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1. Abstract

Analysis was carried out on the Bebbington Brick Services Weathering Tint, Dyebrick Soot Wash and 
Liquid Weather Aging Solution in order to better understand the properties of each and make a 
comparison between them. Using a variety of methods, information regarding the thermal stability, 
porosity and chemical composition of each product has been gathered and aggregated to build a 
picture of the properties of each, and to help compare them. Both the Bebbington Weathering Tint 
and the Dyebrick Soot Wash seemed to be relatively thermally stable, with no noticeable combustion
observed. The Liquid Weather Aging Solution thermal results seem to suggest that combustion did 
occur when the sample was exposed to high temperatures. The Bebbington Weathering Tint and 
Dyebrick Soot Wash were very similar in their ability to not affect the porosity of a brick surface 
treated with each product, due to the nature of potassium silicate that is used as its binding agent. 
The Dyebrick Soot Wash seemed to slightly affect porosity, as the moisture absorption rate was 
estimated to be slightly slower, most likely due to either differences in the pigment particle size or 
the use of other organic chemicals and resins. Liquid Weather caused a loss of porosity in the surface
of a brick, and completely stopped moisture transfer through it, suggesting the use of a resin as its 
binding agent. Finally, the compositional data showed that the Bebbington Weathering Tint is simply 
what is advertised, with the LC-MS, ICP-OES and EDX confirming mainly  the presence of potassium 
silicate, although there may be evidence to suggest the presence of a molecule containing either C-H 
or N-H bonds in ATR-FTIR. Whether this is a remnant of a manufacturing process or contamination 
could not be determined. Both the Dyebrick Soot Wash and Liquid Weather Aging Solution were 
shown to contain a variety of molecular weights present when



observed in LC-MS, which cannot be accounted for through their listed components, but some of the
masses observed in all samples seem to resemble polymers based on the patterns observed, either 
silicate-based in those containing potassium silicate, or organic based in those that don’t.

2. Introduction

The concept of changing the colour of bricks has been in practice for hundreds of years. There are
various reasons behind changing the colour of  bricks,  one of  which is  to  help  match differently
coloured bricks that have been used in the same construction, as bricks can vary in colour depending
on  the  components  used  and  production  method.  Another  reason  is  to  give  newer  bricks  a
weathered look to match an older building, and finally it is sometimes done for the purposes of
creating colours and patterns in buildings. Older techniques were originally more labour intensive
and were less likely to provide a long lasting effect. They also tended to use natural binding and
colouring agents, such as soot and manure [1]. Over time, traditional techniques were lost or fell out
of favour and the process evolved into a much more chemistry-based practice [2].  One of these
practices came from the development of stereochromy by Johann Nepomuk von Fuchs and Josef
Schlotthauer around 1825 [3]. Stereochromy is a method of applying pigment to a mineral-based
surface such as plaster or brick, and then fixing it with a coating of sodium silicate, also known as
water glass [4]. The use of sodium silicate improved the resilience and colour of applied pigments
over  traditional  methods  such  as  limewashing.  Following  on  from  this,  mineral  paints  were
developed by Adolf Keim, and were patented in Germany in 1878 [5], and then in 1897 in the USA
[6].  Mineral  paints were an improvement to stereochromy, as they are potassium silicate based.
When comparing potassium silicate to sodium silicate, potassium silicate does not produce as much
efflorescence on exposure to  the atmosphere,  which helps  to  preserve the intended colour  [7].
Efflorescence can occur when a metal silicate solution is allowed to polymerise through dehydration.
As the metal silicate solution polymerises, hydroxyl groups (OH -) can form in the resulting silicate
film. These OH- groups depend on the type of cations present and the amount of water retained in
the film. From this, the OH- groups can then go on to react with carbon dioxide in the atmosphere,
catalysed by water, and form carbonate (CO  2-) and bicarbonate (HCO  -) salts. It is these salts that
form a white powdery substance on the surface called efflorescence [7]. Efflorescence can also occur
in bricks naturally through the transportation of soluble salts to the surface, where they form metal
carbonate salts when in contact with atmospheric carbon dioxide. When applying a soluble silicate
solution  to  a  medium  such  as  brick  or  concrete,  both  metal  ions  and  OH - groups  are  being
introduced into the medium, but overall potassium silicate is less likely to form efflorescence than
sodium silicate, and efflorescence can be restricted further by using an appropriate molar ratio of
silicon to potassium oxide, as efflorescence increases as alkalinity increases, which is caused by a
decrease  in  the  molar  ratio  [7].  Potassium  silicate  also  has  a  slightly  higher  solubility  at  room
temperature, making it an easier to use product over sodium silicate, as it stays in solution more
easily and does not require further preparation to ensure it is suitable for use [8] [7]. Mineral paint
works in a similar mechanism to stereochromy, by fixing a pigment to a mineral-based substrate. The
proposed mechanisms for this action is by silicification, where orthosilicate (SiO 4-) reacts with silica
found  in  the  substrate,  forming  insoluble  siloxane  (Si-O-Si)  bonds.  These  bonds  branch  and
polymerise, forming the coating. This coating can be almost identical to the structure found within
the brick itself [8]. Orthosilicate is also known to adsorb onto metal oxides such as aluminium oxide
[9], which may help with its ability to bind to brick, as most bricks contain various metal oxides such
as aluminium oxide, iron oxide and magnesium oxide [10].

One of the benefits of using a metal silicate solution, such as potassium silicate in particular, is that
because of its binding mechanism and chemical structure, it helps to maintain the original properties
of the medium to which it is applied. One of the most important properties is the porosity of the
medium, as materials such as brick and concrete are naturally porous, and allow the movement of



moisture through them. This is necessary for a building material as moisture needs to be allowed to
move in and out of  a building, in order to prevent the accumulation of moisture internally  to a
structure, resulting in damp and eventual structural damage. When potassium silicate binds, it does
not majorly affect the structure of mediums such as bricks, as it forms a microscopic layer that is
almost structurally identical to that of the brick itself. This allows for the movement of moisture to be
unaffected in treated bricks [11].

When purchased commercially, potassium silicate solution typically exists in two states, either as a
colloidal fraction of polymeric silicate particles, or as dissolved molecules [12]. The  K71 potassium
silicate solution  that  Bebbington  Brick  Services  use  is  of  the  second  kind.  In  aqueous  solution,
dissolved potassium silicate exists as potassium ions, orthosilicic acid (Si(OH)

4
) and hydroxide ions.

The orthosilicic acid exists in solution in its ionic form of orthosilicate and is a monomer that can go
on to form various oligomeric structures, either as chains or cyclically [13] [14]. Oligomeric structure
development has been observed under increases in concentration and temperature and decreases
in pH and the silicon to metal oxide molar ratio. The structures that polymerise take the form of
various linear and cyclic structures that are interlinked, as cyclisation does not always result from the
end of one chain bonding to another and can occur at different points along an oligomeric chain.
Overall, the orthosilicate polymerises into spherical siloxane units. The size of these units depends on
the concentration of the silica to metal oxide molar ratio [15] [13] [12].

From the idea of mineral paints came brick tinting, which is based around the same principle, except
with more diluted solutions. After World War 2, particularly around the 1960s, due to a loss of life of
skilled labourers, and as a result, a loss of traditional skilled techniques, brick tinting became more
popular  as  a  way  of  adjusting  the colour  of  a  brick  without  the knowledge or  skill  of  previous
techniques [2]. The idea behind brick tinting is not to completely change or decorate brick structures,
but to alter the colour in a more subtle manner, helping to match brick colours together in structures
with inconsistent brick colours, or to give a structure a look of being weathered, aged  or subject to
soot and pollution.

Bebbington Brick Services is a company that produces brick tints for these purposes, and started
manufacturing brick tints in 1968 [16].  Through the course of this project, their aim was to gain
further information on their product and of their competitor products. The competitors that will be
the focus of this research are Dyebrick and Liquid Weather, both of which also sell products related
to the changing of brick surface colour.  Dyebrick claim to sell a potassium silicate-based brick tint
which they call  a “Soot Wash”.  Liquid Weather’s own product is called the “Aging Solution”. The
properties that are to be investigated are combustibility, porosity and chemical composition. The
research into combustibility is so that Bebbington Brick Services could gain some initial data on the
thermal stability of their product, especially considering concerns in the fire safety of buildings due
to recent  tragedies  occurring  involving  building  fires  [17].  Following on from this,  combustibility
could also be compared to that of their competitors, to show whether Bebbington Brick Services
product is more or less thermally stable. Porosity is also of interest as most building materials such as
brick,  concrete  and  plaster  have  some  degree  of  porosity  to  them,  allowing  the  movement  of
moisture vapour through them [18]. Bebbington Brick Services already state that their product does
not affect the porosity of bricks or other mediums, based on previous research in brick tints and
other potassium silicate-based products [11] [19]. Ideally, keeping the porosity of the medium is a
priority, as a porous medium that is uninhibited by any applied product allows the movement of
moisture  through  a  building,  and  prevents  accumulation  of  moisture  internally,  which  could
eventually lead to water damage to a buildings structure. The purposes of further testing would be to
visualise whether their product affects porosity, and then again to compare with competitor products
to  show  any  differences.  Determining  some  information  of  chemical  composition  will  help  to
combine all the previous information together, as it can be used to outline the reasons on a



molecular level for their products combustion and porosity data, and that of their competitors, and
to gain an understanding of what chemicals are present in competitor products, especially those
that are not clearly labelled, and their functions.

3. Product Component     Research

Before carrying out any experimental research, a basic understanding of the various components
found in  all  of  the  mentioned  products  could  be  determined  through  various  available  product
specification  documents.  Bebbington  Brick  Services  provided  their  specification  sheets  and
information, whereas competitor specification sheets were obtained online through their product
websites. Specification sheets for all products can be found in the appendix, specifically appendices
2, 3 and 4.

The brick tint product that Bebbington produces is a potassium silicate-based aqueous solution, with
different pigments added to provide colour. The various pigments that they have available for use
allows them to match a range of brick colours.  The majority of brick tints that Bebbington Brick
Services produce are custom-made in order to better suit each customer that they cater for. As a
result,  the  types  and  amounts  of  each  pigment  vary  drastically  per  solution  produced.  For  the
purposes of this project, their standard “Weathering Tint” will be tested, which is sold directly to
customers for self-application purposes. The components of the Weathering Tint are 71.4% water to
28.6% potassium silicate solution by volume, with 4g of Ilmenite added in every 100ml of prepared
solution. The potassium silicate solution they use is sold under the name “Crosfield K71 Potassium
Silicate” and is provided by  Tennants Distribution on behalf of  Crosfield Chemicals.  The pigments
used are listed in table 1. All pigments are milled, packaged and prepared for use by  ATC Minerals
Ltd.

