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Razl, I., Bellman, H.E., andTurnbull, J.E. 1988. Evaluation of seal
ers and mortars for protection of concrete silos. Can. Agric. Eng.
30:179-183. Organic resin coatings such as epoxy, polystyrene and
polyurethane have been used to protect concrete farm silos against
chemical attack by silage juices, chiefly lactic and acetic acids. How
ever, these resin coatings are costly, sometimes hard to apply, have
low watervapor permeabilityand may not stick to wet concrete when
applied. This paper describes tests to evaluate some of these organic
resin coatings. The paper further describes the development and test
results of an improved, chemically resistant, Portland cement-based
mortar with an organic polymer and highly active pozzolanic admix
tures. The addition of fibers improves the tensile strength and tough
ness of the mortar, permitting thin applications to seal new silo walls
and to repair those previously damaged.

Preliminary laboratory and field observations imply that the fiber-
reinforced mortar allows the release of water vapor entrapped in a wet
concretesubstrate.The mortar providesan improvedbondto silowalls,
easeof application andsuperiorresistance to acidetchingat reasonable
cost.

INTRODUCTION

Portland cement concrete deteriorates when exposed to silage
juice. This problemis particularlyseriousin biggersiloswhere
greater compaction pressures cause saturation of the silage in
the lower part of the silo.

Oneway to protect concrete silos is to apply protective bar
riercoatings, including organic resincoatings suchas epoxies,
polystyrenes and polyurethanes. Disadvantages of these mate
rials include high cost, impermeability to moisture movement
and sensitivity to substrate moisture duringand after the appli
cation (Jofriet 1977).

Thispaperdescribes laboratory and field evaluations of thin
sealers and thick Portland cement-based mortar coatings for
protection of concrete against silagejuice attack. Thechemical
resistance of Portland cement-based mortars and concrete to
various chemical environments is discussed first, followed by
discussion of several modifiers used to improve the chemical
resistance of cement mortars.

The experimentalpart describes testing of various protective
systems. In closing, the paper givespreliminary resultsof field
evaluations of the more-promising systems.

CHEMICAL RESISTANCE OF CEMENT MORTARS
AND CONCRETE

The chemical resistance of concrete is controlled primarily by
the chemical and physical nature of the cement paste binder,
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Table I. Hydration of calcium silicatesf

2 (3CaOSi02) + 6H20 ->
3CaO2Si02-3H20 + 3Ca(OH)2

2 (2CaOSi02) + 4H20 -»
3.3 CaO-2Si02-3.3H20 + 0.7 Ca (OH)2

tFrom Holliday (1966).

and to some extent by the chemical makeup of the aggregates
(silaceous versus calcareous rock). Portland cement is a com
plexcompositionof variouscalciumsilicatecompounds. These
compounds, when mixed with water, react and form hydrated
calcium silicates and lime. Table I gives simplified hydration
reactions for water-cement paste.

The hydratedcement paste is a permeablematerial (15%cap
illary porosity, Table II). The cement paste porosity, schemat
icallyshownin Figure 1, allowspenetration of aggressive solu
tions such as silage acids (see Table III) into the structure of
the hardened cement paste, and further accelerates the deteri
oration process.

The lime in hardened cement paste (Ca(OH)2, see Table I)
will react to neutralize silage acids, even in a slightly acidic
environment, further contributing to the deterioration of con
crete and mortar.

Some of the neutral salts will also react with the cement paste
binder and cause its deterioration (Lea 1971). Concrete will
resist weak alkalis very well but in strong alkaline solutions
(over 20%) the hydrated calcium silicate compounds undergo
chemicalchange resulting in disintegrationof the material.

A typical concrete protection against chemical attack is by
surface application of organic resin barriers (Committee 515,
1966, 1979). These barriers include sealers, coatings and top
pings. Epoxy, polyurethane and other polymeric resins have
been used in formulatingbarrier systems. These polymershave
excellent resistance to most chemicals which attack concrete,

Table II. Typical composition of hydratedcement pastet
Percentage

Compound by volume
Calcium silicate hydrate
Calcium hydroxide
Capillary porosity
Calcium sulpho aluminate hydrates
Unhydrated residues
tCompiled by I. Razl from several sources.
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Figure 1. Structure ofhardened cement paste (schematic), (from M.R.
Rixon (ed.).

but their main disadvantage is the very low water vapor perme
ability. Moisture entrapped behind a highly impervious coating
may cause debonding due to vapor or capillary pressures. As
well, the thermal expansion and contraction ofpolymeric mate
rials are considerably higher than those of concrete, causing
interfaceshear stresses that may result in debondingof the coat
ing. And most ofthe organic resin barriers are sensitive to mois
ture in the concrete substrate during application.

