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Shotcrete Magazine Publishes Informative Article
on Cortec® MCI® in Shotcrete Applications
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MIGRATING GORROSION INHIBITORS
FROM GREY TO GREEN

With the invitation and input of a shotcrete application specialist and
past president of the American Shotcrete Association, Cortec® joined
forces to write a compelling article on MCI® Technology for the Summer
2017 issue of Shotcrete Magazine. Shotcrete Magazine is a quarterly
publication of the American Shotcrete Association, with a readership of
over 17,000 industry professionals in over 100 countries.

The article, entitled “Aiming for Extended Service Life with Migrating
Corrosion Inhibitors,” goes into a detailed description of how Cortec®
MCI® Technology works and its advantages over other corrosion inhibiting
strategies (such as CNI and cathodic protection) for reinforced concrete.
These advantages include a lower dosage rate than other admixtures, and
no negative effects on concrete properties like strength and freeze-thaw
durability. It discusses how MCI® extends time to corrosion initiation
and reduces corrosion rates once started. A graph shows how the normal
set (shotcrete compatible) version of an MCI® admixture has performed
very well in modified ASTM G109, cracked beam, testing compared to
other admixtures.

The article goes on to illustrate a variety of MCI® uses in shotcrete.
Shotcrete is a method of spraying concrete onto a surface rather than
filling a form. It is especially useful for concrete repair work and the
creation of uniquely formed concrete structures. The article relates the
use of MCI® with shotcrete in tunnel and bridge repairs for PENN DOT,
the repair of an amusement park volcano, and the restoration of an old
factory being made into an apartment complex. It is a good example of
the versatile possibilities for extending shotcrete service life with low
doses of Cortec® MCI® admixtures.

To download a copy of the full article, visit the following link:
https://www.shotcrete.org/media/Archive/2017Sum_Schallom-etal.pdf

Cortec® Corporation is the global leader in innovative, environmentally responsible
VpCI® and MCI® corrosion control technologies for the Packaging, Metalworking,
Construction, Electronics, Water Treatment, Oil & Gas, and other industries. OR Tec

Headquartered in St. Paul, Minnesota, Cortec® manufactures over 400 products CORPORATION

distributed worldwide. ISO 9001 and ISO 14001 Certified, and ISO 17025 ®  Environmentally Safe VoGIPMCI® Technologies
Accredited.




Aiming for Extended
Service Life with Migrating
Corrosion Inhibitors

8y Ray Schallom Iii, Jessi Meyer, and Julle Holmaquist

arfosion of embedded steel reinforcement is athreat

to all types of reinforced concrete, kading to crack-

ing, spalling, and a shartened service life of the
structure. While the pH of new concrete initially protects
embedded steel reinforcement by creating a natural passive
oxice layer, it inevitabhy gives way to the effects of carbon-
ation, chloride exposure, and acid rain or other industrial
polutants, The cormasion process intiates, followed by deteri-
aration that challenges the durakility and safety of structures.

Aovariety of fechnologies have been develped to counter-

act this process, ranging from cormasion-inhibiting admbctures
to cathodic protection (CP). Calsium nitrite (CRI, an older
admixture technology, is effective against chloride-induced
carrosion, but has disadvantages in that its dosage rate is
variable depending on expected exposure o chlorides fhe
more chloride exposure, the higher the dosage rate). As
dosage rates increase, 5o do CHI's adverss effests on the
physical properties of concrete, sush as dramatically increased
shrinkage and accelerated setting time. CP technologiss
require reinforcement o be continuous and imio e installa-
tion of mamy embedded gakanic anodes, or application of an
impressed current, which must be continuoushy monitored.

MIGRATING CORROSION INHIBITOR
TECHNOLOGY

Migrating corrosion inhikitors, which are based on organic
amine alzohol and amine carkboxylate technology, offer
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rany advantages forextending the service life of concrete
structures. They have a set dosage rate, which is five {o
A0 tirnes lower than that of CHI, and generally have no effect
anthe physical properties of concrete strendath, shrinkage,
and freezing and thawing). Some versions can delay satting
tirne, whereas others are normal set.

Migrating corrosion inhikitors are available in both g uid
and powder formulations for eass of application, and are also
available as topical treatments for existing structures, When
added to the concrete mixture, they are dispersed through
the mixing process but also have the ability to migrate
through concrete pores by capillary astion and vapor diffu-
sion. They travel randomby from areas of high concentration to
areas of low concentration, according to Fick's Second L aw,
until they come into contact with embedded reinforcemeant.

