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Understanding the Fundamentals of pH

The author explains and describes pH and details both its usefulness and
limitations as a measuring tool for textile cleaners and inspectors.

o, e WE G 5 Photo'courtesy of Jeff Kirg
B a C kg ro u n ' Historically, .the

*carpet, cleaning,
and associated industries have advised end users
and cleaning professionals to choose products
that fall within or below specified pH ranges. More
recently this approach has been challenged as inad-
equate in that it eliminates some products which
were reported not to harm textiles, whereas others
which met the pH criteria had an adverse impact
on color. In other words, pH does not correlate well
with adverse impact on textiles. Further, the argu-
ment has been made that “alkalinity” and “buffer
capacity” are more important characteristics of a
cleaning product. It is in the interest of all parties
to better understand the relationship of cleaning
formulation chemistries with color and with stain-
resistance properties of textiles.
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In 2007, the IICRC undertook the
“IICRC pH Project” to bring clar-
ity to these issues. From the project
the following paper was devcloped.
It has not been widely disseminated
in the industry until now.

Project Objectives

o An understanding of the rela-
tionship of pH, alkalinity, and
buffer systems on the color and
stain resistance of textiles.

o Assess the value of measuring
pH/alkalinity on textiles, and if
useful, how useful.

o Provide recommendations to
professionals.

Approach

 Develop appropriate science via
critical review of existing work
and supplement with sound
experimental statistical design
and analysis.

» Solicit and involve key industry
members to develop the desired
science.

o Utilize qualified laboratories and
accepted test methodologies.
o Peer review.

o Publish/publicize the results.

When addressing these objectives,
it is useful to identify key audiences
for this project, key performance
expectations, and the informa-
tion needed in support of those
expectations:
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Cleaning Professionals: Effectively
clean carpet and textiles without
significantly affecting the color, fast-
ness to light and oxidizing agents,
or special performance proper-
ties (e.g., stain and soil resistance);
basics of acid/base interactions and
the practical elements of use.

Carpet Inspectors: Effectively apply
acid/base knowledge to recognize
and properly diagnose field ques-
tions; practical knowledge of acids/
bases and simple analytical skills.

Instructors: Effectively and accu-

rately convey the practical ele-
ments of acid/base chemistry and
the supporting science; sufficient
understanding of the underlying
fundamentals.

Relevant Acid/Base
Fundamentals

Historically, acids and bases have
been defined in varying ways. For
example, the earliest descriptions
consisted of taste and feel. As under-
standing evolved, the importance of
hydrogen became apparent. Today,
the most common and practical
approach is the Bronstead-Lowry
concept of acid base behavior: an
acid is a proton donor (hydrogen
ion), and a base is a proton acceptor.
Generally, acids are capable of dis-
sociating as follows:

CHEMICAL EQUATION 1:
K

H-A = H'+ A

“HA” represents the proton donor
(or acid), “H*” is the hydrogen ion,
and “A-” is the conjugate base of the
acid. “K” is the equilibrium constant
for the system and tells us something
about the relative strength of the
acid/base system. Mathematically, K
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is a function of the respective molar
concentrations of the above chemi-
cal species and is as follows:

CHEMICAL EQUATION 2:

_[HIA-]
K= "ThA]

The magnitude of K tells us the
degree to which the acid dissociates.
Strong acids will be highly dissoci-
ated; i.e., the equilibrium in Equa-
tion 1 will lie well to the right, which
means that the concentrations of
the hydrogen ion and the conjugate
base will be very large compared
to the concentration of the parent
acid. As a result, K will be very large.
Conversely, weaker acids will con-
tain higher relative concentrations
of HA versus the ionized species
(equilibrium lies more to the left in
Equation 1), and therefore, K will be
smaller.

The above, while useful as a start-
ing point, leaves out a critical ele-
ment in a discussion of acid/base
behavior. This is the role of the sol-
vent. Practically speaking, the only
solvent of importance to cleaning
professionals is water. Because water
is a “protic solvent” (i.e., capable of
donating and receiving protons), its
properties add another layer of com-
plexity to the characterization of
acid/base behavior.