Table HI, compiled from several sources by H.E. Bellman,
gives typical pH values and acid content of silages. Ordinary
concrete Portland cement mortar exhibits a very low resistance
to these acids. Existing barrier systems are not compatible with
concrete due to their low water vapor permeability, high thermal
expansion and contraction, and sensitivity to water in the sub
strate. In addition, the polymer-based materials are expensive
and in some instances difficult to apply.

Another solution is to alter the physical and chemical nature
of cement paste. Let us examine some of the admixtures which
canbe used to improvethe chemicalresistance, tensilestrength
and toughness of Portland cement based concrete and mortars.

Table III. Major silage acids

Item Normal! Ranget

Lactic acid

Acetic acid

pH

5%

1.5%

4.0

2-13%

0.5-3.1%

3.6-5.5

tAverage values for goodquality silage containing 60-65%moisture,
wet basis. Acid content is percent of dry matter.
tValues greatly influenced by silage moisture content and to some
extent by type of crop ensiled.
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Polymer admixtures
Polymeremulsions (latexes), most commonly based on buta
diene styrene, acrylic ethylvinylacetate, polyvinylidene chlo
ride and other co-polymers, are used to modify cement paste
(Committee 515, 1979) (Riley and Razl 1979). As the water is
removed from concrete by hydration and evaporation, a three-
dimensional network of polymeric films is formed in the struc
ture of hardened cement. This seals the cement matrix without
greatly affecting its chemical nature. The result is a less porous,
tighter structureof hardened cement paste with improved chem
ical resistance. The latex admixtures also act as very efficient
plasticizers, producing the same workability at a lower
water.cement ratio.

Highly pozzolanic admixtures

The addition of highly pozzolanic materials changes both the
chemical and physical nature of the cement paste. Hie pozzo-
lans react with lime generated by the hydration process, form
ing additional calcium silicates. Thus, the highly reactive lime
can be almost completely converted to reaction products that
further reduce the permeability by filling the pores ofthe cement
paste (Chen-yi and Feldman 1985).

By using admixtures based on polymers and reactive poz
zolanic materials, the chemical resistance of Portland cement-
based mortars and concrete can be considerably improved. The
improvement will depend on a particular environment and the
modifyingadmixturesused. Hie modificationof the matrixmay
also improvehardness, abrasion resistance, watertightness and
other properties controlled by die cement.

However, even with the polymeric and pozzolanic admix
tures, concrete or mortar will not achieve the chemical resis
tance of polymers such as epoxies, acrylics or polyurethanes.
The limiting factor remains the chemical resistance of the
hydrated calcium silicate, the main component of the cement
paste binder.

Fiber reinforcement

Improvement of tensile strength and toughness of the concrete
or mortar is achieved, not by the above-mentioned admixtures,
but by additionof chopped reinforcingfibers (Beaudoin 1982).

The fibers used in mortars include glass and more recently
polymeric fibers (for example, polypropylene). Small quan
tities of fibers, typically 0.5-1.0% byvolume, control cracking
induced by drying shrinkage, improve the tensile strength and
fracture toughness of the mortar and allow a thin layer (3 —
25 mm) to be applied to an existing concrete silo. Elimination
of cracks in avmortar obviously improves its performance in a
chemical environment, since the aggressive solutions are not
permitted to penetrate behindthe protectivelayerof the mortar.

The main features of suitably formulated fiber-reinforced
mortararethin-layer application, waterproofing characteristics,
compatibility with the base concrete, high resistance to silage
acids and toughness to resist abrasion by silo unloaders.

LABORATORY TESTS

Theexperimental investigation wascarriedout in threeseparate
series; series I and II evaluatedthe performanceof thin sealers
andthickmortarcoatings respectively in a simulated silageacid
environment, whereas series III evaluated various mortar blocks
in 10% lactic acid solution, to give accelerated results. Details
of series I, II and III experimental treatments are summarized
in Table IV.
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Table IV. Experimental treatments

Series Treatment no. Description of Treatment Coverage

I Sealants 1 Control; untreated concrete blocks cut from concrete silo stave
2 Blocks with polystyrene resin, solvent-bornet
3 Blocks with epoxy resin, penetrating solvent-bornet
4 Blocks with acrylic resin, water-bornet§
5 Blocks with elastomericacrylic resin, solvent-bornet
6 Blocks with silicate, water-bornet

1 Control; untreated concrete blocks cut from concrete silo stave
2 Blocks with latex modified mortart
3 Blocks with latex and condensed silica fume mortart

1 Control; Portland cement mortar, sandxement ratio 2:1, waterxement ratio 0.43
2 Latex modified cement mortar t
3 Latex + fibers + condensed silica fume modified cement mortart

2 coats at 2 m2/(L.coat)
2 coats at 2 mV(L.coat)
2 coats at 2 m2/(L.coat)
2 coats at 1.5 m2/(L.coat)
2 coats at 3 m2/(L.coat)

4-6 mm thick

4-6 mm thick

II Mortar coatings

III Mortar blocks

fGlaze", a popular commercial silo sealer, by Geo. W. Whitesides Co. Inc., Louisville, Ky.
^Proprietary formulations, by Gemite Products Inc.
§Sealer especially formulated to allowapplications on dampconcrete.

