__UNCLASSIFIED

\0 282 937

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED




NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawlngs, specifications, or other
data 1s not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that mey in any way be related
thereto.




Best
Available
Copy



3%
1
S

Rock Island Arsenal
Laboratory Ff“

2829«

oPY

qo
Lp1
+
C TECHNICAL REPORT

ELECTRICAL RESISTANCE CORROSION INDICATORS
LITERATURE REPORT

AN
Q\

h — By R,
-1 b
c : : Robert E. Johnson .
1 R
[ e = I
|
N i Department of the Army Project No. 593-21-062
w ¥ Ordnance Management Structure Code No, 5010.11.80300-01
H
Report No,_62-1694 Copy No.
N IEL __]1-8-107-2_ Date_ 11 May 1963
l .
DISTRIBUTED BY THR THIS REPORT M2 ESTRO HEN
OFFICE OF TECHNICAL BERVICES NO LONGER nnugngg gw gg;ggzcg
U. 8. DEPARTMENT OF COMMERCE

VASHINGTON 25, D, C.




Report No., 62-~1694

Copy No.

ELECTR ICAL RESISTANCE CORROSION INDICATORS
LITERATURE REPORT

By

Roberl” Q.W

Robert E. Johnson
Approved by:

ya .

(A .C; )7/4p~«ab0m4
A. C. HANSON
Laboratory Director

11 May 1962

Department cf the Army Project
No. -21-

Ordnance Management Structure Code
No. 5010.11,80300-01

Rock Jsland Arsenal
Rock Island; Illinois

ASTIA Availability Notice:

Qualified requesters may obtain
copies of this report from ASTIA,




2 \V]

ABSTRACT / i

The work of the Air Force, Georgia Institute of Tech-
nology, Crest Instrument Division of Magna Products, Inc.,
and Forest Products Laboratory;~was 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 -ene to, five perceat’ by 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, toc 2 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 eliminatiorn of variables
in the procedureg(_n

There are other matters which must be considered coa-
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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RECOMMENDAT IONS

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 cof sensitivity of electrical re-
sistance corrosion indicators and relate resistance values to
visual deterioration of corrcsion preventive oils and com-
pounds.

INTRODUCTION

Current methods of determining the protective character-
istics of corrosion preventive cils and compounds involve
elither 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 methed 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 ccated with a very thin,
vacuum deposited film c¢f iron. The ircen film can be sensi-
tized with a salt to provide the proper response time for
packaging applicaticns. Suitable leads are attached and the
resistance is determined by use of an ohmmeter., A similar
indicator, withcut elecirical connecticns, is also available
where a visual examinati~n is sufficient. This method has
been successfully used to detect the rresence of a corrosive
atmosphere,

The se:ond prc.edure invclves the use of a corrosion
probe. The prchbe is c:nstructed of the metal for which cor-
rosion data is desired. A currently available instrument,
the corrosometer., utilizes an exposed metal specimen as one
arm of a modified Kelvin Bridge circuit and 2 second adjacent
arm of the bridge circuit of the same metal as the exposed
specimen. The seccnd specimen is coated with a highly
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corrosion resistant coating, and therefore retains its origi-
nal cross section. Both specimens experience the same per-~
centage change in resistance 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 tc determine the protective
properties of corrosion preventive materials, generally re-
quire that cocated and exposed test panels permit the formation
of no more than three corrosion dots, none of which is larger
than one millimeter in dilameter. It is not known whether
electrical resistance techniques are sensitive encugh to de-
tect such a light rusting condition.

This work will c¢onsist 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 corrusion and their application to corrosion pre-
ventive tasting.

PROCEDURE AND RESULTS (Literature Survey)

A search of the literature revealed numerous references
on the subject c¢f electrical resistance corrosion indicators
which are described as follows.

Development -f Tkin Film Indicstors

Roller(1) studied *be corrosicn rates of thim, continu-
ous, adherent, vatuum deposited films at various humidities
to determine their suitability as corrosion ipdicators. This
study revealed thir differences noted in the rite and amount
of corrosion appeared *u be due %o *the thirkness of the iron
film and the substrite employed. A Adefinite decrease in
corrcsion was evidert wheu the *hickness of the films were
too thick or thkin.  and whken a plastic, polymethacrylate resin
was utilized zs *the substrate rather ~han borosilicate glass.

