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Abstract

In traditional printing methods, ink transfer is often accompanied by the formation and stretching
rupture of liquid bridges between two interfaces. The outcome of rupture directly determines the
amount of ink transferred to the substrate, thereby exerting a significant influence on printing qual-
ity. In recent years, printed electronics has adopted traditional printing processes to realize large-
scale, low-cost manufacturing of electronic devices. Consequently, the behavior of ink stretching
and rupture has become a key research issue in the fields of printing and printed electronics. In this
paper, a high-speed camera is used to record the process of liquid bridge formation and rupture dur-
ing the stretching of fine ink between two coaxial parallel plates in a rheometer. An experimental
study is conducted on the stretching and rupture behavior of ink with different initial volumes and
stretching speeds. The morphological evolution and rupture behavior of liquid bridges are experi-
mentally measured for five initial ink volumes (1 pL, 3 pL, 5 pL, 10 pL, 30 pL) and six stretching
speeds (0.1 mm/s, 0.3 mm/s, 0.5 mm/s, 1 mm/s, 3 mm/s, 5 mm/s). The experimental results show
that the initial volume is the dominant factor affecting the rupture time and rupture length of the
liquid bridge. The stretching speed has a weak effect on rupture time, while its influence on rupture
length is non-monotonic and volume-dependent. The findings can provide certain experimental ev-
idence for analyzing the microscopic fluid mechanism of ink in traditional printing and printed elec-
tronics.
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Figure 1. Experimental diagram of ink stretching and fracture process
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Table 1. Fracture time under different initial volumes and stretching speeds
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Table 2. Fracture length under different initial volumes and stretching speeds
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Figure 2. Relationship of initial volume with fracture time and fracture length. (a) Relationship between initial volume and fracture
time at different stretching speeds; (b) Relationship between initial volume and fracture length at different stretching speeds
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Figure 3. Relationship of stretching speed with fracture time and fracture length. (a) Relationship between stretching speed
and fracture time under different initial volumes; (b) Relationship between stretching speed and fracture length under different

initial volumes
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Figure 4. Comprehensive influence analysis of initial volume and stretching speed. (a) Relationship between volume-velocity
coupling and fracture time; (b) Relationship between volume-velocity coupling and fracture length
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