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Lgng-Term Factors Inﬂuencin? the Adhesion

of Metallized Zinc to Concrete

R. Brousseau, M. Arnott, and B. Baldock

Metallized zinc cathodic protection often is used to mitigate steel reinforcement corrosion in concrete.
The zine is tlame or arc sprayed to the surface of the concrete structure to be protected, The metallized
coating should be applied such that its adhesion to concrete is maximized. Factors believed to affect ad-
hesion were investigated for pure zine and a 85Zn-15A1 alloy. On reinforced concrete samples polarized
for more than 800 days at three different carrent densities, adhesion decreased. The reduction incrensed
as a functien of time and of the current density applied. When no current was applied, there was a small
initial increase of adhesion with time, For the metallized samples that were freeze-thaw cyeled, no loss of

adhesion was found after 70 cycles,

1. introduction

CORROSION of reinforcing steel in concrete due to chioride
attack is a serious problem in northern elimate regions and on
coastal structures, Cathodic protection ofien is used to miti-
gate steel reinforcement corrosion. It involves negatively po-
larizing the steel reinforcement in order to promote chloride
ion migration away from the reinforcement and to reduce the
rate of anodic oxidation of iron. This technique is usually ap-
plied to older and chloride-contaminated structures experi-
encing corrosion-related damage. It requires the application
of an anode, such as metallized zinc, on the surface of the
concrete siructure to deliver the protective current to the re-
bars.

Zinc coatings have been sucw‘;sfully implemented as im-

pressed-current anodes in California (Ref 1, 2), Oregon (Ref 3), -

and Ontario (Ref 4, 5). The Florida Department of Transporta-
tion (Ref 6) has also begun to use metatlized zinc as a sacrificial
anode on marine structures. It is, however, still unkaown how
this type of anade will perform in the long term,

In order for the metallized zinc to perform adequately as an
anode, it must have good adhesion to the surface concrete of the
cathodically protected structure. Steps should be taken to opti-
mize the adhesion of the zine coating when it is thermally
sprayed on the concrete surface. Earlier work (Ref 7-10) has
shown that a number of parameters can influence the adhesion
of arc-sprayed zinc to concrete.

‘This paper discusses phenomena that may affect adhesion af-
ter zine has been metallized onto concrete, The effects of anodic
polarization, titne from application, and freeze-thaw cycling are
reported. A 857n-15A] alloy was also thermaily sprayed in these
experiments, However, it should be noted that zinc-aluminum
coatings are not recommended for impressed-current cathodic
protection (Ref 11, 12).

Keywords  adhesion strength, cathodic protection, current density,
freeze-thaw cycling, zinc on concrete
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2. Experimental Method

2.1 Thermal Spraying

Zinc and 85Zn-13Al were arc sprayed ontlo concrele blocks
using a Thermion 500 electrical arc gun, Al thermal spray appli-
cations were performed with 3 mm wires, using 620 kPa air
pressure, 26V, 300 A, and a spray distance of 15.2 cm. An guto-
mated application system was used to travel the electrical arc
gunin the x-y planc during metallizing to produce a uniform 0.4
min thick coating,

2.2 Manufacture of Concrete Samples

The concrete samples were manufactured in three different
configurations and sizes to meet test requirements, The concrete
mix design was the same for each of the three tests. The concrete
formulation used a cement/sand/aggregate ratio of 1:2:3, type
10 Portland cement, and a water to cement ratio ot 0.43. Chlo-
rides were also introduced into the congrete mix to better simu-
late aggressive environments. The samples were cured in a
humid room at 23°C and 100% relative humidity for 28 days.
Unless otherwise indicated, the concrete surfaces were blasted
with silica sand at 758 kPa air pressure prior to metallization
with zinc.

2.3 Adhesion Measurements

Bond strengih measurements were obtained using a pneuw-
matic adhesion tester referred Lo as a “Pattl.” This equipment
uses 50 rum dollies. The pulling force is perpendicuiar to the sur-
face of the samples and is applied at a constant rate that is not op-
erator dependent. A thick, high-strength, slow-setting, two-part
epoxy was used to glue the dollies.

2.4 Samples under Impressed Current

The effect of impressed currents on metallized zinc adhesion
was investigated using 60 concrete samples reinforced with a
mild steel mesh (Fig. 1), The metallized concrete samples were
placed in individual piastic containers partially filled with a
saturated salt solution. The lower 1.0 em of each sample was al-
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ways immersed in the salt solution. The samples were sub-
sequently wired in series and polarized at three different current

densities—0, 2, and 10 mA/m*~per anode surface. Ten repli-

cates of each anode material were tested for ¢ach of the three
current densities.
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Fig. 1 Schematic diagram of polarized samples
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Fig.2 Bond strength of arc-sprayed zinc as a function of time nnder
an anodic impressed current density of 0, 2, and 10 mA/m
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Fig.4 Time variation of the adhesion of zine after it has been metal-
lized onto concrete. '
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2.8 Freeze-Thaw Procedure

The adhesion of zinc coatings exposed to frecze-thaw cy-
cling and deicing salis was investigated via a modified version
of ASTM C 672-84 (“Standard Test Method for Scaling Resis-
tance of Concrete Surfaces Exposed to Deicing Chemicals™).
No current was applied to the samples. The procedure consisted
of placing the samples in a freezer (<18 £2 °C) for 16 to 18 h.
The concrete samples were subsequently removed from the
freezer and thawed in the laboratory for 6 to 8 hat 23 °Cand 50%

. relative humidity. The samples were finally sprayed with a salt

solution {4% by mass of anhydrous calcium chloride) before be-
ing returned to the freezer for a subsequent cycle.