McCTlovd, e~ a.*%' 31sc studied different variables and
found tbat “h'p fi.xs <-rrcded earlier. A filx thickness of
1000 Angstrors provided ‘ke best overall resalits, No diffi-
culties were ep-:.r-ezed i» obtaining 2 gocd cocating if the
surface hsd becpn degrzszced and dried pricr *- depocsition of
the filwm,

The work of R-1%er 1/ jodicsted that adscrbed gas layers
on the surface cf *he glass sitbstrites affected the rate of
corrcsicr. Th.s copndlit:cn was eliminated by removing the ad-
sorbed gas lavers by pcsitive ion bombardment, The presence
of adsorbed gas lavers was ccnfirmed by Belser &nd Hankinson 3.
The gas lever f.rn:shed “Le oxyger te<essary feor <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 ircon film acted as the anode in the presence of air
at 259 C and 70% R.H., Destructive oxidation of the film
thereafter proceeded by electrcchemical processes. The gas
layer was effectively removed by predeposition heating of the
glass substrate to 400°C.

In addition to iron, Belser, et a1(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 iror and copper exhibited corrosion
characteristics similar to iron except that their corrosion
rates were slightly greater.

McCloud, et al‘z>(4) found that pure iron does not
corrode rapidly enough or reliably enocugh 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 {gg a sensitized film was confirmed by Belser and
Hankinson who found that films sensitized by a salt or
hydrochleoric acid corrcded at 25°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 ¢f corrosive conditions.

In the prep &rati@n of a sensitized indicator,
McCloud, et al{2)(6)(7) utilized ammonium chloride in methyl
alcohol. The most suitable method of application was by
spraying the thin metal surfece. This procedure, however,
produced an indicatcr with a response time which was too
rapid for use in noirmal packaging coperations., It was
possible that swuch ap irdicator would show visual evidence
of corrosion privr to placerent in a package., This problem
was resclved by -asipg % orbination of four parts of sodium
chromate to cne par* >f smmoniur chloride. This provided a
proper delay in respconse *time and uniformity of corrosion.
The delay zan be in~reased with ap increased concentration
of sodium ~hromate. I* was pocinted out that when films are
sensitized, variables -ther than temperature and humidity
have 1ittle 1if apy effeu=,.

The work -f Belserxr, et 213/ .8 jncluded studies of
salt treated filws 1r *te early experiments. Since the use
of salt obs~ared *h= effe:+. ¢f all variables other than
temperature snpd humili=y, the rrimary effcrt wes made in
the studies of unsensitiied fiims. In ccpjurction with
this wecrk, effcxts were made t2 tra'e scurces of insdvertent
sensitizati~r,
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The work 5f Belser and Hankinson(g» indicated that the
films were being sensitized inadvertently by chemical fumes
of ferric chloride 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 g2s dry box was constructed for use in the
preparation of specimens. It was indicated that exposure to
room temperature shculd 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 «opper and iron due to problems in the control
of alloying proportioms. This contributed to a large scatter
in corrosion rates observed.

Development of Corrosion Probes

The use of corrosion probes in monitoring corrosi%n }n
refinery equipment was investigated by Freedman, et al 10),
The principle of electrical resistance was successfully used
under all conditions »f temperature and pressure encountered
in refinery cperations. Corrosion rates in vapor and

liquid phases, wi*th both ~il and aqueous scolutions, have been
measured.

With the &ifd of ¢crrosisn probes, corrosion rates were
determined quaantititively in severzl bours, as compared to
the months requirad forr c2upeon measuremernts, water apalyses,
and unit inspe-tiorns., The effests <f Coanges irn upit oper-
ating procedures vpop LarrLsicon rates were observed shortly
after changes were wade. Varxicus corrosion inhibitors were
compared rapiaiy 1in actual use. The probes were also found
to be very usef:l ir establishing corresicor rates in sensi-
tive lccaticns <r 2» new pronesses where l1ittle was known.

The Crest Irst~.rent Divisicn :f Magr: Praducts, Inc.,
Santa Fe Sprivgs. Califzcrria, currertly prcduces the Corroso-
meter whick uwtilizes the corrcsion probe. The probes can be
fabricated frcm pumerous metals in the fcrxw -f wire, strip or
tube, dependen* w;~<r *“he aprlicaticn. The unit provides con-
tinuous mcnitoring of small vesistance chzpges in a corrosive
environment.

