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Abstract 

 

The presence of salts in the pores of buildings causes damage to the building materials. In order 

to prevent such damage preventive methods are required. The use of crystallization inhibitors is a 

newly emerging field. Crystallization inhibitors affect both the crystal growth and the nucleation 

of a salt.  

In this report, the effects of K4[Fe(CN)6].3H2O  on NaCl-KCl solutions was tested. Solutions 

with different salt and inhibitor concentrations were dried inside an NMR scanner. Using NMR 

both H and Na ions can be measured in a non-destructive way during dynamic drying. From the 

ratio of the Na and H the salt concentration is calculated. For 3 m NaCl - 1 m KCl solution it was 

determined that a inhibitor concentration of 0.01 m or 0.1 m increased the maximum saturation 

from 5.3 m to 6.4 ±0.2  m.  

The salt crystals formed during the experiments were also investigated under a SEM. This shows 

that the inhibitor affects both the size and the structure of the crystals. The typical uninhibited 

crystals are cubes in the size range of 1 mm. The inhibited crystals have a size of 2 µm, starting 

with an inhibitor concentration of 0.001 M. For higher inhibitor concentrations (0.01 m and 0.1 

m) the crystals grow in a featherlike pattern.  
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1. Introduction 

 

Crystallization of salt is widely recognized as a cause of deterioration of porous 

building materials.
[1]

 Restoration is often costly and very time consuming. The easiest 

solution would of course be to prevent the salt damage. This can be done in various ways, 

such as poulticing
[2]

, electrokinetic desalination
[3]

 and other means
[4][5]

. The most recent 

method is the use of crystallization inhibitors that can generate high supersaturation by 

delaying the onset of crystallization, providing the salt with more time to move towards 

the outside of the stone. In this report the effect of inhibitor on the supersaturation of 

different salt mixtures is researched. When the saturation level of the salt is raised, it will 

take more time for the salt to crystallize. This gives the salt solution more time to move 

towards the exterior of the stones. If the salt crystallizes there instead of in the interior it 

will do less damage.
[6]

  

In this work the effects of K4[Fe(CN)6].3H2O on the mixtures of NaCl-NaCl is tested. 

This will be done by drying the solutions under controlled environmental conditions in a 

nuclear magnetic resonance scanner. This will give a clear indicating of the salt 

concentration in the liquid during the drying process. Using a Dino Lite Digital 

microscope the crystallization process is recorded. The resulting crystals were analyzed 

using a scanning electron microscope, ESEM
[7]

 to see the effects of the 

K4[Fe(CN)6].3H2O on the NaCl crystal morphology.  
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2. Theory 
[8][9] 

 

To study the crystallization of the salts in the solutions and the effect thereon by the 

inhibitor Nuclear Magnetic Resonance (NMR) is used. Nuclei of different chemical 

elements resonate at their own specific frequency in a certain magnetic field. This results 

in a signal that decays over time as the nuclei interact with their surroundings. The 

general equation for the signal is given by 

 

 1, 2 ,/ /
(1 )e i l it T t T

i

i

S e eρ − −∝ −∑ ,  (2.1) 

 

where i
ρ  represents the density for each nucleus, and 

1,iT  and 
2,iT are the corresponding 

relaxation times. 

 

 

2.1  Spin 

 

The reason the nuclei resonate is particle spin. This is a quantum mechanic version of the 

angular momentum of a rigid body in classical mechanics. This quantum mechanical 

background spin only comes in multiples of ½ (for protons and other fermions s=1/2, for 

bosons s is an integer). This means that a particle with a certain spin can only assume a 

well defined set of angular momenta ( 1)S s s= +
��
� . This results in a magnetic dipole 

given by 

 

Sµ γ=
�� ��

,     (2.2) 

 

where γ is the gyro magnetic ratio. When the dipole is placed in a magnetic field, it lines 

up either parallel or anti-parallel to that field. The dipole can for example be a proton. 

