
Accepted Manuscript

Electric field assisted gradient structure formation of glass microsphere columns in
polymer films

Xueqing Liu, Jiyan Liu, Yuanhao Guo, Miko Cakmak

PII: S0266-3538(17)30101-X

DOI: 10.1016/j.compscitech.2017.10.003

Reference: CSTE 6928

To appear in: Composites Science and Technology

Received Date: 13 January 2017

Revised Date: 28 September 2017

Accepted Date: 3 October 2017

Please cite this article as: Liu X, Liu J, Guo Y, Cakmak M, Electric field assisted gradient structure
formation of glass microsphere columns in polymer films, Composites Science and Technology (2017),
doi: 10.1016/j.compscitech.2017.10.003.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.compscitech.2017.10.003


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Electric field assisted gradient structure formation of glass 

microsphere columns in polymer films  

Xueqing Liua,b , Jiyan Liua,b,  Yuanhao Guoc,  Miko Cakmakc,d* 

aKey Laboratory of Optoelectronic Chemical Materials and Devices of Ministry of Education, 

Jianghan University, Wuhan 430056, China 

bFlexible Display Materials and Technology Co-innovation Center of Hubei 

Province,Jianghan University, Wuhan 430056, China 

c Department of Polymer Engineering, University of Akron, Akron, Ohio 44325 

d Materials and Mechanical Engineering Department, Purdue University, W.Lafayette, IN 

47907 

Abstract: Electric field-driven fabrication of gradient particle/polymer film was 

presented in current work. Direct-current (DC) field drives hollow glass microspheres 

(HGMs) to form microcolumns in UV-curable resin NOA65 by electrophoresis force 

and subsequently cured. In this field assisted alignment process, the microcolumns 

also exhibit gradient structure. The real-time organization of HGMs in the NOA65 

was monitored during DC application by measuring the light transmission and taking 

photos with visible spectrometers and optical microscope respectively as the 

formation of column formation creates depletion zones between the columns leading 

to higher light transmission. The morphology evolved was found to depend on the 

electric field strength used and exposure time. The mechanical properties of the films  

produced by this process exhibit unique anisotropies when tested parallel and 

perpendicular to the electric field. When 10 phr HGMs in NOA65 undergoes 

1000V/mm of DC for 0, 2, 4, 8 min respectively, the film obtained at 8 min shows 

highest storage modulus while the film obtained at 4 min shows highest modulus in 
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