Belser :rd Engeltaf zdsapted the Ccrrcscreter *tc¢ study
the ccrrcsion % tbir wetzl films, Ir»n snd <orper were
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simultaneously evapcrated onto a glass slide. The coating
was divided, with one-~half being left unprotected and the
other half coated witk Glyptal.

Although time permitted only limited tests to be con-
ducted, the data ccllected indicated the Corrosometer to be
a highly sensitive indicator of corrosion of the metal film
tested and that it would be useful in more extensive studies
of corrosion., Additional work is necessary, however, to ob-
tain a more suitable coating thaa Glyptal for the reference
specimen,

Electrical Resistance Measurements

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 ceorrection factor ¢f 8 to establish the resistance per
square. The work revealed that the electrical resistance of
an exposed filwm did not increase teo any great extent until
corrosion was well advanced and readily observed. At that
point the resistance of the specimen increased until almost
infinite values were obtaired., It was indicated that resis-
tance values utilizirg this technique approximated those ob-
tained by more elaborate techniques and provided a suitable
means of comparing film thickness and monitoring corrcsion.

The work of Belser srnd Engel(s) indicated that thin iron
films deposited by vacuum evapcration on clean glass slides
did not show any visual corrosion after 60 days at 259°C and
70% relative humidity. Hcwever, careful electrical measure-
ments indicated srall resistance changes of one to five per-
cent during the same periocd. Axtempts to increase the
corrosion rates by r:ughkening the substrate, partially
oxidizing the film, placing the film ip tensicn, or utilizing
bimetal films cof ‘ror acd cpper, were only rpartially
successful. Although cirrosian rates increased by a factor
of two cr tbree, gdata statter was still widespread.

McCloud, €~ 2111} f-urd that electricazl resistance in-
dicaters ccrr.de at *he cime rate a3s visual indicatcrs when
factors influen-ivrg the ra<=z ~f c¢crxcsion 2re held corstant.,
Electrical indicatcrs ge-srally have 2an init1al resistance of
10 ohms. The resictzpse =us® rrcresse by a fattcr of 100 to
a value cof ..000 <“hrs <. pr~vide 2 gepner2l comparison with
moderately c:orr-ded visusl indicasors., Currently available
instrumentat:.:n calls f-r corrective action when the electri-
cal resistance -f <he falm rezached 10C0O ~Lhms or mgre.

Bleztr1.51 apaxc2t-rs of ¢the zerd type, having ar area
of 1.75 sguare 1~.hes 3-d “he button type having an area of
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0.12 squaxe A bres vwers daviloped. The card indicators were
most suitabh = do e T Fan Lirger srea aviilable, While tests
of rezlicais spchhz.’\s: sodivaten Cnly shight scattering of
data points, It %es rewsalzd thet corsoslioin 4id not effect
the resistan—e cf 22e £ilr ntil ot lesst 2% of the area had
been corrodecd, It was revesled that when significant cor-

rosion was tressenn oo Lrhir filws, hardware i<ems showed only
mipor corrss XK.

Perforrance Eestos Utrilizing Ei=2stricel Re ~2nee Indicators

) L3
1 . A S X O W e

The Feres, Produsts Labordtary conduoizc work (not yet
publ""had‘) o 4= ermidne ths suitabldlity oFf corrosionm indi--
cators utiliz:: g trzo fulr Llsdacatore,

This provjec t unillized the different types of visual and
electrical thair film drdlcstors to detect corrosive effects
on different met 2ls rp varicas gawwlromnmsnits, Tests were con-
ducted &t 80““ ar: Q| 20’9? gd relative bumitities yanging be~
tweer 30 ard 05% wrnmlimAng stesl, Tmagresivm, <cadnium-plated
steel ang alwarinorm ners. The elentrizzl measurements
were oktzined nw .‘il:’, zing 3 povtainle corrosion me.er, The
meter was desiireld ~o indireae only whether zn eavironment
was goo>d or Fhaad,  There was no pzovision made to dindicate the
degree <«f Corres dveress, Forsst Poodwst: Luboratory per-
sonnel added % gxiloiteld scoele 0 A5 tr be akle to determine
changes .n ve fis ter~: betweszr Arspe.niows.