Table  1.  Information  for  the  various  pigments  used  by  Bebbington  Brick  Services  in  the
manufacturing of their product

Pigment Name Colour Compound Pigment Source

Ilmenite Black Iron Titanium Oxide (FeTiO
3
) ATC Minerals

Anatase White
Titanium Oxide (TiO

2
)

Norchem Distributors Inc.
(http://norcheminc.com/norch 
em- specs/Industrial
%20Chemicals/ pdf/norchem-
distributors-
industrial-TIO2-ANATASE.pdf)

FerrotintTM Red
F2160

Red
Iron (III) Oxide (Fe

2
O

3
)

Cathay Industries
(http://www.cathayindustries. 
com/inventory/ferrotint-red-
f2160/)

Goethite Orange
SiO

2 
(80-90%) and Fe

2
O

3 
(6-15%)

Impurities (Ti, Al, Na, K, Mg, Cr)
A B Cesar/Grès de Thiviers 
(https://www.abcesar.com/ab
out-gres)



CathaygranTM Yellow 
F5100GS

Yellow Hydrated Iron (III) Oxide
(Fe

2
O

3
.H

2
O)

Cathay Industries
(http://www.cathayindustries. 
com/inventory/cathaygran-
yellow-f5100gs/)



Dyebrick, one of Bebbington Brick Services main competitors, sells the Soot Wash product. This is a
similar  product  in  principal,  though  with  known  differences  in  composition.  Whilst  both
Bebbington’s Weathering Tint and Dyebrick’s Soot Wash use potassium silicate as their main binding
agent, Bebbington Brick Services sell their product with the potassium silicate pre-mixed. Dyebrick on
the other hand sell their product as two separate solutions, the Soot Wash mixture component and
their “Pot C” fixing agent, which, in the instructions, is to be mixed by hand in a ratio of 6:1, although
the amount can be varied according to consumer preference. For the purposes of this project, the
6:1  ratio  is  used in  any circumstances  where they are  required to be mixed.  According  to  their
specification sheet,  Dyebrick Soot Wash uses two different pigments simultaneously; carbon black
and “black ferric oxide”, as opposed to the ilmenite that Bebbington Brick Services uses. Black ferric
oxide most likely refers to iron (II,III) oxide, an iron oxide commonly used as a black pigment. They
also go on to state that they use Volatile Organic Compound (VOC)-free and Alkylphenol Ethoxylate
(APE)-free dispersing agents, an unnamed Pure Dried Vacuum (PDV) salt, ethylenediaminetetraacetic
acid (EDTA),  an unnamed dye acid indicator  and an unnamed matting agent in their  Soot Wash
mixture. The unnamed dispersing agents are most likely to keep their pigments in suspension, and
EDTA is  commonly  used as  a chelating  agent,  keeping metal  ions  in  solution but  reducing  their
activity. Metal ions are known to interfere with the effects of dispersing agents, and EDTA can be
used to sequester the metal ions and prevent them from forming precipitates or interfering with the
mechanism of the dispersing agent. EDTA is also used to remove calcium carbonate, and carbonates
are the basis for efflorescence formation. The addition of EDTA may help to minimise any potential
formation of efflorescence. Matting agents are used to reduce the gloss of a coating. Assuming that
that the descriptor “dye acid indicator” refers to a pH indicator, it is most likely a left over from the
products manufacturing process, perhaps used to test the pH before the product is ready to sell.
There is no explanation of the reason given by Dyebrick on why the dye acid indicator is present. In
their Pot C fixing agent, they claim to use potassium silicate, sodium polyacrylate, methyl red sodium
salt and an unnamed active salt suppressant. Sodium polyacrylate is commonly used in industry as a
dispersant for aqueous coating systems, and in particular  for dispersing inorganic  pigments [20].
Methyl red sodium salt is a pH indicator. The reason for its inclusion is not given, but as potassium
silicate is alkaline by nature when in solution, it may be included as a visual guide of the silicon to
potassium oxide molar ratio, as the correct ratio is needed for optimal performance of the product,
and increasing the ratio of silicon results in an increased alkalinity [7]. The salt suppressant added is
most likely to inhibit any effects of efflorescence produced by the potassium silicate solution, or even
to just minimise it from occurring naturally from the brick itself. There are protective sealers available
that allow the movement of water vapour through brick whilst still stopping the movement of liquid
water. These kinds of sealers can help to prevent the movement of salts to the surface of a brick and
prevent efflorescence. They are typically based on siloxane in the form of a silicone resin [21].

The  specification  sheets  for  Liquid  Weather’s Aging  Solution  give  even  less  detail  than  that  of
Dyebricks. They state that the ingredients for their product are ammonia, monoethylene glycol and
tetramethylol acetylenediurea. Out of these ingredients, none can be used directly to provide  colour,
despite the fact that the Aging Solution is visibly black. This suggests that there is an unlisted pigment
present, the nature of which is unknown without further investigation. The Aging Solution pigment is
also kept in suspension, requiring no mixing before application. None of the ingredients listed act as
a dispersing agent, meaning that there is possibly other compounds present as well to maintain the
suspension. Monoethylene glycol could potentially be used as the monomer component of a greater
polymer structure that is formed to help bind a pigment to the surface of a brick. Tetramethylol
acetylenediurea is commonly used as a cross-linking agent in polymer  structures in water-based
coatings and paints, and could help to form a more cohesive surface structure on a brick, to improve
product durability. It also has the added ability of being a fungicide, which could contribute to the
preservation of a building structure once applied.



4. Product Flammability and Fire     Safety

As part of this project, Bebbington Brick Services wished to gain further evidence in order to support
their claim of thermal stability in their product. Their previous reasoning for thermal stability was
based on their own investigation, previous literature and on the nature of the components that they
use. As stated, the components used are the K71 potassium silicate solution, Ilmenite pigment and
rain water. Potassium silicate is known to not only be thermally stable, but to also inhibit the spread
of fires, improving the fire retardant qualities of products that it is applied to. The  K71 potassium
silicate solution  states  in  the  product  specification  sheet  that  potassium  silicate solution  is
commonly used as a flame retardant and fire preventing agent. Under high temperatures and in the
right  conditions,  Ilmenite can  potentially  oxidise  to  produce  pseudobrookite  (Fe

2
O

3
.TiO

2
)  and

titanium oxide. The pseudobrookite can then be reduced in the presence of carbon monoxide into
elemental iron, titanium oxide and carbon dioxide [22], though this reduction change has not been
shown to produce any thermal instabilities or potentially unsafe side effects, and also does require
the presence of carbon monoxide. Other potassium silicate-based products, such as Keim mineral
paints, also have previously produced thermal stability data and classifications associated with them,
showing that potassium silicate solutions, even those with inorganic pigments, are inherently non-
combustible [23].

Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were used in order to
help measure the combustibility of the Bebbington Brick Services product and of their competitor
products.  The  thermal  stability  of  the  Weathering  Tint  was  of  interest,  as  certain  construction
materials have to meet fire safety regulations, such as that outlined in the European Standard EN
13501-1, and Bebbington Brick Services had expressed that they wished to gain some initial research
to reassure their belief that their product is thermally stable.

The thermal properties of their competitors were also of interest, as some of the chemicals stated in
their  product  specification  sheets  show potential  to  become oxidised  under  high  temperatures,
which could result in combustion and a measurable release of gas. Some of these chemicals include
the EDTA found in the Dyebrick Soot Wash mixture, the sodium polyacrylate and methyl red sodium
salt found in the  Dyebrick Pot C fixing agent and both the monoethylene glycol and tetramethylol
acetylenediurea  found  in  the  Liquid  Weather Aging  Solution.  There  could  be  potential  further
flammable materials found in any unspecified ingredients particularly any that could potentially be
organic-based,  such  as  the  dye  acid  indicator,  dispersing  agent  and  matting  agent  found in  the
Dyebrick Soot Wash mixture.

4.1     Method and     Materials

Analysis was carried out using a Rheometric Scientific STA 1500 TGA/DSC machine. The sample was
placed inside the machine in a platinum crucible, on top of a ceramic separating disc. A reference
blank platinum crucible with separating disc was also placed alongside, to negate the effect of the
heat flow of the crucible and disc itself. The method was set to increase the temperature from 20°C
to 1500°C for the Bebbington Weathering Tint, and to 1200°C for the Dyebrick and Liquid Weather
products,  at  a  ramp  rate  of  10°C/minute.  The  experiment  was  carried  out  with  a  gas  flow  of
compressed air,  at a flow rate of 40 ml/minute. Once 1500°C was reached, the furnace stopped
heating and was cooled down again to room temperature. Both weight change and heat flow were
monitored and recorded. The platinum crucible was cleaned with hydrofluoric acid between samples
if necessary.



The  samples  used  were  the  Bebbington  Weathering  Tint,  the  Ilmenite pigment  used  in  the
Bebbington Weathering Tint, the Dyebrick Soot Wash mixture, the Dyebrick Pot C fixing agent and
the  Liquid  Weather Aging  Solution.  All  samples  were  thoroughly  shaken  to  ensure  pigment
dispersion. Samples were provided by either being received directly from Bebbington Brick Services,
in the case of their own product and pigment, or were purchased from the company websites for
Dyebrick and Liquid Weather.

4.2     Results

Figure 1 (A to E). Weight change and heat flow
graphs produced for the Bebbington Weathering
Tint,  Ilmenite pigment,  Dyebrick Soot  Wash
mixture,  Dyebrick Pot C fixing agent and Liquid
Weather Aging Solution, in alphabetical order.

The thermogravimetric results shown in figures 1A, 1C, 1D and 1E show a sharp decline in weight
until temperature reaches between 105.1°C and 188.3°C. After this point, there was a further weight
decline up to 1500°C. The amount of initial weight loss varied from 59.2% to 93.5%. The following
weight loss onwards varied between 5.3% and 7.4%. Figure 1E in particular shows two separate
drops in weight after 105.1°C, first by 5% until 350.3°C, then by 2.4% until 1200°C. Figure 2B shows a
slight increase and eventual plateau in weight from 20.3°C to around 250°C, followed by a sharp
increase up to 784.8°C. The overall increase here is by 3%. The weight then sharply declines by 2.1%
until 1500°C.

In regards to the DSC results, figures 1A and 1C both show very similar results, with a large drop in
line with the initial weight loss to around -140 mw for figure 1A, and around -170 mw for figure 1C.



Afterwards, the heat flow recovers to around 0 for both and gradually rises to between 10 mw at
1500°C for figure 1A and 20 mw at 1200°C for figure 1C. Figure 1B shows a drop in heat flow to -7
mw at 190°C, and then exponentially rises to around 27 mw at 1500°C. Figure 1D shows a drop in
heat flow to -85 mw at 100°C, similar to figures 1A and 1C, but with a smaller peak and trough at
120°C during the incline of heat flow back to 0. Afterwards, the heat flow starts to rise, again similar
to figures 1A and 1C. Figure 1E follows figures 1A and 1C almost identically as well, with a heat flow
drop to -180 mw at 110°C, and a sharp inclination again to 0 mw. Following on from this, there are
two peaks that form at 350°C and 470°C, but apart from this  difference, there is again a steady
inclination towards 20 mw at 1200°C.

