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reversibility and long-term stability; mineral consolidants
and lime—pozzolan systems provide the best balance
among penetration depth, chemical compatibility,
durability, and vapor permeability (Franzoni et al., 2014;
Yang et al., 2025); and emerging nanomaterials, despite
their promising potential, still lack sufficient long-term
performance data (Faria et al., 2017).

The Situation in Iran and Implementation Challeng-
es

Studies indicate that systematic research on historic brick
consolidation in Iran remains limited, with much of the
available knowledge confined to technical reports and
academic theses. In practice, lime-based mortars, natural
hydraulic lime, and pozzolanic additives remain the most
common and compatible conservation approach, whereas
the widespread application of modern polymeric and
silicate-based materials faces challenges such as uneven
penetration, reduced vapor permeability, and insufficient
long-term performance data.

Conclusion

Ultimately, no single consolidant material can fulfill
all conservation requirements for historic brick. The
selection of a consolidant must be based on a multi-
criteria  decision-making framework, incorporating
penetration testing, microstructural analysis, long-term
monitoring, and adherence to conservation theory and
ethical principles. Under current conditions, controlled
mineral-based treatments and lime—pozzolan systems
represent the most rational choice for deep and durable
consolidation, while organic materials, biopolymers, and
nanomaterials should be applied cautiously and within
limited, well-controlled contexts.
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the adoption of the Venice Charter-the conservation
approach shifted from replacement toward in situ
strengthening and minimum intervention (Pieper, 1987).
According to contemporary perspectives, consolidation
should be understood as a process based on the interaction
among the substrate, consolidant material, environmental
conditions, and retreatability, since absolute reversibility
is often impractical and has been largely replaced by
the principle of retreatability (Pinto & Rodrigues, 2008;
Dochne & Price, 2015).

Classification of Consolidation Materials and Per-
formance Analysis

Organic Materials, Natural Oils, and Biopolymers
Organic materials such as linseed oil, starch, guar gum,
and xanthan gum are among the oldest substances used
in the conservation of porous materials. Vegetable oils
reduce capillary water absorption and partially block pores
by forming hydrophobic surface layers and oxidative
bonding networks (Stefanidou & Karozou, 2016).
However, due to rapid oxidation, limited penetration
depth, high viscosity, and short-term durability, these
materials are generally considered unsuitable for deep
structural consolidation (Raymond & Stewart Mills,
2005). Polysaccharide-based biopolymers such as guar and
xanthan gums can, under certain conditions, temporarily
enhance strength by increasing physical cohesion among
particles and interacting with clay minerals. Nonetheless,
their high sensitivity to moisture, susceptibility to
biological growth, water reabsorption, and limited long-
term stability remain major constraints (Nugent et al.,
2009; Cultrone & Ibafiez Sanchez, 2018). Consequently,
these materials are primarily recommended for short-
term, surface-level treatments or salt-control applications
(Pereira et al., 2021).

Synthetic Polymers (Acrylics and Silanes)

Actrylic resins such as Paraloid B72- create hydrophobic
surface films that reduce water absorption and moderately
enhance surface cohesion; however, their penetration
into the brick matrix is limited, and their function remains
largely superficial (Vaz et al., 2008; Constancio et al., 2010;
Muguda-Viswanath, 2019). In contrast, alkoxysilanes and
silanes are capable of penetrating pore networks and
increasing internal cohesion through polymerization and
the formation of subsurface silicate bonds (Stefanidou
& Karozou, 2016). Nevertheless, their performance
is highly dependent on initial substrate moisture, pH,
porosity, and application method, and improper control
may result in uneven penetration, pore blockage, or color
alteration (Vacchiano et al., 2008; Hao et al., 2021).

Mineral-Based Consolidants
Tetracthyl orthosilicate (TEOS) is among the most
widely used mineral consolidants. After penetrating

porous substrates, it undergoes hydrolysis and forms
silica gel deposits within micropores, thereby enhancing
cohesion and surface resistance (Franzoni et al,
2014). Microstructural studies indicate that silica gel
accumulation predominantly occurs near the surface,
with limited and heterogeneous penetration depth
(Salazar-Hernandez et al., 2019; Zhao et al., 2020).
Alongside TEOS, emerging calcium-based compounds-
such as calcium hydroxyglycolate-and lime-pozzolan
systems have been proposed as alternatives with greater
chemical compatibility, improved vapor permeability, and
superior long-term durability (Yang et al., 2025; Oztiirk,
1992). Lime—pozzolanic mortars, particularly in Iranian
conservation projects, have demonstrated satisfactory
long-term performance over several decades (Conserve).