Migrating corrosion inhibitors are considered mixed cor-
rosion inhikitors, meaning they provide protection to both
anodic and cathodic areas. They are attracied to embedded
retals and adsorb anto them. Figures 1 and 2 demonstrate
the chemistry of aming alcohols and amine carboxylates on
the metal surface. This chemistry allows migrating inhiki-
tors to forma tenacious bond that protects the metal from
interacting with corrosive elements at both the anode and
cathode of a corrosion cell. This protective laver also kesps
the pH &t the reinforcing bar surface at an aptimal level for
inhikiting corrosion and reduces existing corrsion rates?

ADVANTAGES OF MIGRATING
CORROSION INHIBITORS

Migrating corrosion inhikitor technology has many advan-
tages in terms of ef fectiveness and user friendliness. As

an admpture, migrating corrosion inhibitors can be readiby
added to shotsrete or other concrete mixtures at a rela-
tively small dosage rate compared to other admipdures (1 1o
1.8 pintaivd® [06 to 1 Limm®] for liguids, 1 [bdyd® [0.8 kadm®] for
powders). They do not negatively affect concrete properties,
and they meet ASTM C1582/C1582M2 requirements such
as flexural strength, compressive strength, setting time, and
freezing-and-thawing durakility ® Migrating corrosion inhiki-
tors are nonhazardous and environmentally friegndly and
inzlude bio-hased options made from by-products of corn.
The latest generation amine-carboxylate-based migrating
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carrosion-inhibiting admisd ures have been certified to
rmest ARSIRESF G requirernents for safe uss in structures
containing potable water Recent testing indicates that
certain migrating corrosion inhikbitar technologies are also
compatible with CP systems, in some cases reducing the
current regquirement *

CORROSION-INHIBITING PERFORMANCE

The ussz of migrating corrosion inhikitor admitures can
cdouble ortriple the time 1o corrosion initiation and, once
carrosion starts, reduce corrmsion rates by five to 15 tines
compared to acontrol! Comparad 1o other admixtures,
such as Chl or amine esters, they do exceptionally will
under modified A3TM G109 testing (refer to Fig. 3). This
testing introduces cracks into the concrete test specimens,
raking it easier for corrosive elements to reash the surfase
of the reinforcing bar, In one example of this, corrosion
rates for samples treated with a migrating corrosion inhiki-
tor admixture staved significantly lower than those of CHI
and amine-gster treated concrete during 20 cycles of salt-
water ponding S

LSES OF MIGRATING CORROSION
INHIBITOR IN SHOTCRETE

Migrating corrosion inhibitor technology has more than
A0 vears of historical use in reinforced concrete, and more
than 15 vears of use with shoterete applications. As far bask
as 201, a repair project using migrating corrosion inhiki-
torswon an ICRI Award of Excellence for the Transporta-
tion categary. The project imi ved repairing the Crik Point
Jetty in Western Port Bay, Victoria, Australia The jetty had
experienced substantial spalling, cracking, and degradation
caused by cormasion in the harsh concrete environment. The
degraded concrete and steel reinforcement was removed
from amy of the deteriorating concrete piers and beams,
and new reinforcement was added as needed. The repair
was completed by applying shotcrete repair mortar that
contained migrating corrosion inhibitors to red uce further
corfosion in the structure ®

Tunnels ond Bridges

In the state of Pennsyvania, District 11 has uzed a migrat-
ing corrsion inhibitor in its wet- and dry-mix shotc rete for
ovir 8 vears. In patched areas, PERMM DOT has included an
anode system forextra protection. One of thess projects
was the repair of the Liberty Tunnel in Pittsburgh refer to
Fig. 4 and 8). Teams removed the suface lver of damaged
concrete and then shotcreted the replacemeant concrete
cantaining migrating cormasian inhibitors, This helps protect
against the insipient ring anode effect, where the addition of
new concrete can counter and productively enco urage the
spread of corrosion o adjacent concrete.

District 11 alzo used shotcrete with a migrating corro -
sion inhibiting admixture on some of the supports of the
Rankin Bridge in Pittsburgh. The crew repaired darmaged
areaswith shotcrete and applied a finish coat to the entire
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Cracked Beam Admixture Testing
MCI Compared to Control, Other Inhibitors
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Image cortesy of Cortec Corporation

Fig 4 Libarky Tunnal bafora sapalir
Phicrtes by Dennis Bitther

Fig & Libarty Tunnal finshed saction
Phrte by Dennis Bitther
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Fg 8 Tha Kings Daminion amusamart pack volcano was oividad
: irdo aight work Zzonas for budgating
Phicrtes by Dernis Bitner Pt by Py Schallemn

Fig. & Rankin Bridga plar rapalis

Fig. 7 Finishad Rankin Bridoa piar rapalr
Phrte by Dernis Bitther

piling structure (referto Fig. G and 7). Work on both projects
was complieted by Mosites Construction Co., Pittsburgh, Pa.

