Salts as major decay agents
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Salts as major decay agents
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Salts as major decay agents
Lecture contents

- Introduction

- Salt decay pathology
Anomalies
Moisture
Soluble salts
Damage mechanisms
Influencing factors
Signs

- Control and prevention
Working principles

Methods of control and prevention — |

Complementarity between methods

Possible approaches

1)
2)
3)
4)
5)
6)
)
8)
9)

Mechanical removal of efflorescence
Removal of contaminating materials
Poultices

Electrochemical removal of salts
Microorganisms

Crystallization modifiers

Plasters and renders

Environmental control

Rising damp control

10) Barium hydroxide method
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- aesthetic damage
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conditions
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- loss of historic material
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Salts as major decay agents
Salt decay pathology... can be summarized as follows:

Soluble

Water
salts
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-simultaneous presence is
required
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Anomalies

Decay patterns:
efflorescence, staining,
dampness, sanding,
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reduced mechanical resistance of
materials and building elements, etc.
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Salt decay pathology
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Salts as major decay agents
Salt decay pathology: anomalies

» aesthetic damage

S&o Joao Baptista Church
Moura, Portugal — November 2002
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Salts as major decay agents
Salt decay pathology: anomalies

» aesthetic damage

* health problems

Alcobaca Monastery,
Portugal — November 2002
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Salts as major decay agents
Salt decay pathology: anomalies

« aesthetic damage
* health problems

* high cost recurrent repairs

Quinta do Rocio,
Torres Vedras, Portugal — April 2008
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Salts as major decay agents
Salt decay pathology: anomalies

« aesthetic damage
* health problems
* high cost recurrent repairs

* Joss of historic material

Santa Cruz Monastery
Coimbra, Portugal — June 2002
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Salts as major decay agents
Salt decay pathology: anomalies

« aesthetic damage

* health problems

* high cost recurrent repairs
* loss of historic material

« structural damage

Paulistas tide-mill,
Corroios, Portugal — November 2004
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Salt decay is especially relevant in old buildings:

 Salts and water — are more active

- thick solid walls made of porous hydrophilic materials
- walls built in direct contact with the ground

- periods of constructive deterioration (roof damage, masonry cracking, etc.)
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Salts as major decay agents
Salt decay pathology: anomalies

Salt decay is especially relevant in old buildings:

 Salts and water — are more active

- thick solid walls made of porous hydrophilic materials;
- walls built in direct contact with the ground

- periods of constructive deterioration (roof damage, masonry cracking, etc.)

« Physical medium — mechanically weaker materials (lime mortars)
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Salts as major decay agents
Salt decay pathology: anomalies

Salt decay is especially relevant in old buildings:

Salts and water — are more active

- thick solid walls made of porous hydrophilic materials;
- walls built in direct contact with the ground

- periods of constructive deterioration (roof damage, masonry cracking, etc.)

« Physical medium — mechanically weaker materials (lime mortars)

 Structural impact — walls with structural function

« Historic relevance — historic buildings should be preserved for future generations

« Atrtistic relevance — old buildings often include valuable sculptures, frescoes, etc.
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Salt decay pathology
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Salts as major decay agents
Salt decay pathology: moisture

> Construction humidity

mixing of mortars, setting of bricks, materials exposed to rain, specific processes
(water-jet cleaning)



Salts as major decay agents
Salt decay pathology: moisture

> Construction humidity
> Rising damp
ground moisture that rises up in the walls by capillarity

phreatic water or rain water in the soil surface layers
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Salts as major decay agents
Salt decay pathology: moisture

> Construction humidity
> Rising damp
> Dew point condensation

humid air => temperature drops => RH increases

if the absolute saturation humidity is attained => condensation

- on cold surfaces

- inside materials subjected to a temperature gradient because the absolute
saturation humidity varies with temperature



Salts as major decay agents
Salt decay pathology: moisture

> Construction humidity
> Rising damp

> Dew point condensation
> Hygroscopic moisture

attracted from the air
by common building materials (such as mortars, brick or stone) or soluble salts

soluble salts are much more hygroscopic => salt damp



Salts as major decay agents
Salt decay pathology: moisture

> Construction humidity
> Rising damp

> Dew point condensation
> Hygroscopic moisture

> Penetration of rainwater

through cracks, construction joints, damaged roofs, etc.
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Construction humidity
Rising damp