4.3     Thermal Stability     Discussion

From the data gathered through thermogravimetric analysis, figures 1A, 1C, 1D and 1E all show that
there is an initial drop of weight. This large weight loss can be attributed to evaporation of water in
each of these samples, as they are all aqueous solutions, though the amount of initial weight loss
varies  per  sample,  as  the  Dyebrick Pot  C  fixing  agent  loses  the  least  moisture,  Bebbingtons
Weathering  Tint  loses  the  second  least,  and  both  the  Dyebrick Soot  Wash  mixture  and  Liquid
Weather Aging  Solution  both  loses  around  93%.  Based  on  the  current  knowledge  of  product
components, this would suggest that the Dyebrick Pot C sample contains a higher concentration of
potassium silicate  than the Bebbington Weathering  Tint.  This  is  to  be expected as  the  Dyebrick
product  is  a  two-part  mixture,  so  the  concentration  of  potassium  silicate  has  to  be  higher  to
compensate for it being diluted once mixed. The ICP-OES data gathered confirms this more, as the
amount of silicon detected in the  Dyebrick Pot C was around twice as much as what the content
detected in the Bebbington Weathering Tint.  This data also suggests that the components found
within the Dyebrick Soot Wash mixture is most likely at least 7% by weight, but potentially more as
some  compounds  may  have  evaporated  or  degraded  during  the  process  of  the  initial  water
evaporation. After this, each of these four samples slowly loses more weight, around another 5%-
7%. This could be attributed to a number of potential reasons relating to thermal stability. One of
these reasons and the most likely  explanation for the continued weight loss  in the Bebbingtons
product and  Dyebrick Pot C is the formation of siloxane bonds through a condensation reaction,
releasing H

2
O as a gas [7]. It could also be due to the further release of adsorbed H

2
O bound by

hydrogen bonds to  hydroxyl  groups present  in  the orthosilicic  acid  present  in  potassium silicate
solutions.  The  DSC  trace  for  the  Dyebrick Soot  Wash  mixture  contained  no  noticeable  features
beyond its initial drop that coincides with the evaporation of water from the sample. In the Dyebrick
Pot  C  results,  there  was  one  noticeable  difference  with  the  DSC  trace  when  compared  to  the
Bebbingtons DSC trace, labelled A in figure 1D. This slight drop as the overall heat flow is increasing
may be the result of polymerisation of potassium silicate following dehydration of the sample. The
reason for this difference not showing in the DSC trace for Bebbingtons product may be due to the
high  concentration  of  potassium  silicate  and  lower  water  content  in  the  Dyebrick Pot  C,  when
compared to the Bebbington Weathering Tint, making the change easier to detect. The TGA trace for
the ilmenite pigment, as shown in figure 1B, has an initial upwards trend, rising up in two separate
stages  from  20.3°C  to  300°C  and  then  again  from  300°C  to  784.8°C.  This  rise  in  weight  could
potentially be explained by the Becher process, as this is a two part process that ilmenite undergoes.
It is typically used in an industrial setting to
When looking at figure 1E for the Liquid Weather Aging Solution, the potential reason for the two
separate  stages  of  weight  loss  after  105.1°C could  be due to the combustion or  evaporation  of
different compounds present. We can assume that the weight loss which starts at around 200°C and
finished at 350°C in the Liquid Weather product could be due to the evaporation of ethylene glycol,
which has a boiling point of 197.3°C. When looking at the initial weight loss of 93% in the  Liquid
Weather Aging Solution, we can also further make the point that the specification sheet provided by
them is incomplete, from the fact that there is a remaining 7% of mass left after evaporation,



despite  Liquid Weather claiming to only contain less than 3% by weight of chemicals in solution.
Some of this remaining weight is most likely attributable to a pigment. The Liquid Weather sample
shows that the weight of the sample after the first loss of moisture was seen to drop in two steps,
and two peaks are observed in the heat flow trace, the first of which at 350°C coincides with the first
weight drop step, and the second peak at 470°C follows shortly after. Peaks in the heat flow typically
coincide with the release of a gas through combustion, especially when they coincide with a weight
drop  [24].  One  of  the  listed  components  for  Liquid  Weather Aging  Solution  is  tetramethylol
acetylenediurea, which has a flash point of 331.1°C. This could explain the first heat flow peak and
initial post-evaporation weight drop, but it does not correlates with the specification sheet, which
states that tetramethylol acetylenediurea only exists in the product in concentrations of less than 1%.
The weight change seen is a drop of around 2.6%. The second heat flow peak at 470°C does not
relate to the flash point of the two other listed components; ammonia and ethylene glycol.

5. Brick     Porosity

Maintaining  brick  porosity  is  of  vast  importance  to  Bebbington  Brick  Services,  as  movement  of
moisture through the brick is necessary to maintain correct levels of humidity in a buildings internal
structure. This is in order to prevent the accumulation of moisture and resulting damage. Based on
previous research carried out, on brick tints and potassium silicate-based mineral paints, there is
evidence  to  suggest  that  the  bonding  of  potassium  silicate  to  a  bricks  surface  does  not  affect
porosity. The suggested reason why is due to the fact that the silicate component forms localised
crystalline structures on the surface of the brick, bonding to the brick surface. This bonded coating
to the surface of the brick is suggested to only add a microscopic layer, which does not affect the
average pore size in any noticeable way. The pigment added to the Weathering Tint is bonded to the
surface through the potassium silicate bonds, but there is insufficient literature that explains the
mechanism behind this any further. There are also products that are not based on potassium silicate
and instead use organic resin-based fixing agents instead to coat surfaces. Some products like these
have been known to cause a sealing effect

In order to help identify any changes caused by the Bebbington Weathering Tint or their competitor
products, contact angle and absorption rate of moisture was measured. Measuring contact angle
allowed us to view the degree of hydrophobicity of each product, compared to an untreated brick, by
seeing how much water  was attracted to,  or  repelled from, the surface.  We also used Scanning
Electron  Microscopy  (SEM)  to  create  a  visual  representation  of  the  brick  surface  under  high
magnification. This was in order to see whether there was any physical change to the brick surface
before or after application of each product.

5.1     Method and     Materials

For contact angle measurements, photographs were taken with a Canon EOS 1100D. All photographs 
were taken at a focal length of 60mm, an f-stop value of f/32, exposure time of 1/3 second, and ISO 
speed of ISO-1600. All photographs were taken in burst mode with a rate of one photo per second. 
The samples used were four rectangular pieces of brick, all cut so that one side of each piece has an 
external brick face surface. Three of the pieces were coated on their external brick face side, each 
with one of the products. The products used were the Bebbington Brick Services Weathering Tint, 
the Dyebrick Soot Wash and Pot C fixing agent mixed in a ratio of 2:1 as stated on provided 
instructions, and the Liquid Weather Aging Solution. The remaining untreated piece was used as a 
control. The samples were placed with the brick surface side up against a scale under lighting, and 
two droplets placed on the surface whilst the photographs were being taken.



The Hitachi TM3000 TableTop Scanning Electron Microscope was used to carry out the SEM analysis.
Images were taken at  an electron  voltage of  15keV,  and micrographs were produced under  the
magnifications of 30x, 300x, 400x, 3000x, 4000x and 5000x. The samples used were cubes of brick,
1x1x1 cm3, all cut so that at least one side of each cube has an external brick face surface. Each cube
was coated on the external brick face surface with a different product. Five of the cubes were coated
with Bebbington Brick Services own product, but each a different colour, using each of their pigment
options individually per brick cube. The resulting colours were red, orange, yellow, black and white.
Two of the remaining cubes were coated with the prepared  Dyebrick Soot Wash product and the
Liquid Weather Aging Solution. There was also an untreated cube used as a control. Before use in
the SEM, all samples were cleaned with a nitrogen gas flow, and dried in a sealed container in the
presence of silica gel for 24 hours, to ensure there was no fine particulate matter on the surface of
each sample, and that any residual moisture was evaporated.

5.2     Results

Figure 2. Photographs taken for determination of water absorbance rate and water contact angle for
an untreated brick surface. Photographs were taken chronologically from images A to E at a rate of
one per second.

C.



Figure 3. Photographs taken for determination of water absorbance rate and water contact angle for
a brick surface treated with Bebbingtons Brick Services Weathering Tint. Photographs were taken
chronologically from images A to E at a rate of one per second.

Figure 4. Photographs taken for determination of water absorbance rate and water contact angle for
a  brick  surface  treated  with  Dyebrick Soot  Wash.  Photographs  were  taken  chronologically  from
images A to G at a rate of one per second.



Figure 5. Photographs taken for determination of water absorbance rate and water contact angle for
a  brick  surface  treated  with  Liquid  Weather Aging  Solution.  All  photographs  were  taken
chronologically from images A to K, with the image capture speed at a rate of one per second for
images A to F, and images G to K at a rate of one per minute.



Figure 6. An estimated contact angle measurement of the water droplet on the brick surface
treated with Liquid Weather Aging Solution. Image taken from figure 5, image K.

All samples taken from figures 2 to 4 showed a rapid absorption of water through the brick surface
and as a result, no contact angle could be measured. Figure 2 showed the absorption rate of water
through  an  untreated  brick  surface  sample.  Absorption  rate  was  about  two  seconds  from  the
moment  of  the  second  droplet  being  placed  to  when  the  surface  appeared  dry.  The  figure  3
absorption rate was also about two seconds. The figure 4 absorption rate was about three seconds.
Figure 5 shows that the water droplets on the Liquid Weather Aging Solution treated brick surface do
not absorb and instead form a bead on the surface. This bead of water persisted even over the
course of 5 minutes, at which time the decision was made to stop taking any further photographs as
there was no more observed change. Figure 6 shows the water bead from the last photograph taken
in figure 9, with an estimated contact angle of 90°.



Figure 7 (A to D). SEM micrographs for an untreated brick surface (7A) and surfaces treated with 
Bebbington Weathering Tint (7B), Dyebrick Soot Wash (7C) and Liquid Weather Aging Solution (7D).



Figure 8 (A to D). Micrographs of brick surfaces, each treated with the Bebbington Brick Services
Weathering Tint, but with one of each available pigments used per sample. Pigments used were
anatase (8A), iron (III) oxide (8B), Goethite (8C) and hydrated iron (III) oxide (8D). All micrographs
were taken at 3000 times magnification.

All figures shown from 7A to 7D are composed of two parts, with an initial micrograph taken at
around 100x to 200x magnification, and then an accompanying magnified micrograph, all taken at
2000x magnification. The initial micrographs were taken to show the overall typical morphology of
each sample, with the accompanying magnified images showing a magnification of the initial
images. The red box in each accompanying micrograph indicated where EDX was carried out, the
results of which are detailed further in table 2. Figure 7A shows the morphology of an untreated
brick, consisting of a heterogeneous surface, with varying notable features. One example of which
are the large fragments and particles that are embedded in the surface, with examples labelled A and
B.  There are also a variety of  smaller structures viewable upon further magnification, consisting
mainly of small fragments of possible crystalline structures, with some blooming structure as well,
labelled C. In figure 7-B, the overall surface remained similar to figure 7A, with a mixture between
smaller surface features and larger fragments, an example of which is labelled D. There are also  large
cracks and crevices to be seen as well, one of which is labelled E. Upon further magnification, there is
a difference in the particulate matter observed on the surface. The irregularity of the untreated brick
surface has mostly disappeared in the surface seen in figure 7-B. There are still a range of particulate
matter sizes on the surface but overall, all the particulate matter observed in now much smaller than
those seen in figure 7A. There are also no features seen such as the blooming in figure 7A. Instead,
the whole surface consists entirely of small fragments. In figure 7C, the surface is seen to be very
similar to that seen in figure 7B. The main difference is again the size  of the surface particulate
matter, seen in the magnified image of figure 7C. The particulate matter is smaller again than that
found in figure 7B, and is much more consistent in its shape and size. The magnified surface is again
very evenly coated with particulate matter, missing the variety of features seen in figure 7A. In figure
7D, the surface is different than all previous micrographs. The surface is evenly coated with a smooth
black substance, with only a few of the larger features not being entirely coated, such as the ones
labelled F and G. It is worth noting that despite the overall heterogeneity of the surface, especially
when comparing to the previous three figures, there are still cracks to be seen in the surface, such as
the  one  surrounding  the  feature  labelled  G.  In  the  magnified  micrograph,  the  surface  is  very
heterogeneous, with only a few small particles on the surface now.

All figures from 8A to 8D show the magnified surface of four different brick surfaces, each treated
with the Bebbington Weathering Tint,  but differ  by the pigment used.  In figure 8A, the anatase
pigment surface lacks the loose particulate matter on the surface of previous samples, such as that
seen in figures 7A and 7B, and is instead now coated by moderately homogeneous bloom.



