“1- TITLE OF THE | NVENTION . CoRROs! N VN PRK RG
FI ELD OF THE | NVENTI ON' The present invention relates to a nethod,
a test coupon, and an apparatus for nonitoring corrosion of a nmetal nenber
used in a-chemcal plant or the like and, particularly, to a nethod and an
apparat ys:for nonitoring corrosion of the netal nenbers under heat

transfer conditions. Mre particularly-ithe present invention relates to a

met hod "and- e fPRTREUSNVIONTIONI t ori ng corrosion of the metal nenber by
preparing a test coupon of the same or simlar material as the netal

menber, and neasuring extent %@Rﬁéﬁf@ﬁil\ﬁﬁl\ﬁh)kﬂ@é est coupon.

The present invention also relates to a test coupon for nonitoring
corrosion of a nmetal nenber such as a netallic heat exchanger tube in
contact with water and to a corrosion nonitoring nmethod and apparat us

using this I i1, the present invention relates to a
netallic téégfbo(ﬁgwgéﬁel ded portion, a crevice or gap, and a
heat conductive portion which are brought in contact with water and to a
corrosi on noni t oriNsPresERtBYENANE relpiss o methagd atestcanpe: eadhan arpagpincior and

preci si on predi ction of corrosion of a netal nmenber such as a netallic
heat exchargenitoringorrosion pESORIAPTcOeOBcR R OrhenrTal plant or the like and,

particularly, to a method and an apparatus for monitoring corrosion of the rhctal
members under heat transfer conditions. More particularly, the present invention
relates to a method and an apparatus for monitoring corrosion of the metal member by
preparing a test coupon of the same or similar material as the metal member, and
measuring extent of corrosion of the test coupon.

The present invention also relates to a test coupon for monitoring corrosion of
a metal member such as a metallic heat exchanger tube in contact with water and to a
corrosion monitoring method and apparatus using this test coupon. In detail, the
present invention relates to a metallic test coupon having a welded portion, a crevice or
gap, and a heat conductive portion which are brought in contact with water and to a
corrosion monitoring method and apparatus which can actualize quick and precision

prediction of corrosion of a metal member such as a metallic heat exchanger tube.

DESCRIPTION OF PRIOR ART

In a chemical plant, metal members of different materials and configurations
are used as its structural members. Corrosion of these metal members finally brings
about a penetration accident that occurs a serious problem such as shutdown of the plant,

contamination to products, or the like. Techniques are demanded for measuring



In a chem cal plant, netal menbers of different materials and
configurations are used as its structural nenbers. Corrosion of these
metal menbers finally brings about a penetration accident that occurs a
serious problem such as shutdown of the plant, contam nation to products,
or the like. Techniques are demanded for neasuring

-2- corrosion reaction and/or rate on st+drctural nenbers of a chenical

plant, and wéfdsaiieadRRANR: tRE oWﬁrﬁﬂﬂe&B&s GehChethieh ﬂ1£ﬁcz§ﬂd‘2@gégsd’ o

rate |ncI uding the foll ow ngs have been teste 322831
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corrosion o Gl l{aA pi pelines by nmeasuring the corrosion potential. _
The corrosi gnenr e of netal changes according to tenperature condition in
such a manner th t }he %% sion rate of netal in contact with liquid
tends to increase?as!he géﬂperature I ncreases. Exanpl es of netal nenbers,
of which terrperature increases, as structural nenbers of a chemical plant
are a heat exchandjerVU E‘W%bﬁﬁ@(&ﬂd‘hd%&)ﬂk t hr ough whi ch heated |i quid
passes, and so on. Di scl osed in the above i), iii) is an assenbly for
moni t ori ng cor r osiipnUSR 45686854 Asgst8aP8ipder heat transfer conditions

Disclosed in the above i) is a method for monitoring pitting corrosion on actual
pipelines by measuring the corrosion potential.

The corrosion rate of metal changes according to temperature condition in such
a manner that the corrosion rate of metal in contact with liquid tends to increase as the
temperature increases. Examples of metal members, of which temperature increases,
as structural members of a chemical plant are a heat exchanger, a piping and a tank
through which heated liquid passes, and so on. Disclosed in the above i), iii) is a.n
assembly for monitoring corrosion in a fluid system under heat transfer conditions
which include a tube-like electrode and an electric heater within the electrode.

The above i) through iii) have the following problems.

In the method of i), the same metallic material as used in an actual plant,
however, heating and heat transferring are not conducted. Therefore, it is difficult to
monitor corrosion on heat transferring portions which are most easy to corrode in the
actual plant. ~ Since surface finishing is conducted, it is difficult to provide precise
monitoring because the condition of surface is different from that of the actual plant.
The monitoring assemblies of ii) and iii) are complex and have a danger of overheating
in case of failure of heating control portion because of using a temperature sensor such

as thermocouple.  The utilization of the assembly in an actual plant may be limited.



whi ch include a tube-like electrode and an electric heater within the

el ectrode. The above i) through iii) have the foll ow ng problens.
In the method of i), the sanme netallic naterial as used in an actual plant,
however, heating and heat transferring are not conducted. Therefore, it is
difficult to nonitor corrosion on heat transferring portions which are
nost easy 'to corrode in the actual plamd- Since surface finishing is
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a tenperature sensor such _as thernocouple. The utilization of the assenbly
in an act u®e tlﬂ:feamcre,lmyn%%asmgrﬁopfeﬁgg manufacturing the device. There is also a problem

- 3- The method disclosed iniii) is prepari n? heat transfer

condi t i onsofygquirisg an addjtionah mounting work. héhersr is wiili hiproti¢ne that the mesalipiede | t
requires a device for flowing liquid out of the tube, thereby increasing
cost for nfoncobacdion mogitdrieg id duiited to Bé of mbe sonfigumatmnpnd bhae the egéluatdepisr i ng an
addi tional nmounting work. There is still a problemthat the netal piece

f or corr osingde ﬂmyhbwtithtgodt&dukﬁbé@ﬂhémbbe of tube configuration and that
the evaluation is nade only about the outer surface of the tube.

In general, cor rHx%eﬁ@ra[,%§ﬁ§§i@ﬁ‘{'csf§?aﬁl@hﬁta¥s%ﬁhh %stﬁﬁ%s@ét@&%rﬁé%ﬁba@ﬂ &
passivated in fresh water, for exanple, in a cooling water system and they

are known ﬂ?.shc\%t&? %r%'}ample, in a cooling water system and they are known as corrosion

resistant materials. However, as there is a structural crevice or an accretion crevice
produced by fouling, corrosive ions such as chloride ions should be condensed so that
there is possibilities of producing localized corrosion such as crevice corrosion and
pitting corrosion. In this condition, when tensile stress is applied, there is further
possibilities of stress corrosion cracking with the crevice corrosion and pitting corrosion
as starting points ("Zairyo-to-Kankyo" 41 (1), 56, 1992 by Masahiro Nakahara). It is
known that such stress corrosion cracking is apt to occur under high temperature
conditions when the chloride content is constant (Journal of Japanese Petroleum
Institute, 13,555, 1970 by Tomoyoshi Nishino, Mamoru Fujisaki).

Conventionally, one of known methods for evaluating stress corrosion cracking
of corrosion resistant metals such as stainless steel comprisés steps of immersing a test
coupon, which is made up of two metal pieces joined by welding, into test water for a
long period of time and, after that, observing the status of corrosion at portions
surrounding the welded portion ("Zairyo-to-Kankyo" 43 (3), 126, 1994 by Toshio

Adachi).

As cracking or penetration is caused in a pipe materials used, for example, in a



resistant materials. However, as there is a structural crevice or an

accretion crevice produced by fouling, corrosive ions such as chloride

i ons shoul d be condensed so that there is possibilities of producing

| ocal i zed corrosion such as crevice corrosion and pitting corrosion. In

this condition, when tensile stress is applied, there is further

possibilities of stress corrosion cracki-dg with the crevice corrosion and
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by Masahiro nown at such &tress corrosion cracking is
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nmetal s such as stainless steel conprises steps of immersing a test coupon,
whi ch i s neiPredictdng) comosien af mpliab adncthesd for mopiforipg Hiecgrrosion potential ofieer f or
a long period of time and, after that, observing the status of corrosion
at port i onsmetglLiinrafystgimgherp éhenmetdbandowater ayp i cangdct withteachkethiris knatgn ( 3)

126, 1994 by Toshio Adachi). As cracking or penetration is
caused i n aJPAPEO84aoRri al s used, for exanple, in a

-4 - heat exchanger by the progress of l|localized corrosion, it |eads

serious probl em swGlenésl, coimentiond) cofrodiBremphitdting if benidicdody ifibrdifg A Ng
techni que for predicting the generation

plate-like test coupon in a water system to be monitored. However, the test coupon has

a uniform metal surface and neither a structural crevice where crevice corrosion and
pitting corrosion are apt to occur nor a portion under tensile stress required for cracking
is applied. There is a problem that the test coupon has low corrosion sensitivity for
localized corrosion such as crevice corrosion and stress corrosion cracking.

As another one of conventional methods, there is a method in which variation
in corrosion potential of a test coupon or tube during flowing water in a monitored
system is monitored on the basis of a reference electrode. In this method, the water
temperature about the test coupon is often lower than that of a heat conductive portion
where local corrosion of corrosion resistant metal is apt to occur, for example, in an
actual heat exchanger. This means that the evaluation is not conducted in the

environment that corrosion problem is apt to occur.

OBJECT AND SUMMARY OF THE INVENTION
It is an object of the present invention to provide a method and apparatus of
corrosion monitoring which allows easy monitoring (observation) of corrosion of a

member in an actual plant under heat transfer conditions.



of corrosion is inportant. As one of conventional nethods for nonitoring

(observi ng

i n cont act

conventi onal

or predicting) corrosion of netal, a nethod for nonitoring the
corrosion potential of the nmetal in a systemwhere the netal and wate
wi th each other is known (JPA 5-98476). I n general,
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corrosion nonitoring is conducted by imersing a plate-Ilike
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this method, the water tenperature about the test coupon is often | ower
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of corrosion nonitoring which allows easy nonitoring (observation) of
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corrosive fluid; detecting extent of corrosion of the test coupon; and monitoring the
corrosion of the metal member based on the results of the detecting.

A corrosion monitoring method of a second aspect is for monitoring corrosion
of a metal member under heat transfer condition which corrodes during in contact with
corrosive fluid. The method comprises steps of: immersing a counter electrode or a
reference electrode in the corrosive fluid, heating one surface of a test coupon made of
the same material as that of the metal member by a sheet-like heating element; bringing
at least one portion of the other surface of the test coupon into contact with the corrosive
fluid; measuring electrical signals between the test coupon and the counter electrode or
the reference electrode; and monitoring the corrosion of the metal member based on the
results of the measurement.

A corrosion monitoring apparatus of a third aspect is for monitoring corrosion
of a metal member under heat transfer condition which corrodes during in contact with
coaosive fluid. The apparatus comprises: a test coupon made of the same material as
that of the metal member; a sheet-like heating element for heating one surface of the test

coupon; and a detecting means for detecting the status of corrosion of the test coupon

OBJECT AND SUMVARY OF THE | NVENTI ON
c@BRAr at us



- 5- It is an object of the present invention to actualize the

noni toring under conditions sinmulating the environnent that corrosion
problemis apt to occur in an actual plant. A corrosion
nonitoring nethod of a first aspect is for nonitoring corrosion of a netal
menber under heat transfer condition which corrodes during in contact with
corrosive fluid. The nethod conprises stéps of: heating one surface of a

test coupon, gade.gf %ma o B g BRI G oc 39 k1% cBlpdl I bIRER i FERE Y

sheet-llke atlng ngin

surface of the test pon Into contact with the corrosive fluid;
detecting & ‘i‘é‘?ﬂosb“fe r05| on of the test coupon and nmonitoring the
corrosion of the netal .nenber based on t esul ts qf the detecting.,

A corrosi on noni tOFPTERFIFPABLLIES apPARLYS aaf% #sPPet 13 for mARiPEIRg FofEpSion
corrosion of a netal nenber under heat transfer condition which corrodes
during in cuntmeetel mpmber undes kest transfersogditipnavhish s desimsaseselers itdp i of -

i mMmersing a counter electrode or a reference electrode in the corrosive
flui d, heatdontpcowith sonrésieeflaifl. Fhe apparatusgomprisesie cofintex ¢lectmdmor awtferened as
that of the nmetal nenber by a sheet-like heating el enent; bringing at

| east one psdtiods tobe infiersédiito thelchbaosivofluidhe tdsecduponufade of thegament act wi th
the corrosive fluid; nmeasuring electrical signals between the test coupon

and the COL&ﬁsteﬁaleﬂseﬁétro@f}ﬁ fétal hbBbéreh %&ﬂﬁke Btk eRGent R deiigidRr i Ng the
corrosion of the netal nenber based on

surface of the test coupon; and a measuring means for measuring electrical 31gnals
between the test coupon and the counter electrode or the reference electrode when at
least a portion of the other surface of the test coupon is brought in contact with the
corrosive fluid.

The heating element may be controlled its temperature by a temperature
control means.

According to the methods and apparatuses of the present invention, the test
coupon corrodes in the same conditions as that where the metal member is positioned in
an actual plant and extent of corrosion of the test coupon is directly measured, thereby
achieving precise monitoring of corrosion of the metal member in the actual plant.

The test coupon may be positioned under the same heat transfer conditions as the actual
member, thereby actualizing quite-precise monitoring of corrosion of the actual member.

The present invention provides also a test coupon for corrosion monitoring of
the metal member. The test coupon is made of the same material as that of the metal
member, and has a welded portion, a crevice, and a heat transfer portion.