Although, Equation 3 is analogous
to Equation 1, the reality is that the
dissociation of water is more appro-
priately characterized as a proton
transfer reaction as illustrated in
Equation 4. The hydronium ion is
introduced here (H,O) because a
bare proton will not exist in an aque-
ous environment and will always be
associated with a water molecule.
Having said that, Equation 3 typi-
cally is used for simplicity.
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CHEMICAL EQUATION 3:
H,0 <= H*+ OH-
CHEMICAL EQUATION 4:
H,0 + H,0 += H,0" + OH-

The water molecule is thermo-
dynamically very stable. Hence,
pure water does not dissociate to
a significant degree and as a result
at 25°C the hydrogen ion con-
centration will be approximately
1 x 107. Of course, the hydroxide
ion concentration will be equal to
the hydrogen ion concentration and
also be about 1 x 107. Therefore,
K, =1 x 10™ (see Equation 5). K
is an important function because it
defines the boundaries around aque-
ous acid/base behavior in water.

CHEMICAL EQUATION 5:
K, = [HI[OH-]

As was touched on earlier, the
strength of an acid will dictate its
degree of dissociation in water and
will be observed in its equilibrium
constant, K_(see Equation 6). Con-
currently, the strength of the con-
jugate base will be illustrated by
the equilibrium constant (K,) in
Equation 7.

CHEMICAL EQUATION 6:

_[HIA]
Ty

K
CHEMICAL EQUATION 7:
« = [HAJOH-]
o [A-]

It is important to recognize that in
aqueous solutions K, does not equal
K, for an acid and its conjugate base,
because they are built upon reac-
tions that are not the reverse of each
other. Without getting into the the-
ory and the math, we can, however,
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pK, Base

HCIO Perchloric acid approx. -7 ClO4- approx 21
HCI Hydrochloric acid approx. -3 Cl- approx. 17
H,50* Sulfuric approx. -3 HSO4- approx. 17
H,0" Hydronium ion 0 H,0 14
HSO,- Bisulfate 1.9 S0,? 12
H,PO, Phosphoric acid 212 H,PO,- 1.88
CH,COOH Acetic acid 47 CH,COO 9.3
H,CO, Carbonic acid 6.37 HCO, 763
H,PO,- Dihydrogen phosphate 7.2 HPO,? 6.8
HCN Hydrogen cyanide 9.2 CN 4.8
NH,+ Ammonium jon 9.25 NH, 475
PhOH Phenol 10 PhO" 4
HCO,- Carbonate 10.25 CO,? 3.75
HPO,? Hydrogen phosphate 12.67 PO, 1.33
SIO(OH); Silicate 12.6 SiO,(OH)2 14
H,0 Water 14 OH- 0

NH, Ammonia approx. 23 NH,- approx. -9
OH- Hydroxide approx. 24 0O approx. -10

* Listed in decreasing order of acid strength

relate K and K| through K  because
of the role water plays in the system
(see Equation 8). Therefore, if we
know K, or K, we can determine
the other.

CHEMICAL EQUATION 8:
K, = K * K,

There are several reasons for the
preceding exercise. One of the more
importantisthatit providesthe foun-
dation for understanding the easy
comparison of relative acid and base
strengths through the use of aque-
ous equilibrium constants. Because

the Keq range over several orders of
magnitude, it is common to employ
the negative log of K, K, or K
(-logK, , ), which are known as
pK,, pK,, or pK . Table 1 lists a num-
ber of commonly encountered acids
and bases and their pK s and pK;s.

Table 1 is a convenient segue into a
discussion of the interactions of acids
and bases. The mixture of an acid
and a base will result in the transfer
of protons (hydrogen ions) between
the two. The extent and direction of
proton transfer will depend upon
the relative strengths of the acids
and bases; i.e., final concentrations
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of components will be thermody-
namically driven. The more stable
energetically the conjugate base is
in aqueous solution the weaker it
is, and the stronger the parent acid.
For example, chloride ion (Cl) is
very stable in water and as a result,
hydrochloric acid is a very strong
acid. It will readily transfer a proton
to any base stronger than chloride
ion. Therefore, HCl will be com-
pletely dissociated in water, which
is a stronger base (proton acceptor)
than chloride ion.

