
Accepted Manuscript

Title: Fabrication of porous copper surfaces by laser
micromilling and their wetting properties

Authors: Daxiang Deng, Wei Wan, Yanlin Xie, Qingsong
Huang, Xiaolong Chen

PII: S0141-6359(16)30397-X
DOI: http://dx.doi.org/doi:10.1016/j.precisioneng.2017.04.005
Reference: PRE 6557

To appear in: Precision Engineering

Received date: 3-12-2016
Revised date: 17-3-2017
Accepted date: 5-4-2017

Please cite this article as: Deng Daxiang, Wan Wei, Xie Yanlin, Huang
Qingsong, Chen Xiaolong.Fabrication of porous copper surfaces by
laser micromilling and their wetting properties.Precision Engineering
http://dx.doi.org/10.1016/j.precisioneng.2017.04.005

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.

http://dx.doi.org/doi:10.1016/j.precisioneng.2017.04.005
http://dx.doi.org/10.1016/j.precisioneng.2017.04.005


 

 1 

<AT>Fabrication of porous copper surfaces by laser micromilling and their wetting properties 

<AU>Daxiang Deng* ##Email##dxdeng@xmu.edu.cn##/Email##, Wei Wan, Yanlin Xie, 

Qingsong Huang, Xiaolong Chen 

<AFF>Department of Mechanical & Electrical Engineering, Xiamen University, Xiamen, 

361005, China 
<PA>Tel.:/fax: +86 592 2186383. 

<ABS-HEAD>Highlights► Laser micromilling method is introduced to fabricate porous 

copper surfaces (PCS) ► Effects of processing parameters on formation and surface 

morphologies of PCS are accessed ► The wettability of the porous copper surfaces was also 

evaluated 

 

<ABS-HEAD>Abstract 

<ABS-P>Porous copper surfaces show their great merits in the applications of chemical 

reaction, sound absorption and heat transfer. In this study, a laser micromilling method is 

proposed to fabricate porous surfaces with homogeneous micro-holes and cavities of the size 

about 1~15μm on pure copper plates in a one-step process. The laser micromilling was 

performed by a pulsed fiber laser via the multiple–pass reciprocating scanning strategy. Based 

on the measurement of scanning electron microscope (SEM) and 3D laser scanning confocal 

microscope, the formation of surface structures was investigated together with the laser 

ablation mechanisms. The effects of laser processing parameters, i.e., laser fluence, scanning 

speed, number of scanning cycles and scanning interval, on the formation and surface 

morphology of porous surfaces were systematically assessed. Furthermore, the wettability of 

the porous copper surfaces was also evaluated by measuring the static contact angle of water. 

The results showed that the laser fluence played the most significant role on the formation of 

porous copper surfaces. The average depth and surface roughness of porous copper surfaces 

increased with increasing the laser fluence and number of scanning cycles while decreased with 

the increase in scanning interval. The scanning speed played little influence on the formation of 

porous copper surfaces. These results can be closely related to the variation of energy density 

and re-melting process during the laser micromilling process. Moreover, all the copper porous 

surfaces were found to be hydrophobic. The contact angle of porous copper surfaces was 

significantly dependent on laser fluence, but weakly affected by the scanning speed and number 

of scanning cycles. 

<KWD>Keywords: Porous copper surface; laser micromilling; surface morphology; 

roughness; wettability 

 

<H1>1. Introduction 

Porous copper surfaces with micro-pores have been widely utilized in many fields, e.g., 

chemical reaction, sound absorption and heat transfer[1-3]. Their large surface area, good 

performance of sound absorption, and excellent thermal properties make them as good 

candidates for catalyst support for microreactors [4], sound absorption medium [2], wicks of 

heat pipes [5] and heat transfer surface in two-phase heat sinks[6]. To date, several methods, 

such as sintering, foaming, electrodepositing and painting means, have been developed to 

fabricate porous copper surfaces. Weibel et al. [5] prepared copper powder surfaces by 

sintering to supply as the wick of heat pipes and vapor chambers. The excellent heat transfer 

capacities of these sintered powder wicks have been experimentally demonstrated. Ru et al. [2] 

fabricated porous copper surfaces using a resin curing and foaming method. Good sound 

absorption performance of these porous copper were obtained. El-Genk and Ali [6] fabricated 
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