When the magnetic field points in the z-direction, only the z-component  of the angular 

momentum is relevant. Since the particle’s spin can only assume an angular momentum 

defined by ( 1)S s s= +
��
� , this limits the possible values of the z-component to 

 

{ , 1,..., 1, }
z

S s s s s∈ − − + −� .    (2.3) 

 

In the case of the proton this means / 2
z

S = ±� . The two states have a different energy 

given by 

E Bµ= −
����

,     (2.4) 

 

where the parallel state ( )↑↑  is the low energy state and the anti-parallel state ( )↑↓  is 

the high energy state. The energy difference between the two states is given by 

 

E E E Bγ↑↓ ↑↑∆ = − = � ,    (2.5) 
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where B is the magnitude of the external magnetic field. A sample contains many 

particles with spin, grouped in so-called spin-packets. These packets can be parallel or 

anti-parallel aligned with the external field just as the individual spins. The great number 

of packets allows for Boltzmann statistics to be used to determine the occupation 

numbers of the different states 

 
E

kT
N

e
N

∆
−

↑↓

↑↑

= ,     (2.6) 

 

Where 
,

N
↑↓ ↑↑

 are the number of particles in the different states, k is the Boltzmann 

constant and T is the temperature. The difference in the occupation numbers gives the net 

magnetization vector 

 

1
tanh

2
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E B
M N N N

skT B
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∆ = = + =  
 

∑
��

������ �� �� ��
� �� , (2.7) 

 

where N is the total number of spin packets. The magnetization can be measured by 

NMR as stated in the introduction of this chapter. This results in a signal dependent on 

the total number of particles N, which is in equation (2.1) represented by i
ρ .  

 

 

2.2 Larmor Precession 

 

When looking at a great number of particles at the same time allows for a classic 

mechanical explanation for some of the effects of the quantum mechanical spin. Among 

such effects is the precession of the net magnetic vector around the external field, the 

Larmor precession. Combining the relation between the angular momentum and the 

magnetic momentum and the relation between the torque and the time derivative of the 

angular momentum results in the following relation for the precession  

 

d
B

dt

µ
γ µ= ×

��
�� ��

.     (2.8) 

 

The rate of precession depends on the magnetic field 

 

2
Lf B

γ
π

= =  γB      (2.9) 

 

where L
f  is the Larmor frequency. For a proton the value of γ is 42.576 MHz / T. 
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2.3  Rotating Frame of Reference 

 

Due to the Larmor precession any observations of the magnetization are a superposition 

of a rotation and the other movements of the particle To cancel out this rotation it is 

customary to use a rotating frame of reference. The precessing magnetization will then 

remain stationary as long as it rotates with the Larmor frequency. The transformation is 

described by the following equations 

 

   
' cos( ) sin( )

' sin( ) cos( )

'

x x t y t

y x t y t

z z

ω ω

ω ω

= +

= − +

=

    (2.10) 

 

 

where 2
L

fω π= . 

 

 

2.4 Bloch Equations 

 

To calculate the magnetization as a function of time it is necessary to use the Bloch 

equation 

 

 ( )
1

2

1

2

1

2 0 1

0 0 0
( )

( ) ( ) 0 0 ( ) 0

0 0 /

T
d M t

M t B t T M t
dt

T M T
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−

−

−

   
   = × − +   

     

���
��� �� ���

i , (2.11) 

 

where 1T  and 2T  are the relaxation times, which will be explained the coming paragraph, 

and 0M  the steady state magnetization in the z-direction. NMR however can only 

measure the transversal component of the magnetization.  

To shift the magnetization to the transversal plane resonant absorption is used. This 

occurs when electromagnetic radiation with an energy matching the energy difference of 

equation (2.5) is applied. For protons this is a radio frequency, or RF, pulse. When a 

small magnetic field with a frequency equal to the Larmor frequency is applied 

perpendicular to the main magnetic field, the magnetization vector will rotate towards the 

xy-plane. When the pulse is timed correctly, 1Bθ γ τ=
��

, a ninety degree rotation can be 

accomplished. This transforms the Bloch equation into 

 

( )

2

2

0 1

( ) ( ) /
( )

( ) ( ) /

( ) /

y z x

x z y

z

M t B M t T
d M t

M t B M t T
dt

M M t T

γ

γ

 −
 

= − 
 

− 

���

,    (2.12) 
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Due to the rotating frame of reference the cross terms ( )
x

M t  and ( )yM t  are negated 

leaving 

 

( )

2

2

0 1

' ( ) /
'

' ( ) /

' ( ) /

x

y

z

M t T
d M

M t T
dt
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 −
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− 

���

,     (2.12) 

 

 

By using ' ( ) ' ( ) ' ( )xy x yM t M t iM t= + , equations for the transversal and the longitudinal 

magnetization can be obtained 

 

2

0

1

' ( ) ' ( )

' ( )' ( )

xy xy

zz

dM t M t

dt T

M M tdM t

dt T

= −

−
=

.    (2.12) 

 

These two equations can be solved, giving 

 

( )

2

1

/

/

0

' ( ) ' (0)

' ( ) 1

t T

xy xy

t T

z

M t M e

M t M e

−

−

=

= −
,    (2.13) 

 

explaining the time dependency of equation (2.1). 