An embodiment of the test coupon comprises a plurality of (including two)

metal pieces which are put on each other, and are partially jointed by spot welding to



results of the measurenent. A corrosion nonitoring apparatus of a
third aspect is for nonitoring corrosion of a nmetal nenber under heat
transfer condition which corrodes during in contact with corrosive fluid.
The apparatus conprises: a test coupon nade of the sanme material as that
of the metal nenber; a sheet-like heating el enent for heating one surface
of the test coupon; and a detecting neahs for detecting the status of
corrosion of the test upon . ' .

-6- when at™Ye3pefes EHSE‘%VV%FP gsportions sthex thag the spol-widdediportions  ¢oupon i s
brought in contact with the corrogsive fluid. A corrosion

moni t ori ng appar 2§ thy manitering methed ard apparatsy ofifhe pressnt iy eRI YEPISKS of a
metal nenber under heat transfer condition which corrodes in case where it
is in contueha gt ¢pupeR hedng @ Welded portime a spRyiceatngsa keshiypnsiarportipncandnt er

el ectrode or a reference electrode to be imersed into the corrosive
fluid;, a testiattmupeoemeside pofentidlef sizntest conpar is aloniteredhtherebly prévisehyet al

menber; a sheet-like heating elenent for heating one surface of the test
coupon; andnénitdeiag lsdah gorfssiviscalising aeegusiomgrobleat df a matal iegidat & anetuaben t he
test coupon and the counter electrode or the reference el ectrode when at

|l east a porjiipn of the other surface of the test coupon is brought in
contact with the corrosive fluid. The heating el enent may be

controlled its tqypes AbihPint¥ntibrl & TREE- Bk héating MUt i8R Eably attached to

one side of the test coupon. The monitoring is conducted with heating the test coupon
by the sheet-like heating element, thereby enabling local corrosion at high-temperature

portions in the actual plant to be precisely monitored.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1a, 1b are structural views of a test coupon for corrosion monitoring, Fig.
la is a plane view thereof and Fig. 1b is a side view thereof;

Figs. 2a, 2b are structural views of a test coupon for corrosion monitoring, Fig.
2a is a plane view thereof and Fig. 2b is a side view thereof;

Figs. 3a, 3b are structural views of a test coupon for corrosion monitoring, Fig.
3a is a plane view thereof and Fig. 3b is a side view thereof;

Figs. 4a, 4b, 4c are structural views of a test coupdn for corrosion monitoring,
Fig. 4a is a plane view thereof, Fig. 4b is a side view thereof, and Fig. 4c is a sectional
view taken along a line IVC-IVC of Fig. 4a;

Figs. 5a, 5b, 5S¢, 5d are structural views of a test coupon for corrosion
monitoring, Fig. 5a is a plane view thereof, Fig. 5b is a sectional view taken along a line

VB-VB of Fig. 5a, Fig. 5c is a sectional view taken along a line VC-VC of Fig. Sa, and



According to the nethods and apparatuses of the present invention, the test
coupon corrodes in the sane conditions as that where the netal nenber is
positioned in an actual plant and extent of corrosion of the test coupon
is directly neasured, thereby achieving precise nonitoring of corrosion of
the netal nenber in the actual plant. The test coupon may be positioned
under the sanme heat transfer conditions-gs the actual nenber, thereby

actual i zing.quite precise nitori of .corrosion of the actual menber.
The pr esen%lg'%ﬁ?%&?w&ﬂ%é?‘tﬁms‘ggéoﬂ% ®%eoupon for corrosion nonitoring
of the netal nenber. The test coupon iis nade of the sanme material as that
of the metal  mdi®dris asghematic viewdiustatingothe itesh coupog,of theqaesenhigventiona
transfer portion. An enbodi nent of the test coupon conprises a
plurality of (i ndiigsi7ag/t, e,)7d arpsiregturpl Wews shiying adest conponof ae gxdmnpie REr |
and are partially jointed by spot welding to

- 7- have spheerstmidmwehtbomeen at portions other than the spot-wel ded
portion. Since the nmonitoring nmethod and apparatus of the present

i nvention enpl oysFigs8ishnaxpRsitopoHew Nllsavdiingadexuipgie of grdsionmmontitogingVvi ce,
and a heat transfer portion and variation in corrosion potential of the

test couponyipodsihg HeAdst colFERMwilif Figseya/ thréiphi#Aa9r i ng | ocal corrosion
causing a corrosion problemof a metal nmenber in an actual plant.

I'n the present | Hen ioeraph $1838h boskit $1GAasRRnRESRRY,. &5 Pref erably

attached to

Fig. 10 is a schematic diagram showing a water system of a pilot plant where

corrosion monitoring is performed.

PREFERRED EMBODIMENTS

Hereinafter, embodiments will be described in detail with reference to
drawings.
Embodiment of Figs. 1a, 1b

Fig. 1a is a plane view of a test coupon to be used in a monitoring method
according to the embodiment and Fig. 1b is a side view thereof.

A plate-like test coupon 1 is made of the same material as a metal member of
an actual plant. The test coupon 1 is provided with a sheet-like heating element 4
which is bonded to the entire rear surface of the test coupoﬁ 1 by adhesives 5. The
sheet-like heating element 4 is a plate comprising a heating resistor 2 made of thin
metallic foil which is arranged in zigzag shape and an insulating synthetic resin 4a
wherein the resistor 2 is molded in the synthetic resin 4a. Ends of two coated lead
wires 3 are also molded in the synthetic resin 4a. The cores (not shown) of the coated

lead wires 3 extend still outside of coated portions and to be connected to both terminals



one side of the test coupon. The nonitoring is conducted with heating the
test coupon by the sheet-like heating el enent, thereby enabling | ocal
corrosion at high-tenperature portions in the actual plant to be precisely

noni t or ed. BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. la, Ib are
structural views of a test coupon for corrosion nonitoring, Fig. lais a
pl ane view thereof and Fig. |b is a sidegu ew thereof; Figs. 2a,
2b are structural .views of a test coupon for corrosion nonitoring, Fig. 2a
is a plane Y isdRHRS BSPIOIZTBPEIVIY. | s a side view thereof; Fi gs.

3a, 3b are structural views of a test coupon for corrosion nonitoring, Fig.
3a is a plane vi dWetestFapoOndng brgught iygoptactwith garesive,flyid dp dsfactual plant

Figs. 4a, 4b, 4c are structural views of a test coupon for corrosion

noni t or i ng,and Hiecureeat foghetest eonpon iL dwcantiotled in suph g manper thatthe tegbcappenl
thereof, and Fig. 4c is a sectional view taken along a line IVC1VC of

Fig. 4a; is subjected thithssantecheabtyansber, cohditiansasshatiod ther metal/memberods aa t est
coupon for corrosion nonitoring, Fig. 5a is a plane view thereof, Fig. 5b
is a sectiQﬂ@litoyﬁlgmjeakmnhabaﬁmp@aﬂtj ne VB-WB of Fig. 5a, Fig. 5c is a

sectional view taken along a line VCVC of Fig. 5a, and

-8- Fig. 5d is awhadmeRLbolgdd PRKES R 1 afdreflRALsKdUonditions, the status of
corrosion of the test coupon 1 is continuously or intermittently measured. lBased on
the results of the measurement, the member in the actual plant is monitored.

The method of measuring the status of corrosion of the test coupon may
include visual observation and/or measurement of corrosion rate. The visual
observation enables the determination whether the test coupon is corroding or not and
the discrimination of the form of corrosion (for example, pitting corrosion, crevice
corrosion, the form and shape of local corrosion such as stress corrosion cracking) as
well as the rough measurement of corrosion rate.

When the test coupon is made of corrosive resistant metal such as stainless
steel, copper, or copper alloy and is however corroding, tlhc visual observation can
measure the number and the depth of pits produced by pitting corrosion. For
measuring the depth, a'dcpth micrometer, a dial gauge, a microscope with focussing
scale, or a surface roughness measuring equipment using laser microscope may be
employed.

The corrosion rate can be measured based on a time period of contact of the
test coupon with the corrosive fluid and variation in weight before and after the contact.

Concretely, the corrosion rate and the penetration can be obtained by the

following equations (1), (2):



Fig. 6 is a schematic viewillustrating the test coupon of the present

i nventi on; Figs. 7a, 7b, 7c, 7d are structural views show ng a
test coupon of an exanple of the present invention; Fig. 8 is an
expl anatory view illustrating an exanple of corrosion nonitoring nethod
usi ng the test coupon shown in Figs. 7a through 7d; Fig. 9is a
graph show ng results of neasurenent of Fig. 8, - Fig. 10 is a
schemati c di agram showi ng a water system,qf a pilot plant where corrosion
nonitoring is perforned. PREFERRED ENé | MENTS Her ei nafter,

enbodi nents wll be described in detail with reference to draw ngs.
Enbodi nent of Fi §Lmosin ratg (mdd) = (M, —~M)¢(SI'd)is a plane view d)a test
coupon to be used in a nonitoring nethod according to the enbodi nent and
Fig. |b is whestinaMyFeveightdmedbf the test coupon bafopt testing,i ke test coupon 1 is
made of the sanme material as a netal nmenber of an actual plant. The test
coupon 1 is proviMed wsighd (mgpdftbe tdst dorpbeaftertestigenent 4 which is bonded
to the entire rear surface of the test coupon 1 by adhesives 5. The

sheet -1i ke heati = elr@iRAkea{dind) 6f th¢ BbEcouPbBandi Ng a heating resistor 2
made of thin netallic foil which is arranged in zigzag shape and an

i nsul ati ng synthegL } inthe resistor 2 is nolded in the
eft (Da'ié(’ﬁb%l% th &gag

synthetic resin 4a. En two coated lead wires 3 are also nolded in the
synthetic resin 4a. The cores (not shown) of the coated

Penetration (mm/y) = (365 * 10*/d) * (M, -M,) /(S * T) 2)
wherein, d = density (g/cm’) of the test coupon,

M, = weight (mg) of the test coupon before testing,

M, = weight (mg) of the test coupon after testing,

S = surface area (dm®) of the test coupon, and

T = Dates took for the testing.

Though one test coupon 1 made of one kind of material is attached to one
surface of the heating resistor 2 coated with the insulating synthetic resin 4a in the
embodiment shown in Figs. 1a, 1b, a plurality of metallic materials (test coupons) of
which surface area is smaller than the heating portion may be attached to the heating
element. In case of using a plurality of test coupons, when these test COoupons are
conductors such as metal, the test coupons are usually attached such that these are not in
contact with each other. However, these may be deliberately in contact with each other
because the simulated galvanic corrosion can be produced even without using a special
electric conductor such as a lead wire so as to actualize the measurement of the galvanic

COITOSION.



|l ead wires 3 extend still outside of coated portions and to be connected to
both term nal s -9 - of
the heating resistor 2, respectively. The test coupon 1 is brought
in contact with corrosive fluid in the actual plant and the current to the
test coupon 1 is controlled in such a manner that the test coupon 1 is
subj ected to the sane heat transfer condiltli-ons as that of the netal nenber
as a nonitoring gbject in the actual plant, . Whil e the test
coupon 1 is kept "l}hﬁughl]gnlé(pafs@ﬁgﬁqu%%f&B%B??amgiemm {srroided wih ghe tegtor 1 osi on
of the test coupon 1 is continuously or intermttently neasured. Based on

t he resul t ssogpon indherembodimenishowntie Fiasnbas b both Besfaces abihe hrating alement

noni t or ed. The net hod of neasuring the status of corrosion of the
t est coupommasale promtled cdthvwes watipamb.s elnvhisicase, dredEsirconpas miagrienhadefofdle r osi on
rate. The visual observation enables the determ nati on whether the test

coupon i s cafeqbtéth] @F difftrerd fthteriale dh S itlils Bak] BBredl nd NigmithAéoOtheCOr r 0si ON
(for exanple, pitting corrosion, crevice corrosion, the formand shape of

| ocal corr oginfyer SEf8t @upbis' &3§n§é¥th@f€sp¢’bu bRCArE RethirPhe a¥daldf tlib'ihchhﬁg rough
nmeasurenment of corrosion rate. en the test coupon is nmade of

COTrosi ve [ SehSHANThiRAhe BUCL B §iehDlAaF (L BRbIRORASRE cRincfoPPCr al | oy

and i s however corro sua servation can neasure the nunber

and the deppfy, o Rhd RsRfo? 34l e YaRlshel 8% GR'enfRd8Rent SREwn in Figs. 1a, b,

the test coupon and the heating resistor may be molded integrally.

Adhesives having large heat transfer coefficient may be preferably used as the
adhesives 5. However, by variation of heat transfer coefficient of the adhesives, the
temperature of the test coupon can be varied even with the same heating element.

The surface of the test coupon may be partially coated by insulating body as
necessary. For example, when a metallic material cut from the actual plant is used as
the test coupon and it is not desired that the cutting edges and portions damaged during
the cutting affect the evaluation, these portions are coated by insulating body as
necessary.

There is no particular limitation on the dimension and coﬁfiguration of the
sheet-like heating element. Itis preferable that the dimension and configuration of the
sheet-like heating element is designed to correspond the dﬁncnsion and configuration of
the test coupon to which the sheet-like heating element is attached. 'When the sheet-
like heating element has heat conductive portions on both surfaces thereof, the test
coupons may be attached to both surfaces of the sheet-like heating element. When the
test coupon is attached to only one surface of such a sheet-like heating element, heat

insulating material may be attached to the other surface, to which no test coupon is



measuring the depth, a depth mcroneter, a dial gauge, a mi croscope with

focussing scale, or a surface roughness neasuring equi pnent using | aser

m croscope nay be enpl oyed. The corrosion rate can be neasured
based on a time period of contact of the test coupon with the corrosive

fluid and variation in weight before and after the contact.