Microscopic cracks are still visible on the surface, such as the one labelled A, suggesting that this
coating is still moderately loose and allows some spaces to exist, unlike the coating in figure 7D. A
few smaller pieces of particulate matter can still be seen on the surface, such as those labelled B.
Figure 8B shows the surface after coating with an iron (III) oxide pigment. This surface also appears
to have some bloom developing, labelled C, but a lot looser overall, with some parts of the brick
surface showing through and some particulate matter still visible, labelled D. Overall it is similar to
the Dyebrick Soot Wash sample in figure 7C. Figure 8C shows a surface that is again very similar to
that seen in the original Bebbington Weathering Tint in figure 7A. The surface is very loose, with
visible gaps between the particles on the surface, labelled E. Finally, in figure 8D, the surface here is
treated with hydrated iron (III) oxide pigment. The surface is similar to the surface in figure 8A, again
with visible cracks, labelled F and particulate matter on the surface, labelled G.

5.3     Porosity     Discussion

Regarding the effect on porosity that the Bebbingtons Weathering Tint has on a brick surface, the
water contact angle results gathered in figure 3 show that there is no noticeable difference between
the water absorption rates when comparing an untreated brick surface with that of a brick surface
treated with the Bebbingtons Weathering Tint.  When two droplets of water were placed on the
surface of both untreated and treated bricks, the water was absorbed going from the fourth to the
fifth image of both figures 2 and 3, which is around one second, based on the capture rate. This
information is concurrent with the expected results, as potassium silicate solutions are known for not
changing the absorption of moisture [11]. The reason for this is due to the binding mechanism of
potassium silicate, as aqueous orthosilicate forms siloxane bonds with silica present in the brick itself.
This allows it to become a part of the brick structure, and is almost identical to the material itself.
Orthosilicate  also  goes  on  to  form bonds  with  the  metal  oxides  present  in  the  pigments  used,
forming insoluble and permanent bonds and fixing the pigment to the surface [9]. The brick surface
treated with  Dyebrick Soot Wash, as shown in figure 4, reacted almost identically to that of the
untreated and Bebbingtons Weathering Tint brick surfaces. The water droplet absorbed in slightly
over a second,  though there may be some variation in the absorption time recorded,  especially
when comparing one sample to another, due to the capture time between photos, as the water
droplet touches the surface between the images being taken. This means that an exact moment for
when the water starts to be absorbed cannot be accurately determined. Figure 5 shows the addition
of  a  water  droplet  to  a  brick  surface  coated  in  the  Liquid  Weather Aging  Solution.  This  figure
contrasts  with  the  previous  three  samples,  as  the  water  remains  beaded  on  the  surface.  This
evidence suggests a level of hydrophobicity in the  Liquid Weather product once dried. This means
that the coating that forms must start of as a hydrophilic compound whilst in aqueous solution, but
changes to hydrophobic once dried. This suggests the formation of a polymer on the surface. It also
potentially shows the change in porosity of the brick, as pores can also determine the wetting ability
of a surface [24]. An estimate of the apparent contact angle (APCA) was measured in figure 6. The
APCA was measured as the angle between the tangent from the liquid-gas interface and the solid
surface, and was shown to be around 90° in figure 10. This shows that the surface is moderately
hydrophobic, as it can be assumed that water contact angles of 90° and greater are typically a result
of a hydrophobic surface [25].

The change in porosity was then investigated further through SEM. The micrographs gathered show
the differences between an untreated brick surface and three other brick surfaces, each treated with
one of the three samples, as seen in figure 7. The untreated brick surface micrograph in figure 7A
shows the observed surface morphology. This surface consists of a variety of structures and features,
resulting in a very heterogeneous medium to which the products are applied to. Features worth
noting  include  the loose  surface of  the  brick,  with  what  appears  to  be fragments  of  crystalline
structures bound to each other irregularly. There are also occasional larger structures embedded in



the  surface  as  well  such  as  those  labelled  A  and  B  in  figure  7A,  which  based  on  known  brick
composition, could possibly be sand particles [10]. The actual physical structure of the brick also
contains large number of hairline cracks and pits as well. The looseness of the brick surface and the
number  of  cracks  and  pits  in  the  surface all  contribute  to  the  porosity  of  the brick  in  allowing
moisture to pass through. When viewing the micrograph for the Bebbington Weathering Tint treated
sample in figure 7B, using purely the ilmenite pigment, we can see that the main difference between
it and the untreated brick surface is that there is now a fine coating of particles over the surface. This
coating is much looser than the normal brick surface, and is assumed to be the  ilmenite pigment
itself  bonded to the brick by  potassium silicate.  The overall  looseness and porous nature of  the
bonded particulate layer  on the surface suggests that the Bebbington Weathering Tint  does not
affect overall porosity, which further confirms the results seen in the water contact angle test. When
observing  the  other  Bebbington  Weathering  Tint  samples,  we  can  see  in  figure  8A,  which  is  a
pigment based purely on anatase, that the surface differs from both the untreated and  ilmenite
treated sample. The surface is  much more homogeneous, with what is potentially some form of
blooming. The only difference in composition between this sample and the one in figure 7B is the
pigment added. This blooming effect must purely be the result of the presence of titanium oxide.
When viewing the other pigments in figures 8B and 8D, there is a similar blooming occurring. This
blooming is much more inconsistent in 8D with patches of uncoated brick surface, but much more
homogeneous in 8D. Both 8B and 8D contain iron (III) oxide. Previous studies have shown that iron
(III) ions can have interactions with aqueous silicate solutions, altering the hydrolysis of iron (III) and
forming iron silicate aqueous complexes [26]. These iron silicate complexes may be what is forming
on the surface, causing the loss of definition of the particulate pigment, and the formation of the
blooming effect seen. 8C also contains iron (III) oxide, but in quantities between 6-15%, with the
majority of the pigment being silica, and a few metal impurities, and it is this low iron (III) oxide
content which may be preventing the pigment from looking like the surface of 8B and 8D.
The micrograph in  figure  7C for  Dyebrick Soot  Wash shows a similar  surface to  the Bebbington
sample. The surface appears to be coated in a fine particulate matter. The main difference between
the samples is the particulate size, as the particles on the  Dyebrick sample surface appear to be
much smaller and more even in size. As a result of the change in size and decreased shape variance,
they also appear to be more closely packed in. This could be one of the potential explanations for the
slight observed difference in water absorbance during the water contact angle test. Further research
could be carried out on whether the fineness and packing of the particles on the surface affects
porosity or not. This could be achieved by making identical preparations of Bebbington Weathering
Tint solutions, but changing the pigment particle size by altering the milling process.
Finally, the last sample observed was the brick surface sample treated with  Liquid Weather Aging
Solution. In the micrograph shown in figure 7D, the surface of the brick is seen as being coated in a
smooth  black  substance.  This  substance  does  not  have  the  characteristic  particulate  matter
observable in the previous samples, and also appears to have mostly filled in any cracks, pits or pores
in the surface of the brick, which will most likely inhibit moisture passage through the brick. This
surface indicates the presence of a resin-based product, with what appears to be the formation of a
polymer on the surface once the Aging Solution had dried, fixing a pigment.  The results  of  this
micrograph  also  help  to  explain  the  results  seen  in  the  water  contact  angle  test,  as  the
hydrophobicity observed could be due to the polymer coating on the surface, and also explains the
lack of moisture movement through the brick as well, because of how the pores appear to  have
been blocked.

6. Product Chemical     Compositions

In order to bring together the results of the thermal stability testing and porosity testing, further
analysis of the samples was carried out. This analysis focused on the determination of the chemical
components present. By finding more about what was present in each sample, a better



understanding of the physical properties could be gained. Some information was present through the
research into product components  in  specification sheets,  though some aspects of  the products
remained  unclear,  as  not  every  component  was  explicitly  stated.  Beyond this,  chemical  analysis
would also help us to understand whether there was anything present that was not stated, be it in
the competitor’s products, or in Bebbington Brick Services own product, as a result of contamination
or  by-products  left  from  the  manufacturing  process  for  their  product,  or  even  of  their  stock
chemicals and pigments.

In order to ascertain information of the elements present in the samples, two techniques were used,
the first being Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES). This was used to
look at a limited range of inorganic elements present in the samples in their aqueous forms. The
second technique used was Energy Dispersive X-Ray Spectroscopy (EDX), which can be used to detect
a wider range of elements present. EDX was carried out on samples where the product had been
bound and allowed to dry to a brick surface.

For  chemical  composition  determination,  Attenuated  Total  Reflection  Fourier  Transform  Infrared
Spectroscopy (ATR-FTIR) and Liquid Chromatography/Mass Spectrometry (LC-MS) were used. ATR-
FTIR  is  a  technique  capable  of  producing  results  that  can  be  interpreted  into  the  presence  of
particular bonds and between which molecules. LC-MS allows for the potential separation of any
chemicals  present,  including any unknown chemicals  not  stated  or  clarified on  the specification
sheets, and then for mass determination of said chemicals. This helps to build a profile of the types
of chemicals present.

6.1 Method and Materials

For carrying out ICP-OES, the Varian MPX CCD Simultaneous ICP-OES was used. Samples used were
the Bebbington Weathering Tint, Dyebrick Soot Wash mixture, Dyebrick Pot C, Liquid Weather Aging
Solution and both rain and mains tap water from the Bebbingtons manufacturing site, as mains tap
water was originally used in Bebbington products, but has since been replaced with rain water. All
samples were filtered using a 0.2 µm syringe filter and centrifuged at 13,000 revolutions per minute
for 15 minutes, to ensure as much particulate matter could be removed. Samples were diluted with
deionised water to both 1:500 and 1:250 dilution, except for the rain water and tap water samples.
Standards were prepared by dilution with deionised water to 10 parts per million (ppm), 25 ppm, 50
ppm, 75 ppm and 100 ppm. Deionised water was produced from an ELGA PURELAB Option-Q water
purifier. The standards and associated detection wavelengths, measured in nm, were aluminium at
396.15, iron at 238.2, phosphorus at 213.62, magnesium at 280.27, silicon at 251.61, sulphur at
181.97, calcium at 422.67, titanium at 336.12, sodium at 589 and potassium at 766.49, all purchased
from Fisher Chemicals.

EDX was done in conjunction with SEM, as it required the use of the Hitachi TM3000 TableTop SEM.
All  samples used were the same as used in the SEM analysis,  prepared in the same manner. All
settings were used as stated under the SEM method used. The system used for analysis was the
Bruker QuanTax 70 EDX Analytical System, with the associated Bruker QuanTax computer program.
Areas of EDX analysis are labelled in figures 11 to 14.

The Thermo Scientific Nicolet IS10 FT-IR with Smart iTX was used to carry out ATR-FTIR. The samples
scanned were the Bebbington Weathering Tint, the  K71 potassium silicate solution, the  Dyebrick
Soot  Wash  mixture,  the  Dyebrick Pot  C,  the  Liquid  Weather Aging  Solution.  Deionised  water,
produced from a ELDA PURELAB Option-Q Water Purifier, and fumed silica, from Fisher Chemicals,
were separately tested as controls. 32 scans per sample were carried out, with a resolution of 4 cm-1.



Wavenumber  range  was  from  4000  cm-1 to  525  cm-1.  All  product  samples  were  first  tested  as
provided and then dried, so that the residue could be tested afterwards.

