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ABSTRACT /
The work of the Air Force, Georgi' Institute of Tech-

nology, Crest Instrument Division of Magna Products, Inc.,
and Forest Products Laboratorypwas reviewed to establish the
degree of sensitivity of electrical resistance corrosion in-
dicators and their applicability to the evaluation of cor-
rosion-preventive oils and compounds.

Laboratory work conducted under carefully controlled
conditions indicated a high degree of sensitivity utilizing
thin film indicators. Exposed specimens which exhibited no
corrosion when examined visually, provided small resistance
changes of -e" to~five peroeneby careful electrical measure-
ments during the sAme period. Although each individual
electrical indicator detected corrosion, variation in response
or lack of reproducibility indicated an undesirable factor for
use in field tests.

The adaptation of the corrosometer, originally designed
to utilize probe type specimens, to a glass slide having a
thin metal film, provided a high degree of sensitivity.
Satisfactory results could be obtained only after a thorough
check of the electronic system and elimination of variables
in the procedure. ..

There are other matters which must be considered con-
cerning the use of corrosion indicators. The highly sensi-
tized surface presents the possibility of a reaction with
contaminant gases and particulate contamination. In addition,
with the high concentration of additives in corrosion pre-
ventive materials, it is possible that a reaction may occur
between the additives and the sensitized surface. Such re-
actions would be undesirable since they would produce changes
in electrical resistance without the presence of a corrosive
environment.
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RECOIMMNDATIONS

Laboratory work should be conducted to refine the current
indicators to provide the sensitivity needed in corrosion pre-
ventive testing.
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ELECTRICAL RESISTANCE CORROSION INDICATORS
LITERATURE REPORT

OBJECT

To establish the degree c f sensitivity of electrical re-
sistance corrosion indicators and relate resistance values to
visual deterioration of corrosion preventive oils and com-
pounds.

INTRODUCTION

Current methods af determining the protective character-
istics of corrosion preventive oils and compounds involve
either a visual observation of an exposed metal surface or a
determination of weight loss. The former indicates whether
rusting is evident, however, it does not provide a quantita-
tive measurement. The latter provides quantitative data,
however, it is lengthy and time consuming. There is a need
for a method which will eliminate a visual examination and
provide results quickly in a quantitative manner.

A new technique is now available by which corrosion rates
may be determined quickly and accurately. This method con-
sists of measuring the change in electrical resistance of a
metal specimen placed in a corrosive medium. Since the re-
sistance of an electrical conductor is inversely propor-
tional to its cross section, the change in resistance of a
specimen over a period of time can be related to the amount
of corrosion that occurs.

At the present time there are two procedures that utilize
the electrical resistance technique. The first involves the
use of a glass slide that has been coated with a very thin,
vacuum deposited film of iron. The iron film can be sensi-
tized with a salt to prv:Nde the proper response time for
packaging applicatlins. Suitable leads are attached and the
resistance is determined by use of an ohmmeter. A similar
indicator, withcut electrical connections, is also available
where a visual examinatiPn is sufficient. This method has
been successfully used to detect the presence of a corrosive
atmosphere.

The second prcsedure invc,1ves the use of a corrosion
probe. The probe ts rr:nstructed of the metal for which cor-
rosion data is desired. A c-rently available instrument,
the corrosometer, Ltilizes an exposed metal specimen as one
arm of a modified Kelvin B-idge circuit and a. second adjacent
arm of the bridge circult of the same metal Ps the exposed
specimen. The se~cnd specimen is coated with a highly
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corrosion resistant coating, and therefore retains its origi-
nal cross section. Bsth specimens experience the same per-
centage change in res±stance with any temperature change so
that the ratio of the two resistances is a function of the
cross section of the exposed specimen.

Current procedures in use to determine the protective
properties of corrasion preventive materials, generally re-
quire that coated and exposed test panels permit the formation
of no more than three corrosion dots, none of which is larger
than one millimeter In d"ameter. It is not known whether
electrical resistan,e techniques are sensitive enough to de-
tect such a light rusting condition.

