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AFM(Atomic Force Microscopy, €A FAF 7)) AxlpFolA] X AL 32 & Je AAo|th. zet
F71E AR 54AT] AFME $-438 o= oA ®o] BEH A gr} 2 olfe FIIE AAE #FRT AL A
B ERe] ARZE ARMS FAF SHAIE dojAs A B, B sk d4e R Qs YRE FAlke £F EX
T ol B =RolaE &o] ¥l A &o| Hjx| e Agtobd, Zol wiEst 23 ujEsA] 2 EE0v YAk
g 25 Gudld o3 Axste 2 S APMOE ZASIYEL olAREgFE §d4 7 JAE 20 mg/mL AL B
XL F 150°C A7) BN @A AT EATEH AFM FAlsRe 5 GA)F 40l @4l gle AL st
Ak, =3 FARRIE A0 MAEGECA B 2328 L7t 20-100 N/m! AL AR-E o, Yake] 3-D o]u|x|
s} Hjol= ojuAE AL F AU, 413} ofde] A o] W YRIe} Fo) WX e YA TR F U EFA]
o] 4= SEMe) Ssire ﬂH hemE i) 7‘1@7] ol g ERIBHA] ot AFMe oJsiNE 4 thieng
FEAAM e AR AlolE ZHT & AUtk Force-distance curve2RE] £o] ¥l A3} ofd YAk} &o] x| ore Ak}
ol QIzte] Aol E AL IS

Abstract — AFM(Atomic Force Microscopy) is a device to observe morphology in atomic scale. Applications of AFM for
inorganic particle research, however, has not been visible because the roughness of particle sample exceeds the AFM scan
limit. Static charging of the tip also makes it difficult to scan the sample without moving around the particles. In this report,
zinc oxide particles of solid and hollow morphology and alumina particles of smooth and rough surfaces were prepared by
spray pyrolysis and characterized by AFM. It was found that the particles were not moving when the particles were dispersed
in isobutyl alcohol (20 mg/ml ) and post-treated at 150 °C in an electrical oven for 1 hour. The AFM was operated under the
non-contact mode and the tip spring constant was 20-100 N/m. Under these conditions, it was possible to obtain 3-D images
from all the particle samples and to differentiate solid and hollow particles from the phase images. The several hundred nano-
meter roughness of alumina particles shown in SEM images was not observed by AFM, but the roughness of several tens of
nanometer level was evident in AFM image analysis. It was also confirmed that the force-distance curve behaved differently
for the hollow and solid zinc oxide particles.
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Fig. 1. Schematic of the Atomic Force Microscope(AFM).
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Fig. 2. Schematic of the particle preparation system.
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Fig. 3. SEM image of hollow zinc oxide particles prepared from zinc

nitrate solution.
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Fig. 4. (a) 3-D AFM image of hollow zinc oxide particles prepared from
image. (d) Height profile across line “A”.
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Fig. 5. (a) 3-D AFM image of commerecial zinc oxide particles. (b) Phase image of the commercial particles. (c) Enhanced 3-D image. (d) Height profile

across line “A”,
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Fig. 6. SEM image of solid zinc oxide particles prepared from zinc Fig. 8. SEM image of alumina particles prepared from aluminumiso-

acetate solution. propoxide(AIP).
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Fig. 7. (a) 3-D AFM image of solid zinc oxide particles prepared from zinc acetate solution. (b) Phase image of the solid particle. (¢) Enhanced 3-D
image. (d) Height profile across line “A”,
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Fig. 9. SEM image of alumina particles prepared from aluminum ni-
trate solution.
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Fig. 10. Typical force-distance curve.
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Table 1. Relative slopes of the AFM force-distance curve for various

types of particles

Types of particles Relative slopes
Fresh-cleaved mica 1

Zn0 particle prepared from zincacetate 1.05+0.08
ZnO particle prepared from zincnitrate™ 0.88+0.08
Commercial alumina particle 1.13+0.08
Alumina particle prepared from AIP 1.00£0.08
Alumina particle prepared form aluminumnitrate 1.00+0.08
Titania particle prepared from TTIP by sol-gel method 1.05+0.08
Degussa P25 titania 1.04+0.08

* Initial slope is 0.5 but eventually approached to 0.88+0.08.
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Fig. 11. The force-distance curve for hollow zinc oxide particle.
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Fig. 12. The force-distance curve for solid zinc oxide particle.
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