The LC-MS method developed used an isocratic eluent consisting of 80% deionised water from an
ELGA  PURELAB  Option-Q  Water  Purifier,  with  0.1%  ammonium  formate  added,  purchased  from
Fisher Chemicals, with 20% of a 1:1 mixture of methanol and acetonitrile mixed solution, both also
purchased from Fisher Chemicals. Samples tested were the Bebbingtons Weathering Tint,  Dyebrick
Soot Wash mixture, Dyebrick Pot C and Liquid Weather Aging Solution. Each sample was run for 10
minutes at a flow rate of 0.2 ml/min. Column temperature was maintained at 35°C. Sample injection
quantity was 0.3 µl. All samples were tested with both positive and negative ionisation. The negative
ionisation results were ultimately used for nearly all of the samples, as no significant results were
produced under positive ionisation,  except  for the Bebbington Weathering  Tint,  which produced
results using both, and both sets of results are included for this project. All samples were run in scan
mode. UV detection was carried out in the wavelength of 254 nm. A range of wavelengths; 200 nm,
210  nm and  280  nm,  were  all  tested  as  well,  but  none  produced  any  noticeable  or  consistent
detection. A wavelength of 254 nm was finally decided upon as this is known to detect some of the
chemicals in the brick tints used, such as EDTA [27], sodium polyacrylate [28] and methyl red [29].
The column used was an Agilent Poroshell 120 HILIC column (2.1 x 50 mm, 2.7 µm). The LC-MS used
was  an  Agilent  1200  Series  HPLC  with  the  Agilent  6110  Quadrupole  LC-MS  system,  using  an
electrospray ionisation (ESI) chamber. Gas flow was 12 L/min, nebuliser pressure was 55 PSIG, drying
gas temperature was set to 300°C and the capillary exit voltage was 5000 V. All samples were filtered
with a 0.2 µm syringe filter and centrifuged at 13,000 revolutions per minute for 15 minutes. Before
filtering and centrifuging, the Bebbingtons Weathering Tint and Dyebrick Pot C samples were mixed
1:1 with methanol, causing the potassium silicate in each sample to solidify. The resulting solution
remaining was then used instead. In order to concentrate the Dyebrick Soot Wash mixture sample, 5
ml of Soot Wash mixture was left at 40°C for 24 hours. At this point, all moisture had completely
evaporated leaving behind a residue. The resulting residue was then rehydrated with 2 ml of water,
mixed thoroughly and then filtered and centrifuged, resulting in a solution 2.5x times stronger. The
Liquid  Weather Aging  Solution  was  not  modified  in  any  way  beyond  the  initial  filtering  and
centrifuging.

6.2 Results

Table 2. Elemental concentrations calculated from ICP-OES results to two significant figures, using the
trend line linear equations to calculated concentration from each calibration graph. All values  are
measured in ppm. The blank sample concentrations have subtracted from each value already, to
remove background noise. All samples except rain water and tap water are tested at dilutions of
1:500 and 1:250. Tap water and rain water remained undiluted.

Al Fe P Mg Si S Ca Ti Na K

1:500 Bebbington 
Weathering Tint 0.018 0.066 0.026 0 110 1.1 0 0.024 0.51 77
1:250 Bebbington 
Weathering Tint 0.079 0.1 0.12 0 220 1.5 0 0.057 2 150
1:500 K71 Potassium 
Silicate Solution 0.094 0.12 0.049 0.014 260 2.9 0 0.065 1.6 160
1:250 K71 Potassium 
Silicate Solution 0.21 0.24 0.088 0 590 3.4 0 0.15 3.1 350

Rain Water 0.011 0.016 0.23 0.17 7.6 1.1 10 0.001 0.93 4.3



Tap Water 0.028 0.046 0.23 4.7 4.6 31 57 0 11 3.8

1:500 Dyebrick Soot Wash 
mixture 0.0094 0.052 0.05 0 0.13 1.7 0 0.00028 0 0.45
1:250 Dyebrick Soot Wash 
mixture 0.01 0.068 0.013 0 0.38 3.1 0 0.00048 0 0.83

1:500 Dyebrick Pot C 0.19 0.21 0.036 0 260 2.7 0 0.066 1.6 180

1:250 Dyebrick Pot C 0.36 0.36 0.062 0 490 3.7 0 0.13 4.1 340

1:500 Liquid Weather 
Aging Solution 0.0077 0.062 0.061 0 0 1.9 0 0.00044 0 0.11
1:250 Liquid Weather 
Aging Solution 0.0097 0.064 0 0 0 1.7 0 0.00049 0.21 0.2

In table 2, the results of the ICP-OES are listed. Most elements tested for show minimal to no level of
detection at all. Silicon and potassium is detected in high amounts in the Bebbington Weathering
Tint, K71 potassium silicate solution and Dyebrick Pot C. Sulphur is detected in trace amounts in all
samples,  but particularly noticeable in the tap water sample. The  Liquid Weather Aging Solution
samples were the purest samples tested, with minimal levels of all elements detected.

In appendix 1, the calibration graphs for the ICP-OES results determination in table 2 are presented.
All graphs except for appendix 1C and 1E showed a sigmoidal shape to the line of best fit. This is due
to the fact that the lowest and highest concentrations used were outside of the limits of detection
(LOD). As a result, the linear part of each graph was used create a linear trend line and the parts of
the graph that levelled out at the upper and lower limits were ignored. For appendix 1C, the upper
and lower limits were never reached by the range of standards used. For appendix 1E, the lower
limit was starting to be reached, but the upper was not. This means that although we can extrapolate
the data beyond the standard concentrations used for the elements related to these figures, there is
no guarantee that the calculated concentration estimate is in line with where the actual line of best
fit would be at that intensity.

Table 3. Estimated percentage composition of four brick surfaces, using EDX. All results have been
calculated  based  on  intensity  data  gathered  from  EDX  testing,  calculating  the  area  under  each
intensity peak to estimate an arbitrary amount. The actual amount cannot be calculated due to the
fact that the penetration of the x-ray into each sample is unknown. In order to make the results
comparable, the amounts were converted into a percentage of the total amount present.

Untreated
Surface

Bebbington
Weathering Tint

Dyebrick
Soot Wash

Liquid Weather
Aging Solution

Silicon 25 9.4 24 6
Oxygen 21 8.6 18 33
Iron 12 21 13 1.8
Sodium 8.9 1.3 0.55 1.8
Magnesium 7.4 2.9 4.5 1.8
Aluminium 7.2 2.3 6.3 1.6
Zinc 4.2 0.92 14 0
Carbon 3.2 1.5 11 34
Potassium 2.6 4.6 4.5 0.14
Calcium 4 3.5 2.6 20
Titanium 1.6 39 0.38 0



Chlorine 1.1 2.5 0.75 0.19
Sulphur 0.88 1.8 0 0.14
Nitrogen 0.59 0.69 0 0

Figures 9 (A to D) (left to right, top to bottom). ATR-FTIR results for five different samples. Samples
include, in order by figure; Bebbington Weathering Tint  and the  K71 potassium silicate solution,
Dyebrick Soot Wash mixture, Dyebrick Pot C, Liquid Weather Aging Solution. All samples were tested
before and after dehydration. Deionised water, fumed silica were used as standards for all except
figure 9-B, which used deionised water and EDTA.

In all figures, a peak at 3300 cm-1, labelled A, F, J and L, is present in all aqueous samples. There is
also two other peaks, labelled B and C in figure 9A, which are both present in all aqueous samples. As
the wavenumber goes below 1000 cm-1, the absorbance increases linearly until it reaches the end of
the scale at 525 cm-1. This feature is labelled D in figure 9A and is also present in all aqueous samples.
Following the spectrum for fumed silica in figure 9A, there is a significant peak at around 1100 cm -1.
This feature is labelled E. This peak is similar to peaks seen in other sample containing potassium
silicate. For both figure 9B and 9D, once the spectra wavenumber goes below 1750 cm -1, there is an
large increase in the number of peaks detected, producing rather complex spectra. Other notable
peaks have also been labelled and are explained further in the section 6.3.



Figure 10. Negative ionisation MS and HPLC spectra for a blank run, used to help eliminate masses
detected that occur as a result of the eluent in the negative ionisation samples. Area labelled A was
used to analyse masses present.



Figure 11 (A to D). All MS and associated HPLC detection spectra for Bebbington Weathering Tint,
Dyebrick Soot Wash mixture, Dyebrick Pot C and Liquid Weather Aging Solution, in figure order. All
figures are for negative ionisation results. All mass detection peaks are labelled from A to J.



Figure 12. Positive ionisation MS and HPLC UV spectra for a blank run, to help eliminate masses 
present due to the eluent in the positive ionisation MS sample.

Figure 13. Positive ionisation MS and HPLC spectra for Bebbington Weathering Tint. Mass detection 
peaks are labelled A to C.

Figure 14. Positive ionisation MS and HPLC UV spectra for Liquid Weather Aging Solution



All MS detection graphs from figures 10 to 14 have produced very broad peaks, with a low signal to
noise ratio. Figures 11A, 11B, 11C and 13 have all managed to produced some separation between
peaks. None of the HPLC figures from 10 to 14 have any form of UV detection present. Although
figure 11C does appear to have some form of pattern, the overall amount of detection in mAU does
not differ from the levels detected in the blank run of figure 11, meaning that it is not significantly
different from the blank. Each peak seen in the HPLC UV is most likely the result of the solvent front.

Figure  15.  Negative  ionisation MS data  results  for  the  blank  run  from figure  10,  from the area
labelled A.



Figures  16  (A  to  J).  MS  data  gathered,
detailing  the  m/z  data  for  the  area  under
each peak measured, from the associated MS
detection spectra in figure 11. All masses are
represented as  a  percentage relative  to  the
mass  with  the highest  concentration,  which
itself is represented at 100%. Samples tested
and their associated m/z data figures are;
Bebbington  Weathering  Tint  (16A  and  15B),
Dyebrick Soot Wash mixture (16C to 16F),  Dyebrick Pot  C (16G to 16I) and  Liquid Weather Aging
Solution (16J).  Each m/z  data  figure  is  also labelled alphabetically  according  to  which peak it  is
associated with from figure 11.

        Figure 17. Positive ionisation MS data results for the blank run from figure 12.



Figures 18 (A to C). Positive ionisation MS data results for the Bebbington Weathering Tint, detailing
the detected m/z for each peak in figure 13. Figures are also labelled according to their associated
peak in figure 13.