Concretely; the corrosion rate and the paretration can be obtained by the
fol |l owi ng equatlons (1),

- 10- tachesy ¢ Gglp%hqaafrelsm @)Omceﬁffé‘%& from thy Wyrfaps tg whishpg tesf )

(1) wherein, Merr] él%ph of the test coupon before testing,
Merr]= weiefpop rrpg)ttaghedt hdhe deat v@odmﬁwc syrface ap ehprshpey;like heating elementcagur f ace
area (dnferr]) of the test coupon, and T = Dates took for the
testing,  be made of flexitnenataial onfofmmd pieviougl3as a [desircd cobfigurafion sadfhaf ir r |
(Merr] - Merr]) / (S T) (2) wherein, d = density (g/cnferr]) of the

t est couponcan be attached evivh & the test v@ipphthaving p cofvetl Berfacest coupon before
testing, M2 = weight (ng) of the test coupon after testing,

The test coupon may be positioned directly in a piping or tank as corrosive
environment of the actual plant. When fluid is the cause of corrosion, the fluid is took
into a separate tank and the apparatus of the present invention may be immersed in the
fluid.

According to the present invention, even when the temperature of the corrosive
environment is low, the evaluation on the heat transfer surface can be conducted. This
means that the corrosion evaluation can be carried out at a relatively safe place apart
from a high-temperature plant equipment or system so that the corrosion monitoring can
be carried out safely.

The test coupon may be used for corrosion evaluation under heat transfer
conditions when corrosive materials are sampled and carried to another place or for

corrosion evaluation under heat transfer conditions that is simulated corrosion situation

in a laboratory.

Embodiment of Figs. 2a, 2b

Figs. 2a, 2b are a plane view and a side view showing a test coupon which can
actualize the corrosion monitoring of the test coupon by electrochemical signals. The
test coupon of Figs. 2a, 2b is the same as the test coupon 1 shown in Figs. 1a, 1b, but
having a coated lead wire 6. An end of the coated lead wire 6 is fixed to the test

coupon 1 by corrosive resistant resin mold 7. The core of the coated lead wire 6 is



S = surface area (dnferr]) of the test coupon, and T = Dates took
for the testing. Though one test coupon 1 nmade of one kind of
material is attached to one surface of the heating resistor 2 coated with
the insulating synthetic resin 4a in the enbodinent shown in Figs. la, 1b,
a plurality of netallic materials (test coupons) of which surface area is
smal | er than the heating portion may be -ast-ached to the heating elenent.
In case of usi ng a plurality of test coupons, when these test coupons are
conduct or s 8ERasTesL0 khs test copprn 1o sthecI B SRBPRFHORIATS Hieysame 28 Lt bR ¢ hat
these are not in_ contact with each other. However, these may be

del i ber at elKjigs da.cldat act with each other because the sinul ated gal vanic
corrosion can be produced even w thout using a special electric conductor
such as a | ead wiThe test cagponmf Zigsu2d,i2bes brioeghtan somtectsyith eirosive fiyid indhé ¢
corrosion. Though only one of surfaces of the heating

el enent i s spme\mhah@er a¥ thit dffRgst E§t1b. c iy embodirent cediadionpotensiBlobvtwesn Fi gs.
la, I'b, both surfaces of the heating elenment nay be provided with test

coupons. | nhé fbistsc(ﬁ@ﬁﬁ?and Heefirende é}&!tﬂéaélﬁldffﬁh{ovhg cBﬁ_ﬁ@n&fasdrE@t_hr&?Eﬁ&hémt erial
or different materials. In also this case, there is nolimtation on the

?Egbﬁreaﬂ ngt%ﬁlted GAARARS 6 ASThOPHeRRI ISsuk&iidnt GRYRRSadYy MBdediitdnichg, &7 €a of

digital multimeter, tester, or a computer utilizing an A/D converter for voltage input.
Examples of the reference electrodes include Ag / AgCl / sat. KCl electrode, SCE
electrode, Cu / CuSO, electrode, and Hg / Hg,SO, electrode.

As a general rule, the higher the corrosion potential of metallic material, the
higher the possibility of pitting corrosion and/or crevice corrosion. The measurement
of the corrosion potential is one of effective monitoring methods for predicting
occurrence of corrosion of metallic material to be monitored by knowing the corrosion |
tendency of the metallic material. The corrosion monitoring can be more effectively
conducted by using a data logging equipment such as a computer for continuously
measuring for the corrosion monitoring.

In the monitoring method using the test coupon of Figs. 2a, 2b, the test coupon
1 is applied with micro current or micro potential variation by polarizing between the
test coupon 1 and the reference electrode (not shown) scpafately disposed in the
corrosive fluid. By measuring the resultant potential response or current response, the
polarization resistance of the metallic material can be measured. The polarization
resistance can be converted to the corrosion rate or penetration by the following

equations (4), (5) based on the following Stern’s equation (3):



el ement. Though the test coupon 1 is attached to the sheet-like heating
element including the resistor 2 wwth the adhesives 5 in the enbodi nent
shown in Figs. la, 1b, the test coupon and the heating resistor may be

nol ded integrally. Adhesi ves having | arge heat transfer
coefficient may be preferably used as the adhesives 5. However, by

vari ationr of heat transfer coefficient of4t+he adhesives, the tenperature
of the test coupagn n_be varied _even with the sane heating el enent.

The surface of tﬁéﬁ@éﬁ/ﬁhpo%Er?ﬁ@ be partially coated by i nstdat i ng body
as necessary. For exanple, when a netal]lic material cut fromthe actual
plant is u¥treis, Rp Fgolasationyepeianen(§) Fm’)ipst Wit aGdsi red that the cutting
edges and portions damaged during the cutting affect the evaluation, these
portions are coatAfEl=Ipplarigatidnatoltage (O)dyora sorrasiompeiantial, and There is no
particular limtation on the dinension and configuration of the sheet-like
heating el ement . I ktcuirsntpdensiey @ endhaAES he di mension and configuration of
the sheet-like heating elenment is designed to correspond the dinension and
configuration of the test coupon to which the sheet-like heating el enent
is attached. Wien the sheet- |ike heating el ement has heat conductive

portions on bothcg o@n@ ?a?teb{ﬂﬁ@‘a-o?SdOh'el\dteﬁt/éEc%ﬁons may be afdyached to

bot h surfaces of the eet eating e When the test” coupon is

attached tgvr%%ne!ﬂ qne rﬁtuité cz‘{"gﬁh‘ﬁ@togﬂ%ﬁgﬁtg 0I§le heati ng el enent, heat

i nsul ating erial r >surface, to whi ch no test

coupon is
P K = conversion factor V),

n = number of electrons of corrosion reaction on the test coupon, and

Rp = polarization resistance (2 cm?) per unit area,

Penetration (mnyy) =3270 - M - X/(d - n - Rp) 5)
wherein, M = unit mass (mg) of the test coupon,

K = conversion factor (V),

D = density (g / cm®) of the test coupon,

n = number of electrons of corrosion reaction on the test coupon, and

Rp = polarization resistance (€2 cm?) per unit area,

The polarization measurement can be conducted bil means of a three-electrode
method using three electrodes: the test coupon as a working electrode; the reference
electrode, the counter electrode or a two-electrode method in which the counter
electrode also functions as the reference electrode. The current to be used is preferably
direct current or low-frequency alternating current and the measurement is preferably

conducted under constant current or constant potential conditions.



-12- attached, to reduce heat em ssion fromscattering fromthe surface to
which no test coupon is attached. The heat conductive surface as the
sheet-1ike heating el ement can be nmade of flexible material or forned
previously in a desired configuration so that it can be attached even to
the test coupon having a curved surface. The test coupon may be
positioned directly in a piping or tank-Es-corrosive environnent of the
actual plant. W fluid is,the cayse of cotrosion, the flyid js took into
a separate tank nttﬁeecoéﬁﬁ%?{%n fhe proeiratanaTe C?qﬂ{}%tﬁg%ﬁ?g r?&ﬁhfbe i mrer sed
inthe fluid. . . According to the present invention, even when the
t enper at ur @OBFIZLIOR TeRPtARSS; 1 ds Prefeiatie Higkthe linyid resistangeds msaswied 3nn on t he
heat transfer surface can be conducted. This neans that the corrosion

eval uat i on seracisd feam meastrernent f the apphreni paddrjzation eespstancesapsaiotobtadiz om a

hi gh-tenperature plant equi pment or system so that the corrosion nonitoring
can be canttuelpodarization meysurement, and this Tieasitrementde usedrfornty chleuldsent dfor
corrosion evaluation under heat transfer conditions when corrosive
material s aiecorRidhesteand tiedjenttedliond TRRIDEIDeMatiSR b thefIRfuid feHkFa086d ON

eval uati on under heat transfer conditions that is sinulated corrosion

situation pddc@emehos effQitive particEﬁH?%HEﬁ@ﬁc &;ndﬂtﬂ/?ty oA %he @rosive fluid, ip  F 9S-

2a, 2b are a plane view and"a side”view show ng a“test coupon whi'ch can

cctval| e RoFBE RO iMoo hERANRRLY ol oCLoeemeal

shown in Figs. 1%’s a%%’ppgrggus for the polarization measurement, a power supply such as a

constant current device or constant potential device, a combination of ammeter and high
input inpedance voltmeter or an apparatus having the same functions is employed.

The corrosion rate measurement by the polarization measurement can measure the
corrosion rate at the moment of measurement. That is, it enables on-line corrosion
monitoring. Furthermore, by using a data logging equipment such as a computer, the
continuous measurement that the corrosion rate is measured continuously on line is
actualized and the corrosion monitoring on a heat transfer surface, where a corrosion
accident is apt to occur, is also actualized.

When the reference electrode and the counter electrode are disposed in a
system to be monitored, electrochemical corrosion measurements besides the
polarization resistance measurement, i.e. anodic polarizatiofl measurement, cathodic
polarization measurement, alternating current impedance measurement, and the like, are
actualized under heat transfer conditions. These electrochemical measurements allow
the estimation of corrosion reaction mechanism, the measurement of pitting corrosion
potential, the measurement of crevice corrosion re-passivation potential, and the like,

and allow the measurement of cormrosion tendency of metal material and comparison of



having a coated lead wire 6. An end of the coated lead wire 6 is fixed to
the test coupon 1 by corrosive resistant resin nold 7. The core of the
coated lead wire 6 is

-13- connected to the test coupon 1. The other conpositions are the sane as
that shown in Figs. la, Ib. The test coupon of Figs. 2a, 2b is
brought in-contact with corrosive fluid-ig-the sanme manner as that of

Figs. Ila, Ib. I.n this enbodi nent, corrosion potential between the test
coupon and CATPHPRFeSIfIABCR IaRe sonductedhvrdes hephtpnster copditioBRsur ed t hr ough t he
coated lead wire 6. The potential neasurenent nmay be nade by a

pot enti onet er, aBydisiigttast caupans of twe kinds shemeasyrement ofigalvamic caridsionicag an
Al D converter for voltage input. Exanples of the reference el ectrodes

i ncl ude Ag bé céndiicted wder hddOramsferacbnditions. STar exdnyle,rhyd®nnéating +&u &6f er r ]

el ectrode, and Hg / Hg[err]SO err] el ectrode. As a general rule,

t he hi gher cbligons @idde if diffcpérit kirids af nefaly@idiighiadeddibi2¢,itB¢ moh#sringufgher t he
possibility of pitting corrosion and/or crevice corrosion. The measurenent

of the corrgphfie RYRRiohZan bé comficRl ullidrafehd timsi¥P BbAdMIMRI FRipRoGs., f or
predi cting  occurrence of corrosion of netallic material to be nonitored by

predi ot i ng " occur rence T al” _
roni £ o ng 2anpR eaReERARRFY ciati 6T HRIAiAs CuRBl Abule liEn AZRERRY 7

equl prent. SUCH S 12, GBI Sankste cGRBR! HRHRlotng FRERM LGl BFcldiifege" 051 0"

shorted (connected), and measuring respective corrosion potentials in case of lead wire

disconnected.

Embodiment of Figs. 3a, 3b

The abnormal heating can be prevented by controlling the current to the
heating resistor 2 of the sheet-like heating element 4 or by thermal emission to the
outside of a system to be monitored when the test coupon 1 of Figs. 1a, 1b, 2a and 2b is
disposed in the system. However, a corrosion monitoring apparatus including a
temperature control mechanism for the heating element is more preferable as shown in
Figs. 3a and 3b.

In Figs. 3a, 36, a disc-like bimetal thermostat 8 which is coated with insulating
body is attached to the heating element to control the tempei‘ature. One of coated lead
wires 3 is connected to one of terminals of the heating resistor 2 and the other coated
lead wire 3 is connected to the other terminal of the heating resistor 2 through the
thermostat 8 and a coated lead wire 3’.

Instead of the bimetal thermostat, a liquid expansion thermostat may be

employed. Instead of the thermostat, a temperature sensor such as a thermocouple and



In the nonitoring nethod using the test coupon of Figs. 2a, 2b, the test
coupon 1 is applied with micro current or mcro potential variation by
pol ari zi ng between the test coupon 1 and the reference el ectrode (not
shown) separately disposed in the corrosive fluid. By neasuring the
resul tant potential response or current response, the polarization
resistance-of the netallic material canpge neasured. The pol arization
resi stance ¢ gpverted to the corrosion rate or penetration by the

n be c

fol | owing 2& FegHiQrmay YessmpJa¥ety on the fol lowing Stem s equation (3):
-14- R;%: [err]E / err]li _[errlEéjgrrJ 0 _
(3) \Wherein, RpThoyglthe pymstaldhermostat iused gy Kigp.|3ag 3P, artepperplaire spmbar ar ea,
[err]E = polarization voltage (V) fromcorrosion potential, and I
= current @ohsitheymoyegnlatarireayrlie)emytloyedy r [l temperature sensor @aiybesitachedat @ ( ndd)
= 89500 [err] M K/ (n [err] Rp) (4) wherein, M= unit atomc
wei ght ( ngsurddcetdf ¢het testtcoaparpapposite to the bondidg sarfaocnberwsemthe ishext-tike (V) ,
n = nunber of electrons of corrosion reaction on the test coupon, and
Rp = pol ar inggingtlerh@f iafd 8itaest Ch@onand M el coaedwithindul@ifptbody. When

the temperature sensor is thin, for example, when a thin thermocouple is used as the

temperature sensor, the temperature sensor may be positioned inside insulating body

between the heating element and the test coupon.