The test re s, s gxhibited wides rwad variasion. In a
particulsr gr eup of ttip fAlm test specamsTy LhE ominimum
failure fyrs  for ar 1a220fdua Sp& nimen o was 1S hmmxa, while
the maximum * =& wiz 34 bours, Jedar statin ox wising humi-
dity corditic.we wre 1 fFfewenc: dp sversge failuxe time be-
tweer. the ini:fa‘""s ird nea orennl , rovided a
reasuaible tame peEriid U0 wauoh 3 dtion could
be dezeited & v L reued, Uvdie twilas oomaitiove, bowever,
the ordsr 2f - ~s.lr Wi veversed, The s4::) narts, havipg
a greatsy mas F 1Ayt ot "ANTENT o R, exb N el ondensation
first., Urder ..} . ¢ «te 273078 Als not detect
the preseq-s  F = 0 anrnapkeres, I wno :nﬁﬁcated
that «t. s “oeaews oo Lo k1 pouhevir pe oo wea by attaching
the »rdiiztyr & 4. e v 0 he LiRaged o te

Cermna B R O R (R A SR 3o toratie
alarw dvvize % =pr .. vwh: pr-scepue f 3 coelne atmcs~
phexe by » £ =k tey gk, Tror renkirg witt the 2orrosion
metes the ‘nd Lc: tIvs oaroued A A LA -

The ;oaby “sbewr =gt o- shs v ce- e Y will prowide
complese wrf. =~ 7 o 3rd dz: zr7r o oneg vy JriAvrmine the
bgsis frx *the ¢ -5t . v st thritien,
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DISCUSS ION

As indicated in the previcus 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 to prevent the indicators from being inadvertently
sensitized. Chemical fumes commonly present in a laboratory
will rapidly accelerate the rate of corrosion and thereby pro-
duce large increases in resistance.

In order to successfully utilize electrical resistance
corrosion indicators in corrosion preventive testing, it was
necessary to know if very wminor or incip}ggt rusting could be
detected. According to Belser and Engel thin iron films
deposited by vacuum deposition onto clean glass slide did not
corrode to such an ex*ent 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 cne to five
percent during the same period. This would seem to indicate
the presence of very mincr corrosion which could not be de-
tected by the naked eve,.

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

Belser and Engel(s) adapted the corsosometer for use
with a glass slzde having a thin metal film. The data col-
lected indicated the corrcscometer to be a highly sensitive in-
dicator cf c<orzr-sicn and wiuld be useful in more extensive
corroslion studies. It was noted, however, that satisfactory
results could be cbtained ¢nly after a thcraugh check of the
electronic systew and elim:nati>p cf variables in procedure.

There are other ra‘ters that must be rcnsidered con-
cerning the use cf resistance ipdicatcrs. The develcpment
and investigative work cn the ondicatcrs was conducted under
carefully con*r-lled labecrat:xy conditions in atwospheres
free of contaminant gasses and particulate crcntamiration.
Since the surface of tke :rd-za<cr is so highly sensitized,
it 18 conceivable *kat 3 reaction could cccur between the
metal surface and sirb:vpe contaminsticn, such as sulfur
dioxide, bydrzgep s.1fld=, charccal, dust, etc,
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The work of Rocnceray(1ll) describes the effects of con-
tamination. It wgs revcaled -that Lighly polished steel sur-
faces exhibited no coarrosion for cight months at static
humidities of 95 to 100 percent, using iighly purified air
and water vapor. When the surfaces wexc prepared by ordinary
polishing procedures, impurities were rctained in minute
grooves and fissures on the surfaces and corrgsion appeared
much sooner. Similarly, the introducticn of contaminants to
the test enviromnment could serve as an accclerator and pro-
duce corrosicn in a much shorter period of time.

It should alsc be mentioned that available data on re-
sistance indicators was based upon tests cconducted 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 pnresence 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 protecticn 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 preventive ‘esting.

The corrosometzr wculd, however, provide a satisfactory
and rapid means <f comparing the corrosiveness of various
testing environmenis and would be of benefit in the corrosion
preventive program of th:s laboratory.
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when examined visually, provided small resistance changes of one
to five percent by careful electrical measurements during the
same period., Although each individual electrical indicator de-
tected corrosion, variation in response or lack of reproductbility
indicated an undesirable factor for use 1n field tests.

