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Defect interpretation by Auger spectroscopy in
problems arising in lubricating and degreasing steels
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Abstract

The use of certain lubricants, lubrication additives and detergents generally containing chlorine atoms in the molecule, although very effective, is
not recommended for components in ferrous alloys subjected to periodic stresses since, although there is no manifestation which can be
detected macroscopically or microscopically, their service life (or fatigue limit) is considerably reduced.

Numerous investigations, using various Auger techniques, show that, in ferrous alloy polycrystals i.e. in most metal materials of interest for
mechanical engineering, there exists, even at ambient temperature, in surface layers less than one um thick, a very high degree of mobility of
ions foreign to the matrix, particularly if they have a considerable chemical affinity for the latter, as in the case of chlorine, oxygen and sulphur in

an iron matrix at grain boundaries.

This very high degree of mobility of grain boundary ions, even at ambient temperature, seems a very appropriate explanation of the cause of
damage to steel mechanical components arising from contact with chlorinating substances, even for only a short time, as in the case of

degreasing.

Riassunto

Interpretazione di anomalie nei problemi di lubrificazione e di sgrassaggio degli acciai mediante spettroscopia Auger.
L'impiego di alcuni lubrificanti, additivi di lubrificazione e detergenti, generalmente contenenti atomi di cloro nella molecola, benché di grande
efficienza, viene sconsigliato per gli organi in leghe ferrose soggetti a sollecitazioni periodiche in quanto, pur senza alcuna manifestazione
rilevabile macro o microscopicamente, ne riducono sensibilmente la durata (o il limite di fatica).

Numerose serie di esperienze, eseguite con varie tecniche all’Auger, indicano che, nei policristalli di leghe ferrose, cioé nella gran parte dei
materiali metallici di interesse meccanico, esiste, gia a temperatura ambiente, in strati superficiali di spessore inferiore al um, una grandissima
mobilita di ioni estranei alla matrice, specie se aventi per essa notevole affinita chimica, come nel caso degli ioni di cloro, ossigeno e zolfo in

matrice ferrosa al bordo dei grani.

Questa grandissima mobilita di ioni a bordo grano, anche a temperatura ambiente, appare molto adatta ad interpretare la causa del
danneggiamento degli organi meccanici ferrosi, derivanti dal contatto con sostanze cloruranti, anche se di breve durata, come nel caso dello

sgrassaggio.

Introduction

Itis well known that the rate of diffusionin a
polycrystal, particularly with respect to substitutional
ions, is determined by the rates of diffusion through the
" grain boundary junctions ”, the “ axes of dislocations ”
and the “bulk " (activated by point defects), the last,
with equal section, being of much less magnitude than
the first two (1-4).

Proof of this can be obtained, at least as regards “ grain
boundary junction " diffusion, from any simple
examination, through the section, of polycrystals
subjected to diffusion (for example: components in
case-hardened or decarburised steel).

It would seem to be important, not only from a
theoretical viewpoint but also for an immediately
practical aspect, to be able to ascertain separately the
coefficients relating to the first two processes, since it
is their high value that might account for the diffusion
which tends to occur through metal materials even at
ambient temperature.

Measurements of the various coefficients of diffusion
are not easy, however, because of the continuous
interaction between the various processes, and have
only been undertaken by few workers (1,2,4,5).
Results from such investigations are in agreement,
however, in giving the grain boundary diffusion
coefficient a value 10° to 10* times the value of the
coefficients for mass diffusion and, on the “ surface ”, a
value about 10° times greater (3-4).

It is also well-known that exposure of steel
components to certain environments, even though
apparently not very aggressive, can have an adverse
effect on the service life or fatigue strength (7, 9-11,
13).

This sometimes happens a very long time after the
moment of exposure, and even without any surface

deterioration which can be detected at macroscopic or
microscopic level, as in the case of steel mechanical
components lubricated, or simply degreased, with
organic solvents containing atoms of sulphur,
phosphorus and, in particular, chlorine (chloroform,
trichloroethylene etc).

Clearly this happens because, even within the brief
period of exposure necessary for degreasing,
irreversible damage occurs. This damage is naturally
increased as a result of repeated stresses, particularly if
exposure to the aggresive environment continues (5-9).