Figure 19. Positive ionisation MS data results for the Liquid Weather Aging Solution, relating to the 
peak observed in figure 14

In all m/z results in figure 16, there is a mass present of between 90.8 and 91.1. This mass can also 
be seen in the blank negative ionisation run in figure 15. In figure 16A, there are only two masses 
that stand out, those being 112.9 and 194.8. Overall there is a low signal to noise ratio and 
relatively high percentage amount of 91.1 in this graph, indicating that only a low amount is being 
detected overall. In figure 16B, the biggest mass signal produced was for 128.9. Following this is a 
series of masses, all spaced with an 84 to 86 mass difference, starting with 213.1 and ending with 
970.4. In figure 16C, there are four mass signals that are noteworthy, those being 345.0, 417.0,
489.2 and 559.2. Again, the signal to noise ratio is low and the percentage amount of 91.1 is high 
here, so this amounts are most likely very minimal. Each of these mass are all spaced with a 70 to 
72 mass difference between them. In figure 16D, the only mass present in any amount is 194.9, 
though again with a low signal to noise ratio and a high level of 90.9. This result is almost mirrored 
in figure 16E, except there is also a mass of 113.1 also being detected. Figure 16F for the Dyebrick 
Soot Wash shows a similar pattern seen in figure 16B, with an initial mass being detected in a large
percentage, at 113.0, and then a series of masses, all with a 68 mass difference. The distribution of
the mass percentage is also in a Gaussian distribution. Figure 16G and 16H are again examples of 
samples with a low signal to noise ratio and a high 90.9 mass percentage, and the only other 
mass detected is 224.9 for figure 16G and both 346.8 and 360.6 for figure 16H. Figure 16I for the 
Dyebrick Pot C has an almost identical graph to that seen in figure 16B, with all of the masses 
detected in figure 16B being seen in figure 16I as well, though some have a slight variation within 
0.1 m/z to 2 m/z. There is no obvious Gaussian curve for the results in 16I. Finally, figure 16J for 
Liquid Weather Aging Solution only shows a few masses detected in significant amounts; 387.0, 
404.0 and 683.0. There is also a series of masses following 387.0, with each one exponentially 
decreasing in percentage compared to the previous mass. In figure 17, the m/z results of a blank 
positive ionisation run are shown, with the mass 59.2 showing the most prevalence. This mass can 
also be observed figure 19 as a significant percentage. Figure 18 shows the m/z results for the 
positive ionisation MS run in figure 13 are shown. There are no significantly large percentages of 
mass detected in 18A and 18B, but 18C does show a series of masses, all with around an 84 m/z 
difference, starting with 122.9. Finally, figure 19 shows the positive ionisation results for the Liquid



Weather Aging Solution. There is the first mass of 59.9, and then following that, there are four 
significant masses present, starting with 203.0, and each one increasing by 163 m/z thereafter.

6.3 Compositional Analysis Discussion

Composition of the products was finally investigated, starting with ICP-OES. Through this technique,
some elemental data was gathered for the Bebbingtons Weathering Tint, the  Dyebrick Soot Wash
mixture, the Dyebrick Pot C, the Liquid Weather Aging Solution, and the separate components for the
Bebbingtons product, which were the  K71 potassium silicate solution and water samples from the
water they use to dilute their solution. The water itself was taken from rain water that they collect
and recycle, and from the mains water supply of their manufacturing facility. The results gathered, as
shown in table 2, show high levels of both potassium and silicon for the Bebbingtons Weathering
Tint, K71 potassium silicate solution, and Dyebrick Pot C, as expected based on specification sheets.
The amount of potassium and silicon detected in the Dyebrick Pot C was over twice the amount as
that which was detected in the Bebbington Weathering Tint, at 340 ppm to 150 ppm respectively, at
a dilution of 1:250 of both solutions. When mixing the Dyebrick Soot Wash, the instructions provided
suggest mixing 20ml of Pot C solution to 100ml of the Soot Wash mixture, though amounts can be
varied as required. Following these instructions indicates that the concentration of potassium silicate
recommended by  Dyebrick to fix a pigment could potentially be around two thirds less than the
solution provided by Bebbington Brick Services, though Bebbington Brick Services does also state
that their product can be diluted as required. When comparing the ratio of potassium to silicon, both
Bebbington Weathering Tint and  Dyebrick Pot C contain similar ratios,  of 1.47 and 1.44 for both
respectively at a 1:250 dilution. This means that both Bebbington and Dyebrick produce a potassium
silicate based product with similar silicon to metal oxide molar ratio, resulting in very similar products
in regards to their pH, bonding ability and efflorescence likelihood, not accounting for any additional
chemicals that may have been added to alter these properties. Beyond this information, any other
elements present were only detected in minute quantities. The mains water supplied by Bebbington
contained  some trace  amounts  of  magnesium,  silicon,  sulphur,  calcium,  sodium and  potassium,
which are all typical elements to be detected in mains water. Comparatively, the rain water supplied
contained only trace amounts of silicon, calcium and potassium, suggesting that the rain water used
is of a much higher purity. Small amounts of sulphur and sodium were detected in every sample as
well, with particularly higher levels in the mains water sample. Interestingly, iron and titanium were
not detected in any noticeable amount through ICP-OES, despite them being present in the ilmenite
used as  a pigment  in  the Bebbingtons Weathering  Tint,  and ferric  iron oxide being  used in  the
Dyebrick Soot Wash mixture. The reason for this is most likely due to the filtration and centrifugation
carried out on each sample, in order to ensure there was no particulate matter entering the ICP-OES,
as this could have caused technical issues. In order to resolve this issue, a different method of sample
preparation could potentially be used in the future to dissolve the pigments in solution before testing
them, such as through the use of an acid for instance. Instead of carrying out a different method, EDX
was used in conjunction, to provide a better picture when their data are combined. Another setback
of using ICP-OES for these samples was the restricted range of elemental analysis, as the ICP-OES we
were capable of carrying out could not detect lower mass elements or non-metal elements such as
carbon, nitrogen, oxygen or any halogens like fluorine and chlorine. Again, EDX was later used to help
overcome the lack of elemental detection. An observation that was worth noting was that upon
filtering  and  centrifuging  the  Dyebrick Soot  Wash  mixture,  some  of  its  pigment  was  removed,
resulting in a clearer, more translucent solution. After doing this, there were no signs of any  different
colour  being  present  in  the  solution  besides  what  is  added  through  the  black  pigments.  The
specification sheet for the Dyebrick Soot Wash mixture states that a “dye acid indicator”, assumed  to
be a pH indicator, is present in the product. Most commonly available pH indicators have a colour
associated with them. Two of the few commonly used colourless pH indicators are phenolphthalein
and thymolphthalein. These pH indicators are colourless up to 8.2 and 9.3 respectively, at which
point, they become pink for phenolphthalein or blue for thymolphthalein as the pH increases. The pH



of  the  Dyebrick Soot  Wash  mixture  was  measured  to  be  at  7.2,  which  is  within  range  of  the
previously mentioned pH indicators. This could suggest that the dye acid indicator is one of these
two chemicals if dye acid indicator does in fact mean pH indicator. Alternatively, the concentration of
dye acid indicator in the solution may be that small that the colour of it has become imperceptible.

EDX was used as a technique for determining elemental data, and was used on each product after
applying them to a brick surface. In table 3, the results show the elements detected for the untreated
sample, and all three treated samples. All the results of the EDX cannot be compared directly from
sample to sample, as the elements detected are only relative to each other per  sample.  This  is
because  in  order  to  compare  signal  intensity  from  one  sample  to  another,  the  depth  of  x-ray
penetration would have to be taken into consideration, which was beyond the constraints of this
project. This could be a direction that EDX could be taken in for future research, though this data in
combination  with  the  ICP-OES  data  does  allow  for  some  directly  comparable  data.  In  order  to
overcome  this  issue  and  allow  for  some  relative  comparison,  the  percentage  of  elemental
concentrations for each sample were calculated. The untreated sample shows elements that are
concurrent with the expected results of a bricks composition as shown in literature, with 25% of the
sample  being  detected  as  silicon,  21%  oxygen,  12%  iron,  8.9%  sodium,  7.4%  magnesium,  7.2%
aluminium  and  trace  amounts  of  zinc,  carbon,  potassium  and  calcium.  The  results  for  the
Bebbingtons Weathering Tint show a significant relative increase of titanium and iron detected, at
39% and 21% respectively. This confirms that the structures present on the surface, as shown in the
micrograph in figure 11, are in fact the  ilmenite  pigment particles bonded to the surface. There is
also 9.4% silicon, 8.6% oxygen and 4.6% potassium, which are all most likely detected from the brick
structure itself and from the potassium silicate in the Bebbingtons product.

When carrying out EDX on the brick surface sample treated with Dyebrick Soot Wash, silicon, oxygen
and iron percentages were similar to the untreated brick results, varying by 1% for silicon and iron,
and by 3% for oxygen.  Where the results  differ greatly  is  in the other compounds, with smaller
percentages  of  sodium,  magnesium  and  aluminium,  and  greater  amounts  of  zinc,  carbon  and
potassium. This matches the specification sheets to some degree, as one of the pigments used is
carbon black, which explains the greater carbon content than both previous samples. The lack of
titanium as  well  when compared  to  the  Bebbington  sample  indicates  that  the  ferric  iron  oxide
pigment used is most likely iron (II,III) oxide (Fe

3
O

4
), as it clearly is not ilmenite, and iron (II,III) oxide

is a commonly used as a black pigment. It is also the only purely iron-based pigment that is black as
well.  The zinc content,  which showed a higher  percentage than the untreated sample, does not
match with expected results, as no compound listed in the specification sheets for Dyebrick contains
zinc, and zinc compounds are typically not black either so it is unlikely that it is added for colour.
Further analysis could be used to determine whether zinc is present in the solution itself, or if this is
a result that has occurred as a result of the bonding of the solution to the brick. Zinc was not tested
for during ICP-OES as it was not expected, but further ICP-OES could be carried out to see whether
zinc is present prior to application to a brick surface. Finally, the  Liquid Weather results in table 3
shows the elemental composition of the black bonded surface on the brick face. The results reveal a
large percentage of carbon and oxygen, which shows that the bonded surface is of organic nature,
which in relation to the formation of the bonded surface through the drying of the Aging Solution,
goes on to confirm even further that the Liquid Weather Aging Solution is a resin-based product that
forms a polymer coating on the surface. The only other notable element detected on the  Liquid
Weather sample is a significant percentage of calcium, at 20%. Calcium or any calcium containing
compounds are not mentioned in the specification sheets for  Liquid Weather Aging Solution, and
calcium is not present in large quantities in the untreated brick sample, though calcium carbonate is
a common ingredient used in the production of bricks. This could suggest either the presence of
another unknown compound in the Aging Solution; most likely some form of calcium salt, or it could
also suggest that calcium, previously trapped in the brick structure from manufacturing, has been



bought out onto the surface as a result of the application of the Aging Solution. The lack of presence
of any significant amount of metal elements, except for calcium which is not typically used for black
pigments, and the large amount of carbon present, both provide evidence that the pigment used by
Liquid Weather is most likely a carbon based one, such as carbon black.

For ATR-FTIR, all samples were tested as they are sold at point of sale in an aqueous solution, and
after complete drying. When the samples were dried, they all produced a variety of different solids.
The potassium silicate containing solutions;  the Bebbingtons Weathering Tint, the  K71 potassium
silicate solution, and the  Dyebrick Pot C, all produced a translucent solid, which is assumed to be
solidified silica, as drying causes potassium silicate to polymerise and come out of solution. The solid
produced from the Bebbington product was a mix of  white and black,  presumably a mixture of
solidified potassium silicate and ilmenite powder which had separated and settled to the bottom of
the  solution  during  the  drying  process.  The  Dyebrick Pot  C  was  pink  coloured,  a  result  of  the
remaining potassium silicate solid being stained with the methyl red sodium salt. The Dyebrick Soot
Wash mixture left behind a black powdery residue, and the Liquid Weather Aging Solution produced
a black plastic-like coating. The results in figure 9A show the spectra produced from ATR-FTIR carried
out on the Bebbingtons Weathering Tint, both in aqueous solution and dried, the  K71 potassium
silicate solution also as an aqueous solution and dried, and compared to the standards of deionised
water  and  fumed  silica.  The  large  peak  labelled  A,  between  3600  cm -1 and  3000  cm-1 for  the
deionised water and aqueous solutions of Bebbingtons Weathering Tint and K71 potassium silicate
are a result of both asymmetrical and symmetrical O-H stretching vibrations, associated with the
presence of water [30]. This peak was seen in all aqueous samples tested throughout figure 9. The
peak labelled B in figure 9A between 1755 cm -1 and 1525 cm-1 is also a result of water, caused by H-
O-H bending vibrations [30]. In the wavenumber range of around 1025 cm -1 to 525 cm-1, labelled D in
figure 9A, the absorbance value increases as it gets closer to 525 cm -1 for deionised water and both
aqueous samples. This is due to a large range of librations that happen in lower wavenumber ranges
[31].  There  is  also  a  broad  but  weak  peak  at  2100  cm-1,  labelled  C.  This  band  is  known  as  a
combination band,  and is  a  result  of  a  combination of  H-O-H bending vibrations  and librational
movement [31]. Due to the existence of these bands and the ability they have to hide other smaller
potential absorbance peaks, the samples were dried in order to view the absorbance spectrum of
each with the effect of water. Once the samples had been dried, a variety of peaks could be seen in
the range of 1250 cm-1 to 750 cm-1, some of which are comparable to the peak seen in fumed silica at
around 1150 cm-1,  labelled E.  This peak is  typically  associated with Si-O-Si  asymmetric  stretching
vibrations [9],  and is most likely part of the explanation for peaks around that area in the dried
samples,  as  these samples  contain potassium silicate.  In the dried samples,  there  are additional
peaks seen between 1025 cm-1 and 525 cm-1, which may also be a result of new bonds forming in the
potassium silicate, as it should be noted that drying of potassium silicate causes polymerisation [13],
which means that additional interactions may appear due to the formation of new bonds, causing
new peaks to form. Finally, at around 3000 cm-1, two small peaks can be seen for both  dried samples,
labelled P,  which are  typically  associated with  the presence of  C-H or  N-H stretching  vibrations,
particularly alkanes, alkenes, alkynes, aldehydes and amines [32] [33] [34]. This goes against what
would  be  expected  based  on  specification  sheets,  as  no  listed  compounds  contains  carbon  or
nitrogen, and the EDX results for the Bebbington Weathering Tint does not show the presence of
carbon or nitrogen in any significant amount.

