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Dear Gretchen,

I am writing this letter to you regarding the counterfeit article that appeared in the
October issue of Materials Performance magazine entitled, “Long-Term Field
Performance of an Organic Corrosion Inhibitor for Reinforced Concrete,” authored by
U.M. Angst, M. Biichler, J. Schlumpf, B. Marazzani, and M. Bakalli. Since two of the
authors are employees of SIKA the uninformed reader would logically assume that the
“organic corrosion inhibitor” described in this article is a product of SIKA when in fact it
is NOT. The “organic corrosion inhibitor” described in this study is a product of Cortec
Corporation called MCI-2000, which was marketed by SIKA as Ferrogard 901 under
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Eepensol Private Label Agreement which was in effect in 1995 when this testing was commenced.
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Cortec Corporation sued SIKA in the Federal Court in Minneapolis in 1997, two years
ANACE after testing described in this paper commenced, for the breach of Private Label and
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To Whom It May Concern:

Cortec® MCI®-2000 was the subject of this study commenced in 1995. It was the ONLY patented
amino alcohol organic corrosion inhibitor available in the 1990’s anywhere in the world.

Boris Miksic, FNACE
Inventor of MCI® technology (Migrating Corrosion Inhibitors for Concrete).

Cortec® Corporation is the global leader in innovative, environmentally responsible VpCI® and MCI®
corrosion control technologies for the Packaging, Metalworking, Construction, Electronics, Water ﬁ

Treatment, Oil & Gas, and other industries. Headquartered in St. Paul, Minnesota, Cortec® manufactures
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This work documents the effective-
ness of an organic corrasion-inhibir.
ing admixture for reinforced cancrete
under chloride exposure conditions.
Reinforced concrete samples were
exposed in a road saft enmvironment in
the Swiss Alps and periodically in-
spected over 18 years using a numbayr
of test methods. The results ilustrate
that this comrosion-inhibiting admix-
ture can significantly delay corrosion
initiation and thus prolong the service
life of refnforced concrete structures.

i)
A wide variety of types of corrosion-
inhibiting admixtures for reinforced
concoate 'lrl"'icnnwn.' ! These include
mguﬂcmrm:hnlnhltmurs such as formu-
:II.I.L'I]::I'lE based an amincs and alkanol-

Jamincs (amino alcohols). [t has been
/| demonsirated inyarious laboratery inves-
tigations** that thﬁtpraﬂm‘ls can prolang

~ the time e wrmq?'-'ﬁ:ﬁflnhlntlnn in chloride

exprosure envirenments, or that they can
raise the critical chloride threshoeld,
thereby decreasing corrosion rates, In
recent lteratwre reviews,'* however, it haus
heen rmph:lﬂ::.rd thiat the vast mniu-ril;:r of
results stem from short-term I;hnnlw}'
snclies, andd that Im15-:nrmdn-:umnﬂaliun
on the effectiveness of organic corrosion:
inhibiting admixtures under real ¢xposune
conditions ix lacking.
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Experimental Procedures
Specimens

In 15935, L-shaped concrele specimens
wiere cast angd installed along o highway in
thie Swiss Alps (Figare 1L During the winter
genson, the vertical wall elemients are ex-
posed to chloride-kearing splash water,
These walls are 200 m in height, L70m in
width, and have a thickness of 200 mm.
They are reinforced with two Layers of car-
bon gteed hars { 12-mm diameter bars with
200-mm vertical and horizontal spacing).
On the (ront side facing the highway, the
caver depth ks 15 mm: on the rear side, the
cover dopth is 30 mm., The front and rear
reinfarcing steel mats are clectrically iso-
Isted from each ather: however, cabbe con-
mections te cach mat from junction boxes
mounted on the rear side of the elements
permit measurements and electrical inter-
connection of the frant and back layers of
slecl relnforcement. The electrical contina-
ity between these two layers was estab-
lished through the junction bexes 1o sima
Iste renlistic conditions, apart from the
short interruplions that were eccasionally
negdled for certain measwreme ks

Three types of concrete wiere cast [one L-
shaped specimen per concrete typek bt
only the results of the reference concrete
and the concrete containing the commercial
corrosion-inhibiting admixture are re
ported. Both concretes contain equal
amounts of a superplasticizer and an air-
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FEGURE 1 Phatograph of L-shaped concrete
ipeimand sxpaied 1a eblaride camtaining
splash water on & Righwey in ke Swiv Alps.