 

 

2.5 Relaxation 

 

The transversal magnetization decreases exponentially over time, while the longitudinal 

magnetization increases exponentially toward equilibrium at 0M , as equation (2.13) 

shows. This is the result of two different relaxation effects, the transversal and the 

longitudinal. When the ninety degree pulse is applied, the magnetization is turned 

perpendicular to the external field. It is however more energetically favorable for the 

system to align itself with the external field. The process is described with the time 

constant 1T , called the spin-lattice relaxation time.  

The transversal relaxation is caused by small variations in the magnetic field. Variations 

in the field can occur due to the magnetic field that every moving particle generates. Also 

the magnetic field is not perfectly homogenous, causing different particles to experience 

slightly different external field. This difference in the experienced external field results in 

particles with slightly different Larmor frequencies. This difference causes dephasing of 

the spins which in turn causes a decreasing transversal magnetization. Different 

relaxation times make it possible to monitor multiple nuclei that all contribute to the 

signal assumed in equation (2.1). By probing short after the pulse, information can be 
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acquired about all the nuclei. When the probing takes place after a longer time, 

information on the nuclei with long relaxation times can be acquired, due to the fact that 

their signal will not be decayed much.  

 

   

2.6 Pulse Sequences 

 

The pulse sequence used was the Hahn spin-echo sequence. In this sequence a 90º pulse 

is applied to the system. This rotates the magnetization into the x’y’-plane. After some 

time a 180º pulse is applied to the dephasing system. This rotates the magnetization 

around the x’-axis. This partially rephases the magnetization in the system, resulting in an 

echo. The measured magnetization can be used to determine the amount of either 

hydrogen or sodium in the sample.  

 

2.7 Inhibition of Crystallization  

 

The inhibitor used in this experiment is a crystal growth inhibitor. Adding an inhibitor to 

a salt solution in different quantities affects the supersaturation of the solution.  It can 

also affect the shape and size of the formed salt crystals. For the experiments in this 

report only two types of salt are used. The limits of these solutions can be calculated 

using the solubility product constants of potassium chloride and sodium chloride. 

Combining both graphs results in figure 2.7.1, of potassium chloride and sodium chloride 

shown below.  

 
Figure 2.7.1: The solubility diagram for NaCl-KCl at 25ºC. 

 

In the left part of the diagram potassium salt crystal will be the first to appear, in the right 

part the sodium crystals will appear first. This shows which salt will crystallize first in the 

experiments. This is important because the NMR scanner that is used can only measure 

the sodium salt concentration. 
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3.  Experimental Setup 

 

In this chapter the NMR experiment will be explained. Followed by a short explanation 

of the air saturation experiment. 

 

 

3.1 NMR Setup 

 

The NMR setup that was used is shown in the picture in figure 3.1.1. Using NMR both 

Na and H ions were non-destructively measured. The position of the sample can be 

adjusted by a step motor to align the sample within the measurement coils.  

Above the sample a Dino Lite digital microsope is placed which takes frequent pictures 

of the sample to check for crystallization. Four LED’s were inserted below the plastic 

sample holder as a light source for the microscope. All this is shown in the following 

figure, which shows both the schematics and a photo of the set-up. 

 

 

 

Figure 3.1.1: In the left figure the schematics of the set-up is shown. On the right side is a 

picture of the actual set-up.
[10] 

 

 

Over the sample and camera an RH chamber is placed to control the humidity of the air 

and also the airflow above the sample. These setting can be used to increase the 

evaporation rate of the samples and thereby shortening the time necessary to complete a 

single experiment.  

 

 

3.2 Sample 

 

For this experiment different salt solutions with different concentrations of inhibitor were 

used. For each experiment 300 µl of solution was placed in a glass holder as seen in 

figure 3.2.1. This holder can then be put in the sample holder of the NMR scanner as 

explained in the previous paragraph. 
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Figure 3.2.1: The glass holder a used in the experiments. 