The adaptation of the corrosometer, originally designed to utilize
probe type specimens, to & glass slide having a thipn metal film,
provided a high degree of sensitivity. Satisfactory resuilts

could be obtained only after a thorcugh check of the electronic
system and elimination of variables io the procedure.

There are otner matters which must be considered concerning the
use Gl corrosion indicators. The uighly sensitized surface
presents the possibility of a reaction with contaminant gases
ana particulate contasination., In addition, with the nigh con-
centration of additives 1ln COrrosion preventive materials, 1t 18
possible that a reaction may occur vetween the addiiives and the
sensitized surface. Such reactions would te undesirable Since
they would produce changes 1in electrical resistance without the
presence of a currosive environmens.

when examined visually, provided small resistance changes of ose
to five percent by careful electrical measurements during the

same period, Although each individual electrical indicator de-
tected corrosion, variation in response or lack of reproducibility
indica‘*ed an undesirable factor for use in field tests.

The adaptation of the corrosometer, origioally designed to utilize
probe type specimens, to a glass slide having & thin metal film,
provided a high degree of seunsitivity. Satisfactory results

could be obtained only after a thorough cneck of the electronic
system and elimination of variables ia the procedure.

There are other matters which must be considered concerning the
use of corrosion indicators. The highly sensitized surface
presents the possibility of a reaction with contaminant gases
and particulate contamination. In addition, with the high con-
ceatration of additives in corrosion preventive materials, it 1is
possible that a reaction may occur betwoen the additives and the
sensitized surface. Such reactions would be undesirable since
they would produce changes in electrical resistance without the
presence of a corrosive environsent.

when examined visually, provided small reslstance changes of one
to five percent ) careful electir:ical measurements during the
same period. Although each inaivid.al elecirical indicator de-
tected corrosion, variation in response or lack of reproducaitalit.
indicated an undesiratle factor for .se in field lesis.

Tae adaptation of the corrosometer, riginally designed 1o uiilize
probe type specimens, to a glass sl:de N&ving & thin metal fiim
provided a high degree Of sensitivity. Satisfactor. r auite

could be obtained only afier a thorougr checx of the electlronic
syStem and eiliminatlon Of varia:les in the prucescre .

There are oirer matters wn:.co. ~8°7 Le cons.lered <o, Cer
«se ol ¢orros.o ind.cators T.e n. sens t:zed surface

preésents [he pouss.i0l.:ty Of a reacii.- w CenLlar. Aan! gases
and particulate contamination. in add, . Wit e aagh (urn-
centration of aaditives .n COrT oS, un jre.ent.ve aaler .ajls PR
posSSiile thal & reactlon ma. uCc.r e.wee:. 'ne additl . »s ang !:e

sens:itized surface. Such react:yns #o. d e .odemira e Siagce
tney would produCe ChHaNges .I €lecir:ca., res.s ance w thoet tne
presence of & corrusive env.ronme:r:

whesn examined visually, providec Small resisiance chapges of one
to flve percent by careful electrical measurements during t*-e
same period. Although each indivicua! electirical indicator ce-
teclea cOorrosion, variation in respounse ur lack of reproduriztlily
indicated ag undesirable factor for use Ir f;elcd tests.

The adaptation of the corrosometer, uriginally designec tc .tilize
probe type specimens, (O & ylasa slide having 3 thin meta. fiim,
provided a high degree of sens tivity. DSatisfactory results

could be obtained only after a thorough check of the sle.ironic
3ystea and elimination of variavles 1in the procedure.

There are ather mallers whicn muS® bLe <unsidered concerrirg tne

use of corrosion indicators. Trne “:gniy sengitized surf{acwe
presents the pnssibilily of a reactior ¥.l. CUNt&mInANt gAses
and particu.ate contamiration. Io add:tior.. with tne high cog-
centration of additives 1n corrosion presentive materia.s, U is

possivle that a r~action may oCcur uelween the additives srnd :ne
sensitized surface. Such reactions wouid be undesiratle since
they would produce cnan,es in ejlectricsl res:stance without the
presence of a COrrosive environsent