enftrainingagent (toavald feering damage).
The cerment type used was ondinary Port-
fand cement (325 kg/m*) and the water/
cement ralio was 045 te 046, The enly dif-
fepence betwesn Uve two reported concrete
types is that one of them contains 12 kg/m®
af the onganic corrosion-inhibiting admix-
ture, which iz based on amine alcohalz, and
rearketed by Sika as FerroGard 9017,

Measurements
During the past 18 years of concrete
specimen exposure, a number of periodic
measurements were performed to docu-
ment the leld poeformance of the different
concrebes,” These include:

« The galvanic current Mowing bebween
thi front and back layers of the roin-
farcing steel. The Interval for current
measurement is theee years,

« The potentials on the concrebe sur-
lece Mncing the road," The poteniiale
ware measwred with o saturated cop-
perfcopper sulfate (CwfCaS0,) refer-
ence clectrode (CSE) positioned ai
different spots on the concrete sur-
face, and mapped. The measuring
grid was equally spaced in both hori-
zonial and vertieal dieectbons {100 1o
150 mm). The interval for potenilal
mupplng is theee years,

= The chloride content kn the exposed
fuces of the concretes, To deteemine
chloride profiles, concrete powder
wias collectd by drilling at intervals

"Trade name,
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FIGURE 2 Time evelution of the galvank: currant betweon the front and back Layers of the
reinlareing stesl mati in the raference sonirate and the condrete containing the cosresion.

imhiliting admixtura.

to a depth of 50 mm, The chloride
content in the powder spmple was
analyzed by ncid digestion and Hirn.
tiom, The Hrst chloride pmﬂln: [
taken alter nine yveors of exposure,
with amne pmd'll:-: token e wall cle-
muent. Al exposure times of 13, 16, and
18 years, two chloride profiles were
taken per concrets wall elenzent,
After 18 yenrs of exposure, the concrete
cover was eemoved from selected arens of
the specimens with an electrleally powered
jackhnmmer to permit visual Inspection of
the corrasion state of the relnforcing steel,

Eesults and Discussion

Electrochemical Monitoring

Figure 2 shows the galvanic current
eveasured between the front and back rein-
forcing steel mats in the wall elements aver
tiene. Daring the first seven years, these
currenats wene below the measureable necu-
racy, thas negligibly low. In the reference
concrete, the galvanic curnent started in-
creasing al approximately eight to nine
years of exposure, with a significant in-
ceease after = 16 years. On the ether hand,
win marked increase of the galvanic current
wis shaerved in the concrete with inhibitor
during the entive 18-year duration of the

feld best. The Inerease in galvanic current
measared bn the reference conerete indi-
cates the onset of corrosion on the front
slde of the wall element after approxi-
mately elght to nine vears, while the negli-
gibly low level of galvanic currenis ob-
served in the concreie containing the
coreaslon inhibilor suggests the absenee of
relevani macrecell corrosion, These resalis
were supparted by the potential mapa of
the wall elementa, ™

Viswal Inspections

Over time, more cracks and rust stains
appeared on the front surface of the eelers
ende comerele element than on the elemaent
miule from the :Inhihltu-r-t:nnl:llnlnﬁ_ cones
crefis Alter 18 yEars of exposure, selected
small areas of reinforcing steel of the front
mils wene vl:uu;IJj' ingpected in both cles
mienls after I!-u-c.ully mmn'l."i.rl]; the concrele
covir: These inspected areas were selected
based on the potential maps. In the refers
enoe concrede, parts of the n:Inﬁ:ln:In; sbired
il exhibiting rr]nl!lw!l}' :nr;n.!.h'r shiee]
patentiols (=350 mV ve CSE) were found to
b localized corrosion altack, with up to
I5-mm deep corrosben pits. In contrast,
thie reinforcing steel in the concrele con-
taining the admived corrosion inhibitor
was found to be essentially free from
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TABLE 1. PARAMETERS D, % OF CONCRETE)
OBTAIMNED FROM FITTIMNG MODEL AMD EXPFERIMEMTAL DATA
[AVERAGE VALUES AND STANDARD DEVIATIONS BASED ON SEVEN
SEPARATE FITS PER l...l'"'l 1'._F.ETI:'

