Evaluation of Strategies Used for Protecting
Stedl in Concrete

Bala S. Haran, Soto Lorna, Ralph E. White and Branko
N. Popov
Center of Electrochemical Engineering
Department of Chemical Engineering
University of South Carolina, Columbia 29208

Introduction

Corrosion of sted in concrete is an eledrochemicd
process involving (i) an anode, sites on sted where
corrosion occurs and (ii) cahode, sites on rebar where
oxygen reduction occurs. Thisis given by:

Fe - Fe* +2¢ [1]
In order to maintain charge balance, eledrons liberated at
the anode ae cnsumed at the cahode by the following
readion:

H,0+1/20, +2€ - 20H" [2]

The ferrous ion from the anode combines with chloride to
produce ferrous chloride. Chloride ions penetrate through
the ncrete cover and destroy this passve film.*?
Bre&king of the passgve film involves formation of ferrous
chloride complex. The nature of corrosion involves
formation of galvanic cdls both anodic and cathodic. The
rate of cahodic readion is controlled by the presence of
oxygen and moisture in the @mncrete.

Protedion of sted in concrete can be achieved by (i)
choosing high resistant materials such as stainless sed,
(i) coating the sted with saaificial elements such as zinc,
or (iii) using inhibitors in the mncrete mixture. Empirica
studies have shown that depassvation of sted occurs
when the dloride mncentration reades a aiticd
threshold value. This value varies based on the @ncrete
congtituents and rebar type. Once the film breaks
corrosion starts and the structure fails within 1-5 yeas.®*
The goal of this gudy is to compare the performance of
cabon sted rods proteded using inhibitors and
galvanized zinc. The behavior of stainless steel rebars in
environments containing chloride and without it is aso
studied. Theoreticd models predicting the lifetime of
concrete structures have been developed to consider the
transport of chloride ions through concrete.®

Experimental

Cylindricd concrete test spedmens were prepared.
The rebars used for testing were centrally emdedded in
concrete. Four sets of rebars were used in the studies —
threebased on#3 (0.9525 cm) carbon sted, #4 (1.27 cm),
#6 (1.905 cm) and one #4 galvanized sted (1.27 cm and 3
mils thick Zn). Concrete mixtures with different
concentrations of inhibitor were dso prepared. The water
to cement ratio was kept constant at 0.5. The @ncrete test
cylinders were aured in water for aperiod o 14 days prior
to the cmmencement of testing. After curing, the
concrete samples were stored in PVC containers
containing a test solution of deionized water. Two set of
samples were studied — one with the adition of 3.5 wt%
NaCl to the test solution and one with no chloride. For a
control sample, the pH of the test solution in contad with
the mncrete interface was alowed to result from the
compasition of the ancrete mix. The pH of the other sets
of samples was kept at pH =12. Three sets of samples
were used for al experiments. The cncrete @rrosion
rates in these samples were determined using linea

polarization and impedance spedroscopy. Chloride
permedion data have dso been colleded at new and
existing bridges at various locaions along the coast of
South Carolina.

Results and Discussion

Experiments have been done to determine the effed
of concrete cover thickness on the arrosion rate and the
corrosion initiation time. The dfed of concrete
permeability on the chloride mncentration profiles in the
concrete cver has also been studied. In the ésence of
chloride, addition of inhibitor in the @ncrete mixture
leads to the formation of a strong Fe,O3 passive film on
the surfaceof carbon sted. Measurement of corrosion rate
data indicaes that this film is gable and proteds the
underlying metal from dissolution in concrete. However,
cdcium nitrite is ineffedive in forming a similar passve
film on the surface of zinc. Both the potential and
corrosion rate data indicate that zinc dissolves
saqaificially and proteds the underlying iron. In the
presence of chloride ions, the @rrosion rate increases
with time for carbon sted rebars. The inhibitor delays the
onset of corrosion depending on the mncentration of
nitrite added in the mix. For galvanized sted the crrosion
rate is initially high indicaing rapid dsslution of zinc.
Subsequently, the rate deaeases and a steady state value
readed after 20 months. Further studies need to be done
to evaluate the behavior of the Zn depleted rebars in
concrete with different nitrite concentrations. Finaly,
surfaceanalysis indicates that in the presence of chloride
ions, Zn corrodes to zinc hydroxy chloride. In high
chloride cntent environments, use of Zn as a saaificia
coating could lea to increase in stresses in the structure
due to the formation of voluminous corrosion products.
Calcium nitrite is ineffedive in forming a stable passive
film on galvanized sted in concrete bath in the presence
and absence of chloride ions.

Studies are aurrently being dae to evaluate the
corrosion performance of stainless ded rebars in concrete
in the presence and absence of chloride ions.
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