This work will consist of a survey of available litera-
ture on electrical resistance corrosion indicators to esta-
blish the suitability of the indicators in the detection of
incipient corrosicon and their applicatin to corrosion pre-
ventive testing.

PROCEDURE AND RESUITS (Literature Survey)

A search of the literature revealed numerous references
on the subject cf electri:al res±stance corrosion indicators
which are described &s follows.

Development ,f Thin Film Indicators

Roller(I) studted t.e corrosion rates of thin, continu-
ous, adherent, va-..ouvm deposited films at various humidities
to determine thei.L- suitability as corrz.sio.n indicators. This
study revealed th;.r. diffezenc.es noted in the rtte and amount
of corrosion sppea•te1 , be due to the th.kness of the iron
film and the suist.:te exployed. A definrite dez~ease in
corrosion wss evidert wben the -bickness of the films were
too thick or thn. 2,ýd %ten a plastirP .olymetb&arylate resin
was utn.l±ze e.s -the substzrats rt-•her -ýhan borosilicate glass.

Mc¥lovd et ai-24 •lsc studied different 'warlables and
found that th:.'T fA.ýs -.-"rcded earl.er. A fi.1. thickness of
1000 Angs t rcrF :v:J'~ tt'e best overall res5u.ts. No diffi-
culties were en: • .e:ei :-' rbtaintng a gcccd Lating if the
surface had been d-gre.sed vnd drled pr-.: r t,- deposition of
the film.

The work of R-li.e:-• •In i cdri.ted thaz adsorbed gas layers
on the su;rfa-e of tVe gliss s'•bstrites affected the rate of
corrosicr.. Th:.s c.nd'.t:.cn was eimina~ted by removing the ad-
sorbed gas liyerF by pýs~..tve ion bombardment. The presence
of adsorbed g9s i.ve- was ¢crfirmed by Belsez &nd Hankinson( 3 ).
The ias l-v7er f.!r::s•.ed tte oeyger teo#(ssary for small particles
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of the oxides of iror o forr at random sites on the film.
These subsequently became elements of electrolytic cells in
which the iron film acted as the anode in the presence of air
at 250 C and 70% R.H. Destructive oxidation of the film
thereafter proceeded by electrochemical processes. The gas
layer was effectively removed by predeposition heating of the
glass substrate to 400°C.

In addition to iron, Belser, et al(3)(8) also studied
various nonferrous metals. Considering all of the metals
tested, iron was the nost satisfactory. Films of manganese
and bimetal films of iron and copper exhibited corrosion
characteristics similar tV iron except that their corrosion
rates were slightly greatez.

McCloud, et al(2)(4) found that pure iron does not
corrode rapidly enough or reliably enough to be suitable as
a corrosion indicator. The surface must be sensitized with
a salt in order to provide the necessary rate of corrosion.
The need • a sensitized film was confirmed by Belser and
Hankinsonf% who found that films sensitized by a salt or
hydrochloric avid cc,rmcded at 250 C when the relative humidity
rose above approximately 30%. The work indicated that both
sensitized and unsensitized films may be needed for a proper
indication cf ccrrosive -.onditions.

In the pre aration of a sensitized indicator,
McCloud, et autil 6i•7) utllzed ammonium chloride in methyl
alcohol. The mcst suitable method of application was by
spraying the thin met.a surface. This procedure, however,
produced an indicatczr with a response time which was too
rapid for use fn n.,:,rma packaging operations. It was
possible that such an *rdirtator would show visual evidence
of corrosion pri,:r t,, placewent in a package. This problem
was resolved by -jng s, :',7.binition if fo-ur parts of sodium
chromate to one pait f 7.ummnium chloride. This provided a
proper delay in r6spese tn..Te and uniformity of corrosion.
The delay -,an be In-reased vith an increased concentration
of sodium -ýhravate. It wvs pointed out that when films are
sensitized, vurivAb1cs :,ther than temperature %nd humidity
have little it ar, effew.-.

