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Abstract

Concrete sealers represent a broad and chemically diverse family of protective treatments
designed to extend the service life of concrete surfaces. The selection of an appropriate sealer
demands an understanding of the underlying chemistry, penetration mechanisms, and durability
characteristics of each product class. This paper provides a systematic comparison of the five
principal sealer categories—silicate densifiers, siliconates, silanes, siloxanes, and acrylic film-
formers—uwith additional consideration of epoxy coatings. For each class, the reaction
chemistry, physical mechanisms of protection, performance attributes, limitations, and optimal
use cases are examined. A cross-category comparison matrix and guidance for application
selection are also presented.

1. Introduction

Concrete, despite its apparent robustness, is an inherently porous and chemically reactive
material. Its interconnected network of capillary pores and microcracks provide pathways for
water infiltration, chloride ion ingress, freeze-thaw cycle damage, and surface abrasion. Left
unsealed, concrete surfaces in exposed environments can experience significant deterioration
within a few years of placement.

Concrete sealers address these vulnerabilities through two fundamentally different strategies:
(1) penetrating sealers that enter the pore structure and react chemically or physically within the
substrate, and (2) film-forming sealers that deposit a protective coating on the surface. Within
each strategy, the specific chemistry of active compounds determines the nature and extent of
protection.

This analysis examines the chemistry of each sealer type before synthesizing comparisons
across key performance dimensions: water resistance, chloride/salt resistance, stain resistance,
breathability, durability, and aesthetic impact.

2. Penetrating Sealers

Penetrating sealers protect concrete by chemically bonding within the pore structure of the
concrete rather than forming a film on top of the concrete surface. Penetrating sealer active
ingredients include silicates, siliconates, silanes, and siloxanes—chemically related, but
functionally distinct compounds that deliver specific performance characteristics, such as
structural densification and deep hydrophobic barrier formation.

2.1 Silicate Sealers (Densifiers)

Chemistry

Silicate sealers are water-based inorganic solutions of alkali metal silicates, most commonly
sodium silicate (Na2SiO3), potassium silicate (K2SiO3), or lithium silicate (Li2SiO3). When
applied to concrete, these compounds penetrate the surface pores and react with calcium
hydroxide (Ca(OH)2), a byproduct of cement hydration present in the concrete matrix. The
reaction produces additional calcium silicate hydrate (Ca-Si-OH):

Ca(OH)z + NapzSiOs; + H20 - CaSiOz-H,O (Ca-Si-OH) + 2NaOH
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Ca-Si-OH is the primary binding phase responsible for concrete's compressive strength. By
generating additional Ca-Si-OH within surface pores, silicate sealers effectively densify the
near-surface zone of the concrete, reducing overall porosity and increasing surface hardness.
Lithium silicate, owing to its smaller ionic radius and lower viscosity, typically achieves deeper
penetration and produces fewer soluble byproducts compared to sodium or potassium variants,
making it the preferred choice for modern densifier formulations.

Performance

Silicate densifiers are uniquely effective at improving abrasion resistance and eliminating
surface dusting, a common problem in warehouses and industrial floors where weak surface
paste erodes under traffic. By permanently filling pores with insoluble Ca-Si-OH and allowing it
to fully cure, the surface is permanently modified and does not degrade unless the concrete
itself is mechanically damaged.

However, silicates offer minimal water repellency. The Ca-Si-OH product is hydrophilic and
does not impede capillary absorption. They provide no protection against oil or grease
contamination, and because they are entirely inorganic and non-film-forming, they produce no
visible change to the surface appearance. These characteristics make silicates inappropriate for
applications requiring waterproofing, aesthetic enhancement, or stain resistance.

Best Applications for Silicate Sealers (Densifiers)

* Industrial floors, warehouses, and distribution centers subject to heavy abrasion
» Polished concrete floors requiring enhanced hardness prior to grinding
* New concrete requiring dustproofing without altering appearance

2.2 Siliconate Sealers

Chemistry

Siliconates, typically sodium or potassium methyl siliconate, represent a chemical hybrid
between inorganic silicates and organic silicones. The methyl siliconate anion (CH3Si(OH)207)
carries both silanol groups capable of reacting with the concrete matrix and a hydrophobic
methyl substituent. Upon contact with concrete, siliconates react with calcium hydroxide and
absorb CO2 from the air, forming insoluble calcium methyl siliconate within the pore structure:

2 CH3Si (OH)20K + Ca(OH)Z - Ca[CH3Si(OH)Z20]2 + 2KOH

The insoluble calcium methyl siliconate product partially lines the pore walls, imparting mild
surface hardening (similar to a silicate reaction) while simultaneously exposing methyl groups
toward the pore interior. These methyl groups are hydrophobic, which creates a moderate
degree of water repellency within the treated pores.