Series I and II

Materials. Series I and II utilized 125 x 125 x 60-mm blocks
of concretecut from precast silo staves supplied by Kitchener
Silo (1975) Company Ltd., Kitchener, Ontario. Five sides of
the blocks were given two coats (total thickness 0.6 mm) of
Gem-Epoxy Bonder, by Gemite Products Inc.

Theremaining sixth side(representing the inside face of the
silo staves, in contact with silage) was protected with two coats
of various sealers and mortar coatings (Table IV). All the seal
ers wereair dried and completelycured. Three specimenswere
fabricated for each treatment. All blocks were soaked in tap
water for3 d prior to placement intothesimulated silage juice.
Equipment andprocedures. The equipment consisted ofapoly
ethylene tank holding the simulated silage juiceand the spec
imens. The simulated juice was a mixture of lactic and acetic
acids, ratio 3:1 respectively, by weight. The acid mixture was
diluted togive a solution pHof 3.8 in the tank. Thereafter, the
pH was continuously monitored by a pH meter and fresh acid
solution automatically added using a pHdoser supplied byAna
lytical Measurements of Canada Limited, Rexdale, Ontario.

The specimens were placed inthe solution, then periodically
removed, washed and weighed. The weight gain (loss) was
examined and the integrity of the sealeror coating observed.

100 150

DAYS OF EXPOSURE

Figure 2. Change of mass with exposure time forthin sealed concrete
staveblock specimens (series I).
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Results. Figures 2 and 3 show the weight gain(loss) as a func
tion of time. Performance of the sealers and coatings in the
course of the testing is summarized in Table V.

Series III
Material. Series III was designed to accelerate the chemical
attack and determine the chemical resistance of various mor
tars. The 25 x 25 x 75-mm specimens of test mortar were
prepared, cast and moist-cured for 28 d.Table IV describes the
mortars.

Equipment and procedures. The mortar blocks were placed in
10% lactic acid solution, then periodically removed, washed,
weighed and examined.
Results. The weight gain (loss) results are given in Figure 4.
The control completely disintegrated in 56 d. At 95 d both
remaining specimens were seriously attacked.

FIELD EVALUATION

To ensure that the laboratorytests were substantiated by obser
vations in actual farm silos, several concrete silos were treated
with a selection of sealers and modified mortars. These field
experiments were started whenever opportunities arose (coop
erative farmer, empty silo). Thechoice of treatments depended

100 150

DAYS OF EXPOSURE

Figure 3. Change of mass with time formortar-coated concrete stave
block specimens(series II).
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in part on the more-promising laboratory test results up to that
time, and periodic observations have been made when each silo
was empty.

Kincardine silo

The following coating and sealers were used: latex modified
mortar coating II-2, and sealers including acrylic base, solvent
borne (1-5); acrylic base, water borne (1-4) and silicate (1-6).

Followinghigh-pressure water blast cleaning, the silo surface
was observed to be pitted to an approximate depth of 3-6 mm.
The latex-modified mortar coating was trowelled on.

The sealers were applied by roller at similar rates as in the
laboratorytests. Sealers were applied in one and two coats. One
day of drying was allowed between the coats.

Results. After 2 yr of exposure to silage juices, the treatments
were examined. The latex-modified coating showed very little
deterioration resulting in a slightly sandy surface.
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Figure 4. Change of mass versus time for mortar block specimens
immersed in simulated silage acid solution (series III).

Table V. Experimental series I and II observations

The acrylic resin base, water-borne sealer was peeling and
flaking from the wall, offering only limited protection. There
was no observable difference between one- and two-coat appli
cations. The acrylic resin base, solvent-borne sealer did not
exhibit any signs of deterioration, and provided a very good
and equal protection in one and two coats. It was soft, and it
is unknown whether the soft and flexible film would have suf
ficient long-term abrasion resistance. The results of the field
evaluation were in good agreement with the laboratoryresults.

The silicate treatmentafter 2 yr of exposure had no apparent
protectiveeffect, appearing the same as the uncoated (control)
wall surface.

Elora silo

In this field evaluation, two coating systems are being exam
ined; the latex modified mortar coating (II-2) and latex plus
condensed silica fume mortar coating (II-3). Both were applied
by a trowel to a thickness varyingfrom 3 to 6 mm, on the lower
third of a slightly-deteriorated concrete silo.