Dew point condensation
Hygroscopic moisture

Penetration of rainwater

VvV V V V V V

Moisture from accidental causes

leaking of pipes, fouling of gutters, etc.
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin
Sodium chloride (NaCl)

- direct contact with seawater (marine fog, seawater spray or groundwater)
- salty goods once stored in the building or even

- from groundwater with domestic residues <= human consumption of sodium chloride



Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin
Sodium chloride (NaCl)
Nitrates (NO,)

decomposition of organic materials
- soils treated with organic fertilizers
- animal excrements and tissues

- microbiological activity
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin
Sodium chloride (NaCl)
Nitrates (NO,)

Carbonates (CO,) - alkali (sodium, potassium, magnesium) => soluble
- from high alkali content materials (ex: cement mortars)

- alkali hydroxides + carbonic acid (dissolution of COZ2 in water) = alkali carbonates.
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin
Sodium chloride (NaCl)
Nitrates (NO,)
Carbonates (CO,)
Sulphates (SO,)

- ceramic materials
- alkali hydroxides (or alkali carbonates) + sulphuric acid (air pollution) = sulphates
- gypsum (calcium sulphate dihydrate - CaSO,-2H,0)

- plasters

- sulphuric anhydride (SO4 in polluted air) + calcium carbonate (CaCO,) of
calcareous stones or lime mortars = calcium sulphate / gypsum



Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin

> Solubility
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin

> Solubility ... at a certain temperature
- ability of a salt to dissolve (in water)
- quantitatively = maximum amount of salt that can be dissolved at certain temperature
- maximum => saturated solution
- evaporation => concentr increases => max solubility => excess salt crystallizes
- can vary with temp => temp drops => max solubility => excess salt crystallizes
NaCl — no ; Na,SO, — yes
- supersaturation:
non-equilibrium state
can attain salt concentration higher than the maximum solubility

NaCl — no ; Na,SO, — yes
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin
> Solubility ... at a certain temperature

> Relative equilibrium humidity (RHeq) ... at a certain temperature

Crystal at RH < RHeq => solid crystal is in equilibrium with the air

Crystal at RH = RHeq => the salt dissolves => saturated solution

Crystal at RH > RHeq => the salt dissolves => dilute solution

the higher the RH, the lower the concentration of the solution
RH = 100% => solution infinitely dilute

Solution at RH < RHeq => the salt crystallizes (all of it)
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin

> Solubility ... at a certain temperature

> Relative equilibrium humidity (RHeq) ... at a certain temperature
> Phases

- some salts can crystallize as different hydrates (depending on the T and RH)
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin

> Solubility ... at a certain temperature

> Relative equilibrium humidity (RHeq) ... at a certain temperature
> Phases

- some salts can crystallize as different hydrates (depending on the T and RH)

Ex: for sodium sulfate, at 20°
thenardite (Na,SO,) is the stable phase below 77% RH
mirabilite (Na,S0O,.10H,0) is stable between 77% and 95.6% HR
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin
> Solubility ... at a certain temperature

> Relative equilibrium humidity (RHeq) ... at a certain temperature

> Phases

> Habits = shape of the crystals
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin

> Solubility ... at a certain temperature

> Relative equilibrium humidity (RHeq) ... at a certain temperature
> Phases

> Habits = shape of the crystals

depends on: internal crystal structure, environmental conditions, porosity and moisture
content of the substrate, solution supply rate, etc.

sodium
sulphate

powdery efflorescence fluffy / hair-like efflorescence



EU project CHARISMA - ITINERANT COURSE ON STONE CONSERVATION - LNEC, 7-18 May 2012

Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin

> Solubility ... at a certain temperature

> Relative equilibrium humidity (RHeq) ... at a certain temperature
> Phases

> Habits = shape of the crystals

> Distribution

the distribution of salt across the material ...
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin

> Solubility ... at a certain temperature

> Relative equilibrium humidity (RHeq) ... at a certain temperature
> Phases

> Habits = shape of the crystals

> Distribution

the distribution of salt across the material depends on any factor
that affects the ratio liquid flow / evaporation flow