Performance

Siliconates function as a light-duty hybrid between densifiers and water repellents. They reduce
capillary absorption more effectively than pure silicates but considerably less than silanes or
siloxanes. Their water resistance is relatively short-lived in exposed conditions. A notable
practical limitation is their tendency to leave white surface residue (efflorescence-like deposits) if
over-applied or applied to non-absorbent surfaces. Typically, siliconate-based water repellents
last 3 to 5 years depending on the application rate, concrete porosity, and environmental
conditions.
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Their primary commercial niche is as cure-and-seal products for new concrete, where a single
application serves both to retain moisture during curing and to provide preliminary sealing. They
are cost-effective for light-duty exterior flatwork where budget constraints preclude silane
treatment.

Best Applications for Siliconate Sealers

* Driveways and sidewalks requiring budget-conscious protection
*  Cure-and-seal applications on new flatwork
» Exterior masonry with mild exposure requirements

2.3 Silane Sealers

Chemistry

Silane sealers are based on small molecule alkyltrialkoxysilane monomers, most commonly
isobutyltriethoxysilane or octyltriethoxysilane. These compounds are notable for their
exceptionally small molecular size, which allows deep penetration, up to 10 mm or more, in
porous concrete. Upon penetration, silanes hydrolyze in the presence of moisture and then
condense, chemically bonding to silanol groups (Si-OH) on the concrete substrate through
covalent siloxane bonds (Si-O-Si):

RS1 (OEt)3 + 3H20 - RS1i(0OH)3 + 3EtOH
RS1i (OH)3 + HO-Substrate — RS1i (0OH)2-0O-Substrate + H20

The R group is typically an alkyl chain (e.g., isobutyl or octyl) that projects into the pore interior
and is strongly hydrophobic. The resulting treated surface lining effectively repels water and
aqueous solutions, including chloride-laden de-icing salt solutions, without blocking vapor
transmission.

Performance

Silanes deliver the highest level of chloride ion and water resistance among all penetrating
sealer classes. Their deep penetration ensures that even if surface abrasion removes some
treated material, protection remains in the substrate. They are completely invisible, no sheen
and no color change, and are fully breathable, making them ideal for below-grade structures
where trapped moisture could cause damage.

In cold climates, where concrete is subjected to repeated freeze-thaw cycles and heavy de-icing
salt applications, silanes have become the standard of care for bridge decks, parking structures,
and driveways. Their ability to dramatically reduce chloride penetration protects reinforcing steel
from corrosion, extending structural service life significantly. Typically, siliconate-based water
repellents last 7 to 10 years depending on the application rate, concrete porosity, and
environmental conditions.

Silanes are more expensive per unit area than other sealer chemistries, and the application
requires favorable temperature and humidity conditions to ensure proper hydrolysis and
condensation. They offer no protection against oil-based stains, as the hydrophobic barrier
repels water but not non-polar substances.

Best Applications for Silane Sealers

» Bridge decks and parking structures subject to de-icing salt exposure
» Driveways in cold climates
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* Reinforced concrete where rebar corrosion protection is critical
» Below-grade concrete requiring breathable waterproofing

2.4 Siloxane Sealers

Chemistry

Siloxanes are oligomeric or polymeric organosilicon compounds with repeating Si-O-Si
backbone units, essentially larger-molecule analogs of silanes. Common examples include
methyl hydrogen siloxane and polydimethylsiloxane-based formulations. Due to their larger
molecular size relative to monomeric silanes, siloxanes penetrate less deeply but offer better
surface coverage and are more readily handled as ready-to-use formulations.

Like silanes, siloxanes react with substrate silanol groups to form covalent Si-O-Si bonds, and
their pendant organic groups (typically methyl) present a hydrophobic surface within the pore
structure. Many commercial products are sold as silane-siloxane blends, promoting the deep
penetration of silane monomers together with the surface coverage efficiency of siloxane
oligomers.

