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1. Introduction

An optcally flat polished surface 15 a necessary
criterion  sabsfying the geometnical condibons for
quantitative x-ray microanalysis with the electron probe
microanalyzer (EPMA). All mechamcal, structural,

physical and chemical surface modifications resultng
from the surface preparanon will affect the accuracy of
quantitative x-ray microanalysis as previously reported
by Remond [1]. The objective of this presentation 15 1o
convey to the EPMA community that polishing with
abrasive partickes 153 a complex operaton 1imvolving
many experimental and mstrumemtal factors that are
charactensbc of the matenals o be polished. For this
purpose, the mechamsms involved in abrasive wear wall
be presented in order o 1llustrate some consequences of
the polishing procedure on the rehabihty of guantitative
x-ray microanalyses.

Mechamical polishing 15 perdformed by means of
abrasives with decreasing grmn s1ze unbll scratches are
no longer visible (optcally polished surface). From a
mechamical point of view, during the first stage of
preparabon, coarse gramns are used o remove mital
surface topographical and chemical defects. The next
stage with smaller abrasive grain size aims to obtain the
final gquahty of the surface sansfying the conditions for
EPMA analysis. This regime 15 often divided o two
operations, e.g_, the intermediate polishing and the final
polishing.

The mechamsms mvolved in mechamcal polishing
using abrasive particlkes are part of tmbolopy, the
disciphne studying matenal science, physics, chemstry
and surface contact engineenng [2-3]. A descnption of
a tribological system (according the norm DIN 50 320)
consists of a set of expernmental parameters (apphed
load, velocity and duration of the motion) and the system
structure (the two bodies in contact, the interfacial and
surrounding media), as shown in Fag. 1.
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Fig. |. Schomatic represoniation of a tribological sysicm according 1o
the norm THMN 50 320. The imbological sysiem congisis in (1) the
specimen b be polished, (2) the abrasive spocimen, (3) the mborfacial
modism and (4) the surrounding meedium.

Wear 1= defined as a cumulatve surface damage
phenomenon in which matenal s removed from a body
as small debns particles, pnmanly by mechamcal
processes. | he wear mechanizm 1z the transfer of energy
with remowal or displacement of matenal. The four
major wear mechamisms are adhesion, abrasion, surface
fatbigue and nbochemical reactions. In pohishing with
abrasive particles, the wear mechamsm 15 mostly
abrasive wear but other mechamsms are also possible.
The abrasive mechanisms occumng in a dry or humd
environment, result from the simultaneous actions of
normal and tangential forces and are matenalized by
the development of ploughing grooves or scraiches
which are 1n some instances accompamed by hertnan
fractures. For the classification of the abrasive wear
miodes, we will use the most widely accepted terminol-
ogy known as two-body abrasion and three-body abra-
sion. This terminology illustrates the expenimental
situatons encountered 1n the polishing techmques as
llustrated 1in Fag. 2. In a two-body mode, the bound
abrasive paricle (identfied as a puided-cutting tool) 15
sohdly fixed o the substrate (Fig. 2a). In a three body
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Fig. 2. Abrasive wear im two hody and three body conligerations. a)
two hody situntion with abragives hound b the polishing sabsiraic, b)
three body siluation resaBing from wear debris or boosc abrasives
trappad in the interface hetween the specimen and a polishing pad.

abrasive mode, free (or loose) particles form a slurry
between the specimen surface to be polizhed and a flat
polishing substrate as illustrated i Fig. 2b. The free
particles n a three-body wear mode may be intenbion-
ally added abrasives or be detached debns from the

worn surface.

The mamfestations of abrasive wear are the change of

the surface roughness resulong from matenal removal
and the change of the physical and chermcal properties

of the surface and subsurface with respect to those of
the bulk. In additbon to the mechamical and geometnical
description, these deformabions are accompamed by
(1) the production of highly locahzed heat, (n) the
creabon of excitabons and defects i the matenal,
{m) the producton of dangling bonds and trapped
electrons, (1v) and the emission of excited and reactive
specics into the gas phase (exo-emission). All these
phenomena result in a highly reactive surface accompa-
mied by the formation of a surface composibon different
from that of the bulk. Separation of charges also leads
o the creation of miense electrnic fields at the surface of
many nsulating matenals.

When a single type of matenal 15 rontinely analyzed
with the EPMA, 1t 1z possible to opumize the pohshing

strategy, mimmzing the thickness of the damaged
surface. However, Tllﬂ:ﬁtﬂg:ﬂ:dﬁdﬁ:lﬂﬂmlnfm
the operatiing condibons because, for a given materal,
the wear mechamsms depend not only on the specimen

propertes but also on all of the tnbological iMeractions
between the abrasive matenials and the specimen to be

worn (see Fig. 1), Generally, most of the EPMA labora-
tories have to analyze a vanety of specimens whach
often contmin several differem phases. Standards
blocks also contmn several matenals and the polishing
procedure cannot be optimized for all phases present 1n
the heleropensous material.

The consequences of the abrasive wear on the
accuracy of guanttative x-ray microanalysis data are
llustrated by the following examples: (1) chalcopynte
(CuFeS;:) in a massive form and as nclusions in a silver
sulfide matnix, (2) a bmary quartz (S10;)-arseno-
pynte (AsFelS) mineral, (3) o-alumina crystals and
(4) synthetic polyerystalhne ZnS obtmned by chemical
vapor deposition.

2. Abrasive Wear
2.1 Two Body Abrasive Y¥ear

Models of abrasive wear with bound abrasives
assumc that the abrasive asperity 15 hke a sharp tool
producing a groove o a surface (Fig.3).

The volume dV of matenal removed by an indhvidual
ngid cone shaped punch with a hali-apex angle @
shiding at the surface of the specimen along a distance
dl. under an apphed load dP 1s:

dV¥ 2cotgd dPF Jiana dP D

where H s the Meyer hardness of the indented matenal
and o 15 the attack angle of the particle for which the

shiding direcbon 15 parallel to the specimen surface.

Fig- 3. Muodel ol abrasive wear by o conicol shaped partiche.



