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Comments on Nano-treatment of Surface Attrition via Historical Review

HE Jia-wen
(State Key Laboratory of Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049)

Abstract: The research results of surface attrition in the seventies of 20th century are reviewed and compared
with that of 21st century. In terms of micro-structure, the dislocation cells can be directly observed in TEM
and approved by dynamic recovery test in the last century, however, no direct experimental results for grain
fragmentation as well as grain boundaries turning small—-angle into large angle suggested in this century, and
no appreciable theory to support these hypotheses. In addition, in the 20th century, the quantitative analysis
of disorientation angles among dislocation cells was emphasized, and the study of this century was focusing on
the size of refinement structure, of which the grain size and distribution were calculated by Scherrer equation.
Dislocation cells are not grains, the Scherrer equation cannot be simply applied. The argument is discussed in
detail in the paper. Regarding the performance of the surface attrition layer, the increase of strength is at the
expense of plasticity. In the 20th century, the white layer characterized in nano-scale structure formed on the
worn surface or cutting edge was regarded as material damage. The nano—treatment by surface attrition in the
21st century is not oriented in the performance optimization, but aimed at nano—size, which approaches to the
damage level of the white layer. It is apparently against the common sense of material science. For engineering
applications, the parameters and standards of shot peening have been well established in the 20th century. To
achieve the nano structure suggested in this century, the shot peening intensity must be higher than normal,

thus the plasticity substantially decreased and the roughness sharply increased. Rotating bending fatigue tests

WREE: 2014-08-25; EEEH.: 2014-09-10; BEMWME . « BHEAAFFEESTSIH (59731020
EEEN . ZECA933—) . BAQO . fWdEN. B FHRFE: BUL. RN . )2

W& HAREE: 2014-09-25 16 : 00; W& H AR : http://www. cnki. net/kems/detail/11. 3905, TG. 20140925. 1600. 001. html
B XAE R MZE . B L IF R ARG k4 (], P EFRm TR, 2014, 27(5): 1-13.



2 2 EH X W L E

2014 4F

show the fatigue strength decreases significantly by abusive peening. Even for wear, sever attrition layer is

only appreciable in limited cases. As for the saying that surface attrition is good for nitriding, in fact, in the

beginning of last century it was already found that the wear parts in the nitrogen environment were easy to

generate nitrides. Practical experience indicates that one factor being favorable is not enough to approve the

feasibility of the entire process. The defects induced in severe peening would be easy to expand during nitriding and

initiate cracks, thus its applicable is doubtful.

Key words: surface attrition; dislocation cell; dynamic recovery; Scherrer equation
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