Performance

Siloxanes provide good water repellency and moderate resistance to chloride intrusion, though
typically not at the level of performance achieved by optimized silane formulations in dense
concrete. Their larger molecular size makes them more effective on highly porous substrates—
brick, concrete block, stucco, and limestone—where small silane monomers might migrate too
deeply without achieving adequate pore-wall coverage.

Siloxane-treated surfaces remain breathable and invisible, though slightly less so than silane-
treated surfaces owing to partial pore blockage near the surface. Durability is generally 5 — 7
years under moderate exposure, less than high-quality silane treatments.

Best Applications for Siloxane Sealers

» Brick, block, and stucco masonry requiring water repellency
» Exterior vertical concrete and precast panels
* General-purpose water repellency where deep penetration is less critical

3. Film-Forming Sealers

Film-forming sealers create a continuous polymer membrane on the concrete surface, rather
than reacting within the substrate. They offer superior stain resistance and aesthetic
enhancement at the cost of breathability and long-term durability. This category includes
acrylics, polyurethanes, and epoxies, with acrylics and epoxies being the most widely used in
the concrete sealer market.
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3.1 Acrylic Sealers

Chemistry

Acrylic sealers are based on acrylic or methacrylic acid ester polymers, available in both
solvent-borne (typically xylene or acetone) and water-borne (latex emulsion) formulations.
Solvent-borne acrylics typically deliver a higher-gloss, deeper-penetrating film compared to
water-borne products, though the latter are more environmentally compliant and easier to
handle.

Upon application, solvent or water evaporation leaves a continuous thermoplastic polymer film
on the concrete surface. This film is entirely physical in nature. It bonds to the surface by
mechanical adhesion into surface pores and irregularities rather than through covalent bond
chemistry. The film thickness typically ranges from 50 to 150 microns (2 — 6 mils) depending on
application rate.

Performance

Acrylics are the most visually impactful sealer class, and are available in a range of gloss levels,
from high gloss to matte finishes. Solvent-based products create a distinctive 'wet look' that
enhances color contrast in decorative concrete, stamped overlays, and exposed aggregate
surfaces. They provide effective resistance to water penetration and moderate stain resistance
against oil and grease under everyday exposure, though prolonged contact with petroleum-
based materials will eventually compromise the film.

The principal limitation of acrylics is their limited durability. As thermoplastic films exposed to UV
radiation, thermal cycling, and traffic abrasion, they progressively lose adhesion and must be
reapplied every one to three years under typical exterior conditions. They are not breathable;
moisture vapor trapped beneath the film can cause whitening (blushing) or delamination,
particularly on slabs with ground moisture transmission. Additionally, smooth acrylic surfaces
become dangerously slippery when wet unless anti-slip aggregates are incorporated.

Best Applications for Acrylic Sealers

» Decorative, stamped, and colored concrete where visual enhancement is prioritized
» Patios and pool decks with periodic resealing in the maintenance program
* Interior concrete floors in retail and residential settings

3.2 Epoxy Coatings

Chemistry

Epoxy coatings are two-component thermoset systems consisting of an epoxy resin (component
A) and a polyamine or polyamide curing agent (component B). Upon mixing, the amine groups
react with epoxide rings in a step-growth polymerization, producing a densely cross-linked,
three-dimensional polymer network:

Epoxide ring + R-NHZ2? - PB-hydroxy amine linkage (cross-linked network)

This thermoset chemistry produces a film with substantially higher hardness, chemical
resistance, and bond strength than thermoplastic acrylics. Epoxy coatings applied to properly
prepared concrete achieve adhesive strengths exceeding the tensile strength of the concrete
substrate itself.
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Performance

Epoxies provide outstanding resistance to oils, fuels, acids, alkalis, and a wide range of
industrial chemicals, making them the preferred coating for commercial kitchens,
pharmaceutical facilities, automotive shops, and manufacturing environments. Their
impermeability provides excellent resistance to water and chloride penetration, though they are
entirely non-breathable. Applied film thicknesses typically range from 200 to 500+ microns (7 —
20 mils), producing a durable, high-gloss surface.

The primary limitations of epoxies relate to their susceptibility to UV photodegradation (chalking

and yellowing

unless a UV-stable topcoat is applied), their brittleness relative to the substrate,

and the critical importance of concrete moisture content during application. Epoxies applied over
concrete with elevated moisture vapor transmission (MVT) will eventually blister and delaminate
as water vapor pressure builds beneath the impermeable film. Surface preparation, mechanical
profiling to a minimum ICRI Concrete Surface Profile (CSP) of 3, is essential for achieving
specified adhesion. This is typically achieved by grinding or shot-blasting the concrete

substrate.