O
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Salts as major decay agents
Salt decay pathology: salts

> The type of salt is the best indicator of its origin

> Solubility ... at a certain temperature

> Relative equilibrium humidity (RHeq) ... at a certain temperature
> Phases

> Habits = shape of the crystals

> Distribution

the distribution of salt across the material depends on any factor
that affects the ratio liquid flow / evaporation flow
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Salts as major decay agents
Salt decay pathology

Soluble Porous building Environmental
Water . o
salts materials conditions
Predisposing factors Physical medium Adjuvant factors
-simultaneous presence is it's characteristics - condition the
required influence the process occurrence of damage
. - influen
-type and quantity of decay prol:zegz decay
condition decay process
Efflorescence | Cause Subflorescence )
/
Salt decay
Signs Anomalies
Decay patterns: Poor health conditions, aesthetical
efflorescence, staining, damage, loss of historic material,
dampness, sanding, reduced mechanical resistance of
powdering, cracking, etc. materials and building elements, etc.




Salts as major decay agents
Salt decay pathology: damage mechanisms

> Linear crystallization pressure

> Hydration pressure

> Hydrostatic pressure

> Shear stress

> Differential thermal dilation

> Hydric dilation



Salts as major decay agents

Salt decay pathology: damage mechanisms

> Linear crystallization pressure

- linear growth of the crystals against the pore wall

- the salt doesn't fill the pore

- repulsion crystal / material => solution film between the crystal and the pore wall

solution
film

growth
direction

pore wall

Corren’s (1949):

RT C
Ap=p,-p=——In -

Ap (MPa) is the crystallization pressure

p.; (MPa) the pressure on the loaded face of the crystal
p, (MPa) the ambient pressure

T (K) the absolute temperature

V. (cm3. molt) the molar volume of the solid crystal,

R (8.3145 MPa.cm3.mol1.K1) the ideal gas constant

C, the solute concentration in a saturated solution

c the solute concentration in the supersaturated solution




Salts as major decay agents
Salt decay pathology: damage mechanisms

> Linear crystallization pressure
> Destructiveness

crystallization pressure + mechanical resistance + salt distribution
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Salts as major decay agents
Salt decay pathology: damage mechanisms

> Linear crystallization pressure
> Destructiveness

crystallization pressure + mechanical resistance + salt distribution

Stage | Stage Il

the distribution of salt across the material depends on any factor
that affects the ratio liquid flow / evaporation flow
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Salts as major decay agents
Salt decay pathology: damage mechanisms

> Linear crystallization pressure
> Destructiveness

crystallization pressure + mechanical resistance + salt distribution

Stage | Stage Il

the distribution of salt across the material depends on any factor
that affects the ratio liquid flow / evaporation flow



Salts as major decay agents
Salt decay pathology: influencing factors
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Salts as major decay agents
Salt decay pathology: influencing factors

Complex group of interrelated factors ...

> Environmental conditions
air T and RH, solar radiation, air velocity
— evaporation rate:
« subflorescence instead of efflorescence
ev;ggtr:ion * higher supersaturation => higher crystallization pressure
 different habits: (Chatterji 2005) => more damaging needle-like crystals
— crystal phases with higher crystallization pressure

Na,SO, above 32.4°C => thenardite
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Salts as major decay agents
Salt decay pathology: influencing factors

Complex group of interrelated factors ...
> Environmental conditions

> Porous material

— porosity, porometry, mechanical resistance
* Influence the liquid flow + the evaporation flow
« crystallization pressure
« susceptibility of the material

- other (constructive factors)
* paint layer
« surface treatments
« cracking

* Etc.
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Salts as major decay agents
Salt decay pathology: influencing factors

Complex group of interrelated factors ...
> Environmental conditions
> Porous material

> Salt solution
— type and concentration of salt

« crystallization pressure

temperature-dependent solubility => temperature-induced crystallization

« distinct phases => crystallization when water contacts pre-existing crystals
« viscosity, surface tension, contact angle => kinetics of liquid flow

e vapour pressure => evaporation flow

* eftc.
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Salts as major decay agents
Salt decay pathology: influencing factors