The acids and the associated con-
jugate bases in Table 1 are listed
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in order of decreasing acidity and
increasing base strength, but it could
just as easily be visualized from a
proton energy transfer perspec-
tive. The free energy released with
proton transfer increases as you go
down Table 1. Therefore, any acid
will transfer protons to any base to
the right and below it on the table.
The greater the separation energeti-
cally between an acid and a base, the
higher the degree of proton transfer
to the stronger base. For example,
acetic acid would transfer protons
to bases such as cyanide, carbonate,
and phenoxide, but would not to
any appreciable degree to chloride
or bisulfate.

One final comment on proton
transfer — hydroxide ion (OH-)
is the strongest base that can exist
in water, which means that it will
accept (extract) protons from any
acid. Although there are stronger
bases, such as amide (NH,), they
cannot physically exist in water
because a proton will rapidly trans-
fer from water to form ammonia
and OH". This is termed the leveling
effect of water; i.e., all bases stronger
than OH" will pick up a proton from
a water molecule to yield OH" in
aqueous solutions, and thus “stron-
ger” bases will appear to be only as
strong as OH".

Frequently the quantitative treat-
ment of acid/base chemistries is of
interest because of a desire to keep a
system at a given or constant hydro-
gen ion concentration. This is com-
monly referred to as the pH, which
similarly to pK,, is the negative log of
the hydrogen ion concentration. We
are in reality dealing with hydrogen
ion activity — this is because solu-
tion factors such as ionic strength
and constituent concentrations will
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influence [H]. For dilute solutions,
estimates of hydrogen ion concen-
tration will be sufficient; however,
for high concentrations (approach-
ing 0.1M) estimates depart from
expectations. For our purposes, and
for most applications encountered
by industry professionals, [H*] will
be adequate.

In order to estimate the pH of a
solution one needs to know some-
thing about its constituents: ther-
modynamic properties and nominal
concentrations. For example, the
math behind pH calculations for a
solution of a single strong acid, such
as HCI, tends to be relatively straight
forward. In an aqueous solution
of HCl there are three species for
which concentration is of interest:
[HCI], [H,0"], and [CI']. These can
be estimated if three independent
relationships exist.

1. The dissociation of water:
CHEMICAL EQUATION 9:
[H,OT[OH] =K, (1x10™)

2. The mass balance relationship for
the acid can be related back to the
starting (nominal) concentration
(CHC) and chloride ion [Cl-]:

CHEMICAL EQUATION 10:
[HCI] + [CI-1= CHCI

3. Finally, the number of negatively
and positively charged species
must be equal (i.e., electroneu-
trality), therefore,

CHEMICAL EQUATION 11:
[H,07] = [OHT] + [CI]

With the above relationships in
hand, one can begin to solve and
combine terms. For example, Equa-
tion 9 allows us to solve for [OH] (i.e.,
=K /[H,0]), which can be inserted
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into Equation 11. Further, we know
that HCI is a very strong acid and
will be 100 percent ionized in aque-
ous solution. Therefore, [HCI] will be
essentially zero and chloride ion will
equal the starting (nominal) concen-
tration of HCI ([Cl'] = CHCI), which
allows us to substitute into Equation
11 terms with values we know (see
Equation 12).

CHEMICAL EQUATION 12:
[H;0"]= KW/[H3O+] + CHCI

From this it is obvious that for
concentrations of hydrochloric acid
(Cye) greater than about 107M, the
first term is inconsequential and the
hydrogen ion concentration will
equal the nominal HCI concentra-
tion. Of course, as the amount of
starting acid becomes more dilute
the first term assumes more impor-
tance, and will eventually domi-
nate for extremely dilute solutions
of a strong acid. This same basic
approach can be taken with any
strong acid or base.

However, for weak acids and bases
it will be necessary to take into
consideration the equilibrium con-
stants (K, or K,). For the simplest
case of an aqueous solution of a
single weak acid, the series of equa-
tions used to define the pH reduces
to a cubic polynomial function in
[H'] (without going through the full
derivation, the outcome function is
provided in Equation 13).