Though the heating element is in a thin-foil-like configuration in Figs. 1a, 1b,

3a, 3b, it may be in a strip-like, wire-like, or sheet-like configuration. In any of these

configurations, the heating element has a sheet-like heating portion of uniform

temperature. The material of the heating resistor may be a nickel alloy, carbon, or the

like, and is not limited particularly. There is no particular limitation on the wiring

pattern of the foil-like, strip-like, wire-like heating element. The heating element is

preferably arranged so as to heat the test coupon entirely. The wiring pattern of the

foil-like heating element may be formed by etching method.

The insulating synthetic resin for coating the heating element may be any of
resins, which do not déterioratc even in contact with the corrosive fluid. Examples
include thermoplastic resins such as polyethylene and settin;g resins such as silicone

resin. Adhesives employed as the adhesives S do not deteriorate even in contact with

the corrosive fluid.
By coating the lead wires 3, 3’, 6 with insulating material, the test coupon 1 can
be directly disposed in electrolyte such as aqueous solution. The test coupon 1 is

disposed in the system, where the corrosion monitoring is required, so that the test



Penetration (nmmy) = 3270 [err] MJerr] K/ (d [err] n [err] Rp) (5)

wherein, M= unit mass (ng) of the test coupon, K = conversi on
factor (V), D = density (g / cnferr]) of the test coupon,

n = nunber of electrons of corrosion reaction on the test coupon, and

Rp = polarization resistance ([err] cnferr]) per unit area, The
pol ﬁrijzati on measurenent can be conducte¥by nmeans of a three-el ectrode

met hod using three el ectrodes: the test caupgn. .as rking el ectrode; the
ref erence C@PERPtlr{§d’8}13mH%toé'ﬁﬂﬁf’te‘?’“}ép@@}’@ﬂ@gﬁ?lda 62 Bjedest g%l?é’nn]elﬁ hod in

whi ch the counter electrode also functions as the reference el ectrode. The
current to boeughtidthe sampe beas frapsfer coaditions acthatofigpostion te\hemmaerdlgesse y The
alternating current and the neasurenent is preferably conducted under
const ant cuorresibn aroniorisg Beongteshinithis consditdon. i dipsimprove the heat transferring

- 15- When the corrosion rate and the penetration are cal cul ated
based on t Heom ARl RbiiEgélement] & small aeat @onductivssybsiaher mby be tppied tdiehel | qui d

resi stance is nmeasured and subtracted from neasurenent of the apparent

pol ari zat i GRa/R Rz HodPof R sudfac Of BB ERchLlke Béatiak cRaleAt bEpUsitotd theastr enent
and this neasurenment is used for the cal cul ations of
coupon side.

By varying the thickness of the insulating body disposed between the sheet-like
heating element and the metallic material to be monitored, the temperature of the
metallic material to be monitored can be changed only with one kind of sheet-like -
heating element. Instead of varying the thickness, by preparing insulating bodies
having different heat coefficients, the temperature of metallic material to be monitored
can be changed only with one kind of sheet-like heating element in the same manner.
This is one of effective method when a heat conductive portion should be monitored at
various temperatures for respective processes. When a heat conductive portion should

be monitored at various temperatures for respective processes, the composition of the

sheet-like heating element or electrical energy to be supplied may be varied.

Embodiment of Figs. 4a through 4c

In general, when a temperature sensor is positioneci on an outer surface of a test
coupon, the reliability is inferior because the temperature sensor detects only the
temperature at a portion where the sensor is in contact with. In addition, the
temperature sensor is failure, overheating is occurred so that desired corrosion
monitoring can not be obtained.

The test coupon of Figs. 4a through 4c is provided with a PTC (Positive



the corrosion rate and the penetration. This conpensation by the liquid
resi stance neasurenent is effective particularly when the conductivity of
the corrosive fluid, in which the netallic material to be nonitored is

i mersed, is small. As an apparatus for the polarization
measurenent, a power supply such as a constant current device or constant
potenti al - device, a conbination of ammetggs-and high input inpedance

vol t net er an at.us Vi he s functions i, enmployed. The
corrosion r e@%ﬁogﬁﬂ?“%ape&éb&Pﬁﬁ@ﬁf‘@# %ﬁ?ﬁ?@?@ﬁt can measure the
corrosion rate at the poment of neasurepent. That is, it enables on-1ine
corrosi on noni tc;PitFi‘ﬂj: 4?@?%%F‘&teddﬁa‘ﬂ§?r%3’e§ S CoTDestd tA GORBIGIosH BT - such
as a conputer, the continuous nmeasurenent that the corrosion rate is
nmeasur ed cdfk¢ RepbersiOangithe condupiors % &f arg moided bynasulafngsynthets esinftani t ori ng
on a heat transfer surface, where a corrosion accident is apt to occur, is
al so act ual Thegdst coupon 1 is bonf¢rkbte thtimoided platmmembérat tarpodté raguafrohigngtouhe er

el ectrode are disposed in a systemto be nonitored, electrochem cal
corrosi on nERG hegteel( sy kssidess.t he  pol ari zation resi stance neasurenent,

i .e. anodic pol arization neasurenent, cathodic polarization nmeasurenent,

alternating curr erﬁemﬁéh%m%s PBsIE VY @H@Bﬁtur@@ﬁhrﬁ&!_@ridtic%@weﬁ'léﬁowﬂ(iﬁ HRlazed
under heat transfer conditions. These el ectrochem cal neasurenents all ow

the esti mat \ORy Pl SOURR RN 8¢ty BEEHANGS Bhoch DO IS SERb Bpupl 1 1 10

corrosion potential, e measurenent of trevice corrdg - passivation
potential, a8d dieod borc B AL hatd B BRI AIEmBLaGRL " Shhnk endency
resistance of the PTC heater rapidly increases after exceeding Curie temperature, the
PTC heater never exceed a predetermined temperature.
When the PTC heater is used as the heating element, both surface of the
corrosion monitoring apparatus can be easily formed in flat shape or curved shape as
compared to the case where an external temperature sensor is used as the embodiment
shown in Fig. 3. Therefore, one or more metallic materials can be easily positioned on
both surfaces of the corrosion monitoring apparatus.
Since the heating element itself has a temperature controlling mechanism, the
utilization of the PTC heater as the heating element makes the structure simple and
reduces the manufactuﬁng cost. It is also advantageous because there is no danger of
overheating that is caused in case of temperature sensor failure when the external
temperature sensor is used. In addition, since the PTC heater has the temperature
controlling mechanism through the entire heating element, the PTC heater can heat the
test coupon uniformly as compared to the temperature control by the external

temperature sensor.

Positive characteristic resistor components composing the PTC heater 10



-16- corrosion resistance to be conducted under heat transfer conditions.
By using test coupons of two kinds, the neasurenent of gal vanic corrosion
can be conducted under heat transfer conditions. For exanple, by
connecting two test coupons nmade of different kinds of netals through a
|l ead wire, the nonitoring of galvanic corrosion can be conducted under
heat transfer conditions. In this case,~2@orrosion measuring nmethod is

capabl e of .neasuring current . flaow ng thgough sharte | ead wi.re, i.e.
so-cal | ed é‘gﬂ‘f‘ifgha&m&ﬁ‘%ﬁf? & "H&ggﬁ“?ﬂ r ‘g?aéﬁt F‘é’ftuferf’(%é]é%r@ol'}]ﬁ“&‘b‘i‘iﬁﬂct or
shorted (connect edé_, and nmeasuring respective corrosion potentials in case
of |ead wi RBd copdusHymweategial, mixtu g3 ¢orppoupd having glkylgge oxide asunit The
abnormal heating can be prevented by controlling the current to the

heating r eslesmest and efnduefavesnaterial) ¢nd>e/mh&@a@ ohsptidngsitieane gulgher hyd candnetive

em ssion to the outside of a systemto be nonitored when the test coupon 1

of Figs. lapatddinl. 2a and 2b is disposed in the system However, a corrosion
nonitoring apparatus including a tenperature control mechanismfor the

heating el enent iThe mrﬁloPragtﬁcefeaﬂak @sodsin SHeOMIXtir® of feBiopldicaesin 3l
In Figs. 3a, 3b, a disc-like binetal thernostat 8 which is coated with

i nsul ati ng cohgdyivk &a@éﬁa@ﬁf&ﬁfi‘lc%ly@hﬁdéﬁ@?ﬁsﬂlﬁﬂoﬁ}l@x@ galybﬂfypé}n&ﬁdé the

tenperature. One of coated lead” wres I's connected to one_éf term nal s
! e S KR AR S e S 0 10
and ethylene-vinyl acetate copolymer. The conductive materials include carbon
particles, carbon beans, metal powder, carbon staples, and carbon whisker.
The organic compounds of alkylene oxide group used in the mixture of organic
compound having alkylene oxide as unit element and conductive material as the
positive characteristic resistor component include polyethylene glycol, polyethylene
oxide, block copolymer of polyoxyethylene and polyoxypropylene (so-called Pluronic),
polyoxyethylene alkyl ether, polyoxyethylene alkyl allyl ether, polyoxyethylene alkyl
ester, polyoxyethylene alkyl amine, polyoxyethylene sorbitan fatty acid ester, trioxane,
and crown ethers. The conductive materials include carbon particles, carbon beans,
metal powder, carbon staples, and carbon whisker.
The setting silicone rubber used in the mixture of setting silicone rubber and
conductive material include silicone rubber containing orgénopolysiloxane having at
least three silicon atom bonding hydrolytic groups par molecule, silicone rubber
containing organopolysiloxane having at least two silanol groups or two silicon atom
bonding hydrolytic groups par molecule and organic silicone compound having at least,
on average, two silicon atom bonding hydrolytic groups par molecule, and mixture of

organopolysiloxane having at least two alkenyl groups bonded to silicone atom per



thernostat 8 and a coated lead wire 3'. | nstead of the binetal
thernostat, a |iquid expansion thernostat may be enployed. Instead of the
thernostat, a tenperature sensor such as a thernocouple and

-17- a thernoregul ator nay be enpl oyed. Though t he bi net al
thernostat 8 is used in Figs. 3a, 3b, a tenperature sensor and a

t her noregut at or may be enpl oyed. The teoperature sensor may be attached to
a surface of the test coupon opposite to the bonding surface between the
sheet - | i ke Mgl 3l URRIAPALYSHORADE HAVIRHAN AVETAEEHP VA hiXAregen abompebenged h

i nsul ating body. When the tenperature sensor is thin, for exanple, when a
t hi n t her mie silippre atem as srpsslinkingagenkinyehich platinura gatelyst is hddadassuring ur e
sensor may be positioned inside insulating body between the heating

el ement ancgtite Emsmples ofconductive materials iichudglvatboe phegiesgrimindreand, mesali N a
thin-foil-like configuration in Figs. l1la, 1b, 3a, 3b, it may be in a
strip-1i ke ,powdes chiblsf staples, dndehrboh khigkenf i guration. In any of these
configurations, the heating el ement has a sheet-like heating portion of

uni form tenper atipkiR pobitfe EBiraéteAdticatsibtBEcAIBRInbRY af BRhBEMRE MBBVe, k&R Ni ckel
alloy, carbon, or the like, and is not limted particularly. There is no

particular (4 nbakd %ﬁ%&a}ﬂaﬁgzﬁvhﬂgg% tr}%g?éetfoeﬂnfer?:gﬁlfp?éﬁ}ﬁ iﬁﬂ#elcb ipfientSt i fe! 1 ke,

wire-like heating e t. _ enel preterably arranged so
as to heat ﬁrps%ntt 1%%11&%%99 ?snthcerré%o'nra ?écf(lirca- poesu\i\{'aﬁl'yréglcgtag IgOeSEtRIC%LaIIaQI%ﬁStiC

resistor component having temperature characteristics which can actualize desirable

conditions.

Embodiment of Figs. 5a through 5d

As shown in Figs. 5a through 5d, a coated lead wire 6 is attached to a test
coupon 1 of the same structure as that of Figs. 4a through 4c. The corrosion
monitoring is performed applying voltage and/or applying micro current to the test
coupon 1. In Figs. 5a through 5d, the surrounding of the PTC heater 10 is molded with
resin 4a. In case of performing electrochemical méasurement, the area of a portion to
be monitored is preferably not too large, for example, preferably 10 cm? or less.
Therefore, the metallic. material 1 to be monitored is coated with insulating synthetic
resin 4a except a monitored portion (opening) 11. The cor;ductors 9, 9’ are each
formed in a comb-like configuration, thereby heating uniformly entirely the PTC heater

10.