The we:ok :f Bel•ser, et , 1 'e 5 included studies of
salt treated fiJ r ÷t6 early experiments. Since the use
of salt obs-:ared th? effe-:t of all variables other than
temperature ind humttiIy, the Frimiry effcrt was made in
the studies of unsensitized f'.rrs. In ccnjurn:tion with
this wcrk, effc~ts were made t: tra:.e Fcurces of inadvertent
sensitizati-.r.
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The work :f Belser and Hankinson( 9 ) indicated that the
films were being sensitized inadvertently by chemical fumes
of ferric chlorlde or nitric acid coming from a nearby
chemical laboratory. The contaminated specimens corroded
very rapidly upon subsequent exposure. To prevent a re-
currence, an inert gas dry box was constructed for use in the
preparation of specimens. It was indicated that exposure to
room temperat'ure should be held at a minimum.

In their work utilizing unsensitized films, Belser and
Engel(8) conducted extensive studies of bimetal layers of
iron and copper. A more noble metal in contact with the
iron was used to accelerate the corrosion of iron. It was
revealed that films of copper strips plus iron in a "ladder"
configuration produced resistance measurements that clearly
indicated differences in substrate cleaning. Difficulties
were encountered In the use of films prepared by simultaneous
evaporation of iapper ind iron due to problems in the control
of alloying propcrticns. This contributed to a large scatter
in corrosion rates Qb~erved.

Development of Corrosion Probes

The use of c¢orrosn,,n probes in monitoring corrosiQn in
refinery equipment was irvestigated by Freedman, et al I).
The principle of eLet.t resistance was successfully used
under all cnditions ,)f temperature and pressure encountered
in refinery e ions. CcTrosion rates in vapor and
liquid phases, with beth o-il and aqueous solutions, have been
measured.

With the AId of ccxrrosicn probes, corrosion rates were
determined qn*ntJAts.tive2y in 5everal ho'ý:rs as compared to
the months required fc: cxýupcn measuremerts, water analyses,
and unit irs.P;-tAo1s. The effezcts cf ceanges in unit oper-
ating proced-.res ' .orr;i•.n rates were observed shortly
after changes were made. Vaxicus corrosion Inhibitors were
nompared rapitay In sý.tual use. The probes were also found
to be very usef:1l Ir establishing corrcsi-nr rsates in sensi-
tive locatiris :r 1- rew rrrc'esses where little was known.

The Crest mr'e.t Divisicmn f Msgr.;. P-rducts, Inc.,
Santa Fe Sprigs Cslifsrnia, cuzrertly produces the Corroso-
meter which utlilzes the cozr-sirn pro~be. The probes can be
fabricated from rumerous metais in the fcr' :.f wire, strip or
tube, dependenr. u;:- the appli,:aticn. The unit provides con-
tinuous monitvring of small resistan'-e chs.nges in a corrosive
environment.

Belser •ar Enge!j.8.ý -da.pted the Ccr-csc.veter to study
the ccrrcsion -f rtbr met;l films. Ir:n 4nd :Dpcr were
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simultaneously evapccrated onto a glass slide. The coating
was divided, with one-hsif being left unprotected and the
other half coated with Glyptal.

Although time permitted only limited tests to be con-
ducted, the data ccl2Letted indicated the Corrosometer to be
a highly sensitive indicitor of corrosion of the metal film
tested and that it w,•.*Th be useful in more extensive studies
of corrosion. Additional work is necessary, however, to ob-
tain a more suftable coating than Glyptal for the reference
specimen.