CHEMICAL EQUATION 13:

[HTP + KJIHT - (K, + C . KOHD -
KK, =0

From a practical standpoint, it
is possible to simplify Equation
13 substantially if the acid is not
extremely weak or extremely dilute
(< 10~°M). In situations where [OH"]
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is small versus [H'], and yet the acid
is still essentially unionized (i.e.,
protonated) then the [H'] <<C_,
(nominal acid concentration), and
the approximation in Equation 14
will be valid.

CHEMICAL EQUATION 14:
[H71=KCD"
Likewise, for a weak base:

CHEMICAL EQUATION 15:
[OHT = (K,Cpp)”

In the real world, it is more com-
mon to encounter complex mix-
tures of acids and bases. In these
systems, the final state (and the
associated pH) will depend on the
relative strengths and weaknesses
of the acids and bases present and
their concentrations.

Recall the earlier discussion around
thermodynamic strengths of acids
and bases. When first mixed, those
acids and bases with the greatest free
energy differences will exchange
protons first, and as one depletes,
weaker acids and bases will come
into play until the system comes
into equilibrium. Note that this does
not mean that proton exchange does
not occur at equilibrium; however,
the relative concentrations of the
players becomes static.

For a complete understanding of
where hydrogen ion concentrations
come out in these situations, it is
necessary to include the equilibrium
expression for the acids or bases
involved. Of course, as the number
of solution constituents increases,
the math relationships become
more complex and cumbersome.
When multiple acids and bases are
involved, estimates are typically
made by identifying the appropri-
ate equilibrium, mass balance, and
electroneutrality expressions, solv-

e

ing from this system of equations in
terms of hydrogen ion concentra-
tion, simplifying to the extent fea-
sible by dropping terms that have an
insignificant impact, and then solv-
ing the relationship that is left via an
iterative calculation process.

The approach to a two-component
mixture is similar to that previously
discussed. For example, let’s look at
asolutionof HA and HA , whichare
weak acids. The first step is to look
at the charge balance expression
in Equation 16. Likewise, we can
define the concentration of the
conjugate bases via the respective
equilibrium constant expressions
(Equations 17) and the mass
balance equations (Equations 18)
to yield Equations 19 and 20.

CHEMICAL EQUATION 16:
[H+]=[Al-] + [A2-] + [OH-]
CHEMICAL EQUATION 17:
[AT =Ky, [HA]]/[H*] and
[A, 1=K, [HAL/TH]
CHEMICAL EQUATION 18:
[HAT=C,,, - [A-]and
[HAz:l = CHAZ - I:Az_:|

Substituting and solving for the base
concentrations yields:

CHEMICAL EQUATION 19:

[Af] = (CHA1 KHA\)/(KHAw +HD
CHEMICAL EQUATION 20:

[’A‘z":| = (CHA2 KHAZ) / (KHAZ +[HD

Also recall [OH-] = K /[H"], and
so substituting into Equation 16
yields the following relationship:

CHEMICAL EQUATION 21:

[H+] = (Cy KHA1)/(KHA1 +[HD +
(Chnz KHAZ)/(KHAZ +[HD + Kw/[H+]
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The general approach described
above in which the appropriate acid/
base equilibria, mass balances, and
charge balances are utilized to define
a series of equations can be used in
a wide range of situations (including
buffer systems, polyprotic systems,
and ampholytes). Although most
relationships derived in this man-
ner appear complex, recognition of
when various terms become insig-
nificant and can be ignored helps
make many of these calculations
much more straightforward.

In closing out this section, it is
important to review a few concepts
which are illustrated in the above
theory, but not clearly articulated —
specifically acidity and alkalinity.

Knowledge of the pH of a solu-
tion alone does not provide much
information. For example, based on
pH measurements alone, a dilute
solution of KOH at pH 11 would be
indistinguishable from a solution of
sodium carbonate/sodium bicar-
bonate at pH 11. However, titra-
tion of each of these solutions with
a strong acid would result in sub-
stantially different quantities of the
acid to reach the equivalence point
— around two orders of magnitude
difference. The acid-neutralizing
capacity of these two solutions is
quite different. The carbonate sys-
tem would consume much more
acid than the KOH solution, and in
this comparison has a higher alka-
linity. Of course, this concept also
applies at the opposite end of the pH
spectrum for acidity.