However, for lubrication under E.P. (extreme pressure)
conditions, i.e. conditions where material is subject to
high compressive stressing:

a) lubrication itself is sometimes entrusted precisely to
products which have been sulphurised or
chlorinated; and, in general,

b) the coefficient of friction of the ferrous materials is
determined by the presence of oxygen in the
environment (so that, in the absence of oxygen, it
may become equal to infinity, as a result of seizing).

In particular, in all cases where chlorinated lubricants

are used it is essential to operate in an absolutely

anhydrous environment.

All these experimental results, particularly those
relating to E.P. conditions, can be interpreted as a
consequence of reactions between the metal matrix (in
particular, the iron matrix) and sulphur, chlorine and
oxygen. These elements may form films (even
monomolecular) of compounds (according to some
authors, even complex compounds, such as
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partial pressure. Further, it was definitely established
that it was not an adsorption phenomenon, from the
fact that the quantity of oxygen present on these
surfaces tended to become nil after a certain time.

From Fig. 2 (a, b, ¢, d,), showing Auger charts relating in
each case to the same point on the surface, it can be
seen that, on a fracture surface where, initially (a), a
little oxygen quantity is present, this increases after a
few minutes (b) and then, as time passes it decreases
(c), and practically disappears after 12 hours (d). The
hypothesis that the oxygen could come from other
surface areas not subjected to ionic bombardment was
rejected, however, because such surface mobility of
oxygen was never found, at least in the case of steels.
In fact, in Auger spectroscopy, a steel surface cleaned
of oxides by means of ionic bombardment in high
vacuum remains so throughout the period for which the
specimen is exposed under vacuum conditions (14).

Fig. 2 - Auger spectra showing the evolution of oxygen content in a point of a
fracture surface during time:

a) immediately after ion etching; b) after exposition under vacuum and with the
electron beam on, after a few minutes; c) id. after six hours; d) id. after twelve
hours.
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Having ruled out the hypotheses of adsorption and
surface diffusion, what essentially remained was the
hypothesis that the oxygen came from inside the steel
studied i.e. due to fracture of the bar, oxygen trapped at
the grain boundary was freed, remaining for some
hours simply absorbed on the surfaces created in the
course of the fracture. This hypothesis was confirmed
because, with time, the oxygen tended to disappear
(Fig. 2d) while, as is well known, the oxides of iron are
rather stable compound which do not readily separate
out under vacuum.

2. Evidence of unforseen elements, in
analysis, made mobile by mechanical abrasion
under vacuum.

Using ionic bombardment with Auger spectroscopy, it
is possible to have a calibration of the system under
examination, thus avoiding problems which, in some
cases (not that of steel) may be quite serious.

Studying various steels, the presence of elements,
which are normally present only in minimum quantities,
or quantities which are considered not to be present in
these alloys, was discovered.

Mechanical abrasion of surfaces (scraping) under
vacuum is also employed at the same purpose. This
method allows examination of the mean composition of
a thickness located close to the surface, but quite thick,
without the alterations and loss of time connected with
abrasion by ionic bombardment.

Various specimens have been examined in this way. On
many abraded surfaces, not only were considerable
quantities of elements found which, as a rule, are not
part of their composition, but it was also possible to
show that, with time, their quantity varied over the
surface examined; therefore, like the oxygen in Fig. 2,
they had to be considered “ mobile “.

The specimen, degreased and placed inside the
vacuum chamber, was abraded using a sufficiently hard
vanadium steel milling cutter which had been carefully
degreased. In this way, craters 1 mm in diameter and
about 10 um deep were obtained. The surfaces were
examined at the same point, before and after the
scraping operation.

The presence, on the Auger chart, of new elements
after abrasion was therefore attributed to the presence
of these elements inside the metal.

3. Evidence of oxygen, obtained by
mechanical abrasion under vacuum conditions

It should therefore also have been possible to see grain
boundary oxygen in this way because, as a result of
abrasion, obviously both the structure of the material in
the crystal and the grain boundaries underwent
profound alterations.

