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DISCOLORATION

out the problem

Stone is generally used in
construction because the
designer likes the look of it
That look can be ruined by
staining or discoloration. But
it need take only minor
design modifications to
eliminate the problem.
Consultant stone specialist
Barry Hunt* explains.

* Barry J Hunt is a stone spe-
clalist with STATS engineering
and materials consultants in St
Albans, Hertfordshire. He first
presented this paper as part of
the seminar programme at the
Natural Stone Show + NAMM
Tradex at Wembley in March.

ATURAL STONE evokes a

feeling of permanence

and grandeur in con-
struction. It appears unchanging
in a world that is forever moving
forward. Stone possesses a depth
of colour and wildness of natural
features which cannot be
matched by man-made rivals
which are flat by comparison.
But natural beauty always has a
price and stone’s is an unpre-
dictable and temperamental
nature which must be attended
to carefully if the stone is not to
become spoilt.

Modern, cost-effective con-
struction demands innovative
stone use to reduce the cost-
intensive regimes normmally asso-
ciated with traditional stone
masonry. Stone has become
more accessable and the varicty
of situations in which it is used
has multiplied rapidly. New
resources have been tapped to
meet supply and, increasingly,
new materials have been
employed within the masonry.
These factors have added a
greater complexity to stone use
and with it both new problems
and the re-birth of old problems
in new guises. One of these

problems is an unexpected
change in appearance of the
stone, sometimes with dramatic
and disastrous effect.”

Looks are everything with
stone but, rather surprisingly,
stone research to date has con-
centrated on strength and dura-
bility characteristics and not the
factors that may affect the all-
important appearence. Strength
and durability are merely after-
thoughts to stone selection.
Thorough assessment com-
bined with good design, instal-
lation and maintenance should
eliminate strength and durabili-
ty problems. But there is little
guidance when addressing
appearance.,

Staining and discoloration
have become an unwanted
ovemight sensation, encapsulat-
ing everything that is fragile and
unpredictable with stone. Lack of
guidance has meant that such
problems were often written off
as something that would disap-
pear naturally. This was rarely
the case. General use might tone
down the effects, but it does not
remove them. Poultices and
other proprietary products can
be tried and do work on some

weathered materials
entering stone

kinds of staining. Even if a stain
or discoloration is removed,
there could be a high risk of
recurrence without addressing
the cause.

Staining and discoloration are
terms which are often used syn-
onymously. But they describe
distinctly different phenomena,
although the results often look
similar. Staining oocurs when for-
cign materials are introduced,
such as the spread of rust from a
metal fixing. Discoloration, on
the other hand, occurs as a result
of a change in part or all of the
natural stone constituents using
foreign materials as a catalyst. A
good example of discoloration is
alkaline water passed from
cement to limestone. In the
stone the water dissolves out
dark organic materials which are
naturally contained by the lime-
stone and redeposits them on
the stone surface.

Discoloration must be regard-
ed as the more undesirable of
the two phenomena as it
mvolves some degree of stone
deterioration which can effect
the strength and durability quite
seriously.
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Table |. Aesthetic reasons often dominate the choice of a given stone but there are many factors which can upset the final appearance, as illustrated
here. Inferior stone and associated materials can affect aesthetics at any stage in the life of a stone.
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DISCOLORATION

staining or discolouring reaction
products to cause a dramatic
change in the appearance of the
stone as the reaction products
typically include a number of
essentially amorphous (non-crys-
talline) solids which are charac-
teristically opaque — ie they do
not exhibit the light-transmission
properties of the bulk stone crys-
tals. Analysis of the reaction
products, therefore, is difficult.
And the difficulty is compound-
ed by the stone constituents
which will often contain the
same elements.

Now, though, surface tech-
nology developed for the semi-
conductor and other industries
has allowed the true nature of
reaction products to be ascer-
tained and the causes traced.

Different stain and discol-
oration occurences have been
found to be specific to certain
stages in a stone’s life — from its
position within a quarry to its
place in construction. Certain
problems could occur at any
time but require specific environ-
mental conditions or combina-
tions of other material effects.
Five different general forms have
become apparent (Table 1).

Table 1 is not exhaustive but
is a reasonable first guide to
identifying the cause of a particu-
lar stain or discoloration.