Many aqueous systems will
exhibit both acid and base neutral-
izing capacity. Of course, many of
these make excellent buffers; i.e.,
solutions that can either accept or
donate protons from added acids
or bases over significant concen-
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tration ranges without resulting in
dramatic changes in pH. Buffers are
extremely useful when it is neces-
sary to maintain close pH control of
a solution or process.

Finally, a word about the utility of
titrations. As implied above, titra-
tion of a solution provides more
information than pH alone. How-
ever, recognize that because titra-
tions are typically carried out with
either very strong acids (e.g., HCI)
or bases (KOH) they will react with
all bases or acids in the solution. For
example, a KOH titration of a mix-
ture of strong and weak acids would
react with all proton donating spe-
cies, which yield a weaker conjugate
base than OH". This would include
inorganic acids (e.g., sulfuric),
organic acids (e.g., acetic), and even
weak acids such as phenols. In these
situations, the total acidity or alka-
linity will be difficult to interpret
in the absence of knowledge of the
components in the mixture. In the-
ory, however, if the solution is not
complicated, it may be possible to
extract some information when the
entire titration/pH curve is avail-
able. Where clear breaks occur in
the curve, it is possible to estimate
a pK, which may be attributable to a
specific acid/base system.

Practical Aspects of
Acid/Base Chemistry

A basic exposure to a handful of
general acid/base chemistry con-
cepts will be helpful to industry
professionals. The intent of this sec-
tion is to highlight these with some
rationale behind their importance.

Before approaching those con-
cepts, it is useful to review the
reasons  the  aforementioned
understanding is necessary. First,
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professionals will encounter prod-
ucts and materials which will essen-
tially span the aqueous-based pH
range. Further, some of these prod-
ucts and materials have the poten-
tial to damage textile fibers via
unintended contact (e.g., spills) or
inappropriate use.

The reactive chemistries of acids
and bases tend to be most problem-
atic. For example, both acids and
bases are capable of facilitating the
hydrolytic breakdown of critical
building-block functional groups
such as esters and amides to form
acids and their respective alcohols
and amines. Polymers such as poly-
esters and polyamides tend to be
relatively robust to strong acid and

will be related to the physical char-
acteristics of the fiber, the proper-
ties of the dye, and to some degree
on the location of the dye in/on the
fiber (e.g., when dye is more heavily
concentrated near the surface there
is a greater opportunity for move-
ment of perceptible amounts of
color). With respect to the charac-
ter of dyes, cationic dyes move more
readily at lower pH whereas anionic
dyes move more readily at higher
pH. Of course, in most cases, clean-
ing professionals have few details
about the dyes used on a textile to
be cleaned; hence, the almost uni-
versally offered guidance prior to
use of a cleaning solution is to test
it on an obscure section to ensure it
does not have an adverse affect.

“Buffers are extremely useful when it is
necessary to maintain close pH control of
a solution or process.”

base exposures; however, extended
exposure and elevated tempera-
tures can result in significant levels
of hydrolysis and negatively impact
polymer integrity. Care should be
taken to prevent extended expo-
sure of wool to strongly alkaline
conditions due to the propensity of
some amide linkages in the proteins
to hydrolyze.

Strong acids and bases can also
have adverse impacts on color. For-
tunately, most dyed fibers employed
today for textiles are relatively sta-
ble. However, it is possible under
certain conditions to remove some
dyes (generally involving extended
times and temperatures). The pro-
pensity of color to shift on a fabric
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Highly alkaline solutions (> pH
10) can also affect stain-resist treat-
ments. This is because most of the
products utilized today for stain-
resistant nylon have been devel-
oped around polymeric or oligo-
meric sulfonates, carboxylates (e.g.,
acrylates), and substituted phenolic
chemistries. These agents locate
near or on the surface of the fiber.
Fortunately they do not move very
quickly, so under the conditions
utilized by most cleaning systems
(temperature, time, pH, etc.), clean-
ing will have limited impact on
stain-resist performance.

