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Abstract

This study investigates the effect of particle size on the detergency of particulate soil using an o-Fe20s
particle as the model. Monodispersed spherical o-Fe;O; particles were prepared by the hydrothermal aging
of an acidic FeCls and HCI solution. The {-potential of PET fiber was measured by the streaming potential
method. The potential energy of interaction between the particle and fiber was calculated using the
heterocoagulation theory for a sphere-plate model. The {-potential of PET fiber and potential energy of
interaction between particles and fiber increased with a decreasing particle size in a DBS solution.
However, in the nonionic surfactant solution, the -potential signs of PET fiber and ¢-Fe,Os particles were
(-) and (+), respectively; there was no repulsive power between the particles and substrate. The adhesion
of particles to the fabric increased with increasing particle size in the anionic surfactant solution and their
removal from the fabric increased with a decreasing particle size. The adhesion of particles to the fabric
and their removal from the fabric was biphasic with a maximum and minimum at 0.1% concentration of
the surfactant solution. In the nonionic surfactant solution the adhesion of particles to fabric and their
removal from the fabric were greater than the ones in the anionic surfactant DBS solution.
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Fig. 1. Scanning electron micrographs of a-Fe;O3;
particles obtained by changing the concen-
tration of FeCl; and HCI.
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Table 1. {-potential of PET fiber in 0.1% surfactant

solutions
surfactant DBS NPE
PET fiber -49mV -30mV
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Table 2. {-potential of particle in 0.1% surfactant solutions

Particle size
Surfactant solutions 160nm 430nm 520nm 540nm 760nm
DBS 0.1% =757 -68.5 -62.3 -57.1 -48.1
NPE 0.1% +58.0 +50.1 +44.3 +39.1 +38.2
AREA: VI3, 74U, (2009). p. 337.
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Fig. 2. Total potential energy between PET fabric and
o-Fe>0; particle with various particle size as a
function of distance H in 0.1% DBS solution.
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Fig. 3. Total potential energy between PET fabric and
a-Fe20; particle with various particle size as a
function of distance H in 0.1% NPE solution.
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Fig. 4. Scanning electron micrographs of the adhesion of o-Fe;O; particles with various size to PET fabric in 0.1%

DBS solution.
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Fig. 5. Scanning electron micrographs of the adhesion of a-Fe,0; particles with various size to PET fabric in 0.1%

NPE solution.
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Fo FaEe 2 FUHkA.

2) o-Fe;Os2%t2] PETAIB0M12] 3t
227 A=) BE HEole) a-Fe,0:87)

20

Adhesion of a-Fe,0; (ug-fiber)

430 520 540 760

160

Particle size (nm)

Fig. 6. Effect of particle size on the adhesion of o-
Fe:0j3 particles to the polyester fabric in 0.01%
DBS §olution (Electrolyte : NaCl, lonic strength :
1x107).
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6>—<Fig. 8>3} 23, AR EGA SR 0 A3e
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ABRGA s=o Al YA/ E45 4

2T 'TQF
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160 430 520 540 760

Particle size (nm)

Fig. 7. Effect of particle size on the adhesion of a-
Fe,03 particles to the polyester fabric in 0.1%
DBS solution (Electrolyte : NaCl, lonic strength :

1x10%).
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Fig. 8. Effect of particle size on the adhesion of -
Fe203 particles to the polyester fabric in 1%
DBS golution (Electrolyte : NaCl, lonic strength :
1x107).
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10. Effect of particle size on the removal of o-
Fe20; particles from the polyester fabric in
0.01% DBS solution (Electrolyte : NaCl, lonic

strength : 1x10%).
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Fig. 11. Effect of particle size on the removal of a-
Fe20s particles from the polyester fabric in
0.1% DBS solution (Electrolyte : NaCl, lonic
strength : 1x107).
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Fig. 12. Effect of particle size on the removal of o-

Fe20; particles from the polyester fabric in
1% DBS solution (Electrolyte : NaCl, lonic
strength : 1x10),
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Fig. 13. Effect of particle size on the removal of o-
Fe;O; particles from the polyester fabric in
0.1% surfactant solutions (Electrolyte : NaCl,
lonic strength : 1x10%).
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