One spectrum relating to a steel surface which had
been previously abraded (Fig. 3) shows, in fact, the

Metallurgical Science and Technology




€6

941 1NOYLIM ‘321Ul 81Inb 1nQ ‘89BHNS 8U1 0} 9S0|0 PIEI0|
$SBUXIIY} B JO UOI1ISOdWOD UBaW 8y} JO UOIBUILIEXS
BUIMO||E “‘WNNJBA J8pUN UOISEIQE [BdIUBYDSW
Buisudw oo poyraw ayi Jo uonesljdde ‘uoISNOUOD U|

suoisnja2uo0?)

'S90RJINS POPEIGE 8SOY} UO JUSIUOD 8ulIojyd ybiy

AJBA BU1 Ule|dxa 0} MO| 00} S| PaPIEqUUIO( 10U SEM YdIYM
s|dwes ay} JO SBUOZ J8Y}0 Ul 93BHNS By} UO SULIO|YD

}0 8ouasaud a|gIssod 8yl UsAs pue ‘Juasald $82In0s
BUIIO|YD OU AjuleLISD Bie 818Y] ‘S1equieyod |eluswiiadxs
BU1 opIsul ‘8duls 1aies|0 Uaas sieadde uabAxo

10} paie1s usaq Apealje Sey 1BYm ‘aullojyo JO 8Sed 8yl U|
‘g "Bi4 Ul uMmoys ale ‘Juswplequuioq

21UOI Ag A|918|dW0D 1SOW|E PaUBS|d SEM ‘BUlIo|Yyd

Ul Yol Ajjeniur 'ydiym aens e uo 1uasaid aullojyo

Jo Ayizuenb ayy ul suoieleA pue ‘g ‘614 ur umoys

818 BULIO|YD Ul Yol S82BLINS 9S8Y] O BUO JO Bl10adg
"8ULIO|YD YLM payolius swedaq uebe —

WINNDJEA Ul ||13S — S80B4INS 8} '1aAamoy ‘awli} o Buissed
3U1 YHAA "S19ABjOUOW M3} JO U0 JO WO} 8Y3 Ul 1uasald
AJUO SBAM BULIO|YD By} 1Byl Pa1RDIpUl YdIym ‘Juasald

90 0} PUNOJ SEM SUIIOJYD OU ‘JUBWpIequuog ay) J1any
"Suol uobie Yy

‘Bullo|YDd Ul Yol ‘'S80k4INS papelge 8sayl bulpiequioq

AQ pauie1go sem sisaylodAy siyi BulinoAe} 8ouaping
[BIUSWILIDAXS JBYLINS "UIYHM UWOI} UIBD SULI0|Yd U1
1ey1 sisayiodAy ayy pardwoud siy| “Inydins a1 yonwi
AloA paAeyS( SULIO|YD 8Y) PUE ‘SUOIHIPUOD WNNJBA
lapun papelge $80e4INS 8y} U0 puNoj SEM aulIo|Yd

4o Alinuenb sjgelepisuod e ‘sajduwes asayy ul AjuQ
‘Juebe Buisealbap 1us||90Xa Ue S| 1l Se S8JeLINS

|981S Uea|d 0} pasn AjapIm SI (€4 €| ¢D) z uoal

"¢ Uoal} Ul pasealfbep alom ‘Jaquieyd [eruawiiadxa

8yl ul paoe|d Bulaq a10eq ‘yoiym sajdwes

Buisn paule1qo sem 90UspIAS |eIUBWIILISAXS I8N

Ayjiqows
S} pue aulojyd Jo asuasaid ayj Jo 32UapIng "G

(1) ' B4 urumoys

sI ssao0.d J1abny 8yl Ag paulwexs eale ue ul uasald
Inyd|ns jo Alnuenb ayi ui ebueyd jo ased [eaidAl
‘BOlE B} Ul SUOIIOS]S JO 9OUBPUNCE-ISA0 8U} 0} 10
'SOAILIE Weaq 8yl alaym julod 8y 1e Buiieay pssijeoo|
01 Jayye anp Ajgeqoud ‘sesealdur unb 1a1owo0ads
Jabny 8y} W04} wWeaq uoJ1d9|a 8yl Ul 1usiind

