount
of sulfonated polymer latex (6.11m, 5g dm™),
FeCl; (0.02mol dm™), PVP (0.6wt %), and
urea (0.15mol dm™) were added to the system
and aged for 1h at 95C, and then additional
FeCl; solution was fed.

Sample Controlled pH (£0.1) System characteristics®

18 1.0 N
19 1.5 R
20 1.6 S
21 1,8 S
22 2.0 S

*S: smooth-coated spheres, R; rough-coated spheres, N; non-
coated particle.
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Table 4 Properties of magnetic particles obtained by
calcination of the composite particles® at differ-
ent temperature for various times. The flow
rate of hydrogen=0.2dm* min™".

Composition of the shell
hematite magnetite iron

Calcination Aging
Sample temperature time

() (h) (wt %)
23 290 1 64 36 0
24 290 2 3 97 0
25 310 0.5 56 44 0
26 310 2 0 100 0
27 330 1 0 100 0
28 330 2 0 80 20
29 330 3 0 54 46

Fig. 9 SEM pictures of (a) composite particles
(7.18¢rm) consisting of 6.981m polydivinylben-
zene cores and hematite shells and calcined par-
ticles of (b) Sample 27 and (c) Sample 29.

Table 5 Magnetic Properties of the calcined composite
particles.

*The composite particles (7.18¢m, Fig. 9a) consisting of 6.98/m
polydivinylbenzene cores and hematite shells were used as
the base powders.

Fe,0;: Fe;0,: Fe=100:0:0

Fe,0;: Fe;Q,: Fe=56:44:0

Fe,05: Fe;0,: Fe= 0:100: 0

20 30 40 50 60 70 80 90 100

2 0 (degrees)

Fig. 8 XRD patterns of composite particles;, (a) hema-
tite coated particles, and magnetic particles; (b)
Sample 25, (c) Sample 26, and (d) Sample 29.

Composition of the shell ~ Saturation Residual
Sample hematite magnetite iron magnetization magnetization

(wt %) (emu/g) (emu/g)
23 64 36 0 6.1 3.4
24 3 97 0 8.8 5.0
26 0 100 0 12.4 7.6
28 0 80 20 14.8 7.2
29 0 54 46 16.7 5.4
15 SdilpIce . TUU 76
BT
r H e/mi| (RO Sl ol
10 Temperatuie : HT chom:gas“
@ 5
3
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g :
= .5 F
-10 b oo obdPPSTOOC T
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Fig. 10 M-H loops of calcined partilces (Sample 26).
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Table 6 Properties of spherical composite particles ob-
tained by aging at 85C for different times,
dispersions containing different amounts of Cu
(NO)., urea, PVP, and 0.1g dm™ PS latex.

Cupric Agin Coated
R P Urea PVP g & particle System
Sample nitrate ,3 o im . L
— (mol dm™) (wt %) diameter characteristic
(mol dm™) (h)
(pm)
30 0.016 0.2 0.3 1.25 N
31 0.016 0.2 0.3 1.75 0.50 R
32 0.016 0.2 0.3 2.25 0. 60 R
33 0.016 0.2 0.3 3 0.63 R
34 0.016 0.2 0.3 4 N, M
35 0.016 0.4 0.3 1 0.73 R
36 0.008 0.4 0.3 1 0.52 R
37 0.008 0.4 0.9 1 0.63 S
38 0.008 0.4 1.5 1 0.50 S
39 0. 004 0.4 1.2 1 0.48 S

*S; smooth-coated spheres, N; no coating, R; rough-coated
spheres, M; mixed systems consisting of PS and inorganic par-
ticles.
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R TORKTIET VEAFRIL SN 201K L, &
FHEAS T CTOBER TlX, 7 OPSH B R 3 DS

Fig. 11 TEM pictures of obtained particles (a) Sample
31, (b) Sample 33, (c) Sample 34, and (d)

Sample 38.
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Fig. 12 Electrokinetic mobilities of dispersions consist-
ing of PS, Cu(OH).CuCO:, and PS/Cu(OH).
CuCO; (Sample 37) as a function of pH in
0.0Imol dm™ NaNO:.
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Table 7 Properties of particles obtained by calcination
under different conditions (heating rate=10T

min').
.. Calcination .. Particle diameter ..
Sriginal Calcination R Composition
Sample temperature outer inner
sample N atmosphere core shell
() (#rm)

40  Sample 37 500 Air 0.50 0. 37 void CuO
41  Sample 37 500 N, 0.43 0.31 void Cu

N

®)

H | | | | | ! |

10 20 30 40 50 60 70 80 90 100
2 0 (degrees)

Fig. 13 XRD patterns of particles (a) Sample 37 (PS/
Cu(OH).CuCO), (b) Sample 40 (void/Cu0),
and Sample 41 (Void/Cu).
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Fig. 14 IR spectra of (a) PS particles, (b) Cu(OH),
CuCOs, (c) Sample 37 (PS/Cu(OH).CuCO:),
(d) Sample 40 (void/CuO), and (e) Sample
41 (void/Cu).
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Fig. 15 TEM pictures of (a) composite particles (Sam-
ple 37), (b) hollow CuO particles (Sample
40), and (c¢) hollow Cu particles (Sample 41).
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Table 8 Thermogravimetric analysis for the composite
particles® consisting of a polymer core
(4.60rm) and a Cu(OH).CuCO; shell, heated
to 900°C in air.