Best Applications for Epoxy Coatings

Garage floors, automotive service bays, and manufacturing floors

Food service and pharmaceutical facilities requiring chemical resistance
Any environment where stain resistance and cleanability are paramount
When aesthetic preferences call for a broadcast medium like flakes or quartz

4. Comparative Analysis

4.1 Summary Comparison Matrix

Table 1 provides a structured cross-comparison of the principal sealer categories across the key
performance dimensions most relevant to specifiers and applicators.

Table 1. Comparative Performance Matrix for Concrete Sealer Classes

Acrylic ‘

Property
Penetrating

Penetration
Depth

Film-Forming

Water
Repellency

Salt/Chloride
Resistance

Oil/Stain
Resistance

Breathability
Durability
Visual Change
Typical Cost

Densification

e

N

| Silicate Siliconate Siloxane Epoxy
Yes Yes Yes Yes No No
0.25-1.0 0.25-1.0 0.25-0.75 0.125-0.5  Surface only = Surface only
inch inch inch inch
No No No No Yes Yes
Poor Mild Excellent Good Moderate Good
Low Moderate Excellent Good Moderate High
Low Low Low Low Good Excellent
High High High Moderate Low Low
Permanent 3-5yrs 7-10 yrs 5-7 yrs 1-3 yrs 5-10 yrs
None None None None Gloss/Satin High Gloss
Low Low High Moderate Low—Mod Moderate
Yes Partial No No No No
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4.2 Penetration Depth and Reaction Mechanisms

The most fundamental distinction among sealer classes is whether they act within the concrete
substrate or on its surface. This distinction has direct consequences for durability and long-term
performance.

Among penetrating sealers, Silicates and Siliconates achieve the deepest penetration due to
their small molecular size, followed by silanes and then siloxanes. Deeper penetration provides
a critical advantage: as the surface wears, the protective treatment remains active at depth.
Film-forming sealers, regardless of chemistry, are subject to progressive consumption from
surface abrasion and UV degradation.

The chemical bonding that occurs with silanes and siloxanes, covalent Si-O-Si linkages to the
substrate, provides superior durability compared to the physical adhesion of film-forming
acrylics. Silicate densifiers, by generating new Ca-Si-OH permanently integrated into the
concrete matrix, achieve the most durable treatment of all: essentially a permanent modification
of the concrete's microstructure though they provide no water repellency.

4.3 Breathability and Moisture Vapor Transmission

Breathability, the ability of water vapor to pass through the treated concrete, is a critical but
often underappreciated performance criterion. Concrete slabs in contact with soil, and exterior
horizontal surfaces subject to wetting, frequently transmit significant moisture vapor. Film-
forming sealers that impede vapor transmission create hydrostatic pressure at the sealer-
concrete interface, which can cause blistering, whitening, and delamination.

All penetrating sealers maintain high breathability because they treat pore walls without
obstructing pore volume. Film-forming acrylics significantly reduce vapor transmission and are
inappropriate for slabs with MVT exceeding approximately 3 Ibs/1,000 sq ft/24 hrs (per ASTM
F1869) unless a moisture mitigation system is first installed. Epoxies are essentially vapor-
impermeable and require rigorous moisture testing and, in many cases, moisture-tolerant primer
systems.

4.4 Chloride and Salt Resistance

In climates where de-icing salts (primarily sodium chloride and calcium chloride) are applied to
concrete surfaces, chloride ingress is the dominant driver of reinforced concrete deterioration.
Chlorides reaching the embedded steel reinforcement trigger a de-passivation reaction that
initiates corrosion, leading to cracking, spalling, and structural compromise.

Silane sealers are widely accepted as the most effective means of reducing chloride ingress in
existing and new concrete. Published research and field data consistently demonstrate
reductions in chloride absorption of 85-95% relative to unsealed control specimens. Silane-
siloxane blends typically achieve 75-90% reduction. Siliconate sealers provide modest
improvement, while film-forming acrylics offer moderate resistance at the surface level that
diminishes as the film weathers.