Having identified the ways
by which stains and discol-
orations may manifest them-
selves, a closer eye could then
be wmed 1o the underlying fac-
tors and how to reduce them to
avoid similar occurences in the
future.

Many examples of staining
and discoloration are the prod-
ucts of issues involved in general
care, and are thus beyond the
scope of this article. Designing
out discoloration and staining,
however, necessitates close
examination of five major factors:
stone properties; other material
properties; action of liquids; sur-
face wear; maintenance regimes.
These factors are often found ©
be linked in a variety of ways.

The key to controlling the
effects of staining and discol-
oration is the control of stone’s
ability to take on stains or
spreading discolorations. The
materials causing these problems
have to reside somewhere. If
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Quarry inspection

Identifies fresh and weathered materials,
potential for discoloration and presence

of alien materials.

Petrographic
Examination

Wetting and Drying Cycling

Solution Testing

Dretermines mineral types and possible
evidence of deterioration.

Simple test to promote oxidation.

Partial immersion in acid, alkaline and
neutral solutions to promote possible

Incorrect interpretation of the geology may
prove expensive.

Assessmnet is at an instant in time.
Discolorations may be ‘invisible’ to methods.

May not work other than for highly reactive

mineral forms.

discolouring mechanisms.

Block Testing

Setting of small stone blocks with mortar,
silicones, impregnators etc and partially
immersing in different pH solutions to

promote possible discolouring mechanisms.

Ink Spot Test

Very simple test to assess ability for stone

to take up staining or discolouring materials.

May not work but will indicate a reasonable
degree of resistance.

Can be time consuming, particularly with
respect to assessing spread of silicone oils.
May not mimic exact conditions of use.

Mone —an indicative test.

Table 2. Principal methods of assessment for staining and discoloration properties of stone and

associated materials.

they sit on the surface they can
be removed easily but if they get
into the stone, filling crystal grain
boundaries, cleavage traces and
other natural features, they may
be unremovable.

The spread of stains and dis-
colorations into stone requires
waler, or some liquid phase, and
if a barrier can be put up to such
transmission then stain and dis-
coloration products will remain
on the surface where they can
be removed. There are, then,
two options: seal or impregnate.

Sealing may not be desirable
in many instances as residual
coatings may deteriorate or need
to be re-applied intermittently.
Additionally, sealing may stop
the stone from ‘breathing’, trap-
ping unwanted materials and
leading to other problems.

Correct impregnation does
not leave residual surface films
and with the right materials will
allow vapour transmission.
Impregnation is also less likely 10
affect colour.

The art of impregnation is
employing materials of differ-
ent molecular size and finding
out which suits a particular
stone best.

Silanes, siloxanes and sili-
cones are all used for impregna-
tion. Silanes exhibit the best pen-
etration as 4 result of their small
molecular size. Silanes will pene-
trate deep into porous stones
such as limestone. But they will
be unable to fill the larger pores
for which a siloxane or even sili-
cone may be required. There is
still scepticism over the use of
impregnating agents and further
research is required, but there
may be a good future for these
materials.

If impregnation is not an
option, then a more rigorous
approach to the selection of a

particular stone and the materi-
als to be used around it is
required. Working examples
for a given design should be
identified and assessed for
their success in preventing
staining and discoloration.
Changes in material quali-
ties (especially stone’s), subtle
differences in environmental
factors and design detailing all
mean that a stone must under-
go some form of further investi-
gation into staining and discol-
oration properties. An outline
of the investigation methods
available and the types of test
that can be devised is present-
ed in Table 2. The stone can
be tested either separately and
rejected if problems are found,
or in combination with other
materials which may prove that
a potential discoloration mech-
anism can be controlled.
Whether or not liquids are
able to penetrate or be trans-
mitted by a stone, the surfaces
still present themselves for
reaction and surface staining
effects. The most common dis-
colouring reaction is that
involving iron-sulphur mineral
compounds which are found in
all rock types, though in vari-
able forms and concentrations.
Iron-sulphur mineral reaction
is still not fully understood and
there is no indicative test to pro-
mote the reaction, although wet-
ting and drying cycling and lime
water testing may show up some
highly reactive forms.
Petrographic examination
methods become important for
identifying potentially problemat-
ic iron-sulphur mineral forms
and any other potentially dis-
colouring minerals.
Acidic and alkaline condi-
tions are both found to
increase iron-sulphur mineral

decay and, indeed, most other
mineral reactions, and must be
avoided. If liquids cannot be
avoided, they must be con-
trolled to a neutral pH.

