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Abstract

The acid neutralisation behaviour of cement may form the basis of a quantitative analytical technique. In this work a method of ana-
lysing acid neutralisation data, termed “differential acid neutralisation analysis,” that transforms the data into a series of peaks at differ-
ent pH values is presented. This analytical technique may be used to obtain information on the quantity, type, and condition of the phases
in materials like concrete that resist acidification at particular pH levels and may also quantify the inhibitive properties arising from a re-
sistance to a fall in pH. Closely spaced peaks may be readily identified allowing the quantity of acid corresponding to a particular compo-
nent to be accurately determined. However, further work is needed to improve the collection of the data, identify the phases correspond-
ing to particular peaks, and assess the application of the technique to materials other than concrete. This may be assisted by methods of
accelerating the achievement of the solid-solution equilibrium and by the addition of standards to the material tested. © 1999 Elsevier

Science Ltd. All rights reserved.
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1. Introduction

The acid neutralisation capacity of cement pastes was
first investigated in the mid-1980s[1,2]. It involves plotting
the steady state pH against the quantity of acid added to a
series of ground samples to obtain atitration curve. Its main
use has been to investigate the leaching resistance of ce-
ment-based solidified waste matrices [2,3]. However, the
ability of cement to resist afall in pH not only affects leach-
ing [4], but is aso one of the most important inhibitive
properties affecting carbonation [5,6] and the quantity of
chloride required to initiate corrosion of steel embedded in
concrete [7].

The acid neutralisation capacity test has been recognised
as a possible quantitative analytical technique and, in addi-
tion to quantifying one of the inhibitive properties of con-
crete, may provide information on its cement composition
[1,8]. The basisfor thisisthat different hydrated phases dis-
solve at different pH levels. In this brief work a new method
of analysing acid neutralisation data is presented. This may
advance the characterisation of both the composition and
the inhibitive nature of the material examined.
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2. Acid neutralisation data

A typical titration curve obtained on an ordinary Portland
cement (OPC) concrete (400 kg/m? of OPC with an approx-
imate Bogue composition of 62% C;S, 13% C,S, 7% C;A,
and 9% C,AF) is presented in its standard form in Fig. 1. A
batch of 16 tests were undertaken to obtain this curve; each
point isthe result of adding a predetermined quantity of acid
(up to 5 mL of 2.5 M nitric acid) to 5 g of ground sample
that had been mixed with distilled water (the total volume of
liquid added was 11 mL) and measuring the pH until no fur-
ther change occurred (typically 8 days). Similar curves ob-
tained on cement pastes have previoudly been reported [1,8].

Three plateaus arising from a resistance to a fall in pH
are clearly evident. It has been postulated that these result
from the dissolution of the various hydration products of ce-
ment. For example, the plateau that occurs at a pH of ap-
proximately 12.5 in Fig. 1 may have arisen from calcium
hydroxide. Different plateaus have arisen from the presence
of other components resulting from the use of pulverised
fuel ash (PFA) and ground granulated blast furnace slag
(GGBS) replacement materials[1].

3. Data analysis

A method of analysing data that has not previously been
applied involves transforming this titration curve into a
spectrum of peaks at pH values where a resistance to acidi-
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Fig. 1. Steady state pH as afunction of the quantity of acid added to samples of ground OPC concrete.

fication occurs (the pH plateaus in Fig. 1). This may be
achieved by plotting the absolute value of the inverse slope
of the dashed curve in Fig. 1 (a series of lines connecting
adjacent points) against the pH. This is equivalent to trans-
posing the axes and plotting the negative of the first deriva-
tive of the resulting curve against pH. The resulting spec-
trum is given in Fig. 2. The height of the plotted spectrum
corresponds to the change in acid added per unit of induced
pH change. The area under the spectrum between any two
pH valuesis equal to the quantity of acid required to induce
the corresponding change in pH. Four peaks at pH values of
10.3, 11.5, 12.4, and 12.6 were identified.

Because of the nature of the dashed curve, step changes
occur at each measured pH value. For illustrative purposes,
amore refined set of data might be represented by the solid
curve in Fig. 1. This was produced by fitting a series of
S-shaped shaped curves to each adjacent pair of pH pla-
teaus. Fig. 3(a) gives asingle S-shaped curve that is the ex-
pected titration curve resulting from the addition of a strong
acid to a strong base solution [9], while Fig. 3(b) gives its

transformation. (For comparison with Fig. 2, the y-axis
unitsin Fig. 3(b) have been determined assuming 11 mL of
solution contains 5 g of solid material.) Fitting series of
S-shaped curvesto thedatain Fig. 1 ensuresthat an increase
in the quantity of acid added will be accompanied by a de-
crease in pH. However, this amounts to smoothing of the
data that resultsin the loss of information.