For this reason, transportation agencies in states including lllinois, Ohio, and New York have
incorporated silane or silane-siloxane penetrating sealer specifications into standard
maintenance and new construction requirements for bridge decks and parking structures.
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4.5 Aesthetic Impact

Penetrating sealers, silicates, siliconates, silanes, and siloxanes, impart essentially no visible
change to concrete surfaces. This is a significant advantage where the natural appearance of
the concrete is desired or where a coating might be considered inappropriate (historic masonry,
architectural precast, public infrastructure).

Acrylic sealers, by contrast, are widely used specifically because of their visual impact. Solvent-
based acrylics produce the characteristic “wet look” that deepens color and enhances texture in
decorative applications. Water-based acrylics offer a more subtle enhancement with lower VOC
emissions. Epoxy coatings are highly customizable aesthetically, available in solid colors,
metallic colors, and decorative broadcast aggregate systems like vinyl flakes and quartz, that
transform an ordinary slab into a finished floor surface.

5. Application Selection Guidance

The following guidelines summarize the recommended approach to sealer selection based on
exposure conditions and performance priorities.

5.1 Industrial and Warehouse Floors

For industrial environments prioritizing abrasion resistance, dust control, and ease of
maintenance, the recommended baseline treatment is a lithium silicate densifier applied before
final polishing or grinding. Where chemical resistance to oils and fuels is also required, an epoxy
coating system should be applied over the densified substrate. The densifier enhances the
tensile strength of the concrete surface, reducing the risk of epoxy delamination under impact
loading.

5.2 Exterior Flatwork in Cold Climates

For driveways, sidewalks, patios, and exterior slabs in climates subject to freeze-thaw cycles
and de-icing salt application, silane or silane-siloxane penetrating sealers represent the
technically superior choice. The investment in a quality silane product typically delivers 7 — 10
years of effective protection and, more importantly, substantially extends the structural life of the
concrete by suppressing chloride-driven rebar corrosion.

Where budget constraints necessitate a less expensive approach, a siliconate cure-and-seal
product represents an acceptable compromise for new concrete in lower-exposure conditions.

Acrylic sealers may be appropriate for patios and decorative concrete where appearance is
prioritized and periodic reapplication is acceptable.

5.3 Bridges, Parking Structures, and Infrastructure

For infrastructure applications where the primary concern is long-term durability and rebar
corrosion protection, silane penetrating sealers applied at manufacturer-specified coverage
rates are the industry standard. Application should follow surface preparation per ASTM D4259
and be performed when ambient temperature is between 40°F and 90°F with no rain expected
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for 24 hours. Reapplication is recommended every 7 - 10 years depending on traffic and
exposure severity.

5.4 Decorative and Architectural Concrete

For stamped, colored, exposed aggregate, or polished concrete where visual enhancement is
the primary objective, solvent-based or water-based acrylic sealers are appropriate. Specifiers
should verify that the slab's moisture vapor transmission is within acceptable limits for the
chosen product, and should specify anti-slip aggregate incorporation for horizontal surfaces. A
maintenance schedule of reapplication every one to three years should be established in project
documentation.

6. Conclusion

Concrete sealers span a wide spectrum of chemistry, mechanism, and performance. Silicate
densifiers leverage inorganic chemistry to permanently enhance concrete's intrinsic
microstructure, an effective and enduring solution for hardness and abrasion resistance, but
without waterproofing capability.

Siliconates extend this concept with a degree of water repellency, serving useful dual-function
roles in new construction curing and sealing.

Silanes and siloxanes, through organofunctional silicone chemistry and deep substrate
penetration, achieve the most effective and durable water and chloride resistance among all
penetrating treatments, with silanes holding a performance advantage in demanding
infrastructure applications.

Film-forming acrylics trade depth of protection for visual impact and stain resistance, providing
cost-effective short-term protection for decorative concrete at the expense of breathability and
long-term durability.

Epoxy coatings, with their thermoset chemistry and exceptional chemical resistance, occupy the
premium tier of film-forming protection and are the appropriate choice wherever stain
resistance, chemical resistance, and hardness are simultaneously required.

In practice, the highest-performing systems often combine technologies, for example, silicate
densification beneath an epoxy topcoat, or a silane base treatment supplemented by an acrylic
aesthetic topcoat on decorative exterior slabs. The chemistry of concrete sealers is mature and
well-understood. The applicator's task is to match the right chemistry to the exposure, the
performance requirement, and the available maintenance budget.
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