Floor Epoxy Paint Blistering Problem

"The Case of the Blistered Epoxy On A
Concrete Floor"

SNOPSIS.

March 2008 article in "Coatings Pro" magazine. Epoxy - coating experts
examine why the bisters formed on this epoxy coated floor. Cause was
a combination of moisture in the concrete and the type of materials
used in making the concrete floor.
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NEVER AGAIN

ON A CON" RETE FLOOR

hat happens when the
epoxy
manufacturing facility’s
concrete floor repeatedly
blisters and delaminates? According to our

coating on a

source, a coatings consultant and engineer,
you get a phone call asking for a solution
to this costly, recurring problem.

As the voice on the phone (we’ll call
him “Joe”) explained, his manufacturing
facility in the Mountain State was experi-
encing severe problems with their concrete
floor. “Our facility was built with a large
elevated concrete slab which is designed to
support machinery and instruments that
are used in the manufacturing process,” Joe
said. The underside of the slab (the ceiling
of the floor below) is coated with an epoxy
coating system. Prior to the year 2000, the

Bending down, the

BY RAYMOND TOMBAUGH WITH JENNIFER KRAMER

top side of the slab had been coated and
recoated with a 40 to 50 mils thick film
epoxy floor coating. “Both times the coat-
ing blistered and was poorly bonded to the
concrete surface,” Joe stated.

“in 2000, the
second poorly bonded and blistered coat-

“So,” he continued,

ing system was removed and a new epoxy
coating system was applied.”

“The contractor used open abrasive
blasting to remove the old blistered coat-
ing and prepare the underlying concrete
surface. At the completion of the blasting
process the spent abrasive, paint debris,
and concrete dust were removed by pres-
He then
explained that within 24 hours of com-

sure water washing,” Joe said.

pleting the final cleaning, the new epoxy
coating system was applied.

coatings engineer

made an X-scribe in the paint film. He then
inserted the knifepoint into the intersection
of ’rhe two scnbes ond ||fted
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ABOVE 4 When the epoxy coating

on a manufacturing facility’s concrete

floor repeatedly prematurely failed,
it raised many questions. What was
causing the coating to blister and
delaminate? Had the concrete been
properly primed and sealed? Was the

concrete aggregate itself to blame?

This photo shows a general view of

the blistering on the epoxy.

That new system consisted of a clear
epoxy penetrating primer/sealer followed
by an epoxy build coat and finished off
with a novolac epoxy topcoat. “But,” Joe
said, “after a few months of service, blis-
ters — once again — began to appear in
the floor coating. Over time the blistering
spread across most of the surface of the
slab. In addition, routine activities in the
room have now resulted in the coating
delaminating from the concrete surface.”

Clearly frustrated, Joe asked if the
coatings engineer could investigate to
“once and for all, determine the cause
of the blistering and apparent poorly
adhering coating.”



RIGHT P Among the tests performed were
tests for coating adhesion in accordance
with ASTM Dé677, “Standard Test Method
for Measuring Adhesion by Knife.” This fest
is designed to rate adhesion on the extent
of coating removed using an even-number
scale of zero to 10, with 10 being the
best. On the manufacturing facility’s floor,
adhesion was poor across the entire Hloor
regardless of blistering. In fact in a variety
of areas, the knife could easily peel away
substantial sized pieces of the coating.

In The Field Fact-Finding
Arriving on scene at the manufacturing
facility, the coatings engineer prepared
to perform an in-depth in-field inves-
tigation including visual observations,
coatings adhesion tests, and moisture
permeation tests.

Bending down, the coatings engi-
neer made an X-scribe in the paint film.
He then inserted the knifepoint into
the intersection of the two scribes and
lifted. This process, repeated in both
failing and non-failing areas, is a test
for coating adhesion in accordance with
ASTM D6677, “Standard Test Method
for Measuring Adhesion by Knife.” Given
the terms of the standard, adhesion is
rated on the extent of coating removed
on an even-number scale of zero to 10,
with 10 being the best.

On this floor, adhesion was poor
across the blistered surface — even in areas
without blisters (ASTM D6677: 0 to 2).
Once the knife was inserted underneath
the coating it could be easily peeled away
in substantial sized pieces. Furthermore,
once the coating was peeled away, the
surface of the concrete was profiled but
appeared glossy as though a clear epoxy
primer remained behind. Joe did say that
the last coatings system specified a “clear
epoxy penetrating primer/sealer.” But was
this the cause of the failures?

Next, the coatings engineer turned
his attention to the blisters. The wide-
spread blistering was assessed in accor-
dance with ASTM D714, “Standard
Test Method for Evaluating the Degree
of Blistering of Paints.” This standard
involves comparing the blister size and
density to visual standards. Size is evalu-
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ABOVE 4 This photo shows the deep-red
aggregate that was found under each blister.
In addition to performing fests in the field,
the coatings engineer also analyzed samples
of the coating in the laboratory. These tests
included microscopic cross-sectional analy-
sis and infrared (IR) spectroscopy, as well as
petrographic studies of concrete cores that
were removed from blister sites.

ated on an even-number scale of two
through eight, with two representing the
largest blisters. In this system, blister den-
sity is reported as Few, Medium, Medium
Dense, and Dense.