{rriffs) AND C

| Raeference Concrete |C&nn|hﬂﬂ1lnhlhit-nr-
Pasmster (D, [, g, I
Aneiagh 27 2 0 023 2= 10 | “H!
Standard deviation [0x 10 [ooeT T 7 [eaxton o003
035

0.3 —

015 =—

Chiloride (% by Mass of Concratal

0,10 —
o &‘
I | | | |
o 1% o0 o 40 =
Depth tmm)

FIGURE 3 Predicted chlodide prafiled in the relerence conorels based on the messurements taken
gear 18 yoart of sxpeturs. The sumbers oa the lnes indicate the sxposure duration in years.

corrosion attack apart from o few small,
saperficial rust spots—even at the lower
end of the wall element, which is the most
sevorcly exposed zone, with steel potentinls
of ==250 mV¥ vs. CSE

Chiloride ingress

The chloride content data in the con-
crele, measured over Eime at different
depthe, were entered info a common maoded
o describe chloride Inﬁ,n;'u into the con-
crete. This mpproach is based on Fieks see-
ol lanwe of diffusion and can be c:l.w\-t'!m]
us follows in Equation (1 ):™

O, B o G 40 = U I[! erl

)
XTI |

where Clxt) is the chloride content at
dcpth w wned time 8, C, is the initial chloride

content, and ©, is the so-called surface
chloride content (all in % by mass of con-
cretel 13, denotes the apparent diffusion
caellicient (m*f g} To consider the Lime-
dependency of transport procesies through
coancrele, which changes due to proceeding
cement hydration, carlbonation, eventual
formation of surfuee layers, ete., the appar-
ent diffusion coeflicient is usually ex-
pressed as & function of time, as shown in

Equation (2}
D)= n.['-l‘-]-

where [), denotes the diffusion eoellicient
at a reference age (e.g. 28 d), and o iz the
aging exponent.

The madel approeach using Equations
(1)and (1) s a strong simplification of real-

(2]

ity."! More complex models exist that may,
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under some conditions, allow more appro-
priate deseriptions of chloride transporg
processed in conenele: however. these ex.
tended maodels requine mone Inpail param.
ofers, which are not available bn the present
work, Thus, application of the model ac.
cording Lo Equations (1) and (2) in ihe
present context is considered an appropri.
ate approach that yields estimates of the
evolution of future chloride content at
certain depth.

By assurming a negligible initial chlorde
content in the conerete (C, = 0) and an
aging exponent (i = 0.3 according o litera-
ture data'} for exch point in time and for
ench sampled depth, the measured chla.
ride content in the concrete was fitted 1o
the maodel Frﬂl'l’!li.-l}n {Equation [1]}. The
['.I;I;i.nE prarmmeters were D, and C. The pe-
sults are summarixzed in Table 1. The diffu-
glon coeflicients at reference lime (28 dj
are in the range a2 ta o 10 miie This is
in agreement with Hterature resulis for
conerele with Portland cement,™

Table 1 indicates no dramatie differ-
ences in chloride Ingress betweon the bve
tested concretes. Chloside ingress was only
slightly slower in the inhibitor-containing
concrete than in the reference concrete,
woith the appanent chlaride diffusion coelli-
chont I, being ~30 to 40% higher in the rel-
erenee concrele than in the inhibitor-
containing conerele. Further indicationofa
slightly sbower mass chloride transport in
the presence of the inhibitor was obiaised
from electrical resistance mecaswremenls on
embedded probes that suggested n highes
concrels resistivity of the inhibitor-contain:
fmg concrete than of the eelercnce concrete,
evien after 18 years of exposure.™ In the k-
erabure, similar correston-inhibiting admic-
tures have eccastonally been claimexd to af-
fect the transport properties, which was
explained by the effect of intermal hydee-
phobic coating or pore Mecking™

Projection of Time-to-Corrosion

The maodel describing chloride ingress
ptrmllx extrmpolating the results from [
feld test=—obained during 18 years of X
posure=into the fiture, This is shown 12
FIEIII'!["I Tand4d.