[10] 

 

 

3.3 Equilibrium RH Setup 

 

To check if the inhibitor changes the equilibrium relative humidity of the NaCl solution, 

a relative humidity test was done. The relative humidity of the NaCl solution was 

measured with different amounts of inhibitor. This was done by putting a digital humidity 

sensor in a bottle with the solution. This was then closed air tight, while the sensor was 

plugged into a computer that registered all the measured data. The humidity was 

measured until it stabilized and gave the same reading for over an hour. At the same time 

the temperature was constantly measured, making sure this was also stable. The setup is 

also shown in figure 3.3.1. 

 
Figure 3.3.1: The setup for the relative humidity measurement, showing the solution in an 

airtight container in which a humidity sensor is inserted. The sensor in connected to the 

monitor the registers the relative humidity and the temperature. 

 

 

15mm 

10mm 
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4.  Results and Discussion 

 

In this chapter the results for different sets of experiments will be discussed. At first the 

calibration of the NMR setup will be described. After which the chapter will continue 

with the inhibitor experiments. At the end some side experiments on the size of the 

crystals and the relative humidity of the salt solutions will be discussed.  

 

 

4.1  Calibration 

 

The NMR setup was calibrated using six different closed containers with different 

concentrations of sodium chloride. For each concentration level a container was placed in 

the scanner. Both the sodium and the hydrogen signal were then measured. For every 

sample the ratio between the two signals was calculated and plotted against the known 

concentration of the test solution. The plot shows the uncertainty in the signal ratio. The 

resulting graph is shown in figure 4.1.1. 

 
Figure 4.1.1: The sodium signal is divided by the hydrogen signal. The line is plotted 

linearly through the origin of the graph and the first five points.  

 

The figure shows a linear correlation between the different concentrations and the signal 

ratios. The samples used in the rest of the experiments have a known starting 

concentration of sodium chloride. The linear dependence of the signal ratio is then used 

to calculate the concentration during the experiment.  
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4.2 NaCl Samples 

 

Several measurements were done on samples with NaCl solutions by S. Gupta 
[10]

. This 

was to regard a simple situation first. To be able to show the difference between solutions 

with and without inhibitor, the next two experiments are best comparable. Both 

experiments used a 3 m NaCl solution, the first with 0 m inhibitor in figure 4.2.1 and the 

second with 0.01 m inhibitor in figure 4.2.2. The two figures show the difference in 

saturation level of the two solutions. 

Figure 4.2.1: Here the drying of  the 3 m NaCl solution with 0 m inhibitor is shown. The 

left graph shows the Na and H signals.  The right graph shows the concentration of NaCl 

and the saturation level (6 m) and saturation time (8 h) of the solution.
[10] 

Figure 4.2.2: Here the drying of the 3 m NaCl solution with 0.01 m inhibitor is shown. 

The left graph shows the Na and H signals.  The right graph shows the concentration of 

NaCl and the supersaturation level (at 9 m) and saturation time (8 h) of the solution.
[10]

 

 

The graphs show that the uninhibited solution has a platform showing its saturation level 

at the predicted value of 6 m. This platform should coincide with the first drop in the 

sodium signal, because the NMR setup can only detect the sodium in a solution. A signal 

drop therefore indicates the start of the crystallization process and the saturation level of 

the solution. As the concentration in these graphs is calculated by the ratio between the 

two signals, it becomes inaccurate for low signal strengths. This results in a very high 

noise level towards the end of the measurement. Any high concentrations are most likely 

the result of this noise. The influence of the inhibitor on the difference in drying time will 

be discussed in the paragraph on air saturation experiments.  
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4.3 NaCl-KCl Samples 

 

A second set of experiments was done on a solution containing both 2 m of NaCl and 2 m 

of KCl salts. This was done because in practice the salt solutions in porous building 

materials do not consist of a single salt solution but of a mixture. Again a comparison can 

be made between the solutions with 0 m inhibitor and the solutions with 0.01 m inhibitor 

in the following figure. The left graph shows the solution dried without the inhibitor, with 

a platform at the saturation level of 4.3 m NaCl. The right graph shows the same solution 

but with the addition of 0.01 m inhibitor. The platform of the supersaturation is clearly 

absent but it is difficult to say how high the new saturation level is, due to the noise in the 

end of the measurement. The measurements show a difference in timescale, it is not clear 

why, but it is most likely the result of a difference in the drying conditions.   

Figure 4.3.1: The graphs show the 2 m NaCl, 2 m KCl solution without (left) and with 

0.01 m inhibitor (right). The solution without inhibitor reaches saturation after 7 hours at 

a concentration of 4.3m. The solution with inhibitor shows no supersaturation, 

crystallizing after 3 hours. 