Electrical Resistane Measursments

In the original work on thin metal films, Roller(l)
measured the electrical resistance per inch using an ohmmeter.
Since the film was only 1/8 inch wide, it was necessary to
use a correctirn fastor of 8 to establish the resistance per
square. The wozk reveiled that the electrical resistance of
an exposed film did n&,t in;rease to any great extent until
corrosion was well %dvanced and readily observed. At that
point the resistan&ce of -he specimen increased until almost
infinite values were obtained. It was indicated that resis-
tance values utilizing this technique approximated those ob-
tained by more elabcrate t echniques and provided a suitable
means of ccmparing film th"ckness and monitorlng corrosion.

The work of Bplser ard Engel(8) indicated that thin iron
films deposited by vacuum evapcration on clean glass slides
did not show any visuil corrosion after 60 days at 25 0 C and
70% relative humidity. However, careful electrical measure-
ments indicated small resistance changes of one to five per-
cent during the same period. Attempts to increase the
corrosion rates by r:ughten~ng the substrate, partially
oxidizing the film, plaing the film in tensicn, or utilizing
bimetal films of !-rcr and :cpper, were only rartially
successful. Although crTasion rates inc.reased by a factor
of two c7 tbree, data sn.itter was still widespread.

McCloud, i sl(W' fsrd that electric•aJ resistance in-
dicators ccrr.de at hbc Faxre rate as visual indic-tcrs when
factors influ-,'.-rg the r.•-z -f crxrsizn ,re hsld ccrstant.
Electrical induc.at(rs ge-.•11y he.ve ?n ini t lal resistance of
10 ohms. The res.t~n'e '.s: :rcrease by a fa.tc-r of 100 to
a value of _•000 oh pr rivlde a genersl c, mprison with
moderately _,rr-.deJ, vsul.l d'cators. Currently available
instrument3tAc.-n c.l.D f-r c,:¢rective ac+ti.on when the electri-
cal resistance -f I tn filT. Ycarhed 10CO rhms cr more.

Eleft ai ln3:c•t rs cf the ýýrd type, having at area
of 1.75 square i-.h-s ;-d the bu.;tton type hiving an area of
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0.12 ~cu~~~~3 ~ i~t~.The~ z&ard indicators were
most 1-:'ý ce zzI a:rg4-' 'b l Wh-'1e tests
of re~1iV.&t=. ý :.,e'i'~y siýwt sc-,Atering of
data pcints, it ;t 1~t;o:s. not effect
the reaistarzr-. C f fhu !LhTx jnt~il st ls,:it 3i"% of the area had
been cnrodsK-. It i ~~ed th .t ,Win s ir 2f i ant cor-
rosion t-f's, :rs howed only

Perfcor~.~,T~e E ý-7-trl,ý: ýC Le sl'i-rLz ce, IIdicaters

The ~r~ L : WC"Irk (not yet

This prc:ýject oi-fU11.ed the diffexent types of visual and
electrical tld fU Ir.i.'rtr tý: detect effects
on diff,;ýzent re~t'ýz '.In~ "t' Ta.stS were con-
dus:ted zt 80c: ar- :S1,i) tCt.g be-

steeKl arr Y' 4- T, Te me.asurements
were sbtsinsc* ne-..er..~.r~oso' The
meter, w,;,s etg. ;iA ; only wbethe;- sr xi'ni~ronment
Was g Lo - 71- pý,e vi.s rr fr-iT'J tr i tdi~cate the
degree c f cc,:: ,Frel P)F,' per-~

par~t ýiIr gr ý c,,p ~ fýt.Ilr ~ ~ ~
failure W 4"'- ;.r -i% i2 J while
the rnza.X.mum .n A :± 31 stt;c:: :- !sang humi-
dity c:it&. -t': r: ir ~;F ~~~ t:-me be~-
tweer, tN.he xr.,h~. t 4 s :, 7ý d'S Jd a

be de?:-.>..c, 4 -~ .Ls'mrs,' however,
the crrd=.E:f z-- ;rý ~~-rtts, having
a greate~ir J ~ .E~v~~E1 .Csaic
first. U-d~r- --. I ..- 2 r d-?tec~t

the' y- -1-

th; tt,-i' ry- ~~;w.~~ LI~:~d
the ' ~ ~; ' r ~ ~ . i '.r' h
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DISCUSSION

As indicated in the previous section, considerable effort
was expended in the evaluation of electrical resistance cor-
rosion indicators. Since this technique provides a rapid means
of detecting a corrosive atmosphere, it was necessary to esta-
blish their sensitivity in the detection of corrosion.

