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Effects of the Liquid Surface Tension on the Ejected Droplet Volume in

a Pneumatic Printing System
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This paper presents results for effects of the liquid surface tension on the ejected droplet volume using a pneumatic
printing system. The low surface tension of the solution causes the liquid wetting around the nozzle, and then the wetted
nozzle also inhibits stable formation of droplets. First, we confirmed the maximum inlet pressure (i.e., balanced with
capillary force on the outlet channel) corresponding to varied surface tensions of the solutions, prepared by controlling the
concentration of a surfactant. The ejected droplet volumes with the surfactant concentrations was varied within
approximately 7% at each maximum inlet pressure, and the volume variation decreased to a fifth as compared with a high

surface tension liquid.
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Fig. 1 Schematic views of (a) inlet pressure caused by the liquid
level in the reservoir and (b) in the dispenser, (c) the force
balance between capillary and inlet pressure, (d) different
contact surfaces of the liquid at the outlet nozzle
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Table 1 Liquid properties with surfactant concentration

Table 2 Estimated and measured maximum inlet pressure

Advancing contact angle

Concentration of Surface
TX-100 tension Teﬂ(?r} coated PDMS
silicon

0 mM 71.1 mN/m 136° 123°
0.04 mM 44.6 mN/m 125° 121°
0.06 mM 41.5 mN/m 118° 110°
0.1 mM 37.6 mN/m 103° 102°
0.2 mM 31.8 mN/m 96° 93°

Interface

Interface
Outlet
direction

Fig. 2 Optical images of the interface of the liquid (DI water) at the
outlet with different inlet pressures: (a) 1.2 kPa, (b) 1.4 kPa,
(c) 1.6 kPa, (d) 1.8 kPa
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Concentration of Maximum inlet pressure

TX-100 Estimated value Measured value
0 mM 1.97 kPa 1.80 kPa
0.04 mM 1.02 kPa 1.50 kPa
0.06 mM 0.74 kPa 1.20 kPa
0.1 mM 0.34 kPa 0.75 kPa
0.2 mM 0.12 kPa 0.50 kPa
Pressure
duration time
Positive k—
pressure
Time
Negative I l l
EESEEEE delay time

Fig. 3 Control signal of the applied pressures
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Fig. 4 Droplet volume of DI water (without surfactant) vs. positive
pressure with different inlet pressures from 0.4 kPa to 1.4 kPa
(n> 10 and CV < 1.04%)
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(a) Concentration of TX-100:
M 0 mM (DI water), Il 0.04 mM, | 0.06 mM, | 0.1 mM, l 0.2 mM

Increasing conc.
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7004
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300 4

Droplet volume (nL)
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Inlet pressure (kPa)

(b)

Concentration of TX-100:
M 0 mM (DI water), I 0.04 mM, [ 0.06 mM, M 0.1 mM, M 0.2 mM

% 800 - /// -
% 700 %
g 600 - /
; %
B
500 % |
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Fig. 5 Droplet volume vs. inlet pressure with different concentrations
of TX-100: (a) compared with DI water variation and TX-
100 solution to inlet pressure (n > 10 and CV < 0.75%) and
(b) droplet frequency was varied from 33 Hz (solid bar) to
5 Hz (patterned bar) (n > 10 and CV < 0.88%)
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