 

 

4.4 Samples with Various Inhibitor Concentrations 

 

The experiment was also repeated with different inhibitor concentrations in a standard 

solution of 3 m NaCl - 1 m KCl. The experiments show a difference in drying time that 

will be discussed in the next paragraph. The drying time however was consistent but 

different for each of the inhibitor concentrations in the experiments. However this cannot 

be used as the experiments were not repeated more than three times, not enough to prove 

a connection. It also shows that the inhibitor has raised the saturation level, this can be 

most clearly seen in the black dots, representing the 0.01 m inhibitor concentration.  
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To show the different saturation levels more clearly, four separate graphs are added 

below for each of the samples, figure 4.4.1 to 4.4.4. The graphs also show the relative 

signal strength of the hydrogen en sodium signals. The drop in signal strength of the 

sodium signal again signals the crystallization of the sodium.  

Figure 4.4.1: Graph of the concentration 

and signal strengths for a solution with0 

m inhibitor. Crystallization shows at 5.3 

m after 3 hours. 

Figure 4.4.2: Graph of the concentration 

and signal strengths for a solution with 

0.001 m inhibitor. Supersaturation 

shows after 2 hours at 5.4 m. 

 

Figure 4.4.3: Graph of the concentration 

and signal strengths for a solution with 

0.01 m inhibitor. Supersaturation shows 

after 7 hours at 6.25 m.  

Figure 4.4.4: Graph of the concentration 

and signal strengths for a solution with 

0.1 m inhibitor. Supersaturation shows 

after 3.5 hours at 6.5 m. 
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These four graphs clearly show that the inhibitor has resulted in supersaturation of the 

salt solutions. The level of supersaturation is calculated by dividing the measured 

crystallization concentration by the crystallization concentration of the uninhibited 

solution. To show the effects on the supersaturartion more clearly, figure 4.4.5 shows the 

supersaturation plotted against the inhibitor concentration. The graph is plotted 

logarithmically, showing that the increase in supersaturation slows for higher inhibitor 

concentrations. This makes it unlikely to reach very high supersaturation by increasing 

the inhibitor concentration. 

 

 
Figure 4.4.5: The supersaturation of the solutions is plotted against the inhibitor 

concentration. The inhibitor concentration is plotted logarithmical. 

 

 

Because the entire crystallization process is filmed by the Dino Lite digital microscope, 

there are also pictures of the growth structure of the crystals. These are shown in the next 

figures (4.4.6 to 4.4.9.). 

Figure 4.4.6: The growth of crystals for 0 m inhibitor concentration. In the middle and 

last picture the square shapes of big NaCl crystals can be clearly seen. 
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Figure 4.4.7: The growth of crystals for 0.001 m inhibitor concentration. There are no 

big crystals to be seen. The sample holder shows crawling crystals, coming out of the 

sample holder. 

Figure 4.4.8: The growth of crystals for 0.01 m inhibitor concentration. Again there are 

no big crystals visible. After full crystallization the entire sample holder is covered 

 

Figure 4.4.9: The growth of crystals for 0.1 m inhibitor concentration. The growth is 

much the same as in the previous pictures, but finer in structure. 

 

These figures indicate a difference in crystal morphology. The crystal size was recorded 

using ESEM. The results of this will be discussed in the next paragraph. 
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4.5 ESEM Pictures  

 

To explore the influence of the inhibitor on the crystals size an ESEM measurement was 

done on salt crystals after the drying experiments were completed.  

 

The first sample tested, showed the crystals as they grow without any inhibitor present. 

This sample was then used as a baseline for comparison to the crystals that formed under 

the influence of the inhibitor. The crystals of the samples are shown in the following 

figures, ranging from 0 m, 0.001 m, 0.01 m and 0.1 m inhibitor concentration.  

 

Figure 4.5.1 shows the NaCl crystals without any inhibitor present. The picture shows 

that the NaCl crystallizes in cubic shapes. The typical size of these crystals is in the 1 mm 

region. Figure 4.5.2 shows the crystals formed with 0.001 m inhibitor present. Although 

the crystals still have a cubic shape, they are smaller than the original NaCl crystals. The 

typical size is now in the 10 µm range. Also the crystal surface is no longer flat, but 

shows surface roughness. Furthermore the inhibited crystals cover more surface then the 

original crystals. This is more clearly shown in figure 4.4.6 and 4.4.7 in the previous 

paragraph  

 

 
Figure 4.5.1: NaCl crystals formed 

with 0 m inhibitor present.  