Armusement Fark volcono
kings Dominion amusement park in Doswell, WA, has a

v lcano that was constructed over 40 vears ago, using : | : \
0.375 in. (10 mim) reinforcement and plaster lath, with 2 in. Fig O Tha D575 in (0.5 mm) V- shape lath, the rubbar boot

N,

(&0 o) thick low velocity sand and cement. The structure ?;zﬂ'i;ﬁ;ﬂ‘; ix‘fg’;’g aAdeioraama s annas e it
held up guite well until the last ride was Built in and areund Phicta by Fay Schallom
the 100 ft (30 m) high volcano shell. This left holes where
the pipe suppaorts holding the track for the ride were placed. oncentaer, and 2 in. G0 mim) thick high-strength, silica furme
Special rubber boots were installed around the pipes before concrete minture with a migrating corrosion inhibitor for
the placing of the new high-strength, silica fume shot- carrosion control, Staining for sesthetic purposss) and
crete, However, freezing -and thawing conditions triggered waterproofing are applied once the strength reguirement
condensation around the supports, causing some of the iz met. The entire work zo ne is covered and heated during
stes| reinforcerment 1o rust. repairs, which can anly be conducted from October 31
The areas markad for repair frefer o Fig. 8 through 10) to Marzh 15 while the park is ¢losad for the seaszon. The
require a 0.375 in. (10 mm)Y-groove stay-in-place form, scaffolding and protection is removed prior to the park's

Bl 3 Mo, 10M) bar reinforcement spaced at 12 in. (300 mmy) QpeEning day.
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Fig 10 Wolcano Zona 2 rapair was quita eodense
Phicsta by Ry Schiallom

The project specification called forone or two migrating
carrosion inhikbitors to be added to the shotcrete, depending
an whether adry, bagged mix or a ready mixed product was
used . When the winning contractor, Cemmack, choss the
wiet-mix process, its ready min supplier chose a Chll-baszed
carrosion inhikbiting admixture that prevented the hard-
ened shoterete from reaching the specified strength. Once
the ready mix producer remaoved the CHI from the design
rmixture and began adding an amine-carboxylate -based
migrating corrosion inhikitor inte the mixture at 1.5 pintadyd
[0.62 LA, the strengath requirement started to be met on
eveny load.

In Fig. 11, the new lighthy stained repaired zones and the
ald dark weathered zones vet to be repaired and stained
are visikle, Maoney budgeted annually includes the scaffold -
ing erection and dismantling, the plastic protection, and the
heating of the repaired areas as shown in Fig. 12, All work
hegins Ccetober 31 and must be cleanad up by March 15,
This iz an angoing project until completed (Fig. 13).

JC Cenbury Building

The JC Century Building in Bingharmtan, BY, is undergo-
ing a mass renovation and repurposing to convert an old
factory into an apartment comple. The architect has speci-
fied that the repairs to the structure must maintain the old
construction appearance, such as exposad brick, arched
concrete ceilings that ook like they have been plastered,
and new windows with the same ook as the old factony
windows, It was determined early on that hand -apphying
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Fig 14 U2 Cardunr Butlding: dvpical cailing bafora prap waork bagan

Pt by Ficks Corrow

overhead concrete repair materials would be too costhy, and
be difficult to consistenthy assure good bond to the existing
surface. The delaminated concrete surface in the ceiling was
removed. The exposed surface was then sand blasted and
high-pressure water blasted before reinforzing mesh was
installed. The Shotcrete ME2 wet-mix product was chossn
supplermanted by a liquid amine-carboxylate-hased migrat-
ing corrosion inhikitor from Cortec, The thin repair was
finished to ok like textured plaster frefer to Fig. 14 through
18). The migrating corrosion inhibitor was chosen to give
the existing steel additional corrosion protestion given the
thin laver application. The property is owned by the Began
Development Company and the shotorete contractorwas
FoHM MG, of Bingharmton, Ry,

CONCLUSIONS

Migrating corrosion inhibitartechnology has been an
important discovery in the protection of reinforced concrate
from corrosion. I iscompatible with both form-and -pour

ar shotereted concrete, increasing the corvenience of
apphing corrasion inhibitors to specialized structures or in
special repair situations. The technology includes bio -based
aptions and offers compatibility with CP and potable water
structures. Migrating corrosion inhibitors have been used

in a variety of shotcrete applications and have even shown
advantages for ashieving required concrete strength in
contrast to alternative corrosion inhikbitars, Most importanthy,
they protect reinforced shotorete structures from corrosion at
aveny low doss without affecting important concrete proper-
ties such as strength and freezing-and -thawing durakbility,
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