Emerging Materials and Nanomaterials (Graphene
Oxide)

Graphene oxide (GO), as a two-dimensional
nanomaterial, can reduce capillary water absorption
by up to approximately %57 through lowering water
uptake and creating a physical barrier against moisture
and ionic penetration (Faria et al., 2017). GO primarily
functions through physical obstruction and electrostatic
interactions and does not form stable chemical bonds
with mineral substrates (Lin et al, 2016). Although
preliminary laboratory and field studies indicate
improvements in compressive strength and durability
(Bheel et al., 2023), GO performance is highly dependent
on application method, concentration, carrier type, and
environmental conditions, and excessive concentrations
may lead to cracking or coating delamination (Rescic et
al., 2023; Korayem et al., 2020).

The Role of Carrier Type, Penetration, and Physical
Parameters

One of the key findings of this research is that the
success of consolidation depends not only on the
consolidant material itself, but also on carrier type,
substrate behavior, and mineralogical characteristics
(Cultrone & Ibafiez Sanchez, 2018). Water-based carriers
may induce clay mineral swelling, pore blockage, and
reduced penetration, whereas non-polar organic carriers
can, in certain cases, provide more uniform penetration
(Martinez et al., 2016; Gonzalez-Sanchez et al., 2023).
Furthermore, the viscosity, concentration, and particle
size of consolidants must be compatible with the pore
network of the substrate to prevent surface accumulation
and uneven penetration (Salazar-Hernandez et al., 2009).

Comparative Summary

Scientific evidence indicates that organic materials and
biopolymers are suitable primarily for short-term and
surface-level applications but exhibit limited durability;
synthetic polymers offer rapid performance but limited
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The conservation of historic
bricks is considered one of
the fundamental components
in  safeguarding  architectural
heritage, as brick, one of the
predominant materials in Iran’s
historic architecture is exposed
to a wide range of complex
weathering and  deterioration
processes.  Consolidation, — as
one of the most important
conservation interventions, is
employed to enhance structural
cohesion,
stabilize decay, and
the  durability of
(Dochne

Nevertheless,

reduce vulnerability,
improve
porous
materials &  Price,
2011). although
consolidation can mitigate the
effects of deterioration, it does
not necessarily eliminate the
root causes of decay, and when
improperly applied, it may result
in undesirable secondary and
long-term consequences (Daniels,
2015; Kumar Ginell, 1997).

The Necessity of Consolida-
tion in the Conservation of
Historic Brick

Historic bricks, due to their specific
mineralogical composition, high
porosity, variability in raw material
quality, and firing conditions,
are vulnerable to numerous
agents such as temperature

fluctuations, moisture, soluble

salts, atmospheric  pollution,
corrosive gases, biological activity,
and freeze—thaw cycles (El-Badry,
2015; Watt, 2015). These factors
can lead to increased porosity,
microcrack  development,  salt
crystallization,  dissolution — of
mineral phases, sulfate attacks,
and ultimately the reduction of
mechanical strength and gradual
structural disintegration (Hejazi
et al, 2015; El-Badry, 2019).
Within this context, consolidation
becomes necessary when the
cohesion of the material matrix is
critically threatened by weathering
and erosion, and when stabilizing
the existing condition, extending

service life, and enhancing

mechanical ~ performance —are
prioritized  as conservation
objectives (Doehne & Price,
2011).

Conceptual and Historical

Evolution of Consolidation

In the early periods of restoration,
interventions were largely based
on material replacement or the
use of traditional substances such
as gums, starch, protein-based
adhesives, beeswax, and vegetable
oils (Clifton, 1980; Williams,
1983). With growing awareness of
the value of cultural heritage and
the development of conservation

theory-particularly

following
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