3. Results and Discussion

3.1 Eﬁeci of the Impressed Current

After 845 days of testing, the bond strengths on all the un-
powered samples were similar to or higher than the initial bond
strength values. Values presented in Fig. 2 and 3 are averages of
3 to 15 pullout measurements. The higher bond strength for the
85Zn-15A] alloy may be due to chemical reactions between this
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Fig.3 Bond strength of arc-sprayed 85Zn- 15Al as & function of time
under an anedic impressed current density of 0, 2, and 10 mA/m
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Fig. 5 Time variation of the adhesion of 85Zn-15A1 after it has been
metallized onto conrete :
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metallized alloy and the concrele. Aluminum is knowa to chemi-
cally react in higher pH environments as a result of its am-
photeric oxides, The limiting factor for many of the bond
strength tests on the unpowered samples was the tensile strength

of the concrete. Failure often occurred in the conerete (cohesive

failure).

The bond strength values for all the powered samples de-
creased over the coutse of the experiment. Samples powered at
the higher curcent density experienced larger decreases in bond
strength. The loss of adhesion of the metallized coating under
anedic polarization is believed to be related to oxidation of the
“anchors” that usually provide the mechanical bonding. Molten
metal thai penctrated into the pores of the concrete during met-
allizing is most susceptible to oxidation during the flow of an-
odic current because these “anchors” have a more intimate
contact with the concrete pore solution through which electro-
Tytic current flow is forced. This also suggests that excessively
large current densities at the anode will be derrimental to the ad-
hesion of the zinc coating. The 85Zn-13A! alloy should not be
used as an impressed-current anode for reinforced concrete due
to its severe loss of adhesion at 10 mA/m?2. An unusual forma-
tion of air pockets also cccurs underneath the disbonding zinc-
aluminum coatings, with unusual darkening. Such severe
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Fig. 6 The effect of time on the adhesion of arc sprayed zinc con-
crete, Before it was arc sprayed, the concrete was subjected to acceler-
ated aging. The concrete was grit blasied before or after it,
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Fig. 7 Bffect of freeze-thaw cycling on the adhesion to concrete of
arc-sprayed zinc and 85Zn- 15A1

Journal of Thermal Spray Technology

physical changes are not observed for pure zinc. Photographs il-
lustrating this point are presented in Ref ] I,

32 Eﬁeet of Rest Ttme after Metalhzatwn

It has been speculated, based on field observations in Oregon
and Florida, that a delay in testing the adhesion of metallized
zing after application frequently resulis in higher bond strength

" valyes, This was also noticed in the present results. More de-

tailed experiments were undertaken to study this phenomenon,
The changes in bond strength over time were monitored for both
zing and 85Zn-15A1. The surfaces of 30 concrete blocks werc
pretreated in three ways prior to metallizing. After metallizing,
bond strengths were monitored on all the samples that were
maintained in a 50% relative humidity atmosphere at 22 °C.

In the first test, concrete samples manufactured as described
in the experimental procedure were metallized shortly after
compietion of their curing period. The same experiment was re-
peated twice to ensure reproducibility. Each time, no polarizing
current was applied to the samples. The individual values in Fig.
4 and 5 represent averages of nine pullout tests. The resuits indi-
cate an initial increase in bond strength for at least a few weeks
after the metallizing. The magnitude of the increase in bond
strengths varies, but in seme cases can be as high as 25% of the
original value,

Experiments were also conducted on aged samples to deter-
mineg whethet the apparent increase in bond strength was related
to concrete strengthening. Concrete samples (half of which were
already grit blasted) were stored for 5 months in tanks kept at
70% relative humidity and 22 °C. There was also a slight posi-
tive overpressure of CO, to promote carbonation of the con-
crete. Those samples that had previously been grit blasted were
metallized without additional grit blasting. All other samples
were grit blasted and metallized according to the usual proce-
dure. Increases in zinc bond strength over time were once again
observed (Fig, 6).

Chemical interaction between the zinc coating and the con-
crete substrate is the only explanation for such an increase in
bongd strength. Details of the process are not yet fully under-
stood. It is evident that consistency in the delay period for meas-
uring bond strength should be specified in quality-control
procedures.

3.3 Freeze-Thaw Cycling

Many applications for metatlized coatings on concrete in-
volve exposure to freeze-thaw cycling, and thus its influence on
the coating life cycle was determined. Bond strength measure-
ments were made at regular intervals. No significant drop in the
adhesion of the metallized coatings was obscrved after 70
frecze-thaw cycles (Fig. 7).

4. Conclusions

e - Metallized zinc performs well as an impressed-cutrent an-
ode.

e There is a loss of adhesion for metailized coatings with
- higher current densities and longer polarization times,
Therefore, the zinc should be applied to the concrele such
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that its adhesion is maximized and should not be uvsed 3.

where excessively high current densities are required.

s Metailized 85Zn-1541 should not be used as an impressed- 4.

- currentanode due to poor bonding performance and an un-
usual formation of large air gaps underneath the disbonde

coating, : 5.

e Zincbondstrength on concrete increases slightly during the

firstfew weeks after metallizing when no current is applied. 6
s The adhesion of metallized zinc on concrete does not ap-
pear to be influenced by severe freeze-thaw cycling.
iB 7
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