Thetransformation of the solid curvein Fig. 1isgivenin
Fig. 4. Again a series of peaks representing components in
the system that resist acidification is produced with the area
under the peaks giving the quantity of acid required to neu-
tralise the associated component.

4. Discussion

The method of analysis explained above (plotting the dif-
ference in acid added per unit of induced pH change against
pH) is analogous to differential thermogravimetric analysis
and may be termed “differential acid neutralisation analy-
sis.” The analogy may be clarified by transposing the axes

Acid per Unit of pH Change (mol./kg)
(=)}

10 10.5 11

11.5 12 12.5 13

Fig. 2. Stepwise transformation of the measured datain Fig. 1.
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Fig. 3. A strong acid-base titration curve (a) and its transformation with y-axis units determined assuming that 5 g of sample correspondsto 11 mL of solution (b).

in Fig. 1 asindicated above. It may be noted that such anal-
ysis differs from that applied in differential titration chemis-
try, which is used to define the end point of atitration [9].

The identified peaks are well separated with two peaks
occurring at pH values of 12.4 and 12.6. The resolution of
such closely spaced acid neutralisation behaviour in this pH
range has not previously been reported. Indeed, it would be
easy to miss the small peak at pH 12.6 when examining the
usual form in which titration datais presented (Fig. 1). This
method of assessment therefore offers significant advan-
tages over the current interpretation of acid neutralisation
data, which tends to focus on the quantity of acid required to
achieve a particular pH level [10].

The position and area of a peak are determined by the
type, quantity, and condition of the associated component
that is resisting acidification. For example, the peak associ-
ated with calcium hydroxide would be smaller and the peak
associated with calcium carbonate would appear if the sam-
ple were carbonated. Attempts have been made to relate pH
plateaus in the titration curve to the hydration products
[8,11] on the basis of thermodynamic stability studies

N
w

[12,13]. However, thisis complicated by the interaction be-
tween the phases and the possibility that a particular phase
in cement may give rise to more than one peak. For exam-
ple, the dissolution of calcium hydroxide may be accompa-
nied by the precipitation of other calcium-containing prod-
ucts that in turn will give rise to peaks at lower pH values.
Thus further work is needed to identify these components.

The suggested transformation of the data into a spectrum
allows one to subtract background effectsto improve the ac-
curacy of the measured acid neutralisation capacity of a par-
ticular component. The background resulting from the titra-
tion of an acid against a base is given in Fig. 3(b). It is
evident that this may be significant at high and low pHs. An
effective background may also arise from interfering reac-
tions that do not affect all measured points equally. These
include irreversible reactions that do not occur at the steady
state pH, but may take place at the transient low or high pHs
prior to achieving steady state and will ater the quantity of
acid required to produce a particular pH.

Further work is also required to refine data collection.
Theidentification of peaks requires the collection of closely
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Fig. 4. Transformation of the solid curvein Fig. 1.
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spaced points to define the titration curve. This may render
the batch testing described above unsuitable because of the
large number of samples required. However, the more gen-
eral method of obtaining titration curves involving the suc-
cessive addition of acid to a single sample may be affected
by the kinetics of the pH-dependent dissolution behaviour
of the solid, which would limit the rate at which acid may be
added. This could impose a severe time penalty on the tech-
nique. Methods of accelerating the achievement of steady
state conditions, such as the use of very fine grinding and
ultrasonic agitation, may be needed to overcome this.

The accurate measurement of hydroxyl activity using a
pH electrode may also present problems associated with the
electrode stability. To overcome this and to aid the identifi-
cation of the peaks, it is postulated that standards with a
known behaviour could be added to some samples prior to
testing for the purposes of comparison. This could aso be
used to minimise the effect of errorsin the concentration of
acid used. Furthermore, it is possible that only the spacing
between the peaks and not the absolute pH values may be
necessary to “fingerprint” a specimen.

In this work the technique is applied to data obtained on
concrete. However, differential acid neutralisation analysis
has a potential use in assessing any material (both crystal-
line and amorphous) that has pH-dependent dissolution
characteristics.

5. Conclusions

Differential acid neutralisation analysis is an analytica
technique that may be used to characterise materials like
concrete that contain phases that resist acidification at par-
ticular pH levels. It givesriseto a series of peaks at different
pH values with areas that correspond to the quantity of acid
required to neutralise the associated components. Closely
spaced peaks can be identified and the effects of any back-
ground may be minimised. Such a spectrum contains infor-
mation on the quantity, type, and condition of amaterial and
may be used to quantify inhibitive properties arising from a
resistance to afall in pH.

Further work is needed to improve the collection of the
data, to identify the components corresponding to particular
peaks, and to assess the application of the technique to ma-
terials other than concrete. Differential acid neutralisation
analysis could be enhanced by methods of accelerating the
achievement of the solid-solution equilibrium and the addi-
tion of standards to the material under test. Interactions be-

tween components may complicate the interpretation of the
spectrum.
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