 

 

Figure 4.5.2: NaCl crystals formed 

with a 0.001 m inhibitor concentration.  

 

When the inhibitor concentration is increased to 0.01 m. This can be seen in figure 4.5.3. 

where the typical crystal size is shown to be decreased to around 2 µm. figure 4.5.4 

shows the crystals formed in the presence of a 0.1M inhibitor concentration. The crystal 

size is still around 2 µm.  
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Figure 4.5.3: NaCl crystals formed 

with a 0.01 m inhibitor concentration.  

 

Figure 4.5.4: NaCl crystals formed 

with a 0.1M inhibitor concentration.  

In figure 4.5.4 the average crystals sizes are plotted against the inhibitor concentration. 

The graphs is logarithmical on the y axis, showing that an increasing inhibitor 

concentration lowers the size of the crystals very quick, but apparently the minimum is 

around 2 µm. A higher inhibitor concentration will likely not affect the size anymore. 

 
Figure 4.5.4: The graph shows the average crystal size for each inhibitor concentration. 

 

 

4.6 Equilibrium RH Setup Experiments with and without Inhibitor 

 

The experiments shown in the previous paragraphs show a difference in drying rate for 

different inhibitor concentration. This could be caused by a change in the surface tension 

of the water, creating a higher rate of saturation of the air. To see if there is a difference 

in saturation rate for the different concentrations of inhibitor, humidity experiments were 

done. Four samples were measured. The samples were of 3M NaCl solutions with 

respectively, 0 M, 0.001 M, 0.01 M, 0.1 m of inhibitor added. The air saturation levels of 

these samples, including the temperature, are shown in following table. All values are 
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taken during the period of approximately one hour (between 52 en 57 minutes per 

experiment) when the humidity was stabilized.  

 

Inhibitor Concentration (m) 0  0.001  0.01  0.1  

Temperature (ºC) 24.3 ± 0.1 24.4 ±0.3 23.9 ± 0.3 24.3 ±0.1 

Relative Humidity (%) 83.4 ± 0.4 83.7 ± 0.4 83.3 ± 0.5 83.7 ± 0.6 

Table 4.6.1: The temperature and relative humidity of the four samples is shown. 

 

As there is no significant difference in the equilibrium relative humidity of the different 

solutions, there should not be a difference in drying time. This is likely because no 

significant amount of inhibitor was added. The difference in drying time of the NMR 

experiments is therefore most likely the result of a difference in the circumstances of the 

experiments such as temperature and possibly direction and strength of the airflow. 
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Conclusion and Outlook 

 

The experiments discussed in the previous chapter indicate that the inhibitor 

K4[Fe(CN)6].3H2O has an influence on the crystal growth of NaCl-KCl solutions. Most 

of the experiments were done with a 3M NaCl, 1 m KCl solution. In these experiments an 

increase in the supersaturation of the solution with 1.1 ±0.2 m can be seen when 0.01M 

or more of the inhibitor is added. The experiments with the other solutions are consistent 

with this conclusion, only they have not been repeated often enough to draw any 

conclusions.  

 

Furthermore the K4[Fe(CN)6].3H2O seems to influence the structure of the crystals, 

making them small and featherlike. This change of structure starts with the lower 

inhibitor concentration, showing first smaller cubic crystals. With the higher 

concentrations also a difference in structure from the cubic form towards a featherlike 

pattern can be shown. 

 

The difference in drying time is most likely a result of difference in circumstances in 

which the experiments where done. It is important to regulate the airflow better, so that it 

is always the same. This could be done by securing the RH chamber to the sample holder. 

Also the air inflow should be always at the same distance, this could be done by adding a 

rigid tube to the RH chamber which on the outside could be connected to the flexible tube 

currently in place in the setup.  

 

A last recommendation on the current experiments would be to increase the number of 

experiments done with the same solutions. This to make it possible to draw statistically 

relevant conclusions. 

 

For other experiments it would be interesting to experiment with more different salt 

mixtures, to give a more realistic approximation of the salt mixtures found in porous 

building materials. Examples of such mixtures could be sodium sulfate or alkali 

sulfates
[11]

. 

 

None of this is however yet applicable to buildings as no method of adding the inhibitor 

to the salt water inside the stones has been researched during this project. This off course 

should be done, if the results of the previously suggested experiments are promising.  
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