When viewing the ATR-FTIR results for the Dyebrick Soot Wash mixture in figure 9B, there is a much
stronger peak at around 3000 cm-1, labelled F, which again could be related to the presence of C-H or
N-H stretching vibrations. This is to be expected, as EDTA contains C-H bonds, and the unnamed dye
acid indicator and unnamed matting agent could also both contain C-H or N-H bonds. Below 1750
cm-1,  there  are  a great  deal  of  peaks  measured,  indicating  the presence of  complicated organic
molecules. When looking at the dried Soot Wash mixture sample, there are three notable peaks. The
first, labelled G, could be related to N-O stretching vibrations. The second peak, labelled H, could be



a result of O-H bending vibrations, and finally the third peak, labelled I, could be a result of C-O
stretching vibrations [34].  When comparing to the EDTA standard, there are no obvious patterns
between the two samples, except perhaps an overlap with peak H. The peak at 1600 cm -1 for the
EDTA standard is not present at all in the Soot Wash mixture spectra. This could suggest that the
presence of EDTA is only minor, or that the interaction of infrared light with EDTA may change in the
presence of metal ions that it may sequester, or other compounds that it may become bonded to.
The Dyebrick Pot C ATR-FTIR results in figure 9C show a much simpler spectrum. The peaks at around
3000 cm-1, labelled J, are again perhaps a result of the presence of C-H or N-H stretching vibrations,
though this peak is significantly smaller than that seen in the Soot Wash mixture spectra in figure 9B.
This could be an indication that the Soot Wash mixture contains a greater organic content than the
Pot C sample. Beyond this, the spectra produced for both the aqueous solution and the dried sample
are  almost  identical  to  the  deionised  water  and  fumed  silica  standards  respectively.  The  main
difference is that in the dried sample, there is a large peak at 1000 cm -1, labelled K, which differs to
the peak seen in the fumed silica at around that region. Not only is this peak shifted to the right in
the dried Pot C, it also seems to have a secondary peak following it, and then two smaller peaks after
that. The strength of this peak compared to fumed silica could indicate a greater concentration of Si-
O-Si bonds in the dried Pot C sample, as Si-O-Si asymmetric stretching vibrations are known to occur
in this region [9], and the shift could be a result of different bonds forming during the dehydration
and polymerisation of orthosilicate compared to fumed silica, as fumed silica is produced through a
different method and contains amorphous silica in coalesced particles [35].

Finally, the ATR-FTIR results for the Liquid Weather Aging Solution, in figure 9D, show again a varying
range of peaks, similar to the Dyebrick Soot Wash mixture in 9B. This again suggests the presence of
more complex organic structures. Again, as with each other sample, the peaks at 3000 cm -1, labelled
L, are present again, and much stronger in figure 9D than the previous examples, except for the
Dyebrick Soot  Wash  mixture  results.  This  again  indicates  a  strong  organic  presence  due  to  the
possibility of C-H or N-H stretching vibrations. Following on from this, the peak labelled M could
indicate the presence of a C=O stretching vibration. The two peaks, labelled N, could be a result of C-
H bending vibrations, and peak O could be the result of C-H stretching vibrations [34]. In figure 9D,
there is no evidence of potassium silicate being present, as there is no similarity between it and the
fumed silica standard results, nor between it and the results for the K71 potassium silicate solution in
9A.

LC-MS was used to help determine the masses of compounds present in the samples. Overall,  it
should be noted that there is a significant broadness to all peaks measured through HPLC, due to a
lack of retention and separation. If further research were to be carried out in the future, a better
HPLC method could be developed over time to refine these results. In all of the MS data, there are
peaks detected that have no corresponding peak in the HPLC. An example of this is the MS results in
figure 11A, which show the potential detection of molecules, at peaks A and B, but when comparing
to the UV intensity results for HPLC, there is no associated peak at the same time as either peak A or
B. This indicates that whatever chemical is being detected in the MS is either not UV active in that
range, or it exists in concentrations too low to be detected. It could also mean that the chemicals
present  do  not  interact  with  UV light  in  the  wavelength  of  254  nm but  perhaps  at  a  different
wavelength, though this is contrary to previous papers for some components that are known to exist
in the tested products, such as EDTA, sodium polyacrylate and methyl red sodium salt [27] [28] [29].
Potassium silicate is known to not be UV active at all, and therefore no peak should exist that would
be associated with it. One way to have solved this issue could have been to use molybdenum yellow
or molybdenum blue, as these can produce UV active compounds in the presence of silicate [36]
[37]. The only peaks seen in the HPLC UV results are caused by the solvent front and all have very low
intensities, indicating that there is no detection peak overlapping the solvent front peak. There  is a
low signal to noise ratio across all MS graphs in figures 10, 11, 12 and 13, indicating that the amount
detected was not in a significant enough quantity.  The peaks A, D, E and G in figure 11 have all



produced m/z results where the percentage of detection is less than the mass measured from the
90.9-91.4 m/z eluent sample, as a result, all of these results should be considered to be unreliable to
some degree, as ascertaining the significance of the level of detection is difficult. The amount of
signal to noise ratio of the MS result in figures 16A, 16C, 16D, 16E, 16G and 16H is rather small,
suggesting that the amount being detected in the MS is only miniscule.
In all negative ionisation m/z results, there is a mass measured at around 90.9-91.4 m/z. This mass is
the main mass measured in the blank negative ionisation run, in figure 15. This suggests that this
mass is simply a result of the eluent itself, and as such, should be considered to be consistent in its
amount in every figure, as the eluent is isocratic in every run, and the injection volume for each
sample is consistent as well.
When looking at the m/z results for the Bebbington Weathering Tint in figure 16B, there is possible
evidence of a polymer being present, as there is a clear pattern of masses detected, all spaced at
intervals  of about 84 m/z.  The Gaussian distribution of masses present in figure 16B is a typical
feature present when polymers are tested through MS, especially combined with the fact that the
masses detected are all  equally  distributed [38]  [39].  This  distribution suggests the formation of
polymers of varying lengths, with a mass of around 84 for the monomer itself. These varying lengths
can occur through the fragmentation of longer chain polymers during ionisation, but due to the soft
ionisation that occurs in ESI, no fragmentation should occur resulting in this range of masses. As
potassium silicate is a known component of the Bebbington Weathering Tint, and due to the ability
of orthosilicate to polymerise under higher temperatures, higher concentrations and in the presence
of different solvents [13],  it  could be possible that the range of masses detected are a result of
polymerisation during testing. Despite this, the masses detected are not what would be expected
from potassium silicate. The highest mass detected in this peak is 128.9, which could be the base
molecule that the polymer is built upon, or it could be an unrelated molecule that eluted  at the
same time as the polymers. Despite 84 m/z being the suggested mass of the monomer, there is no
value for 84 m/z that appears in figure 16B, and the highest measured mass does not match the
suggested monomer mass either, though it does fit into the 84 m/z pattern of the other measured
masses.  This  may suggest  that  the 128.9  m/z detected may be related to the potential  84  m/z
monomer mass, whether it is a variation of the 84 m/z monomer with an additional group, or if the
128.9 m/z is a separate molecule that starts the polymer chain. The only compound that is known to 
polymerise in the Bebbington Weathering Tint is potassium silicate, though the masses detected 
from the MS do not seem to match with the mass of potassium silicate or any typical silicate 
oligomer configuration [14]. An alternative explanation for the polymer masses detected could be 
the detection of a compound in the Weathering Tint product that has not been listed. This could 
potentially explain the presence of the C-H or N-H bonds as seen in the ATR-FTIR, though there is no 
other evidence that supports this, especially considering that minimal amounts of carbon and 
nitrogen were detected for the brick surface treated with Bebbington Weathering Tint through EDX. 
When looking at the positive ionisation results in figure 18C, there again is evidence of a polymer. 
The masses observed here are all around an 84 m/z difference as well, identical to the results in the 
negative ionisation. The masses themselves are also almost identical to the ones seen in the figure 
38, the only difference being that the masses in figure 18C are shifted down by around 6 m/z. When 
comparing the masses seen here with previous research into silicate species in solution, there are 
some similarities [14]. In this paper, silicate species are determined through the use of ESI-MS. Some 
of the species identified are very similar or identical in mass to the masses observed in the 

Bebbington Weathering Tint. Similar or matching masses include 208.8 with 211, 292.8 with 293,
 

and 374.8 with 371. The silicate species that are associated with these masses are Si
2
O

2
(OK)(OH) -, 

Si4O6(OH) - and Si5O2(OH) -, respectively. If these species were being detected, there is no explanation
as to why other species of silicate listed in the previous research weren’t detected, and it also 
doesn’t explain the presence of the other masses. None of the mass differences between the silicate 
species in the previous research match the suggested 84 m/z monomer either, as seen in figure 15B.



In the LC-MS data for the Dyebrick Soot Wash mixture, there is again evidence again to suggest the
presence of a polymer. In figure 16C, there are four masses present that are in higher amounts than
any other mass present. They are 345.0, 417.0, 489.2 and 559.2. All four of these masses have about
a 72 m/z difference between them, which could be the mass of a monomer unit.  The lack of a
Gaussian distribution, the amount of noise compared to signal in this sample and the high level of
91.1 would suggest that the amount of  detection in this  sample may be insignificant enough to
produce a definite result. Figure 16F on the other hand shows a Gaussian distribution of masses, all
equally spaced by 68 m/z. Dyebrick do not directly claim to use any polymer in their product, though
the existence of a matting agent could be the explanation for this, as most matting agents are based
on siloxane in the form of silicone which is a polymeric substance [21]. As there are a wide variety of
silicone  resins  available,  each  with  the  possibility  of  side  chain  modification,  cross  linking  and
variations in chain length, any determination of the matting agent would be an estimate at best, if
the matting agent is in fact silicone-based. EDX data does not necessarily support the matting agent
being silicone-based. The percentage of silicon in the Dyebrick Soot Wash EDX results in table 3 did
not change significantly compared to the untreated, though comparison between the percentages
cannot be done directly, as total percentage is not the same as total quantity, meaning that the  total
amount of silicon could have risen, but if the total amount of another element also rose, it would
reduce the percentage amount of silicon in that sample. The water contact angle testing does not
support it either, as silicone forms a hydrophobic surface layer to liquid water, and there was no
significant inhibition of water absorption on the brick in the Dyebrick results [21].

