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Abstract

Abstract

Electrohydrodynamic direct writing can be used for high precision patterned
deposition of a variety of materials, therefore it is considered as a technology with
great potential for micro/nano additive manufacturing. As is well-known, there are
some problems in solution supplying of concentional electrospinning technology, such
as the big time lag and great fluid flow resistance. So it can’t be realized the
continuous, stable and fast response of liquid transportation which is required by the
direct writing technique, limiting the electrohydrodynamic direct writing technology
application and development in the micro/nano manufacturing field. Therefore, to
address the demand of solution supplying for direct writing, the microscale
Weissenberg Effect, micro- and nanoscale fluid pumping application based on
microscale Weissenberg Effect, the microscale Weissenberg Effect in strong electric
field were studied in this article. Finally, the applications of pumping based on
microscale Weissenberg Effect were studied for micro/nano manufacturing and
flexible electronics. Therefore, research works were carried out corresponding to the
above aspects:

The pump device based on microscale Weissenberg Effect was builded, which
overcomes the difficulty of position and stability of rotation needle. In our device the
amplitude of needle is diminished to less than 10um, which ensures the stable
pumping by rotating needle. The research works of the microscale Weissenberg Effect
based on theoretical analysis and experiments, the influences of different solution, the
rotating speed on the microscale Weissenberg Effect were analyzed. Then we found
that the microscale Weissenberg effect which originates from shear force is the result

of surface tension, climbing and centrifugal force coupling. The maximum rotating

speed in steady microscale Weissenberg effect ~1/+/R (here R is the radius of rotation

needle), climbing force N,~a?(R/r)*", centrifugal force F~pe’R¥"r#M

(here r is the
distance between axis of rotation needle and fluid, n is non-Newtonian index, p is the

density of fluid, rotation speed is w). The velocity distribution based on Weissenberg
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effect is obtained by concentric tube model.

The surface tension in Macro and micro scale Weissenberg effect was studied.
The experimental results show that the effect of surface tension on macrosacle is far
less than the effect of it on microscale. The effects of surface tension, contact angle
and surface angle on micro- and nanoscale fluid pumping application based on
microscale Weissenberg Effect were studied by adjusting the parameters such as the
concentration of the active agent, the diameter of the pipe, the diameter of the needle
and the surface properties. It is found that the surface tension is an important
influence factor of the microscale Weissenberg effect and pumping based on
Weissenberg effect. It is also the key factor to achieve the stable pump in the
microscale tube-core structure.

In order to more clearly understand the shear rheological properties based on
the microscale Weissenberg effect in pipe, A pump that content double pole structure
(the simplified tube-core structure) based on microscale Weissenberg effect has been
proposed and studied. This pump without pipe greatly improves the efficiency of
liquid transport. By investigating the effect of the parameters such as the
concentration of solution, the rotating speed, the distance between rods and the
diameter of the needle on the microscale Weissenberg effect, the mechanism of the
surface tension and shearing force impact on double rod Weissenberg effect was
studied. According to the theoretical and experimental study on the shear behavior of
the tube-core structure, the climbing force in microscale Weissenberg effect
N~ /[n(1-2A?")?] (Here A is the ratio of pipe diameter and the diameter of needle),
flow rate Q~w(1-A **" (1-2A%™), flow rate is Q~w(1-A P**™ /(1-2A%™) proportional
to the rotating speed. Both in theory and experiment confirmed the tube-core structure
can realize accurate, stable and quick response of liquid transport based on
Weissenberg effect. In addition, we observed the impact of parameters such as electric
field intensity, needle core rotate speed and pipe diameter on the jet flow, and then
created the relationship between rheological shear effect and jetting steady by
experiment and simulation analysis.

The first application of pumping based on Weissenberg effect is realized in the
\Y)



Abstract

field of graphene jet printing. The production and sedimentation of graphene ink were
integrated by microscale liquid axis packaged feeding which avoids the agglomeration
of graphene. This method improves the yield of graphene and quality and simplifies
graphene’s printing process. Using cheap materials such as graphite, PEO, SDS, we
fabricated several functional structures such as high conductivity graphene composite
membrane and pressure or humidity sensitivity unit with 100 ~ 1000 microns line
width by adjusting the process parameters. This method provides a new technology to
fabricate the structure of graphene on flexible substract.

Keywords: Microscale; Weissenberg effect; Electrohydrodynamic Direct-Writing;
graphene jet-Eject
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