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Abstract

Understanding the adhesion behavior and characteristics of toner film is required to achieve image and text
printing with high quality resolution. Toner can be considered as a thin film coating on a media such as paper or
polymer film. Quantitative measurement of adhesion characteristics of the thin film is important to assess the
reliability of the system. In this work the main objective was to investigate the adhesion characteristic between the
toner and the media by ramp loading scratch test method. The scratch test may be used to obtain quantitative
information about the adhesion of the film to the substrate. In the scratch test a diamond tip was used to scratch the
surface of the toner film under an increasing normal load until the toner detached or fractured. The critical load
(LC) was obtained from the experimental results. Also, the relationship between the critical load and the adhesive
strength of the interface between the substrate and the toner was obtained by measuring the normal and tangential
forces during the scratch test. Finally, theoretical analysis of the toner scratch characteristics was performed based
on Benjamin and Weaver theory, Plowing model, and Laugier model.
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Tonerfilm

Fig. 1 Optical image of toner film formed during
printing
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Fig. 3 (a) Schematic of tip/surface angle and (b)
optical image of tip used for scratching

Table 1 Experimental conditions

Type Ramp loading method
Load 0~98mN
Tip Diamond tip (R:5um)
Sliding velocity 2.5 pm/s
Specimen Toner/OHP film
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Fig. 4 Contact angle of toner film (a) contact angle
measured instantly (b) contact angle
measured after 10 minutes
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Fig. 5 SEM image of paper substrate

Fig. 6 AFM image of toner film
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Fig. 7 Optical image of scratch track for different
ramp loading (a) 98mN and (b) 294mN
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Fig. 8 Optical image of scratch track of toner film
on OHP substrate
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Fig. 9 SEM image of scratch track (a) mild wear
track, (b) Severe wear track, and (c)
delamination of toner film

Fig. 10 Optical image of toner film after micro-
hardness test
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Where, d : width of scratch track
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Fig. 11 Evaluation of vertical force(Fv) and
horizontal force(Fyy) for toner film using
Benjamin and Weaver model
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Where, H : hardness of toner film
Ay, : contact area between tip and substrate in
the horizontal direction
A, : contact area in the vertical direction
u « coefficient of friction
L: critical load
t: penetration depth
a: contact radius
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Shearing force (T)

T=%md2 (3.3)

Where, 1 : shear stress

d : width of scratch track
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Table 2 Scratch vertical load-horizontal force data (using
Plowing model)

Vertical force (critical load) 32mN
P, (push aside the film) ‘ 21mN
T (shearing the film from |
substrate) 144mN
Horiontal force(Fyy) 165mN
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