A preliminary examination was carried out after approxi
mately 2yrofexposure. Both coatings showed very little signs
of deterioration. Some differences in the performance were
observed. Thecoating II-2had a sandier surface thanII-3, and
exhibited a high build-up (approximately 2-3 mm thick) of a
white powder residue. A similar kind of residue but consider
ably thinner (0.3 - 0.5 mm) was observed on the surface II-3
coating.

The white residue was not chemically analyzed. It ispossible
that it is a reaction product between the lime from hydrated
cement and acids, that is calcium lactate and calcium acetate.
The results ofthis field evaluation were invery good agreement
with the laboratory testing results.

DISCUSSION

The rapid deterioration ofconcrete when exposed tosimulated
or actual silage juice can be considerably decreased by appli
cation of a suitable protective system.

The present investigation showed that thin sealers, such as
solvent-borne epoxy, polystyrene resin or the water-borne

Series 1-1 (Control)
Initial absorption of acids followed by continuous deterioration at almost constant rate. At the end of the testing (190 d), depth of deterioration
approximately Z—5 mm.

Series 1-2 (polystyrene)
Initial absorption of acids followed by deterioration of the sealer on the high spots of surface roughness at 60 d. At 110 d 60% sealer area
detenorated exposed concrete deteriorated. No blistering or peeling of the sealer. At 190 dthe surface almost free of the sealer, and approx-
imately 5% debonded. rr

Series 1-3 (epoxy)
Initial absorption of acids followed by blistering of the sealer. At 60 dapproximately 15% of the sealer area debonded, acid penetration
Gradual increase in the debonded area. At 190 d over 90% of thesealer debonded.

Series 1-4(acrylic water-borne)
Initial absorption of acids followed by debonding of the sealer without blistering. At 60 dapproximately 5% of the sealer debonded forming
cracks. At 110 d debonded in patches. 6

SeriesIS (acrylic sealer, solvent-borne)
Only initial acid absorption observed. No deterioration or softening at 60 d. At 110 dand 190 daslight softening of the sealer observed but
no signs of deterioration.

Series 1-6 (silicate sealer)
Limited effect; similar performance as control specimen, only slightly delayed.

SeriesII-2 (latex-modified mortar)
Small acids absorption, followed by amuch slower surface deterioration rate (sandy surface) than the control specimens.

Series II-3 (latex + condensed silicafume modified mortar)
Small absorption of acids followed by only negligible deterioration. At 190 d, no surface deterioration visible, no "sandy surface".
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acrylic offer only a very limited protection. Under laboratory
conditions, the delay in concrete deterioration was approxi
mately4-6 mo. This observation seemed to be in good agree
ment with the observed field performance.

The acrylic base, solvent-borne sealer performed very well
under experimental field conditions. Also, 2 yr of field evalu
ation showed no deterioration of this material; however, soft
ening of the sealer was observed.

The latex-modified cement mortars exhibited a higher resis
tance to attack by simulated silage juice than an unprotected
concrete stave block.

Superior resistance has been exhibited by latex, condensed
silica fume modified cement mortar under experimental
conditions.

A thick (0.6-mm) epoxy coating has been indirectly tested,
since five sides of the concrete specimens were protected by
epoxy material. Very little deterioration of the epdxy was
observed. However, as soon as the sealer failed and the silage
juicepenetrated behind the epoxy layer, debonding started due
to cement deterioration at the epoxy/concrete interface. This
means thatif a pinhole or crackexists in theepoxy layer, silage
juice can penetrate behind the epoxy coating and cause rapid
debonding.

The cement-based, latex, condensed silica fume-modified
mortar coating is compatible with surface-wet and water-satu
rated concrete. This material is easy to apply, either by brush
or trowel, in thin (3-mm) layers for protectionof new concrete,
orinthicker applications (up to 12mm) forrestoration ofexist
ing silos. Trowelling is the preferred application method
because it results in a smoother surface that is likely to be more
resistant to scuffing by the mechanical silounloader. It is sup
plied as a concentrate of admixtures and fibers and mixed on
site with water, silica sand and cement. Approximate material
cost, including normal Portland cement and silica sand, is
$6.25/m2 at 3 mm thickness.

CONCLUSIONS

1.Thin, polymer-based sealers provide only avery limited pro
tection toconcrete against attack bysilage juices. Anexception
is an acrylic, solvent-borne sealer that showed superior dura
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bility in laboratory tests and good performance up to 2 yr in a
farm silo.

2. Properly formulated Portland cement-based mortar coatings,
especially those with the latex and condensed silica fume addi
tives, showed superior protection for 2 yr against silage juice
attack, at reasonable cost. The long-term protection of these
coatings is still being evaluated.
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