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Hard meets soft: When the sapphire ball moves across the copper sample, the material 

is modified permanently. (Graphics: Paul Schreiber, KIT/IAM) 

Wear has major impacts on economic efficiency or health. All 

movable parts are affected, examples being the bearing of a wind 

power plant or an artificial hip joint. However, the exact cause of 

wear is still unclear. Scientists of Karlsruhe Institute of Technol-

ogy (KIT) recently proved that the effect occurs at the first con-

tact already and always takes place at the same point of the ma-

terial. Their findings help develop optimized materials and re-

duce consumption of energy and raw materials. The researchers 

present results of two studies in the Scripta Materialia (153 

(2018), 63 - 67 and 114 – 117).  

Friction occurs wherever objects adhere to each other or have sliding 

or rolling contact. Friction forces cause wear which results in enor-

mous costs. About 30% of the energy consumed in the transportation 

sector is used to overcome friction. In Germany, friction and wear pro-

duce costs corresponding to about 1.2 to 1.7% of the gross domestic 

product, i.e. between 42.5 and 55.5 billion euros in 2017. It is well 

known that when rubbing hands friction makes the hands get warmer. 

Reaction of materials to friction is far more complicated. “Here, many 

things change at the same time. But how exactly this process starts, 

Friction Loss at First Contact: The Material Does Not 

Forgive 

Materials Researchers Study the Causes of Wear – Permanent Molecular Modifications at First 

Contact Already 
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where wear particles are formed, and what effect friction energy has 

is hardly understood, as it has been impossible so far to look directly 

below the surface of the friction partners,” says Professor Peter 

Gumbsch, holder of KIT’s Chair for Mechanics of Materials and Head 

of the Fraunhofer Institute for Mechanics of Materials. “With our new 

microscopic methods, however, we can do so. They reveal a sharp 

interface in the material, at which the wear particles are detached. We 

want to find the cause of this material weakness.” In their experi-

ments, the scientists always detected a sharp line at a depth of 150 

to 200 nm. It forms at first contact already and is irreversible. It is the 

source of the later weakness in the material. The scientists tested 

various materials, such as copper, various brass alloys, nickel, iron or 

tungsten and always obtained the same result. ”These results are en-

tirely new. We did not expect them,” Gumbsch says. The findings con-

tribute to understanding and reproducing processes that take place 

on the molecular level during friction. ”As soon as we understand the 

effects occurring, we can interfere specifically. It is my objective to 

develop guidelines for the future production of alloys or materials with 

better friction properties,” Gumbsch adds.  

A Wave Forms 

The defect in the material is a so-called dislocation. Dislocations are 

responsible for plastic, i.e. irreversible, deformations. Dislocations re-

sult when atoms shift relative to each other. As a result, an atomic 

wave propagates in the material, similar to the movement of a snake. 

“We found that these dislocations during friction form the line-shaped 

structure observed in a self-organized manner. This effect occurred 

in every experiment,” explains Dr. Christian Greiner of KIT’s Institute 

for Applied Materials – Computational Materials Science (IAM-CMS).  

The scientists compared the effect observed with the mechanical 

stress distribution in the material that can be calculated analytically. 

Calculations confirmed that certain dislocation types self-organize in 

a stress field at a depth between 100 and 200 nm.  

Quicker Oxidation by Friction 

In addition to the effect mentioned, scientists used copper samples to 

study the effect of friction on oxidation of surfaces. After a few friction 

cycles, copper oxide spots formed on the surface. In the course of 

time, they grew to semi-circular nanocrystalline copper oxide clusters. 

The copper-2-oxide nanocrystals of 3 - 5 nm in size were surrounded 

by an amorphous structure. They increasingly grew into the material 

until they overlapped and formed a closed oxide layer. According to 

Greiner, this phenomenon has been known for a long time, but the 
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cause of this effect is still unknown. “It is very important to understand 

how friction-caused oxidation takes place. In materials science, cop-

per is used rather frequently. And copper also is an important material 

for movable parts,” Greiner says. Many bearings consist of copper 

alloys, such as bronze or brass. Consequently, the study results are 

of considerable interest to copper processing industries.  

Hard Ball Meets Soft Copper 

The approach used for both studies is rather simple: a sapphire ball 

is moved in a very smooth, slow, and controlled way straight across 

a plate made of pure copper. The sapphire ball was chosen, as it al-

ways guarantees the same, reproducible contact and friction of the 

ball itself can be neglected due to the hardness of sapphire. After 

every movement across the plate, the researchers measured the de-

formation caused and the resulting structural modifications inside the 

metals. In their unique approach, they combined friction experiments 

with non-destructive testing methods, data science algorithms, and 

high-resolution electron microscopy. 

Video on Materials Research 

In the ten-minute video portrait “Werkstofftechnologie als Innova-

tionstreiber” (materials technology as a driver of innovation) of the 

Hector Fellows Academy, Hector Fellow Peter Gumbsch and his re-

search teams show how they design new materials and study inno-

vative measurement methods to prevent failure: 

https://youtu.be/QuBHYwesVSQ  

(in German only) 

Original Publications: 

Christian Greiner, Zhilong Liu, Reinhard Schneider, Lars Pastewka, 

Peter Gumbsch: The origin of surface microstructure evolution in slid-

ing friction, Scripta Materialia, 153 (2018), 63-67. 

Zhilong Liu, Christian Patzig, Susanne Selle, Thomas Höche, Peter 

Gumbsch, Christian Greiner: Stages in the tribologically induced oxi-

dation of high-purity copper, Scripta Materialia 153 (2018) 114-117. 
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Abstracts: 

www.sciencedirect.com/science/article/pii/S1359646218302756  

www.sciencedirect.com/science/article/pii/S1359646218302902  

 

Being “The Research University in the Helmholtz Association,“ 

KIT creates and imparts knowledge for the society and the envi-

ronment. It is the objective to make significant contributions to the 

global challenges in the fields of energy, mobility and information. 

For this, about 9,300 employees cooperate in a broad range of dis-

ciplines in natural sciences, engineering sciences, economics, 

and the humanities and social sciences. KIT prepares its 25,500 

students for responsible tasks in society, industry, and science 

by offering research-based study programs. Innovation efforts at 

KIT build a bridge between important scientific findings and their 

application for the benefit of society, economic prosperity, and the 

preservation of our natural basis of life. 

 

This press release is available on the internet at 

http://www.sek.kit.edu/english/press_office.php. 

The photo in the best quality available to us may be downloaded un-

der www.kit.edu or requested by mail to presse@kit.edu or phone +49 

721 608-21105. The photo may be used in the context given above 

exclusively. 
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