Based on results of both the nos-
destructive and destructive inspectios
techniques, the time of corrosion inilias

MACE INTERMATIOMAL: WK 55, 80 B
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FIGURE 4 Projected chicride contant in the comtrate ever time for [a) the relerente concnete snd [B] the concrete with the comretlon-inhikiting
sdminturs, iferant cover dopthi—15, I8 35, 45, end 55 mm ad indicated by the pumbers of 1he Baei—ade plotted. The daiked blug lings reprodent

the estmated chlonide threahald values.

thom, 1., can be estimated lor the twe con-
eretog, [n the reference concrebe, corrosion
initinted at approximately rlshl. to nine
VNS of expetune. In the concrete contain:
I:nﬂ the cnrrminnr:inhil:llljn; nelmixture, 15
yeurs of expesn iy be considered a con-
servative catimate for the time be corrosion
infitiatiom.

The chloride content ot the reinforcing

- steed mat’s cover depth (15 mm) at t is de-

fned ms the critical chloride content C,,%
For the reflerence congrele, C,, bs estinznbed
at 0.10% chloride by weight of concecte
[=0.7% by weight of cement): and for the
conceete with inhibitor, €, ks estimated ai

0, 11% chlogide by welght ol conceete (~05%

by welght of cement). Thus, the difference
in C,, for the concrete with and without
the corrosion-inhibiting admixture is sue-
prisingly small, The present results allow

- only o conservative estimate of C, for the

cese of Inhibltor-containing concrete,
which ks 10% higher than the reference con-
crcte. Figare 4 shows that in osder to
achieve a chlorkde concenteation that ex-
ceeds €, considerably longer exposire
tme would be required lor the inhibited
corcrete to initinte corvosion than the refl:
erence conctebe. and that delay ks primarily
associnted with a reduction of the chloride
diffusion eate, Having In mind that some
tiny spots of corrosion were observed on
the ecinforcing steel in the inhibitor-
conlaining conceele after 18 years, 5t b5 un-
Hkely that t.,, will be much highee

Figuee 4 zlso shows a first-hand. esti-
mated extrapelation of the present resulis
for cover depths greater than the peesent

FNACE INTERMATIONAL: W0 55 B0 50

15 mim. For instance, £, becomes 50 yoars
in the relerence coneeete wmd S0 yEars En
thae Inhlb-:ill;lr-wnl:l;tlnlng concrede with o
cover depth of 25 mm. In short. t, is
mu.,ghly doubled in the inhibitor-coniain-
ing conceete compared o the reference
conceete. This beneficinl effect is attribs
uted to the combination of the infleences
on chloride transport properties and on
C.o While both offects are relatively small,
thelr combination appears to signillcantly
pedong the seevice life in the presence of
the corraslon-inhibiting sdmixture,

Both Investigated concretes performed
well, When extrapolated to reallstic coves
depths In the range of 25 (o 55 mm, &, fof
the reforence concoete is estimated to be
close o oF = 100 years (Figuee 4, A lkely ex-
planation for this desirable behavior may
be the special care that was taken during
exccution (casting, compaction, curing.
i) and the resulting goed-guality con-
erebe, Thiz highlights the importance of
workmanship and carefil cxecution on site
for the durability pesformance of rein-
forced concnete struclures,

Conclusions

In the present bong-term field trial, the
studied I:IIEI:Ir!iI: m.rr-u:lnn-inhlhiling nil-
mixture (dosage 12 kgfm®) was suffickent to
significantly delay corrosion initiation in
conditions with exposure to chloride:
containing splash water, While corrosion
imitinted at & cover depth of 15 mm altee
lppm:l:imuld}' cl;hl; o mine yenrs ol CEp
sure in the reference corcrele, the conorebe
with the wnnslun-ﬁnhihlllng admixiure

MATERLALS PERFORMANCE OCTOBER 20146

wias, alter 158 years, still essentially corro-
slon froe.

A chloride ingress model was ueed to
extrapolute the results aflter 15 years of ex-
posure for bath deeper cover depths and
longee exposure Hmes, Az a rule of thamb,
under the stedied conditions, the inhibllog
delayed the time to corrosion initkation by
a factor of twa, which illustrates the poten-
tkall of this correston-inhibiting admixtane
te prolong the service life of reinforced
capcaote,
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