In  the  Dyebrick Pot  C  results,  figures  16G  and  16H  did  not  produce  any  noticeable  masses  or
patterns, except perhaps for the presence of the mass 346.8 in 16H. This mass does not fit with any
of the previously known chemicals in Pot C. In figure 16I, there is again a repeating pattern to the
masses measured, with an equal spacing of around 84 m/z. The pattern seen here matches what was
found in the Bebbington Weathering Tint results. The masses measured are also almost identical to
those  seen  in  the  Bebbington  Weathering  Tint,  with  only  a  0-2%  difference  measured.  The
percentage amount detected for figure 16I showed a significantly larger amount of the 129.0 m/z as
opposed to the other masses. When comparing to the 91.1 mass, the amount of 129.0 is significantly
higher. This suggests that the majority of what is being detected here is a large amount of the 129.0
m/z,  with  the  other  masses  appearing  more  insignificant.  From  this  data,  we  can  make  the
conclusion that it seems the Dyebrick Pot C product has managed to keep the majority of its polymer
substance in its monomer state. This may be the effect of another chemical present, such as some
sort of polymerisation inhibitor, though if such a compound was present, it would most likely have
been seen in the LC-MS results, and perhaps have even modified the masses seen in figure 16I, as
most polymerisation inhibitors work by either deactivating the active end of the monomer or by
providing  an alternative  reaction that is  not  as  energetic,  and both of  these routes would have
resulted in the modification of the monomer and a measurable change in its mass. Due to the fact
that both of these products contain potassium silicate, and that this pattern was seen in no other
samples, it can be safe to assume that the pattern seen is indeed caused potassium silicate, despite
the lack of matching with the masses. Further research could be carried out to determine whether
this  pattern is  indeed caused by  potassium silicate,  by testing  a solution known only  to contain
potassium  silicate,  such  as  the  K71  potassium  silicate supplied.  In  regards  to  the  other  known
chemicals in the Dyebrick Pot C sample, such as sodium polyacrylate and methyl red sodium salt, the
reason why they may not have been detected may be due to the lack of concentration of them in
solution. A more concentrated solution could be tested in the future, though after heavy alterations
in  order  to  eliminate  any  issues  with  concentrated  potassium  silicate  polymerising.  Another
explanation as well is that whilst these chemicals are both UV active at 254 nm, this wavelength in
particular can cause chemical changes, such as C-H and C-C cleavage can occur in polymers such as
sodium polyacrylate [40][28]. That being said, if cleavage was to occur and various oligomers and
monomers were produced as a result,  there would have been a strong likelihood of them being
detected in LC-MS. 254 nm light can also cause methyl red degradation when in the presence of



metal  oxide  catalysts,  such  as  ZnO  and  Ag-TiO
2  

[29].  Again,  if  methyl  red  was  to  exist  in  any

detectable amount, its degradation products would most likely have also been detected.

Finally, the negative ionisation m/z results for the Liquid Weather Aging Solution, in figure 16J, show
only a couple of noteworthy masses; 387.0 and 683.0. The amount of signal to noise ratio here is
again quite low, and the amount of 91.1 is quite high, meaning that the amount detected here is not
a significant amount and it is difficult to make a distinction between what is a mass related to an
actual chemical and what is the result of background noise. The masses 387.0 and 683.0 do not
match with the three listed chemicals in the specification sheet, which are ammonia, monoethylene
glycol  and tetramethylol  acetylenediurea.  When looking  at  the positive  ionisation m/z  results  in
figure 19 though, there are four masses that stand out; 203.0, 365.1, 527.1 and 689.2. There are only
four masses to take note of, as the mass 59.9 should be ignored as this is the main mass observed in
the blank positive ionisation run in figure 17, suggesting that this mass is purely the result of the
eluent, similar to the 91.0 mass seen in the blank negative ionisation run of figure 15. The four
observed masses again give the impression of another polymer being present. All of these masses
have around a 162 m/z difference between them, suggesting some form of  repeating monomer
again. Despite this, none of these masses match those which are to be expected again from the
specification  sheet,  though  whatever  oligomeric  structures  are  being  detected  here  may  be  a
combination of chemicals. There is no confirmation that the monoethylene glycol is used as the basis
of  a  resin,  and that  there may be other  chemicals  used instead,  though monoethylene glycol  is
commonly used in the manufacturing of polyester resins [41] [42] and polyester resins have been
shown to have a strong bonding effect to mediums such as brick and concrete [43].



7. Overall     Discussion

The thermal stability data shows that, in combination with previous research, the Bebbington Brick
Services Weathering Tint is a thermally stable product, with no signs of combustion or significant
change  in  the  physical  structure  of  the  sample,  beyond  the  formation  of  siloxane  bonds  after
evaporation. Both of the  Dyebrick samples, which are the Soot Wash mixture and the Pot C fixing
agent, also showed no visible signs of combustion as their results were very similar to that seen in
the Bebbington sample. This is surprising, as both the Soot Wash mixture and Pot C fixing agent are
known to contain organic compounds that are potentially combustible, though the concentrations of
these compounds may be so small as to not be noticeable. That being said, there was a noticeable
feature in the Dyebrick Pot C DSC trace, labelled A in figure 1D, though this sort of feature is not the
sort of feature that would be typically associated with combustion. Regardless, this variation in the
DSC trace could be an argument for slight thermal instability. Combustion is typically shown by a fall
in  mass,  accompanied by  a  rise  and fall  in  heat  flow.  This  observed feature  only  falls  and then
continues rising again after, back to 0 mW. The only sample that produced a significantly different
result was the Liquid Weather sample, as it does seem to be somewhat combustible based on the
weight loss pattern and heat flow trace at the temperatures of 350°C and 470°C. These temperatures
are easily reachable during the event of a fire. It would be expected that due to the weight loss, this
product is most likely producing some form of gas. This also provides more evidence of the presence
of organic compounds being used for its binding agent, especially in combination with the SEM, EDX
and LC-MS results. Considering the presence of organic binding agents, any combustion would form
smoke, which explains the gas release. In further research, a dried sample could be tested for its
thermal properties instead, as it could provide more information on how each product would behave
in a real life situation, after its application to brick. One way of testing it could be to apply each
sample to brick and carry out TGA and DSC on the coated brick sample itself.

The Bebbington Weathering Tint does not appear to affect porosity of a bricks surface, as movement
of water into a brick treated on the surface with Bebbingtons Weathering Tint was observed to be at
the same rate as that of an untreated brick surface. This was almost identically matched by the
Dyebrick Soot Wash treated sample,  albeit  slightly  slower which could  be a result  of  either  the
compounds present in the product, such as a potential silicone matting agent or some other form of
polymer, or from the difference in pigment particulate size, as the particulate matter seen in this
sample was much finer and homogenous, which could result in a coating that has a tendency to fill
the pores of a brick surface, or just to provide a smoother coating with minimal gaps between the
pigment particles. Both of these samples were drastically different when compared to the  Liquid
Weathering Aging  Solution  treated  sample,  which  prevented  almost  all  movement  of  moisture
through  the  brick  surface,  and  caused  the  water  to  bead,  which  is  indicative  of  a  hydrophobic
coating, most likely formed from a resin. The results from EDX went on to further confirm this, as
there was a high level of carbon and oxygen detected in the Liquid Weather coating, suggesting an
organic basis for its bonding mechanism.

When viewing all of the elemental and compositional data together, it can be concluded that the
Bebbington  Weathering  Tint  mainly  contains  potassium  silicate  with  iron  and  titanium  being
detected from the ilmenite pigment, as determined from the ICP-OES and EDX results. There are no
signs of  other  elements  present  for the Bebbingtons product,  except for  the slight  peaks  in  the
spectra produced through ATR-FTIR, labelled as P in figure 9A. These peaks of C-H or N-H bending
vibrations  could  indicate  the  presence  of  other  compounds  in  solution,  either   through
contamination or from remnants of the production methods used for the  K71 potassium silicate
solution or the ilmenite pigment. Despite this, there is no evidence from any of the other tests to
suggest otherwise. There were no significant levels of carbon or nitrogen detected through EDX. The
LC-MS did show evidence of a polymer being present, which is assumed to be some form of silicate



polymer, as some masses did match with that seen in previous research, and also with the Dyebrick
Pot C, which is known to contain potassium silicate as well. As it is assumed to be potassium silicate,
and based on previous research of its behaviour in solution, it can be assumed that these polymeric
structures only occurred once the solution had been passed through the LC-MS, as orthosilicate
typically  exists  as  monomers  and  small  oligomers  in  solution,  when  at  a  high  pH,  which  the
Bebbington Weathering Tint is at it was at a pH of 12.38. The Dyebrick Soot Wash mixture was seen
to contain some form of polymer as well, but what chemical it is would be impossible to tell. Based
on their specification sheet, and the statement that it contains a matting agent, the best guess would
most  likely  be a  silicone resin,  as silicone resins  are typically  used as  matting agents.  They also
provide some degree of liquid water resistance whilst allowing water vapour to pass through, which
may explain partially the delayed absorption rate in the water contact angle test.



8. Conclusion

After carrying out analysis on all products available, the Bebbington Brick Services Weathering Tint
was seen to be the most thermally stable, as there were very clear and simple TGA and DSC traces,
showing a clear progression of dehydration to potential condensation reaction. The  Dyebrick Soot
Wash mixture was seen to be very thermally stable as well, but in comparison, the Dyebrick Pot C
components showed some slight variation in its thermal stability. Finally the Liquid Weather Aging
Solution  showed  signs  of  combustibility  in  both  the  TGA  and  DSC  traces.  There  was  a  slight
measurable  drop  in  weight  and  a  peak  in  heat  flow  twice,  both  of  which  are  typical  signs  of
combustion.

In regards to porosity, the Bebbington Brick Services Weathering Tint was seen to be the sample
which affected porosity the least, with water absorption rates in brick equal to that of an untreated
brick sample. This is due to the nature of potassium silicate as a binding material. The Dyebrick Soot
Wash product was seen to have a minimal effect on the porosity, slowing down the water absorption
rate  slightly,  which  after  further  analysis  could  have  been  the  result  of  a  difference  in  pigment
particulate size, or from the addition of other chemicals, one of which is potentially a silicone resin.
The Liquid Weather Aging Solution treated sample significantly affected the water absorption rate,
essentially stopping any water absorption at all. This was later confirmed to be the result of some
form of resin binding to the surface, forming an impenetrable hydrophobic  coating. The resin,  if
based on the components found in their specification sheet, is most likely a polyester resin, though
the  masses  found in  LC-MS do  not  match  up with  this,  and  could  suggest  another  polymer,  or
another component of a monoethylene glycol-based polymer being present.

Finally, all products were found to potentially contain some form of polymeric substance. Two of
these, the Bebbington Brick Services Weathering Tint and the  Dyebrick Pot C, are assumed to be
silicate polymers formed during the LC-MS process itself. The other samples; the Dyebrick Soot Wash
mixture and the Liquid Weather Aging Solution, were found to also potentially contain some form of
polymer, and based on the specification sheet information and the data gathered through EDX, these
polymers are most likely organic based.
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