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Effect of Humic Acid on Physical and Engineering
Properties of Lime-Treated Organic Clay

N. Z. Mohd Yunus, D. Wanatowski, and L. R. Stace

Abstract—The present work deals with the stabilisation of
organic clay using hydrated lime. Artificial organic clays were
prepared by adding kaolin and different humic acid contents. Results
given by physical testing show that the presence of humic acid has a
drawback effect on the untreated organic clay. The decrease in
specific gravity value was accompanied by a decrease in dry density
and plasticity of clay at higher humic acid contents. Significant
increase in shear strength at 7 days of curing period is observed in the
lime-treated samples up to 5% lime content. However shear strength
of lime-treated organic clay decreases at longer curing periods. The
results given by laboratory testing is further verified by
microstructure analysis. Based on the results obtained in this study, it
can be concluded that the presence of more than 1.5% humic acid
reduces significantly the efficiency of lime stabilization in organic
clays.
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I. INTRODUCTION

RGANIC clay is defined as a clay with sufficient organic

content to influence the soil properties [1]. Organic clays
are normally characterized by high plasticity, high water
content, high compressibility, low permeability and low shear
strength. These characteristics make organic clays unsuitable
for engineering construction unless a suitable improvement
method is applied.

Lime stabilization is one of the most popular methods of
ground improvement. However, stabilization mechanisms in
lime-treated organic clay are thought to be affected by high
water content and high organic matter content. This is because
organic matters have high water holding capacity that limits
the water available for the hydration process taking place
during stabilization [2]. In addition, high water content may
induce more spacing between aggregations, hence reducing a
required cementation bonding. Some organic compounds
delay or even inhibit the hydration process of lime as they
have the tendency to coat the soil particles. Besides, it is
believed that organic matter has a strong chemical affinity to
calcium, thus when reacting with Ca(OH), it will form
insoluble reaction products precipitating out on the clay
particles [2]. Organic matters have also a tendency to lower
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pH to the point where dissolution of clay minerals no longer
takes place [3], [4], [S]. For example, it was reported by [4]
that a lime-treated subgrade with pH of 10 was unsuitable for
construction even though a higher percentage of lime was
added. This is because the clay particles failed to react with
lime to form a cementing product during the pozzolanic
reaction [4].

There are two main fractions of organic matter present in
organic soils, namely humic acid and fulvic acid. Based on
several studies carried out by previous researchers, it was
agreed that humic acid is the main constituent of organic
matter affecting the strength development of stabilized soil
[6], [7], [8]. It was also reported that the shear strength of
lime-treated organic clay is affected by the presence of more
than 1% humic acid in soil [9], [10]. However, no clear
evidence has been published to support this hypothesis. For
instance, [11] showed that soft clay with high organic matter
content of 14% was successfully stabilized with 7% of lime.
However, [9] reported that clay with 12.8% organic matter
content exhibited only a slight increase in shear strength after
being stabilized with 10% of lime. These results suggest that
the effects of organic matter, especially humic acid, on the
strength development of organic clays are not fully
understood. Further study is still required to quantity the
effects of humic acid on physical and engineering properties
of lime-stabilized organic clay.

This paper presents results of experimental study carried out
on artificial organic clay with different humic acid contents.
The effects of humic acid on selected physical and engineering
properties of organic clay are investigated and summarized.
The results of laboratory tests are discussed in light of
microstructure analysis carried out on selected clay specimen
by using the Scanning Electron Microscope (SEM).

II. MATERIALS

The soil used in this research was an artificial organic clay.
The soil samples were prepared by mixing commercial kaolin
with different percentages of humic acid (0%, 0.5%, 1.5% and
3%) according to dry mass of kaolin.