Complex group of interrelated factors ...
> Environmental conditions

> Porous material

> Salt solution

> Moisture
- moisture content; moisture supply rate
 liquid flow

» habit of the crystals
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Salt decay pathology
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Salts as major decay agents
Salt decay pathology: signs

> Material damage

- peeling of paints

Peeling of an ordinary vynil emulsion paint
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Salts as major decay agents
Saltsdecay pathology: sig\vn\s'

> Material damage

- peeling of paints
- scaling

’y :
»‘;» 4, o ,r,t

Scaling of the lime-wash/ lime render system
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Salts as major decay agents
Salt decay pathology: signs

> Material damage

- peeling of paints
- scaling
- delamination

Delamination (layering of material with
laminated structure)



Salts as major decay agents
Salt decay pathology: signs

14

> Material damage

peeling of paints
scaling
delamination
sanding of mortars
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Salts as major decay agents
Saltﬁ"ecay pafhology- ighs.

> Material damage

- peeling of paints

- scaling

- delamination

- sanding of mortars

- powdering of ceramic bricks

Powdering of ceramic bricks
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Salts as major decay agents

> Material damage

- peeling of paints

- scaling

- delamination

- sanding of mortars

- powdering of ceramic bricks
- erosion, etc.

Erosion
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Salts as major decay agents
Salt decay pathology: signs

> Material damage

- peeling of paints

- scaling

- delamination

- sanding of mortars

- powdering of ceramic bricks
- erosion, etc.

> Salt damp

Salt damp
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Salts as major decay agents
Salt decay pathology: signs

> Material damage

- peeling of paints

- scaling

- delamination

- sanding of mortars

- powdering of ceramic bricks
- erosion, etc.

> Salt damp
> Aesthetical / health -related alterations

- efflorescence

Efflorescence
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Salts as major decay agents
Salt decay pathology: signs

> Material damage

- peeling of paints

- scaling

- delamination

- sanding of mortars

- powdering of ceramic bricks
- erosion, etc.

> Salt damp
> Aesthetical / health -related alterations

- efflorescence
- staining, etc.

Salt damp and staining
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Salts as major decay agents
Salt decay pathology: signs

> Material damage

- peeling of paints

- scaling

- delamination

- sanding of mortars

- powdering of ceramic bricks
- erosion, etc.

> Salt damp
> Aesthetical / health -related alterations
- efflorescence

- staining, etc.

- material damage
- salt damp




Salts as major decay agents
Control and prevention
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Salts as major decay agents
Control and prevention

« natural weathering
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Salts as major decay agents
Control and prevention

« natural weathering
— Slow
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« natural weathering
— Slow
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Salts as major decay agents
Control and prevention

* natural weathering
— Slow
— functionally coherent

« pathological decay
— fast
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Salts as major decay agents
Control and prevention

natural weathering

— Slow
— functionally coherent

pathological decay

— fast
— functionally disruptive
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Salts as major decay agents
Control and prevention

« natural weathering
— Slow
— functionally coherent

« pathological decay
— fast
— functionally disruptive
— Inadequate solutions
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Salts as major decay agents
Control and prevention

« natural weathering
— Slow
— functionally coherent
— maintenance

« pathological decay
— fast
— functionally disruptive
— Inadequate solutions
— control intervention
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* natural weathering \
— slow The frontiers between the two types of decay
— functionally coherent have changed / are changing:
— maintenance
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Modern materials

More demanding requirements

prevention
! - higher living standards
\%
- pathological decay « Higher labour costs
— fast

— functionally disruptive
— Inadequate solutions
— control intervention
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powdering, cracking, etc. materials and building elements, etc.
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1) Mechanical removal of efflorescence
2) Removal of contaminating materials
3) Poultices

4) Electrochemical removal of salts

5) Microorganisms

6) Crystallization modifiers

7) Plasters and renders

8) Environmental control

9) Rising damp control

10) Barium hydroxide method
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Mechanical removal of efflorescence

Working principle:

Description:

Possibilities / advantages:

Limitations / risks:
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Removal of contaminating materials

Working principle:

Description:

Possibilities / advantages:

Limitations / risks:
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Poultices
Working principle:

Description:

Possibilities / advantages:

Limitations / risks:
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Electrochemical removal of salts