Though the test coupon 1 is formed in plate-like configuration in each of the

embodiments mentioned above, the test coupon is not particularly limited on its



foil-like heating el enent may be formed by etching nethod. The

I nsul ating synthetic resin for coating the heating el enent may be any of
resins, which do not deteriorate even in contact with the corrosive fluid.
Exanpl es include thernoplastic resins such as pol yethylene and setting
resins such as silicone resin. Adhesives enployed as the adhesives 5 do
not deteriorate even in contact with thé2corrosive fluid. By
coating the lead wires 3, 3, .6 with insulating miterial . the_test coupon 1
can ba di CorBaainademes hevine g Gedta Rurach o BYED ek \EKBIPSThe. t ost
coupon 1 is _disposed in the system_ where the corrosion nonitoring is
requir ed, of coniguratjoms havipg a cuived surface include bar-like, tubular, half-tubular, and

-18- coupon 1 is bought into contact with the corrosive fluid. Then the

t est couporsylindrical gamfigyrations t he sane heat transfer conditions as that of a
portion to be nonitored. The <corrosion nmonitoring is conducted in this
condi ti on. To i mivenen atieleneratprisirgisfoglatesgeldéd nintitate hemvicefprel enent, a
smal | heat conductive substance nmay be applied to the insulating body on

t he surf acensfitoting ledaligdd dortosioheattengevideani®ybe apploged & lbog adigavirgsit coupon
si de. By varying the thickness of the i1nsulating body disposed

bet ween t hgeshgsd fidtiskSacdatind seigggent and the netallic material to be
nonitored, the tenperature of the netallic naterial to be nonitored can be

changed only wi t FygRg %Mﬁncgan B0 GRHe bk K& same material as that used in various

processes in the actual plant or of any material which is not used in the actual plant but
is probably used. Pieces which were cut from various processing units and have been
exposed to the corrosive environment of the actual plant may also be employed.
Though one test coupon is disposed for the PTC heater 10 in Figs. 4a through
4c and 5a through Sc, two or more of test coupons may be disposed and, in this case,

these may be disposed on both sides of the PTC heater 10.

According to the present invention, there is no limitation on the material and
the configuration of the test coupon as long as having at least one flat surface or curved
surface so that metal pieces of that various materials and various configurations can be
employed such as test éoupons cut from the actual plant. The correct corrosion
monitoring can be performed under heat transfer co_nditioné.

According to the present invention, the corrosion monitoring can be easily
made even under heat transfer conditions so that the corrosion monitoring about many
metallic materials can be conducted at the same time. In addition, the test coupon can
be easily disposed in the corrosive environment of the actual plant, thereby actualizing

the corrosion monitoring in the actual corrosive environment.



heating el ement. Instead of varying the thickness, by preparing insulating
bodies having different heat coefficients, the tenperature of netallic
material to be nonitored can be changed only with one kind of sheet-like
heating elenment in the same manner. This is one of effective nmethod when a
heat conductive portion should be nonitored at various tenperatures for
respective processes. Wien a heat conducijwve portion should be nonitored
at various tenperatures for respective processes, the conposition of the
sheet-1ike heati @cﬁd@iﬂetﬁt‘h%Prcéq%éB{vFP‘é%? tl?rf@’r‘@@)e ‘EO(BTOBE(cé%FrﬂnS‘FF’é‘erFéS}%Be

vari ed. Enbodi rent of Figs. 4a through 4c == | I n general, when a

t enper at ur eondusiesk urider hess transfwmnéntﬂoamstghwﬁhw dingitatian gf mgtepiakt Thecoupon,

the reliability is inferior because the tenperature sensor detects only the
t enper at ur gresentainpentionean b eppictiie asemesien ¢waliatiop dest tca labwratory, itherelyddi t i on,
the tenperature sensor is failure, overheating is occurred so that
desired corfavasingithe comositedvaligtio@tesinaidebhead hhasferadnditions. The test
coupon of Figs. 4a through 4c is provided with a PTC (Positive

- 19- Tenper at ur e T8RAS & in6ilRitation 98 uRtalli® maferl GRE f610the kY edtipos UEthepr ObI ens.
In Figs. 4a through 4c, coated lead wires 3, 3' are connected to conductors

9, 9. PTG hea ﬁlgcrilt%naaﬂg thd reSAP Ve RIcall be PartRiBurlyRredbYapphsd o the9

synthetic resin

corrosion monitoring of corrosion resistant metallic materials such as stainless steel,
nickel, nickel alloy, titanium, titanium alloy, aluniinum, aluminum alloy, copper, copper
alloy, chromium, chromium alloy, molybdenum, molybdenum alloy, tungsten, tungsten
alloy, and magnesium alloy.

Figs. 7a, 7b are a front view and a rear view showing a test coupon 31
according to an embodiment of the present invention, Figs. 7c, 7d are sectional views
taken along lines VIIC-VIIC and VIID-VIID, respectively.

Metal pieces 21, 21’ made of stainless steel (SUS304 of Japanese Industrial
Standard) are welded at spot welded portions 23 by spot welding. There are spaces
between the metal pieces 21, 21’ at portions other than the spot-welded portions 23.

An end of a coated lead wire 26 for potential measurement is connected to the metal
piece 21 by soft soldering or the like, and the connected portion is coated by insulating
material (for example, silicone resin). A sheet-like heatin;g clement 22 is bonded to an
outer surface of the metal piece 21 by adhesives. Comnected to the sheet-like heating
element 22 are coated lead wires 27 for continuity.

The sheet-like héating element 22 is a heating element composed of positive
characteristic resistor component and coated by insulating material 25 (for example,

silicone resin).



The test coupon 1 is bonded to the nol ded plate nenber at a portion
confronting to the PTC heater 10 by adhesives 5. The PTC heater
has positive tenperature characteristic as well known in the art. As
current is applied to the PTC heater through the conductors 9, 9' disposed
on both sides thereof, the PTC heater is heated to a predeterm ned
tenperature. Since the resistance of the@4PTC heater rapidly increases

after exceedi ng rie tepperature, the PTC heater neyer, exceed a

pr edet er mi ned t e%@ [dypepsion of the sheet-likq grating ﬁgmp‘?‘c,i%’éé{@rﬂyi s@“@%ﬁ“‘&@? he
heating el ement, both surface of the corrosion nopnitoring apparatus_can be
easi |y for metelipiece/2dt  Jihe sheetnlike healing elamant 223 entiplp agaded and the\peripherl wher e
an external tenperature sensor is used as the enbodi nent shown in Fig. 3.
Ther ef or e, portionof thometalpicad 21 positensdioatsidecafihdsheetalikel heafing eleinonic2l isn  bot h
surfaces of the corrosion nonitoring apparatus. Since the heating
el enent it ssofschiad ba thecdfprehrhtioeddaniiatbigl matgriat2Shafthe insulating matedrial 2%t i on of
the PTC heater as the heating el enment nmakes the structure sinple and

reduces t hguiRdbasithe péxiphes portioh of Shedihfidr saeficy(tiRORefdce agRmtng tHere is no
danger of overheating that is caused in case of tenperature sensor failure

when the exhairibe 19T hHAEpBENPOMrdihYACthis' R uRdEibi fbke A nce the PTC
heater has the ‘tenperature conhtrolling mechanismthrough the entire
heating el ement, 4iig £16 088G ofid tidnF twh Sittal RAEROR B ok Ok d S
fa externat
conpared to the ténperature contro e external enperaturé sensor.
PosTtive char aG85G -2 0n asthe piedes &S HROe SFthe st Bateral ‘'R preterablethst 1C
the pieces are joined by welding after processing the surfaces thereof to have the same
condition as that of monitored metal.

There is no particular limitation on the welding and thus spot welding may be
employed. Such a test coupon, which has expulsion during the welding, should not be
used. While there is no particular limitation on the number of welded portions for
joining two metal pieces, the metal pieces are suitably joined at one to three portions.

It is preferable that the surface area of the metal pieces except welded portions is wider
than the area of the welded portions. Any subsequent treatment (stress relief) is not
made around the welded portion after welding.

The welding condition can be changed corresponding to the corrosion rate of
the system to be monitored and the corrosion sensitivity (residual stress, sensitivity, etc)
of the metal to be monitored, so the corrosion sensitivity of welded metal pieces with
crevice therebetween, thereby actualizing the monitoring in quite similar condition as
that of the actual plant.

In addition, the corrosion sensitivity can be controlled by sensitization.

The crevice between two metal pieces joined by welding is preferably set in



-20- include bariumtitanate added with traces of rare earth, m xture of
thernoplastic resin and conductive material, m xture of organic conpound
havi ng al kyl ene oxide as unit elenent and conductive material, and m xture
of setting silicone rubber and conductive nmaterial. The

t hernopl astic resins used in the mxture of thernoplastic resin and
conductive material include polyethyl enez25pol ypropyl ene, pol yvi nyl

chl oride, polyethylene terephthal ate ol yvinylidene chlorjd

f 1 uor ocar b8¥FHFMGRASE thab ghey% IH@,OfFé&@QFﬁ(jP@Wé-QPFWS lsa@@ttaﬁteogﬂmey%r. The
conductive materials include carbon particles, carbon beans, netal powder,
carbon st afp eEFigafofdhe psmicolor sialier. The organi ¢ conmpounds of

al kyl ene oxi de group used in the m xture of organic conmpound having

al kyl ene oxi de a¥igibii$ a sthematit sidediavosioudng awexme pithedsst thwponpdshet | ve
characteristic resistor conponent include polyethylene glycol, polyethylene

oxi de, bl ogleseminventivh iDwhivhl ii@xldédzy De/E ﬂad/emﬂ)aﬂxypdtﬁii&diﬁg\faoﬁi%ﬁ-zgm | ed
Pl uronic), polyoxyethylene al kyl ether, polyoxyethylene alkyl allyl ether,

pol yoxyet hyhenRrékskdrevi@sSiebetwet thexetilpydcedel,alikyl amine, pol yoxyet hyl ene
sorbitan fatty acid ester, trioxane, and crown ethers. The conductive

material's i ncl “d%gﬁé%\ikﬁ%iﬁg%%ﬂeﬁ '1c%§’wi{-‘e§rt@rﬁie% t8% 28pon, fffé}p%tcnﬂgl"&ﬁgagecar bon

stapl es, and car setting sil'icone ru r used in
D St e B SR ABRSL, P KRR o mbhsd
for connecting the test coupon and the coated lead wires. Examples include a method
of connecting the coated lead wires having a crimp-style terminal to the test coupon by
a screw and a connecting method by soft soldering. The connecting portions between
the test coupon and the coated lead wires are required to be coated with insulating resin
for preventing the corrosion when immersed in test liquid.

A sheet-like heating element is attached to the wider surface of outer surfaces
of the welded metal pieces. 'When the areas of the outer surfaces of the two metal
pieces dre the same, the heating element is attached to any one of the pieces. The
sheet-like heating element enables the uniform heating of the test coupon so that the
environment of the heating conductive surface can be simulated.

The sheet-like heating element is not limited particularly. The sheet-like
heating element is required to be bonded to the welded metzlxl pieces with crevice
therebetween in such a manner as to have no continuity between the metal pieces and
the sheet-like heating element. As one of methods to achieve the above, the outer
surface of the sheet-like heating element may be coated with insulating resin.

It is preferable that the test coupon is heated by the sheet-like heating element

in such a manner that the temperature of the heat conductive surface becomes the same



| east three silicon atom bondi ng hydrol ytic groups par nol ecule, silicone
rubber containing organopol ysi |l oxane having at | east two silanol groups or
two silicon atom bonding hydrolytic groups par nol ecul e and organic
silicone conmpound having at |east, on average, two silicon atom bondi ng
hydrol yti c groups par nolecule, and m xture of organopol ysil oxane havi ng
at | east "two al kenyl groups bonded to sid4.cone atom per

-21- nol ecul e and. organopol ysi | oxane_havi ng, on average, .qver two hydrogen
at ons bond&tthat of the F“F"é Gﬂgf“&fl%"rﬁ“égacﬁ pHde Iq‘eﬁ% 9 gc mpzipredn s ﬁ?‘f“’rﬂ“&t i num

catal yst is added as curing agent. Exanples of conductive materials

i ncl ude capisémaiplathat &%Fctgwmﬁﬂmw?ntﬁépwldeﬁmt,emP&?ab‘Un cgatzll es, and
car bon whi sker. In the positive characteristic resistor conmponents
as nenti onecchdnisne, Asithedempeaniuse cimtmoé mealmnizam ¥ Houiddxpansioarthemmpstahea rat i o
of conpounds in the conponent. In the present invention, it is therefore
required t binsealtthérimossig|og atcofitrgland chanismaigacthermatbuple témgsrati seaiponent
havi ng tenperature characteristics which can actualize desirable

condi ti onspay befd legent of Figs. 5a through 5d As shown in
Figs. 5a through 5d,” a coated lead wire 6 is attached to a test coupon 1

of the same sStrugllkmeass thddheelliké hiting Ltnldht, P8 néiter nhlRg CRELASHSRS

that the electrical resistance changes rapidly relative to temperature change, i.e. positive
characteristics, the apparatus can be manufactured more simply because the heating
element itself has function of controlling temperature. When the PTC heater is
employed as the heating element, no external temperature sensor is required, so there is
no danger of overheating in case of failure. In general, it requires less electrical energy
as compared to temperature control by an external temperature sensor, thereby favoring
the energy conservation.

Examples as positive characteristic resistor components composing the PTC
heater 10 include barium titanate added with traces of rare earth, mixture of
thermoplastic resin and conductive material, mixture of organic compound having
alkylene oxide as unit element and conductive material, and mixture of setting silicone
rubber and conductive -material.