The rationale for advising use
of cleaning chemistries at < pH
10 dates to the late 1980s. The
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reasoning was mostly attributable
to the application of sulfonated
phenolic oligomers as the principle
stain-resist agent. Around pH 10
it becomes possible to deprotonate
the phenol (i.e., ionize to the base
form). Note: pk’s of the phenols
typically used in early stain resists
ranged from about pK, 9.5 to pK,
10.5. Under these conditions the
oligomer is much more water solu-
ble, and therefore, potentially more
extractable. Whether this concern
is still valid will be addressed later.

tem to measure. Historically for fab-
rics, this was done with simple tools
such as pH paper; however, as por-
table pH meters have become more
affordable and prevalent, they have
found their way into the hands of
cleaning and inspection profession-
als. Today, the literature suggests
that pH meters (including portable
pH meters) have some applicability
to carpets and other fabrics.

It is important for those using pH
meters on dampened textiles to rec-
ognize their limitations. First, the

“One of the principle drawbacks to a
pH measurement is that it only reveals
one limited piece of information. pH is a
reflection of the intensity of the hydrogen
lon activity in a solution.”

Before going further, let us address
a handful of foundational topics
and the respective understandings
the industry professional will find
of value.

The first is the use of pH data.
Currently, pH measurements are
employed by some professionals to
assess the “pH” of a carpet or other
fabric in either a diagnostic frame-
work (e.g., make some judgment
around spills or cleaning chemis-
try) or to ascertain a need to “neu-
tralize” the carpet. Of course, the
question arises whether these mea-
surements allow judgments to be
made. Both theory and the avail-
able science suggests that some
interpretation is possible, but only
with considerable care.

Generally, pH is one of the easier
characteristics of an aqueous sys-

measurement is subject to two criti-
cal variables: temperature and the
ionic strength of the solution mea-
sured. Temperature can be managed
with proper calibration of the meter.
However, ionic strength, which is a
function of a variety of substances,
including acids, bases, and any neu-
tral salts left on the fiber (e.g., cal-
cium or sodium chloride deicers),
can effect pH measurements. This
is because the glass electrodes used
in pH meters respond to hydrogen
ion activity, and as ionic content
increases, hydrogen ion activity is
hindered. This will yield a higher
pH reading. At low ionic strengths,
the impact on a pH reading will
be minimal; however, as ionic
strengths increase, the impact on
pH readings becomes significant.

It may be possible to glean
some information from relative-
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difference measurements on a car-
pet (e.g., compare pH readings
from different areas or against a
control such as atfic stock). But
as was illustrated in the “funda-
mentals” section, this is a metric
of limited utility in the absence of
substantially more information. In
some instances it may be useful for
hypothesis building when pH read-
ings fall at the extremes, especially
associated with spills and stains. For
example, low pH readings (< 3) or
high-pH readings (> 11) in local-
ized areas suggest asking questions
about or looking for use of certain
types of products.

As was referenced previously, one
of the principle drawbacks to a pH
measurement is that it only reveals
one limited piece of information.
pH is a reflection of the intensity of
the hydrogen ion activity in a solu-
tion. At the pH extremes, we know
that we are dealing with very acidic
or very alkaline entities, and there
are only a handful of substances in
common use that fall into these cat-
egories (see Table 1). Any pH mea-
surement between those extremes
could be achieved via a variety of
avenues ranging from the very sim-
ple to the very complex. For exam-
ple, a pH of 7.4 could be achieved
with a very dilute KOH solution
or the biological buffer systems in
human blood.

The pH measurements of an aque-
ous solution do not provide much
information about the acids or bases
in use, nor do they offer any infor-
mation on acid or base neutralizing
capacity. It is the capacity element of
a solution which is of primary con-
cern. For example, stain resists uti-
lize building blocks with extractable
protons above pH 10 (phenols). In
theory it is possible that a solution
of pH 11 which was not buffered
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would have little adverse impact on
a stain resist. Even though the base
was strong enough thermodynami-
cally to remove the phenolic proton,
there could be an insufficient level
of the base (capacity) to have an
effect. Conversely, a solution at pH
9 which was heavily buffered could
have a significant effect on stain
resistance if left in contact for suf-
ficient time.