From the standpoint of handling or use, the indicators are
quite sensitive. It was revealed that precautions are
necessary ti prevent the indicators from being ±nadvertently
sensitized. Chemical fumes commonly present in a laboratory
will rapidly accelerate the rate of corrosion and thereby pro-
duce large inoreases in resistance.

In order to successfully utilize electrical resistance
corrosion indicators In corrosion preventive testing, it was
necessary to know if very vinor or incipft rusting could be
detected. According to Belser and Engel•°0 thin iron films
deposited by vacuum deposition onto clean glass slide did not
corrode to such an extent that it was visible to the naked
eye after exposure at 250C and 70% relative humidity in
periods greater than 60 days. Careful electrical measurements,
however, indicated small resistance changes of one to five
percent during the same period. This would seem to indicate
the presence of very mirvr ccrr:osion which could not be de-
tected by the naked eye.

The work cf Forest Pr(,ducts Laboratory, however, did
not indicate a very high degree of sensitivity utilizing the
thin film indicators. Widespread variation in results were
evident in tests conducted.

Belser and Engel(8, adapted the ccrrosometer for use
with a glass slide having a thin metal film. The data col-
lected indicated the corrcdecmeter to be a highly sensitive in-
dicator cf :,or~rs1cn and w:uld be useful in more extensive
corrosion studies. It was noted, however, that satisfactory
results could be cbtixLed cýnly after a thcro-ýgh check of the
electronic system and elG:ati~n cf variables in procedure.

There are other ra.tters that must be considered con-
cerning the use cf resistance iDdicatcts. The development
and investgative wcrk cn the :udfcatcrs %as cond,.cted under
carefully contr.:lled labrrat:ry condit;ons In al~wospheres
free of contaminant gasses ard ;articulate ccntamlration.
Since the surface of the irdicacr is so highly sensitized,
it is conceivable that a reaction could cccur between the
metal surface and sirb:-ne ccntaminatlcn such as sulfur
dioxide, bydr:gen z.lf'de, char.oal, dust, etc.
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The work of Rcnceray(il) describes the effects of con-
tamination. It was Tevcaled-that Lighly polished steel sur-
faces exhibited no csrrosion for eight months at static
humidities of 95 to 100 percent, using highly purified air
and water vapor. When the surfaces wexr prepared by ordinary
polishing procedures, impurities were retained in minute
grooves and fissures on the surfaces and corrcsion appeared
much sooner. Similarly, the introduction of contaminants to
the test environment could serve as an accelerator and pro-
duce corrosion in a much shorter period of time.

It should also be mentioned that available data an re-
sistance indicators was based upon tests conducted utilizing
bare indicators. In order to be successfully utilized in
corrosion preventive testing, the indicators must be coated
with the material to be tested, Current corrosion preventive
materials are highly fortified with additives to provide
corrosion protection, resistance to oxidation, water dis-
placing properties and suitable viscosity temperature charac-
teristics. With the high concentration of additives, it is
possible that a reaction may occur with the highly sensitized
surface of the indicator. This could result in corrosion
without the presence of a corrosive environment and thereby
produce erroneous results.

Based upon the information obtained in the literature
and work in progress, the current corrosion indicators have
not been perfected to such a degree that they can replace
the test panel in protection tests of corrosion preventive
oils and compounds. Prior to initiating a program of this
nature, it is recommended that work be conducted to refine
the current indicators to provide the sensitivity needed in
corrosion preventave testing.

The corrosometbr wculd, however, provide a satisfactory
and rapid means of comparing the corrosiveness of various
testing environments and would be of benefit in the corrosion
preventive program of this laboratory.
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