Working principle:

Description:

Possibilities / advantages:

Limitations / risks:
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Microorganisms
Working principle:

Description:

Possibilities / advantages:

Limitations / risks:
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Crystallization Modifiers

Working principle:

Description:
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Crystallization Modifiers
Working principle:

Possibilities / advantages:

Limitations / risks:
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Plasters and renders

Working principle:

Description:

Possibilities / advantages:
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Plasters and renders
Working principle:

Limitations / risks:
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Environmental control

Working principle:

Description:

Possibilities / advantages:

Limitations / risks:
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Control of rising damp

Working principle:

Description:

Possibilities / advantages:

Limitations / risks:
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Control and prevention: control methods

The barium hydroxide method
Working principle:

Description:

soluble insoluble

insoluble

Possibilities / advantages:

Limitations / risks:
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Salts as major decay agents
Control and prevention: complementarity between methods

Some examples ...

= Promotion of efflorescence (crystallization modifiers, transporting plasters/renders)
+ mechanical removal of efflorescence

= Removal of contaminating materials + dessalination method (sacrificial plasters/renders,
poultices, electrochemical removal of salts, microorganisms)

= Poultices + plasters / renders

= Control of rising damp + dessalination method (sacrificial plasters/renders, poultices,
electrochemical removal of salts, microorganisms) or environmental control

= Control of rising damp + accumulating plasters/renders

= Poultices used as impregnation method + crystallization modifiers or barium hydroxide
method or microorganisms
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Main risk factors:

> Use of inapropriate materials
- contaminated with soluble salts (ex: sea sand)
- with reactive constituents (ex: cement mortars with high alkali content)

- which alter the liquid or vapour flows (ex: rich cement mortars, impermeable paints)
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Main risk factors:

> Use of inapropriate materials

- contaminated with soluble salts (ex: sea sand)

- with reactive constituents (ex: cement mortars with high alkali content)

- which alter the liquid or vapour flows (ex: rich cement mortars, impermeable paints)
> Water penetration

- deteriorated window frames, roofs, exterior walls, etc.

- poor condition of drainage systems (rain water / domestic supply or residual waters)

- incorrect drainage of surrounding terrains (ex: direct water towards the walls)
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Control and prevention: prevention

Main risk factors:

> Use of inapropriate materials
- contaminated with soluble salts (ex: sea sand)
- with reactive constituents (ex: cement mortars with high alkali content)

- which alter the liquid or vapour flows (ex: rich cement mortars, impermeable paints)

> Water penetration
- deteriorated window frames, roofs, exterior walls, etc.
- poor condition of drainage systems (rain water / domestic supply or residual waters)
- incorrect drainage of surrounding terrains (ex: direct water towards the walls)
> Alteration of the internal environmental conditions
- heating / air conditioning / dehumidification systems
- doors and windows: activation of new / desactivation of old

- new use of the building / room (ex: people => water vapour + heat)
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Often — choice between several “imperfect” solutions:

- different control methods, possibly more than one

- NO intervention

benefits / limitations, disadvantages
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Salts as major decay agents
Control and prevention: possible approaches

= Prevention — reduce the risk that degradation happens

= Control

- Correction — permanent elimination of the problem by deactivating at least
one of the predisposing factors:

A — Elimination of soluble salts
totally
B — Elimination of the moisture

- Mitigation — “living with the problem” = reduce, alter or suspend the
degradation by:

A — Elimination of soluble salts .
partially
B — Elimination of the moisture

C — Alteration of the behaviour of soluble salts
D — Control of the environmental conditions

E — Alteration of the physical medium



Salts as major decay agents
Control and prevention: possible approaches

Prevention Control
Correction
Selective choice of Removal of o
construction materials used contaminating Control of the rising damp
in maintenance or in the materials

recovery of old constructions

Mechanical removal of
efflorescence

Poultices
Regular maintenance of the L. .
construction in order to avoid B IRy Mltlgatlon
water penetrations.

Microorganisms

Plasters and Renders

Analysis of potential risks of
degradation due to alterations Climate Control
on the climate conditions
(temperature and RH) inside
buildings, because of Crystallization modifiers
interventions in the
construction.

Method of Barium Hidroxide
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Thank yout



