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The Effect of Tension and Drop Height on Contact Angle of Droplet on
Flexible Substrate in Roll-to-Roll Systems
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This study proposes a method for identifying correlations between tension and drop height for sessile droplets in a roll-to-
roll processing system. The effect of tension and drop height on the contact angle of a sessile droplet is presented. Design
of experiment (DOE) methodology and statistical analysis are used to define a correlation between the process parameters.
The contact angle is decreased while increasing tension and drop height. The influence of the tension is less significant on
the contact angle compared with the effect of the drop height. However, tension should be considered as a major
parameter because it is not easy to fix with roll eccentricity and compensating speed of the driven roll. The results of this
study show that the effect of tension on the contact angle of a sessile droplet is more important than drop height because
the drop height is fixed when the process systems are determined.
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Fig. 1 The schematic of roll-to-roll continuous systems: (a)
Unwinder, (b), (j) EPC, (c), (h), (n) Dancer, (d), (g), (i), (m)
Load cell, (e), (k) Nip roll, (f) Driven roll, (j) Master speed,
(o) Rewinder
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Fig. 2 The schematic of sessile droplet in Young’s equation
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Fig. 3 The images of sessile droplet according to tension levels: (a)
3 kgf, (b) 5 kef, (c) 7 kef

(a)

Fig. 4 The images of sessile droplet according to drop height levels
(a) 1 mm, (b) 25 mm
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Table 1 The sign of d0/dh and contact angle of sessile droplet on a flexible substrate

Contact angle of sessile droplet [°]

Tension : 3 kgf

Tension : 5 kgf

Tension : 7 kgf

Run 10 [mm] 25 [mm] dlldh 10 [mm] 25 [mm] db/dh 10 [mm] 25 [mm] dbldh
1 66.29 54.00 - 68.06 52.93 - 66.28 53.49 -
2 61.20 52.54 - 62.00 54.37 - 65.40 4724 -
3 66.28 53.49 - 63.19 53.49 - 65.44 50.57 -
4 65.00 52.47 - 64.86 50.89 - 63.78 49.84 -
5 66.90 54.98 - 65.00 54.00 - 62.14 54.00 -
6 65.25 53.49 - 61.44 53.49 - 58.13 53.49 -
7 64.96 52.54 - 64.91 52.28 - 63.68 49.75 -
8 62.14 52.54 - 59.10 52.54 - 56.60 52.48 -
Average 64.75 53.26 - 63.57 53.00 - 62.68 52.61 -
Standard deviation 1.91 0.85 2.57 1.03 3.32 237
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Fig. 5 Experimental setup of the equipment in roll-to-roll systems
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Fig. 6 The position of droplet on the flexible substrate
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Table 2 The sign of dd/dT and contact angle of sessile droplet on a flexible substrate

Contact angle of sessile droplet [°]

Drop height : 10 mm

Drop height : 25 mm

Run 3 [kef] 5 [kef] 7 [kef] ddldh 3 [kef] 5 [kef] 7 [kef] déldh
1 66.29 68.06 66.28 + 54.00 53.49 53.49 0
2 61.20 62.00 65.40 + 52.54 54.37 47.24 +
3 66.28 63.19 65.44 + 53.49 52.93 50.57 -
4 65.00 64.86 63.78 - 52.47 50.89 49.84 -
5 66.90 65.00 62.14 - 54.98 54.00 54.00 -
6 65.25 61.44 58.13 - 53.49 53.49 53.49 0
7 64.96 64.91 63.68 - 52.54 52.28 49.75 -
8 62.14 59.10 56.60 - 52.54 52.54 52.48 0
Average 64.75 63.57 62.68 - 53.26 53.00 52.61 -
Standard deviation 1.91 2.57 3.32 0.85 1.03 2.37
7 = 10 jmm] Table 3 Variables and levels for design of experiment
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Fig. 7 The contact angle of sessile droplet according to tension and
drop height
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Fig. 9 The interaction plot for contact angle: tension and drop height
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Fig. 10 The contour plot of contact angle versus tension and drop
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