On this floor, the coatings engineer
determined that blistering was widespread
with blisters ranging in size from Y%-inch in
diameter to one-inch in diameter. When
evaluated in accordance with ASTM D714
the blisters were evaluated as Number
Two in size at a Medium Dense to Dense
concentration.

When the blister caps were removed
by probing with a knife, there was a soft
stone-like material that could be easily
removed by the tip of the knife. Was this
the root of the coatings failure? He'd have
to test the concrete itself.

The next step in the investigation
was a concrete permeation test — per-
formed again on both failing and non-
failing areas. Permeation tests are per-
formed by placing a drop of water on the
surface of the exposed concrete. The drop
is monitored to determine if it soaks into
the slab or beads up on the surface. When
the engineer placed a drop of water on the
concrete surface, the water beaded up and
did not absorb into the concrete.
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Fact Finding In The Lab

Thorough in his work, the coatings engi-
neer removed samples of the coating for
laboratory analysis. Core samples of the
concrete, along with intact blisters, were
also removed for petrographic analysis,
in order to examine the concrete’s micro-
scopic components.

Laboratory

included microscopic cross-sectional

investigations also

analysis and infrared (IR) spectroscopy.
Petrographic studies of concrete cores
that were removed from the slab at blister
sites were also performed. These stud-
ies included microscopic petrographic
examinations and scanning electron
microscopy (SEM) and energy dispersive
spectroscopy (EDS).

The laboratory analyses determined
that three layers of the coating system
(primer, build coat, and novolac topcoat)
had delaminated from the concrete slab.
But what about the “clear glossy” sub-
stance (perhaps primer?) that the coatings
engineer had observed on the concrete?
Infrared spectroscopy conducted on the
clear layer that remained on the surface
identified the presence of trace quantities
of epoxy and further identified the pri-
mary constituent as silicates.

Petrographic examination of the
concrete sample cores determined the
following:

® When the coating was removed, the
underlying surface of the concrete
was coated with a gel-like material.

A tiny spall — or popout — in the
concrete was found underneath each
one of the blisters.

® Beneath the popouts were deep-red
particles of gravel (aggregate). The
aggregate was defermined fo be devit-
rified glass — volcanic in origin.

® SEM-EDS conducted on the aggre-
gate determined that it was primarily
alumino-siliceous in composition.
Lesser quantities of potassium,
sodium, calcium, iron, and magne-
sium were also detected.

® SEM-EDS conducted on the clear
material (gel) found on the surface of
the concrete determined it fo be primar-
ily siliceous, with potassium, calcium,
sodium, and aluminum present.

A Volcanic Failure?

As Joe had recounted, initial investiga-
tions suggested that the repeated fail-
ures were the result of some problem
with the epoxy primer/sealer applica-
tion. Indeed, during the course of the
engineer’s investigation, portions of the
epoxy were found on the concrete sur-
face, while portions disbonded with the
poorly adhered coatings. Certainly the
appearance of the glossy concrete sub-
strate had the look of primed concrete.
However, the presence of the popouts
with underlying aggregate was the clue
to determining the true cause of the blis-
tering and poor adhesion.

According to the coatings engineer,
“Popouts with underlying aggregate are
the tell-tale sign of reactive aggregate
reactions. Reactive aggregate reactions
occur when the aggregate reacts with
the alkalinity in the Portland cement in
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the presence of prolonged exposure to
moisture. When the reaction occurs, an
alkali-silica gel is formed in an area where
there is no space for it to form. Tiny spalls
occur in the concrete, forming a blister in
the coating, and the gel flows out under-
neath the coating. This results in poor
coating adhesion.”

The cause of the failure was substan-
tiated by the identification of the type of
aggregate. Most volcanic glass is highly
unstable and susceptible to both devitri-
fication (meaning it undergoes a change
in texture from glassy to crystalline) and
alkali-silica reaction. In addition, the com-
position of the gel confirmed the presence
of the reaction.

The engineer cautions, “It should be
noted that significant quantities of mois-
ture are not required for the reaction to
initiate. A relative humidity of greater than
70 percent is all that is necessary to initiate
the reaction in concrete slabs.”

Solving The Case

With all of the test results in and inter-
preted, the coatings engineer was ready
to call Joe and give him the results of the
investigation, as well as some very specific
recommendations.

“Remediation recommendations
for the floor surfaces included complete
removal of the existing coating system
and silica gel using only dry methods
— specifically open abrasive blasting,”
the coatings engineer recounts. “Then,
once the coatings have been removed,
humidity readings and moisture vapor
transmission testing must be taken in
representative areas across the floor. If
the concrete moisture level is still high,
the concrete needs to remain uncoat-
ed until the moisture levels decrease.
Calcium chloride tests and hygrometer
readings must be used to assess moisture
content. Any coating should not be reap-
plied until calcium chloride tests pro-
vide moisture vapor transmission rates of
less than 3lbs./24 hour/1,000 square feet.
Hygrometer readings are to be below
70 percent.” With all these recommen-
dations in place, the next coatings job
should be a success.

Case Closed. CF
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