The materials used around a
stone present a permanent threat
of staining or providing a catalyst
for discoloration. They fall broad-
ly into three categories: bedding;
jointing; fixing materials.

Bedding materials may con-
tain aggregate which can release
coloured compounds. Aggressive
alkali-hydroxides within the
cement may attack certain stone
constituents. Joints may be
cementitious but silicones and
other mastic materials may be
used, especially in cladding sys-
tems. Silicones can slowly
release oils into stone causing
localised darkening, but this
problem largely has been com-
bated by the manufacturers of
these materials,

Unforeseen problems do still
occur. One instance involving
mastics happened when floor
joints literally dissolved under the
attack of alkali-hydroxides
derived from underlying bedding
materials, the reaction products
spreading across the marble
floor. Fixing may also be by
cements, but adhesives or metal
fixings, which must be stainless,
are otherwise expected. I have
yet to experience a problem with
substrate glues or resins.

Physical abrasion can have a
dramatic effect on floor appear-
ances, most notably for dark
stones. As surfaces become
scratched, light is increasingly
reflected and scattered from the
surface rather than penetrating
the stone and picking up the nat-
ural colour. This light scattering
causes a lightening in colour. For
a white stone the effect is imper-
ceptible, but for a black stone p
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even minor surface roughening
can make it appear light grey.
Impact damage from metal
shoe heels can cause star-mark-
ing in softer stones which can
lighten stone appearance, even
for white stones, and which
cannat be avoided if stone is to
be trafficked. On large expans-
es of dark stone variations in
pedestrian traffic can cause traf-
ficking lines to appear within a
matter of weeks. Uneven wear
will also result when slabs are
not laid flush in relation to
each other as raised edges will
abrade more quickly, leading

Discoloration and staining spoils the all-important look of stone.

to a lightening of the stone
close to these zones. Surface
evenness must be checked to
achieve less than 0.5mm differ-
ence in level between adjacent
slabs. For these reasons, large
expanses of dark stone are best
avoided for flooring.

Stone maintenance can only
be carried out properdy once the
limitations of the stone and asso-
ciated materials have been
addressed. The maintenance
must complement any precau-
tions against staining and discol-
oration that have been taken
while considering the in-service

Shown here are the spread of the oxidisation of pyrite in slate on
a roof (top), bedding materials on granite (middle) and staining

on limestone.
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environmental conditions. Unless
moisture is trapped behind a
stone, which is an example of a
straightforward design fault,
maintenance should be carried
out only on extemnal faces.
Maintenance will vary with
the amount of day-to-day wear
and tear in combination with the
stone type and whether the
stone is intemnal or external, flat
or featured, horizontal or
inclined. The principal factors
involved in maintenance are the
avoidance of liquids at all costs
and keeping dirt off surfaces.
Where liquids cannot be avoid-

Right. Ultra-violet light
fluorescence of a discoloured
slate impregnated with
UV-sensitive dye resin highlights
sub-surface delamination
(approx x150 magnification).
Below. Light buff/cream

limestone subjected to partial
immersion testing in an alkaline

solution mimicking the effects of

solutions that might be drawn

through the stone from adjacent
Portland-type cements. Organics

present within the stone are
rapidly drawn to the surface
where they are deposited in the
drying zone.

ed, their impact must be kept to
a minimum and, if possible, they
must be kept to a neutral pH.
Regular dry brushing and/or
wiping and carefully placed
entrance matting are typical sim-
ple measures which can greatly
reduce longer term maintenance
costs, including complete stone
replacement.

With a modicum of initial
care and relatively small modi-
fications to design concepts,
the occurrence of staining and
discoloration, wherever it
might occur, could become
significantly reduced. |

Surface and near-surface pyrite grains in slate which are oxidising
resulting in the spread of iron oxide and hydroxide
compounds.
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