Among them, examples of thermoplastic resins us.cd in the mixture of
thermoplastic resin and conductive material include polyethylene, polypropylene,
polyvinyl chloride, polyethylene terephthalate, polyvinylidene chloride, fluorocarbon
polymer, polyamide, and ethylene-vinyl acetate copolymer. Exarﬁples of conductive
materials include carbon particles, carbon beans, metal powder, carbon staples, and

carbon whisker.



nonitoring is perforned applying voltage and/or applying mcro current to
the test coupon 1. In Figs. 5a through 5d, the surrounding of the PTC
heater 10 is nolded with resin 4a. In case of perform ng el ectrochem cal
measurenent, the area of a portion to be nonitored is preferably not too

| arge, for exanple, preferably 10 cnferr] or less. Therefore, the netallic
material 1-to be nonitored is coated withyinsulating synthetic resin 4a
except a nonitored portion (opening) 11. The conductors 9, 9' are each
forned i n a conbExdamplesofdrgenie sempeunds héalkplene exide ggnmmwbmhy miRufT el y the
PTC heater 10. Though the test coupon 1 is forned in

pl at e- | i ke oforghnigcompound havirgradkylede dxide asamitodément tasd cemtucovehatbiolas, t he
test coupon is not particularly limted onits

-22-  conf kigyiositive cha@rdctestiy rasistbasomghnait incladé polpethileat giyuslf polgethyleaeir ved
surface. Exanples of configurations having a curved surface include

bar -1 i ke, bséiael Bibek &@biyrﬁéfwbaryoxfdaﬁ!«ﬂe&ydnu%uyos@iam@?raﬁe geLalle® Phironic),

Even an arti cl e conpri sing two p ates welded to imtate a crevice fOI’

moni tor i ng F@,ﬁii(etgﬁ eg@kgl%%ﬁe%o@;toxgaﬁgﬁhgx 9&@&&?, pBlfBkPotRfleASalkANg as

havi ng at sur’face urve The" t est
coupon can . er rIgaldoxyt:thylene zﬁﬁyq%mnlpr?é, %E)lyoxyé%ﬁylene JorbiPsahat {tf acif §t8fj Trioxane,

and crown ethers. Examples of conductive matérials include carbon particles, carbon
beans, metal powder, carbon staples, and carbon whisker.

Examples of setting silicone ruBbcr used in the mixture of setting silicone
rubber and conductive material include silicone rubber containing organopolysiloxane
having at least three silicon atom bonding hydrolytic groups par molecule, silicone
rubber containing organopolysiloxane having at least two silanol groups or two silicon
atom bonding hydrolytic groups par molecule and organic silicone compound having at
least, on average, two silicon atom bonding hydrolytic groups par molecule, and
mixture of organopolysiloxane having at least two alkenyl groups bonded to silicone
atom per molecule and organopolysiloxane having, on average, over two hydrogeﬁ
atoms bonded to silicone atom as crosslinking agent in which platinum catalyst is added
as curing agent. Exafnples of conductive materials include carbon particles, carbon
beans, metal powder, carbon staples, and carbon whisker. .

In the positive characteristic resistor components as mentioned above, Curie
temperature can be varied by varying the ratio of compounds in the component. In the
present invention, it is therefore required to suitably select a positive characteristic
resistor component having temperature characteristics which can actualize desirable

heat transfer conditions.



processes in the actual plant or of any material which is not used in the
actual plant but is probably used. Pieces which were cut from various
processing units and have been exposed to the corrosive environnent of the
actual plant may al so be enpl oyed. Though one test coupon is

di sposed for the PTC heater 10 in Figs. 4a through 4c and 5a through 5c,
two or nore of test coupons may be di speged and, in this case, these may
be di sposed on both sides of the PTC heater 10. . : According to
the present invedPFiAs 09 patigulaslimiationgn the dgpension and coptigyation ofthe ¢ he
configuration of the test coupon as |long as having at |east one flat
surface or shest-hike heatingfelemaento fthnprefesatds thet de dimeyrsianand cpafigwatomeftde i al s

and various configurations can be enployed such as test coupons cut from
t he act ual shéchtike hddtmgodement tis designed iooeprresporidttbe dimensian abd cpefigupatiomcbfunder
heat transfer conditions. According to the present invention, the

corrosi on neiebtoupen awhiok tieahedtilikeMBstingeslanent idlttachedit Whemtik&heet-
conditions so that the corrosion nonitoring about many netallic materials

can be conqgthestimteldhient 388 Bedt coMuctive peitibhd Biboth B AR thepcdf RO tegAN  be
easily disposed in the corrosive environnment of the actual plant, thereby

sily d cor r 05 Ve envi r- the actual ‘plant, thereby
e o A ks o the e e, K LG

Teasur ement, ¢ %Qup%% is attached to only one surface of such a sheet-like heating element, heat

insulating material may be attached to the other surface, to which no test coupon is
attached, to reduce heat emission from scattering from the surface to which no test
coupon is attached. The heat conductive surface as the sheet-like heating element can
be made of flexible material or formed previously in a desired configuration so that it
can be attached even to the test coupon having a curved surface.

There is no particular limitation on the method of bonding the test coupon and
the sheet-like heating element, so adhesives or a pressure sensitive adhesive double
coated tape may be employed. However, it is necessary to use adhesive material
having such characteristics as not to be affected by heat emitted from the sheet-like
heating element.

The test coupbn and the sheet-like heating element are required to be protected
to block water from flowing into the space between the test -coupon and the sheet-like
heating element. One of examples of measures is a method of sealing the space
between the metallic test coupon and the sheet-like heating element by insulating
material. Other portions in addition to the space between the metallic test coupon and
the sheet-like heating element, i.e. other portions except the portion to be monitored,

can be also sealed.



conduct ed under heat transfer conditions still wthout |imtation of
material. The present invention can be applied to a corrosion eval uation
test in a |aboratory, thereby favoring the corrosive evaluation test under
heat transfer conditions. There is no limtation on netallic
material used for the test coupon of the present invention and the present
I nvention can be particularly preferabl y28pplied for the corrosion

nmoni toring of corrosion resistant tallic material s such, as. stainl ess
Croel o cker T EReiouap Byerinads it mulaibe TTiAl By 3% Vool HAICRIRS BRI uni num
al l oy, copper, copper alloy, chromum chrom umall oy, nolybdenum

nol ybdenumORFMBY to bring,Rnl} the mopitpsedpprtion ubﬁganta&hmthﬁl@%égti Witieigndgyhich can

Figs. 7a, 7b are a front view and a rear view showi ng a test coupon 31
accor di ng tcoverthetesioetiupemnotdd bring therathes portions dnconpact wiihgbe tepewated dne
sectional views taken along lines VIIGVIIC and VIID-VIID, respectively.
Met al pi eceabis 24se, # 1S navassaryob clitrdnand spasessticteten(the/B3Idér afd tha peat esaducrideist ri al
St andard) are wel ded at spot wel ded portions 23 by spot welding. There are
spaces betsufgde (iveal 3Bifade) Plo@g €% obkning bf tikhaldyr thh Oftfer &) pievent fRIréviee
spot - wel ded portions 23. An end of a coated |lead wire 26 for potenti al

measur ement.okLSsieR ARGl eds bortibhe netal  piece 21 by soft soldering or the
| i ke, and the connected portion is coated by insulating mnaterial (for

exanpl e, silicon ' - el [ . ' to an
out gP surface of %gﬁértrg‘%da?rﬁpa?)g%g{lﬁ fa"@“g’gﬁéé’?‘%‘ étg.kﬁg‘é 2 Enhg é% %gﬁﬁtt i%%ﬂ@
sheet-1ike heating .el.enent .22 are copated lead.wires 27 for. continuity.

The sheet - |FRPTRETITEPEIE AERFmSIoned 5t Couppm e 2reseft TRYSRHBE BUCBIEG0L, ¢ | ve
characteristjc resistor, corrponedpt and coated by insulating material 25 (for
exanpl e, with watsh gsopggqnﬁy referred to test water) of the system to be monitored and

measuring variation in corrosion potential of the test coupon.

Concretely, for example, the aforementioned test coupon and the reference
electrode (standard electrode) are immersed into the test water and potential difference
between the test coupon and the reference electrode are measured with time. In this
case, a coated lead wire must be connected to the test coupon and the potential
difference is measured through the coated lead wire.

The potential measurement may be made by a potentiometer, a digital
multimeter, tester, or a computer utilizing an A/D converter for voltage input.
Examples of the reference electrodes include Ag / AgCl/ sat. KCl electrode, SCE
electrode, Cu / CuSO, electrode, and Hg / Hg,SO, electrode.

There is no particular limitation on the method of bringing the test coupon in
contact with the test water. Examples include: 1. a method comprising steps of
carrying the test water frbm pipings of the system to be monitored to a small tank
through a branch pipe and then immersing the test coupon into the water (test water) in

the tank; II. a method comprising a step of immersing the test coupon into the test water



- 24- The di nension of the sheet-like heating elenment 22 is slightly
smal l er than the netal piece 21. The sheet-li ke heating elenent 22 is
entirely sealed and the peripheral portion of the nmetal piece 21

posi ti oned outside of the sheet-like heating elenent 22 is

al so seal ed by

the aforenentioned insulating material 25. The insulating material 25
further cover the peripheral portion of-BfBe inner surface (the surface

confronting_ the, nmetal.piece 21) of .the net.al, piece 21 thrqugh e ends of
Che ol | gp aBETE & pit B & ESoriugtaPen BBt R e iEEBHO o TERGR e on o
two netal pieces which are bonded by welding as | ong as the pieces are
made of t héSEORRCOmRTISNEA steps;sepding thetest e oM pipingsof Hresyslsmdpedej oi ned by
wel di ng after processing the surfaces thereof to have the sanme condition
as that of meHiorestte@ qehiman through a branch pipresacasite theoegaratérdigves inlthméatanhon on
the wel ding and thus spot welding may be enployed. Such a test coupon,

whi ch has elupmg gheonomitoringg t he wel di ng, should not be wused. Wile there is
no particular limtation on the nunber of welded portions for joining two
netal pieces, thdnomkalf [Piueingwabdrdlosdhg edllivin] #isReirgble @ @elaohttbPRilve
portions. It is preferable that the surface area of the nmetal pieces

except vel dgehaRetlid % rdts iﬂ’ﬁh&'@élunﬁn%ﬁsthﬁ%uﬁ@ﬁm%oﬁiﬂﬁin%' fxﬁgdd?mg(f%'é s. Any

subsequent treatnent (stress relief) Is not “nade arou
after wel di
to the corrosion rat

portion

f{fly rate of Waetclb goJBE e Whe SRS thd P b@%o‘iﬁ@?e%e(‘?or% EJHSP},PO”di ng

a piping of a heat exchanger) can be controlled, thereby allowing more precise

monitoring.

The method of the present invention can be applied to a corrosion resistance

evaluation test in a laboratory for making a determination whether a metallic material

can be used in a certain environment or not. In this case, the test coupon made of

metallic material to be evaluated and the reference electrode are immersed in aqueous

solution, which will be used with the metallic material, in the a vessel (e.g. a beaker) for

monitoring.

There is no limitation on the residual stress of the welded portion and the

thermal effect (sensitivity) around the welded portion of the test coupon. It is

preferable that the test Eoupon is welded under conditions with the same or slightly

higher residual stress and thermal effect as estimated conditions of the metallic

materials to be monitored or controlled by heat treatment. This favors the precise

prediction about possibility of corrosion of the metallic materials. A plurality of test

coupons with various residual stress and thermal effects may be immersed in the

solution for monitoring.

There is no particular limitation on the temperature of the heat conductive



the systemto be nonitored and the corrosion sensitivity (residual stress,
sensitivity, etc) of the netal to be nonitored, so the corrosion
sensitivity of welded nmetal pieces with crevice therebetween, thereby
actualizing the nonitoring in quite simlar condition as that of the

actual plant. I'n addition, the corrosion sensitivity can be
controll ed by sensitization. The-crevice between two netal pieces
joined by welding.is preferably.set. i _ _

L 25. such AHATH S toSk COup i Tisipreterable teegnrolfheicat ransdirisuEaes alRHYy | s one

tenth of the depth (b . of Fig. 6) of the crevice or smaller. Fi g.
6is a sché’PFaﬁaiH&% %i%éh@x W@ﬂ%mp%{gtusma%kﬁ@é the riachempssture ol panetalt t he
present invention in which metal pieces 21, 21 are welded at a spot wel ding
portion 23 meMRer ey as theheat exehangas tubes kebavmeniternd, thercby fayorugthepiscise].

By connecting coated lead wires to the test coupon, the potential can be
measur ed t tpredigiondbeutcpmsibility ebebrwisivaf theysping it beimophotet ¢ UAturalityi dfat i on
on nethod for connecting the test coupon and the coated | ead wres.

Exanpl es i nest goepons tetihgctspative hed ernhsfedsurfabesamdteehrioad e Arenavi ng a
crinp-style termnal to the test coupon by a screw and a connecting net hod

by soft soldaditibss maj Be FRMBREA inle BOILEibPRE niRivRS: the test coupon and the
coated lead wires are required to be coated wth Tnsulating resin for

preventing the cefkQsi BNt aRy ITBLAREEd il st&Sd WL& gf’fnﬂncrsmg a conventional
test coupon with uniform metal surface as used in the monitoring of prior art, the
conventional test coupon to which a sheet-like heating element is attached to have a heat
transfer surface, or the test coupon of the present invention without the heat transfer
portion in the test water, and measuring variation the respective corrosion potentials.

The possibility of corrosion of the metallic material within the test water is thus

predicted based on the variation pattern in the potential of the test coupon, obtained in
the aforementioned manner. The measurement of potential may be entirely conducted
by a computer or a data logging equipment. Oxidation-reduction potential may be
measured by a platinum electrode, thereby evaluating the oxidizing tendency of the test

water at the same time.

Example 1

The test coupon 31 shown in Figs. 7a through 7c was used for corrosion
monitoring of a metal (SUS304 in this example) by means of a beaker test shown in Fig.
8.

Synthetic cooling water as test water that is simulating cooling water in the

actual plant was entered in a beaker of 1 liter and sodium chloride was added in such a



A sheet-like heating elenent is attached to the wi der surface of outer
surfaces of the welded netal pieces. Wen the areas of the outer surfaces
of the two nmetal pieces are the sanme, the heating elenent is attached to
any one of the pieces. The sheet-like heating elenment enables the uniform
heating of the test coupon so that the environnent of the heating

conducti ve surface can be sinul at ed. -32- The sheet-1li ke heating
elenent is not Iij rﬂr&éed particularly.” The sheet-like heating elenment is
required t 3358 SalHas chigrife ion soperatratign i) the)feslbwaterpacames 200Gmg Glifditehet ween

i n such a manner as to have no continuity between the netal pieces and the
sheet - | i ke Theanaimgropedies of the Ayntbetic epoling Wated sverocaleitindaednesse 28bove, t he
outer surface of the sheet-like heating el ement nay be coated with

i nsul at i ng mgaGO, / liter, M alkalinlitty: 240 pg€4E0 abliter, bk maphesivne bardaesspltd | s heat ed
by the sheet-like heating elenment in such a manner that the tenperature of

the heat congltudO.vditaur Sgnbetiepulymer foh Bb§AN¥y scale formation was added in the
-26- as that of the heat conductive surface of the netal to be nonitored.