Weight loss of the

Polymer latex . . . Calculated
Particle composite particles R
added to the . L yield
Sample system diameter after calcination at of CODDEr:
( ydm’s) (#zm)  900C in air (0})5)
£ (%) 7
42 10 4.61 98.7 4
43 5 4.62 95.5 14
44 1 4.63 92.1 26
45° 1 4. 86 77.1 91

“A dispersion of various amounts of polymer particles and 0.5
wt % was heated at 85C, in which 45g dm™® Cu(NO:). was
added to the system keeping the pH5.0.

"CO, was babbled into the system for 15min after the end of
addition of Cu(NO3)..

‘Based on the weight of Cu(NO). added to the system and the
weight loss after thermal decomposition of the composite par-
ticles to CuO.

ootz TOBIBGM TR F OEEEAKIFIZAL
TL72DIEZD70E#E 2 5N 5,
3.5 BILFHyVESHTF. PZERF
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Fig. 16 Scanning electron micrographs of the particles
of (a) thin-coated particles (Sample 44), (b)
pealed-off particles (Sample 44 after pH drop),
and (c) thick-coated particles (Sample 45).

Table 9 Reduction of composite particles' consisting of
polymer cores and Cu(OH).CuCOs shells.

Reduction Reaction Hydrogen Electric
Sample temperature  time flow rate resistivity
(T) (h) (x10*dm’ min™") (Q cm)
46 150 1 50 2. 0x10*
47 150 3 50 3. 3x10°
48 150 1 200 2.6X107*
49 150 3 200 3.7x107*
50 300 1 200 >1.0x10"

'"The composite particles (6.38#m, Fig. 17b) consisting of
6.26#m polydivinylbenzene cores (Fig. 17a) and cupric basic
carbonate shells were used as the base powders.
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Fig. 17 Scanning electron micrographs of (a) polymer
particles (6.26/m) and the composite particles
which were (b) mnon-reduced, (c) reduced at
150C for 1h (Sample 48), and (d) reduced
for 300°C for 1h (Sample 50).

Table 10 Properties of spherical coated particles o0b-
tained by aging at 100°C for 1.5h, ethanolic
dispersions containing 1.6mol dm™ H,O in
the presence of different amounts of PS latex,
TBOT, and PVP

Coated Ratio of
PS TBOT PVP particle inner/ System
(g dm™) (mol dm™) (g dm™) diameter outer characterization’
(¢m)  diameter

Sample

51 1.5 1.8x107* 10 0.48 0.88 S
52 1.5 1.8x107% — 0.48 0.88 A'S
53 1.5 0.5%107 10 0.43 0.98 S
54 1.5 1.0x107* 10 0.44 0.95 S
55 1.5 2.0x107 10 0.48 0.88 M
56 0.5 1.5%107* 10 0.48 0.88 M
57 1.0 1.5%107* 10 0.48 0.88 M
58 2.5 1.5%107* 10 0.45 0.93 S
59 5.0 1.5%10™ 10 0.43 0.98 S

S; smooth-coated spheres, A; aggregated-coated powders, M,
mixed systems consisting of coated particles and separated ti-
tania particles.
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Fig. 18 The relationship between the volume of the
TiO: shell and the molar concentration of the
TBOT for the systems prepared by aging at
100C for 1.5h, ethanolic dispersions of 1.5g
dm™ in polystyrene particles, 1.6mol dm™ in
H.O, and 10g dm™ in PVP in the presence of
different amounts of polystyrene particles.
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Fig. 19 The relationship between the volume of the
TiO: shell and the concentration of the polysty-
rene particles for the systems prepared by aging
at 100°C for 1.5h, ethanolic dispersions of 1.5
x107*mol dm™ in TBOT, 1.6mol dm™ in H,O,
and 10g dm™ in PVP in the presence of the
different amounts of polystyrene particles.
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Fig. 20 TEM of particles obtained by aging at 100C
Jor 1.5h, and ethanolic solution in the presence
of 1.5g dm™ in polystyrene particles and 1.6
mol dm™ in H.O containing (a) 1.8%<10*mol
dm™ in TBOT and 10g dm™ in PVP (Sample
51), and (b) 2.0x10*mol dm™ in TBOT and
10g dm™ in PVP (Sample 55).

Fig. 21 TEM of particles obtained by calcining the
composite particles (Sample 51) in air for 3h;
(a) at 600C and (b) 750C.
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J. Colloid Interface Sci. 226, 91-97 (2000)
J. Mater. Chem. 10, 333-336 (2000)
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Fig. 22 XRD patterns of (a) composite particles (Sam-

ple 51), and of the same samples calcined at
(b) 600°C, (c) 750°C, and (d) 900C.
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