As an aside, concerning the ques-
tion of whether the pH guidance
for cleaning stain-resistant carpet
should be for the concentrate or the
ready-to-use solution, most cleaners
and organizations have interpreted
the guidance for < pH 10 to apply to
the ready-to-use solution. Although
this is a less conservative approach
than specifying the concentrate pH,
experience suggests this is an
acceptable position.

This is an area where the avail-
able science is sparse as it relates to
cleaning stain-resistant nylon car-
pet; therefore, it would be prudent
to pursue research with an objec-
tive of mapping the boundaries of
the relationships between cleaning
solution pH, alkalinity, and stain-
resist performance.

It should be recognized that fac-
tors beyond pH and alkalinity
may be important. For example,
research from The WoolSafe Orga-
nization has highlighted the gaps
in understanding of the role of the
chemicals utilized in cleaning for-
mulations with respect to the loss of
color from wool fabrics. WoolSafe
found no correlation between the
pH of cleaning solutions and color
loss. But in products that were buff-
ered, the total alkalinity displayed
a rough correlation with color loss.
However, based on the data avail-
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able, alkalinity still only accounted
for about /5 of the variance in
the dataset. This strongly suggests
additional factors are important,
probably related to other physical
properties of specific chemicals.
It would be useful from a research
standpoint to explore the potential
impact of various chemicals used
in cleaning solutions for impact on
wool color loss, in order to to iden-
tify common features to be avoided
by manufacturers.

Today, many cleaning profession-
als attempt to “neutralize” textiles

at a given pH, the logical approach
is to rinse with a buffered solution
in the target range. This would be
the tactic regardless of whether the
original pH reading for the fab-
ric was acidic or basic. Subsequent
pH meter readings could be used
to determine whether the rinse
brought the pH into range.

There is one significant unknown
and potential drawback to rinsing
with a buffered solution to bring a
textile to a desired pH. When these
solutions dry, they concentrate
on the fiber surface and also leave

“In theory it is possible that a solution of
oH 11 which was not buffered would have
little adverse impact on a stain resist....
Conversely, a solution at pH 9 which was
heavily buffered could have a significant
effect on stain resistance if left in contact

for sufficient time.”

based on pH measurements. An
example would be where a cleaning
professional measured a pH of 3 on
a carpet and believes rinsing with a
pH 11 solution will move it to pH 7.
There is considerable opportunity
for mistakes or unnecessary work
based on a lack of understanding of
acid/base chemistry, and it is essen-
tial that the cleaning and associated
industries emphasize the limita-
tions of pH measurements in this
area. Specifically, “neutralization”
is not practically achievable, at least
as frequently envisioned, given the
complex systems encountered in
the real world.

Acid/base science tells us that if
it is desirable for a carpet to finish
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behind salts. The ramifications of
leaving these salts behind is not
well understood. It is possible,
and probable, based on anecdotal
observations, that the effects are
minimal for at least some buffer

systems. However, there is an
uncertainty based on a lack of
published research.

A simpler and potentially more
effective approach to moving the
pH of a fabric to an acceptable
range is to apply a warm or hot
water rinse. The basic concept is
one of serial dilution (recall that
diluting 1 mL of a solution in 10 mL
of water, and then diluting 1 mL of
that solution in another 10 mL of
water, etc. will result in successive
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ten-fold reductions in concentra-
tion such that after three serial
dilutions, the concentration of the
solution is /1000 the original). The
mass transfer dynamics for removal
of substances from a fiber with a
spray-extract system are not easily
modeled, given the number of vari-
ables. However, it would be antici-
pated that two to three spray-extract
passes with clear water would have a
measurable impact on pH.

Although the theory is well
founded, there currently are no sci-
entifically derived data quantifying
the impact of the above approach.
Therefore, it would be prudent to
pursue research with the objective
of assessing the impact of warm or
hot water rinses on the measured
pH of carpet.

formance expectations and infor-
mation needs were identified. The
following addresses the latter for
each group.

For cleaning professionals the key
points are:

o Familiarity with the pH scale;
that it is a nonlinear scale; that
as pH measurements of a solu-
tion approach either extreme,
the stronger the acid or base, the
greater the potential for adverse
impacts on textiles.