It is ther gimhetic &ogiwaldre that the sheet-like heating el ement is provided
with a tenperature control nechanism As the tenperature control nechanism

a |iquid expansi giei,0RLIBS cBhtainthe thE (5L Bhte! AEHARSE Hotin® wattr PR Eflred
oupl e Erper at ur 6 mayC be enproyed.

mechani sm usi ng a thernoc np Nnsor

EﬁalrJZi:tngr i d tf)éa?ﬁer?nh)%g{h'ié &3 uba%%%ht?&le%kﬁ s mgl-mrn%r RS rwar’g&\% E&)t at 40 °C.

The test coupon 31 of the present invention and a conventional test coupon
(SUS304) with uniform metal surface as used in the monitoring of prior art for
comparison purpose were immersed in the test water and the potentials were monitored
on the basis of the reference electrode (Ag / AgCl/ sat. KC1 electrode) 33. The
temperature of the heat conductive surface of the test coupon 31 of the present invention
was set at a temperature of 70 °C.

.As shown in Fig. 9, the potential of the test coupon of the present invention fell
in a short period after the immersion. On the contrary, significant variation in potential
of the conventional test coupon 32 was not found during the test.

After the immersion test, the crevice and the portions surrounding the welded
portions were observeci and, as a result of this, severe crevice corrosion and stress
corrosion cracking were found. On the other hand, there vs}as no corrosion on the

conventional test coupon 32.

Example 2
The test coupon 31 of Example 1 was used in a pilot plant simulating an actual

cooling water system for corrosion monitoring of a metal (SUS304 in this example).



that the electrical resistance changes rapidly relative to tenperature
change, i.e. positive characteristics, the apparatus can be manufactured
nore sinply because the heating elenment itself has function of controlling
tenperature. Wien the PTC heater is enployed as the heating elenent, no
external tenperature sensor is required, so there is no danger of
overheating in case of failure. In genergBy it requires less electrical
energy as conpared to tenperature control by an external tenperature
sensor, thereby Goneretaly; the test conponsf Exempler 1y and aepnventional test coggempl es as
positive characteristic resistor conponents conposing the PTC heater 10
i ncl ude bar(BUBON) vttt mfoanideetabsiurface asased irothe maméordag ofprioriaxtfor e of

t hernopl astic resin and conductive material, m xture of organic conpound

havi ng al legpinpassomwgussosa svegglinimeksahirvatarit agitrufuciobligg toeer i Pie, and m xture
of setting silicone rubber and conductive material . Anong t hem

exanpl es OfterhphtURPOFAAL héat COMUREVISRFACE BF thE Tesitotpeh 81 9F the! H1deAPRVER {dnC
resin and conductive material include polyethyl ene, polypropylene,

pol yvi nyl %‘Js%ﬂéﬁ%terﬂﬁér&%f@é/ﬂm.t er epht hal at e, pol yvinylidene chloride,
fluorocarbon polyner, polyam de, and ethyl ene-vinyl acetate copol yner.

Cranples of conUSh i TRhGHA e ATE) R RHBRN, BT FO5on iRY oans
noted that Fig. 10 is a schematic view when the test system is applied to an actual plant.
In this system, the recirculating water rate is 340 liters/min, the holding water quantity
is 310 liters, the water temperature of cooling water at inlet of a heat exchanger 40 is
30 °C, the water temperature for cooling water at outlet a heat exchanger 40 is 40 °C.
Atsugi-city’s service water was used in condensed state as the test water. Suspended
solids and deposits in the cooling water system collected from the actual system were
added into the test water 35 continuously.

The potentials of the test coupon 31 of the present invention and the
conventional test coupon (SUS304) 32 with uniform metal surface as used in the
monitoring of prior art were monitored on the basis of the reference electrode (Ag /
AgCl/ sat. KC1 electrode) 33 by a potentiometer 37.

In Fig. 10, the- numeral 38 designates a cooling tower pit, 39 designates a
conveying pump, 42 designates a fun, and 43 designates filI;er.

As for the test coupon 31 of the present invention, it was found that foulants
were deposited and the crevice had severe crevice corrosion.  On the other hand, as for
the conventional test coupon 32, dirt was also deposited but in a small amount and

severe crevice corrosion was pot found. In the same manner as Example 2, the

potential of the test coupon 31 of the present invention fell, while significant variation



-27- Exanpl es of organi c conpounds of al kyl ene oxi de group used in
the m xture of organic conpound having al kyl ene oxide as unit el enent and
conductive material as the positive characteristic resistor conponent

i ncl ude pol yet hyl ene gl ycol, polyethyl ene oxide, block copol ynmer of

pol yoxyet hyl ene and pol yoxypropyl ene (so-called Pluronic), polyoxyethylene
al kyl ether, polyoxyethylene alkyl allylszgther, polyoxyethylene alkyl
ester, polyoxyethyl ene al kyl. ani ne, ‘pol yoxyet hyl ene sarbitan fatty acid
ester. tri duadigntial oF the copyaRtiopldr cotppa s was gt KR e e Tkt or | 2 <

i ncl ude carbon particles, carbon beans, netal powder, carbon staples, and
car bon whi sker. Exanpl es of setting silicone rubber used in the
m xture of setting silicone rubber and conductive material include
silicone rubber ésmcitionedatmvgabyoysing b tesk covpon bhthepgesant ineeion havieg
silicon atom bondi ng hydrol ytic groups par nolecule, silicone rubber

cont ai ni ng waeldpdpopddy aickevicen endabidan gomiuctieasirtibnythesinbaitaringgmdeps or t wo
silicon atom bonding hydrolytic groups par nol ecul e and organic silicone

conpound hgifhilgtedcondifiés! thatQRe BotEIsR@Eproble iS sdviefelin alabiilaDSIAGH Al by dr ol yti c
groups par nolecule, and mxture of organopol ysil oxane having at | east two

al kenyl  gr qung.Honfiedefon. (i H&lﬂﬁﬁn%%cgfﬁh?%t:%ﬂghﬁg%%\%Hﬁ'oxfﬁﬁ%gﬁﬂ)edsi | oxane

havi ng, on average, over two hydrogen a to silicone atom as
crossl i nki ent_ | ich platinwmcatal yst.is, added ..as,curing agent.
Bcanpl es - ofrihttze el B fedrbiRaeRith Sk kR I bR PR e b B Deans.
met al powder, carbon staples, and carbon whisker. . In the positive
characteri s%‘icef‘ﬁ%ﬂs'i"s%}’fc I pReaHe t rﬁ@ﬁtt“?lb%?é’éft pessibdlity of FPrEosienlher at ur e
can be varied by varying the ratio of compounds in the conponent. In the
present i nveetglimaterigly in an akual plagt, dhat dsdifficull I theqior ap) Sandus|meade rapidlysi ti ve
characteristic

and precisely. Therefore, the progress of severe corrosion in the actual plant can be

avoided by precaution.



resi stor conponent having tenperature characteristics which can actuali ze
desirable heat transfer conditions. e
- 28- There is no particular Iimtation on the

configuration of the sheet-like heating element. It i am’iﬂm;'ﬂﬁﬂ i’ﬂLt he
di mensi on and configuration of the sheet-like heating e igned

to correspond the dinension and configurggion of the test coupon to which
the sheet-like heating elenent is attached. Wien the sheet- |ike heating

el enent haé”ﬁé;tlscq}d%ﬁ@ 8 portions on both surfaces thereof, the test
coupons nmay be attached to both surfaces of the sheet-like heating el enent.
Wien the test cadufcowrpsionmoniheng method|fgr moritaringfcgresion ofyoistad meimbst - | | ke
heati ng el enent, heat insulating material may be attached to the other
surface, t onddrileht mansfee sondivepwhichsorraddsadn loast, wheoe it édincentactavitiem ssi on from
scattering fromthe surface to which no test coupon is attached. The heat
conduct i ve cerbdioe fluids whbeirsthe alethdd@dnpeisingR@pebfment can  be made of
flexible material or fornmed previously in a desired configuration so that

it can be attachegdiRVER shfade st attesitcoﬁpﬂﬁlﬁ}ﬁiﬂeﬂﬁ‘fﬁé“ﬁnﬁ AMENAGs Pk bRER-
There is no particular Iimtation on the nethod of bonding the test coupon

and the s -l t g qggtlgﬁ dhesives or a pressure sensitive
adhesi ve q%ﬁ%{ﬂexhédé%arﬁgg’éthg%elﬂéﬁay égeelénlgflgyed_. However, it is necessary to
use adnesive mat eri ol PRYLGe UG HAThE LSk B8 B0ubSn B 8RS o0 BY

with the corrosive fluid;

detecting the status of corrosion of the test coupon; and

monitoring the corrosion of the metal member based on the results of the
detecting.

2. A corrosion monitoring method as claimed in claim 1, wherein the heating
element is controlled its temperature.

3. A corrosion monitoring method as claimed in claim 2, wherein the heating
element comprises a PTC heater.

4. A corrosion monitoring method for monitoring corrosion of a metal member
under heat transfer condition which corrodes in case where it is in contact with
corrosive fluid, wherein the method comprising steps of:

immersing a counter electrode or a reference clcctr-ode in the corrosive fluid,

heating one surface of a test coupon made of the same material as that of the
metal member by a sheet-like heating element;

bringing at least one portion of the other surface of the test couﬁon into contact
with the corrosive fluid;

measuring electrical signals between the test coupon and the counter electrode



heati ng el enent. The test coupon and the sheet-like heating
element are required to be protected to block water fromflowng into the

space between the test coupon and the sheet-like heatin e of
exanpl es of neasures is a nethod of sealing the space b mmgmm”m’r C
test coupon and the sheet-like heating el ement by insulati*ngc ma '
O her portirons in addition to the space_Bgtween the netallic test coupon

and the sheet-like heating elenment, i.e. other portions except the portion
to be moni tBHECIETENES & “88‘56‘“ eal ed.

- 29- A test coupon hol der made of insulating material nmay be used
whi ch has an opdMHrng ths GoaEpsion|of theraetplpemberdasyhon the gesulis ebleact wit h
the test water and which can cover the test coupon not to bring the other
portions i measmeaent.with the test water. In this case, it is necessary to
el i m nate spaces between the holder and the heat conductive surface (netal

surface) al ong t Ife Aogetusivn ménitofiag lappatatus for niurmdering coposiviesfa inbral crevi ce
corrosion around this portion. The net hod and apparatus for

Corrosi on NR&hb& inder Rt trid i coadERbn WhKRHok@hes i QA WERS 1th¢ in@nkEt e
af orenenti oned test coupon of the present invention in contact wth water

(sonetimes gefefvk $lid, YHefiih tﬁséfagﬁérhtugfcoﬁlpg?iﬁ%ﬁt emto be nonitored and

measuring variation I'n corro pot ent f the test coupon.
a test coupon made of the same material as that of the metal member;

a sheet-like heating element for heating one surface of the test coupon; and

a detecting means for detecting the status of corrosion of the test coupon when
at least a portion of the other surface of the test coupon is brought in contact with the
corrosive fluid.

.6. A corrosive monitoring apparatus as claimed in claim 5, further comprising a
means for controlling the temperature of the heating element.

7. A corrosive monitoring apparatus as claimed in claim 6, wherein said means
for controlling the temperature of the heating element comprises a PTC heater.

8. A corrosion monitoring apparatus for monitoring corrosion of a metal
member under heat transfer condition which corrodes in case where it is in contact with
corrosive fluid, whereiﬁ the apparatus comprising:

a counter electrode or a reference electrode to be ir-nmcrsed into the corrosive
fluid;

a test coupon made of the same material as that of the metal member;

a sheet-like heating element for heating one surface of the test coupon; and

a measuring means for measuring electrical signals between the test coupon

and the counter electrode or the reference electrode when at least a portion of the other



Concretely, for exanple, the aforenentioned test coupon and.the_reference--
el ectrode (standard el ectrode) are imersed into the test

potential difference between the test coupon and the ref H\iﬁﬁmmtmﬂkm‘
are neasured with tine. In this case, a coated lead wire xed
to the test coupon and the potential difference is neasured through the
coated lead wre. The potentiak,nmeasurenent may be made by a
potentionmeter, a_digital muJtineter, tester, or a conputer utilizing an
A D converP‘é‘lfacF(?lfg‘FgFﬁté;QBP‘?%‘EE?E‘?“ghBPé%‘?BTaé%WE? theyroriogive fldisk e el ect r odes
include Ag / Agd / sat. KCl electrode, SCE electrode, Cu / CuSO[err]

el ectrode, and H3- A tesrevnopdor earrgsion| reenitopag of a metal member;Hghesein sheigst
particular limtation on the nethod of bringing the test coupon in contact
with the testponds svade Bktheshme material esthat of the metah o mbenpundes heay tmhsfps of
carrying the test water from pipings of the systemto be nonitored to a
smal |t ank coiditionjghd dada aelded postidnaind atdhatice. nrer si ng the test coupon into
the water (test water) in the tank; Il. a nethod conprising a step of

i mersing the tesph, AessPesupolifer dorsloBThoni@tiBE as claimed in claim 9, wherein the
-30- in a bath (e.g. a pit of a cooling tower) disposed in the systemto be

TNt OF ed; lrangter BBAHE HIRGIBLAGE O ERYIGRATLARHE I G5! waler from

pi pi ngs of the syst monitored to & co rough a branch pipe so

as to the test wafex [ gryiﬁ)ohri}ort &T‘rogfaln'ﬁ%ito%é Ly aalinbc 1%[5'115(15! wierein

said element comprises a PTC heater.