40 Alisuaiul oy se Ajpides a1ouw sesealdsp abeiuadiad
S} 1eyl 10e4 8yl AQ pauulijuod st inyd|ns 4o Alljigow
8] 'S80B4INS J81N0 8y} UO PACIOSCe SWil UIBLISD B 10}
sulewal pue sabiawd Inyd|ns Jo Aluenb ajqeiapisuod
B ‘Uuoiselge Ag palolsip yonwl 1o paAoiisep

ale $90B4NS Alepunog uledb 8yl 90U0 1Byl 80npap
ued aMm ‘saliepunog ulelb 1e unydins jo aosuasalid
5|(BJOPISUOD B UMOYS 8ABY SIOYINE SnolieA AQ

(9861) [€] ¥ 10N

(senuiw) swn

%S

"8I} "SA e4198ds 18bny ul Jusu0d Inydns Jo uoiNjoAg - § ‘Bi4

(n8) ABisug
008 009 00y 002 0
L ks L A % L . L .
a4
o4

=0 % !
Sla
m
s =
@
o K
| B
| s
 ~4
2

L 1 1 1 L 1 i 1 1 1

-90uasaud uabAxo pue inydins Buimoys ‘ja81s
791€ ISIV Ue Jo 82epns padelds Aj|ealueyaaw e uo paulelqo wnidads 1abny - ¢ B4

1IN0 PaILIBD S90BLINS 8IN10B1} JO SUOIIBUILUEXS 8Y1 80UIS
"JusdJad siulod sWOS 1Se9) 1k JOo salliuenb

Ul paulwexa Buleq 8oe4ns syl uo 1uasaid si

USUM UMOYS AJUO S| 1UBWS|S Ue "el10ads Jabny ul ‘puey
18y10 8y} uQ 'ssew oy ul “wd-d susl 8WOS JO 1UBIXd
8} 01 AJuO S|981s Ul paieId|o} SI SIYl Sased |euoindaoxa
wolj pede 1eyy umouy si 1l ‘anydins spiebal sy

‘(€ B14) 90e4ins papeiqe ay) Uo ‘(191 € ISIV) S|9d1s
[9301U WINIWOIYD D1}USISNE 8WOS Ul PUNO) Udaq sey
inyd|ns jo Alinuenb a|geliapisuod e ‘uabAX0o 01 UOIlIppE U|

Ayijiqow
s3I pue anyd|ns Jo 92uasaid 3y} Jo 82UapIAg b

‘uabAxo jo aousasalid




Fig. 5 - Auger spectra of a C50 steel, previously degreased with Freon 2, after
scraping, showing the evolution of chlarine content during time:

a) immediately after scraping; b) after a light ion bombardment; c) id. after 12 min
exposure under vacuum and with the electron beam on.
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Fig. 6 - Evolution of chlorine content in Auger spectra Vs. time.
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alterations and loss of time connected with abrasion by

ionic bombardment, has shown that, at least in the

case of steel:

— ifitisin contact with an organic compound
containing chlorine, not only does a chemisorbed
film of chlorides form but also, possibly with very
brief contact, and at a very low homologous
temperature, chlorine atoms penetrate to a
considerable depth (inevitably at grain boundaries);

o — atgrain boundaries, there is considerable mobility of

chlorine atoms and, similarly, of oxygen and sulphur

atoms.

oIy The evidence of this high mobility (at grain boundaries)

provides an easy explanation of the damage which may

be done to steel mechanical components by contact,
even brief, with substances which contain chlorine or
sulphur in their molecule.

In this case, by hydrolysis or, more generally, by a

reaction of the Grignard type, initial persorption of

chlorine or sulphur ions may occur at grain boundaries

b enetgy (e\) (Fig. 1) which, by a single contact, promotes the

creation of microcracks (of dimensions close to those

T T I - of the grain) capable of acting as starting points for

fatigue crack and, by a continuous contact, as in the

case of a lubricant, exerts an action synergic with the
periodic tensile stresses in promoting rapid crack
development.

In particular, with reference to oxygen, the evidence of

f its considerable mobility along grain boundaries, even

cl at very low homologous temperatures, prompts a

revision of the interpretation, generally accepted,

according to which the large increase in the endurance
of ferrous materials subjected to periodic alternating
stresses, noted under experimental conditions when
the ambient pressure becomes less than 108 torr is
0 200 400 600 due to the absence of interactions between the gases
energy (eV) in the atmosphere and the " intrusions/extrusions "
caused by the intragranular movement of the

T T T
200 400 600

o

-LENE (arb. un)
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