» For the vast majority of aque-
ous solutions encountered, the
measured pH of a solution is
the result of a complex series of
interactions between the compo-
nents; a pH measurement alone
provides essentially no informa-

“The practice of ‘neutralizing’ textiles

thought to be too acidic or

base,

based on a pH measurement, should
be discouraged. Rather, these materials
should either be rinsed with a solution
lightly buffered in the final target range,
or simply spray-extracted with hot or

warm water.”

Summary

The purpose of this project was to
review the available science related
to acid/base chemistry, its applica-
tion to the professional cleaning
industry, and to provide insight
and guidance to the industry where
appropriate. An additional intent
was to highlight important gaps in
the science for future research.

At the beginning, three important
constituencies and their key per-

tion about an unknown solu-
tion’s makeup.

« A pH measurement of a carpet
or textile typically reflects the last
aqueous environment the fibers
experienced; however, further
interpretation is extremely lim-
ited in the absence of additional
information about what was used.

« The safest approach to what may
be thought to be a high or low
pH reading on a textile is to rinse
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with hot or warm water, which
will move subsequent readings
closer to neutral.

» Before cleaning a carpet or textile
fabric, especially when a warranty
is involved, seek and review
manufacturer-provided cleaning
information. If not available,
employ common practices such
as those described in the ANSI-
IICRC S100.

+ Always follow label instructions
for proper handling and use of
cleaning-related products formu-
lated for use on textiles.

+ Before use, always test a small
amount of the solution to be used
on an obscure portion of the tex-
tile to be treated to ensure it does
not adversely affect the material.

For inspectors, in addition to the
items above for cleaning profession-
als, add the following:

« Acidity and alkalinity reflect the
base neutralizing and acid neu-
tralizing capacity, respectively, for
a solution; these can vary widely
for a given pH. For example, two
acidic solutions could have exactly
the same pH, but the amount of
base required to neutralize them
could differ substantially.

o If a pH measurement is taken in
the field, it is important that the
individual taking the measure-
ment be adequately trained on
the device and understands the
limitations on interpretation.

o The practice of “neutralizing”
textiles thought to be too acidic
or base, based on a pH measure-
ment, should be discouraged.
Rather, these materials should
either be rinsed with a solution
lightly buffered in the final target
range, or simply spray-extracted
with hot or warm water.
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Although pH alone may not be

useful in determining cause and
effect, in some instances it may
provide some supporting data
when the possibility exists for
a spill or inappropriate use of a
strongly basic or acidic product.

For instructors, in addition to the
items above for cleaning profession-
als and inspectors, add the following:

It is not necessary to have a
deep understanding of acid/base
theory to teach the practical ele-
ments required for those in the
industry. However, knowledge of
acid/base equilibria will be a use-
ful foundation block. Note: the
mathematical treatment of acid/
base behavior has no practical
value to those in the field and is
at most only of esoteric interest to
those who instruct.

Recognition that pH is a reflection
of the thermodynamic state of an
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aqueous system, which is indepen-
dent of the acid or base neutraliz-
ing capacity of a solution. The for-
mer is a function of the aqueous
stability of the conjugate base(s)
of the acid(s), whereas the latter
is a function of the total number
of proton-donating or proton-
accepting species in solution.

The problems strong acids and
bases create with fibers lie in their
respective  reactive chemistry;
examples include ester and amide
hydrolysis, catalysis of thermal
and photo oxidation processes
(affecting color and fiber proper-
ties), ionization of species, which
facilitates their movement or
extraction from the fiber.

Suggestions for further
research

o Assess pH pens and portable pH

meters as a function of variability
and applicability in measuring the

>> ABOUT THE AUTHOR 1

residual impacts of cleaning solu-
tions, spills, etc.

Assess the validity of the recom-
mendation to clean stain-resist-
treated carpet with solutions at
a pH of 10 or less in the absence
of any considerations of solution
alkalinity.

Evaluate  the  viability = of
neutralizing carpet previously
cleaned with buffered solutions
and use of hot water rinses to
dilute acidic or alkaline substances
on fibers. (Although theory
and some anecdotal experience
supports these approaches, hard
data would be helpful.) €

See the Vendor Directory
on page 34 for information
about products and ser-
vices related to the subject
matter of this article.
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