12. A corrosion monitoring method using a test coupon as claimed in claim 9
to measure variation in corrosion potential of the test coupon.

13. A corrosion monitoring apparatus comprising a test coupon as claimed in
claim 8 and a means for measuring variation in potential of corrosion of the test coupon.

14. A corrosion monitoring apparatus as claimed in claim 13, wherein said test

coupon comprises a PTC heater.



In case of IIl using water flowng colum, it is desirable to use a control
valve to nmake the flowrate in the colum constant during the nonitoring.
In addition, the flowrate of water flow ng inside or outside of the
piping to be nonitored (for exanple, a piping of a heat exchanger) can be
controlled, thereby allow ng nore precise nonitoring. The net hod
of the présent invention can be applied to a corrosion resistance
evaluation test in a |aboratory for nmakirA8-a determinati on whether a
netallic material can be used in a certain environment or not. In this
case, the test coupon nmade of t e eval uated and the
ref erence electrodg are i nmersed ﬁkéégégﬁ ﬁb #OP?QQ which wll be used

with the nAg$TRAaCMterial, in the a vessel (e g. a beaker) for
moni t ori ng. There is no limtation on the residual stress of the

vel ded portion ang Ffalfhehké st é&box? i ff&%hoﬂlﬁ)?ﬂ? cbirddiby bf iR tAD thehdber Ukdefed

portion of the test coupon. Is preferable that the test coupon Is

wel ded undgy eff:t? _Jr'cBHéin%é iﬁ a&xgﬁtcu%ﬂ]c’}iiﬁ?t% ik gf'{hﬁléamg ntctial 5@&1%{%{“ a?shr ess

and t her nal as estinate i'onNs 0 s to be
nmoni t ored or at tretrrent Thi s [ e

et ot on heBht 053%37%?%% ot iR eORa LF iRl P asbse die frde A
lurality of tes ons th varlous re stress and. thernpl effects
Pray be i y e lRePti4nwhig E? \é\fﬂ FQihe £Btire Feas Wﬁ%‘ﬁfg the test coupon ij’ﬂﬁé Resives po

particular limtation on the tenperature of the heat conductive
The sheet-like heating element 4 is a plate comprising a heating resistor 2 made of thin

metallic foil which is arranged in zigzag shape and an insulating synthetic resin 4a
wherein the heating resistor 2 is molded in the synthetic resin 4a. Ends of two coated
lead wires 3 are also molded in the synthetic resin 4a. The cores of the coated lead
wires 3 extend still outside of coated portions and to be connected to both terminals of
the heating resistor 2, respectively. The test coupon 1 is brought in contact with
corrosive fluid and the current to the heating resistor 2 is controlled in such a manner
that the test coupon 1 is subjected to the same heat transfer conditions as that of the
monitoring object. Metal pieces 21, 21, for enabling the monitoring under conditions
simulating the environment that corrosion problem is apt to occur in an actual plant, are
welded at a spot welding portion 23 and there is a cr_cvicé between the metal pieces 21,
21 Anend of a coated lead wire 26 for potential measurement is connected to the
metal piece 21 by soft éoldcring or the like, and the connected portion is coated by
insulating material. A sheet-like heating element 22 is bonded to the outside surface of
the metal piece 21 by adhesives and coated by insulating material 25. The test
coupons 31 are immersed into test water and potential between a reference electrode 33

and the test coupon is measured to monitor corrosion.

(Fig. 1)



-31- surface of the test coupon. It is preferable to control the heat
transfer surface to have the sane or slightly higher tenperature as that
of the surface tenperature of a netal nenber such as the heat exchanger
tubes to be nonitored, thereby favoring the precise prediction about
possibility of corrosion of the piping to be nonitored. A plurality of
test coupons having respective heat transfer surfaces under various
tenperature conditions may be inmersed in the solution for nonitoring.
The nmonitoring may be conducted in such a way of inmmersing a conventional
test coupon with uniformmetal surface as used in the nonitoring of prior
art, the conventional test coupon to which a sheet-like heating elenent is
attached to have a heat transfer surfh¢(®, or the test coupon of the
present invention without the heat transfer portion in the test water, and
measuring variation the respective corrosion potentials. The
possibility of corrosion of the netallic material within the {est water is
thus predicted based on the variation pattern ip the potenti &l of the test
coupon, obtained in the &forenenti oned manner. YThe neasureneht of
potential may be entirely|conducted by a conputgr or ahata |ogging
equi pnent. Oxidation-redu¢tion potential may be jneasured by § platinum
el ectrode, thereby gyaluafjing the oxidizingdendgncy of the test water at
the sane time. Exanpl ] 1 The test~Tpupon 31 showp in Figs. 7a
t hrough 7c¢c was used for cerrosion nonitoring ofla netal (SUSB04 in this
exanpl e) by neans of a “fker t+est—showr—h—Fi-g-
Ay — ik Lok ¥ Y alnh ¥e
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8. Synthetic cooling water as test water that is sinulating
cooling water in the actual plant was entered in a beaker of 1 liter and
sodi um chl ori de was added in such a

-32- manner that the chloride ion concentration in the test water becones
2000 ng C1/ liter. The main properties of the synthetic cooling water were
cal cium hardness: 280 ngCaCderr] / liter, Malkalinity: 240 ngCaCJerr] /
liter, and magnesi um hardness: 160 ngCaCO3 / liter. Synthetic polynmer for
inhibiting scale formation was added in the synthetic cooling water

The beaker 34 containing the test water (synthetic cooling water) was
entered into a thernobath 36 and was controlled in such a manner the test
water is kept at 40 [err]C. P8 test coupon 31 of the present
invention and a conventional test coupon (SUS304) with uniform netal
surface as used in the nonitoring of prior art for conparison purpose were
imersed in the test water and the potentials wege nonitored jon the basis
of the reference electrod¢ (Ag / AgC / sat. KCljel ectrode) 383. The
tenperature of the heat c¢nductive surface of the test coupon{31l of the
present invention was seff at a te rature of 7 [err]Qh As
shown in Fig. 9, the potenti al é? t test coupom of the ent i nvention
fell in a short perjod affter the i rsion. On fhe egntr signi ficant
variation in potent ™ '
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of the conventi onal

wel ded portions were observed and,
corrosion and stress
there was no corrosion on the

act ual
this exanple).
Concretely,

f or
The

test coupon 32 was not found during the test.
After the imersion test,

conpari son purpose were i mmersed
tenperature of the heat conductive surface of the test coupon 31 of

the crevice and the portions surrounding the
as a result of this,
corrosion cracking were found. On the other
test coupon 32.

conventi onal

surface as

348

cooling water systemfor corrosion nonitoring of a netal

the test coupon of Exanple 1 and a conventi onal
(SUS304) with uniform netal

severe crevice
hand,

Exanpl e 2
The test coupon 31 of Exanple 1 was used in a pilot plant sinulating an

(SUS304 in

-33-
test coupon

the present invention was set at a tenperature of 70 [err]C

rough arrangenent of a test systemis sh
that Fig. 10 is a schematic view when th
In this system the recir
t he hol ding water quantity

tenperature of cooling water at inlet of

actual plant.
liters/ mn,
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30 [err]C, the water tenperature for cooling water at outlet a heat
exchanger 40 is 40 [err]C  Atsugi-city's service water was used in
condensed state as the test water. Suspended solids and deposits in the
cooling water systemcollected fromthe actual systemwere added into the
test water 35 continuously. The potentials of the test coupon 31
of the présent invention and the conventional test coupon (SUS304) 32 with
uniform nmetal surface as used in the nonitoring of prior art were
nonitored on the basis of the reference #tgectrode (Ag / AgC / sat. KCl

el ectrode) 33 by a potentioneter 37. In Fig. 10, the nuneral 38
desi gnates a cooling tomeg;gi . 3Z%de5|gnates a conveying punp, 42
designates a fun, and 43 e'gq":\'a-t Filler As for the test

coupon 31 of the present invention, it was found-that foulants were
deposited and the crevice had severe crevice corrosion. On the other hand,
as for the conventional test coupon 32, dirt was al so deposited but in a
smal | amobunt and severe crevice corrosion was not found. In the sane
manner as Exanple 2, the pogential of thejtestj 16pUpON 31 of the present

invention fell, ile S|gn|fvcantg§arW€y|() J 3
-34- in potentlal y//he conventi bnal §{ncoup©n 32 was snot found during

the test. “As nentioned aboye’ Dy usyng t he té%t coupon of the
present inventjomthavingHf--—-o—-fmo—— 1 (
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wel ded portion, a crevice, and a heat conductive portion, the nonitoring
under simulated conditions that the corrosion problemis severe in an
actual plant can be realized. Therefore the nonitoring according to the
present invention has inproved sensitivity relative to corrosion reaction
as conpared to the conventional nonitoring. According to the present
i nvention, ‘the prediction about possibility of corrosion on netal
materials in an actual plant, that is di{lé;nﬂt in the prior art, can be
made rapidly and precisely._Therefore, progress of severe corrosion in
the actual plant can be avdFHEd:by Eﬁgfaution
-35- WHAT IS CLAIMED | S: 1 corrosion nonitoring nmethod for
nonitoring corrosion of a-netal er under heat transfer condition which
corrodes in case e it isgin crglact {4h corrosive fluid, wherein the
met hod conprising Steps of: ; heall ng one surface of a test coupon
made of the sane terial ag that of the/ netal nenber by sheet -11i ke

I

heati ng el enentf; _-pringtng atr fyeast—one tion of2 the other
surface of the jtest. coupon_into_contacy/ wth the cerrosive fluid;
detecting the sitatys of corrosion of fhe test coupo zmh {

noni tori ng yfge (corfosi on off The metalrrmepber baséd ¢n the results 6P‘hge
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det ecti ng. 2. A corrosion nonitoring nmethod as clainmed in claim

1, wherein the heating elenent is controlled its tenperature. 3.
A corrosion nonitoring nethod as clained in claim2, wherein the heating
el ement conprises a PTC heater. 4. A corrosion nonitoring nethod

for nonitoring corrosion of a netal nmenber under heat transfer condition
whi ch corrodes in case where it is in contact with corrosive fluid,
wherein the method conprising steps of 6/8 i mrersing a counter

el ectrode or a reference el ectrode innEpe corsosive fluid,

heati ng one surface of a test coupon db & 6he same material as that of
the netal nenber by a sheet-like heating el enent; bringing at

| east one portion of the dihel_surface oh t he test Qbupon i nto contact
with the corrosive fluid; ; pasulri ng el ectx cal sigrgal s between
the test coupon and the counter ele dee —
-36- or the reference g+e oue moni te~tP4 the |@orrosi on of
the metal nenber based }enr 8 e SRty — 5. A
corrosion nonitoring apps off a 'net al
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menber under heat transfer condition which corrodes in case where it is in
contact with corrosive fluid, wherein the apparatus conprising:

a test coupon nade of the sanme material as that of the nmetal nenber;

a sheet-like heating elenent for heating one surface of the test coupon;
and a detecting neans for detecting the status of corrosion of
the test coupon when at |east a porti@n8of the other surface of the test
coupon is brought in contact with the cprro ve fluid. 6. A
corrosive nonitoring apparatus as clal g% laimb5, further conprising a
means for controlling the tenperature of e heating el enent. 7.
A corrosive nonitoring apparatus as clafhed in claim®6, wherein said neans
for controlling the tenperature of thdg heating el enent conprises a PTC
heat er . 8. A corrosion nonitlor|ng appgratus for nonitoring
corrosion of a netal nenber umpfer heagt fransf condltqg? whi ch corrodes
in case where it is in contact|wth dortosive [f{luid, ein the apparatus
conpri si ng: a count | ecteeeeten Or erenc¢ el ectrode to be

i mrersed into the corrosjve fluid; a test goupon nade of the
sane material as tfjat of tHe -al  memeT, T heet{]l i ke heati ng
el ement for 3Gating one siiff ac¢}of the test cougon;|nand a
measuring means f qesst ectridal | signalld befiveen—thqjt est coupon
and the counter eljgct ode[gr=t he rEferlenge~erect|r-odel when at| |l east a
portion of the oth

r

AN

\\\\\\\\n\e\

31 33 32

O T A T

?“gyé

777 7 7L L L L sao

VA AA AT ALY

SN NN NANNAN NN AN SNNNNNNNANANN

Fig.9

o

QS 0.1

o test piece of prior art

t‘g -

> WM
2, 0.0 +

<C

~

m -

<C

)

2 0.1 [ monitoring electrode of the invention
p

~

| .

o

o

Lu__oz 1 ] ) 1 1 1 ] 1 1 ! )

0 100 200 300 400 500 600 700 800
Time (h)



-37- surface of the test coupon is brought in contact with the corrosive
flui'd. 9. A test coupon for corrosion nonitoring of a neta
menber, wherein the test coupon is made of the same material as that of
the metal nenber under heat transfer condition, and has a wel ded portion
and a crevice. 10. A test coupon for corrosion nonitoring as
claimed i'n claim9, wherein the heat gygnsfer is provided with a
sheet-1i ke heating el ement attached ther.eto. 11. A test coupon
for corrosion nonitoring as clained i cIIQ.m“ﬁ, wherein said el enent
conprises a PTC heater. 12. A corrosion nonitoring nethod using a
test coupon as clainmed in claim9 to neasure variation in corrosion
potential of the test. coupon. 13. A corrosion nonitoring
apparatus conprising a test coupon as clainmed in claim8 and a nmeans for
measuring variation in potential of corrosion of the test coupon.

14. A corrosion nonitorjng apparatud2as clainmed in claim13, wherein said
test coupon conprises RTC heater.
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