Table I summarizes chemical composition of organic clay
with different humic acid contents. In general, the presence of
humic acid can be found from the occurrence of carbon and
oxide ions based on chemical element analysis. It can be seen
from Table I that the total amounts of carbon and oxide ions
increase with increasing humic acid content. In addition, the
presence of humic acid can be identified by the increase in
total amount of sulphur and phosphorus. As a result, the
amount of pozzolan minerals such as silica and alumina
decrease with an increase of humic acid content.
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TABLE I
CHEMICAL COMPOSITION OF TESTED SOILS
Wt%

Element KO0.5HA K1.5HA K3.0HA
C 2.8 2.74 20.16
O 50.45 54.54 48.97

Na 0.36 0.41 0.81
Mg 0.65 0.64 0.56
Al 16.94 18.47 12.8
Si 24.74 21.52 14.07
P 0.18 0.28 0.16
S 0.05 0.12 0.42
Cl 0 0.01 0.19
K 3.42 0.79 0.59
Ca 0.02 0.04 0.33
Ti 0 0.02 0.18
A% 0 0.01 0.01
Fe 0.39 0.4 0.74

Note: K=Kaolin, HA=humic acid

III. SPECIMEN PREPARATION AND TESTING PROGRAM

All the soil specimens tested in this study were prepared
using standard procedures described in the ASTM standard
[12]. As recommended by the standard [12], before mixing,
the specimens were oven-dried at 60°C until the constant
weight was obtained. All the specimens of untreated clay
tested in this study were prepared by mixing relevant amounts
of dry kaolin with 0.5%, 1.5%, and 3% of humic acid by dry
mass of kaolin. Mixing of dry materials was continued until a
uniform appearance of the kaolin-humic acid mixture was
obtained. Distilled water was then added and further mixing
was performed until a homogeneous appearance of the soil
paste was achieved. This paste was then used for plasticity and
compaction tests. All the tests were carried out according to
the British Standard [13].

The results obtained from the compaction tests were used to
prepare specimens for strength testing. Each of the specimens
of lime-treated organic clay was prepared according to the
maximum dry density (MDD) and optimum moisture content
(OMC) of the untreated clay with corresponding humic acid
content. By knowing the volume of mould and the MDD, the
required dry mass of soil was calculated. The appropriate
quantity of hydrated lime was then calculated based on the dry
mass of the untreated soil. Then, these amounts of dry soil and
dry lime were mixed with water according to the OMC. The
process of mixing was conducted as quickly as possible to
ensure that lime was not exposed to air for too long. This was
necessary to avoid the carbonation process that could affect
the strength characteristics of lime-treated specimens.

The specimens were compacted into the mould at a
specified moisture content to achieve the specified dry density.
A small amount of grease was applied inside the brass mould
to minimize friction. The specimens were then extruded from
the mould and wrapped in cling film to preserve the water
content and to keep them free from carbon dioxide (CO,). The
specimens were then cured in desiccators at 20°C and with
humidity more than 90% for 7, 28, and 90 days, respectively.
For each soil type, two duplicate specimens were tested to
ensure repeatability of test results. The specimens were 76 mm
in height and 38 mm in diameter.

IV. RESULTS AND DISCUSSIONS

The investigation of the effects of humic acid content was
first performed on untreated sample (i.e., artificial organic
clay) to obtain benchmark data for comparison with lime-
treated specimens. A preliminary testing on the artificial
organic clay was carried out to evaluate the suitability of this
soil as a research material. Firstly, plastic and liquid limits,
specific gravity, pH and compaction characteristics were
determined [13]. After that, the unconfined compressive
strength (UCS) tests were carried out to identify the effect of
humic acid content on the engineering properties of soils.
Finally, the effect of humic acid content on lime-treated
organic clay was determined by the UCS test at different
curing periods.

A. Physical Properties

The physical properties determined for the untreated
artificial organic clay are summarized in Table II. It can be
seen that the specific gravity of soil prepared with humic acid
is low when compared to inorganic clay (K in Table II). It was
also found that with a higher percentage of humic acid a lower
density of soil was obtained, which is similar to what has been
reported by other researchers [7], [8], [9], [14], [15].

TABLE 11
PHYSICAL PROPERTIES OF UNTREATED ORGANIC CLAY

Property K K0.5HA KI1.5HA K3.0HA
Liquid limit (%) 65.4 64.4 63.6 61.0
Plastic limit (%) 30.4 33.0 33.8 345
Plasticity index (%) 35 31.4 29.5 26.5
Specific gravity 2.61 2.53 2.51 2.47
pH 5.52 5.34 5.16 5.07
OMC (%) 30.6 30.9 30.6 334
MDD (kg/m’) 1440 1429 1425 1404

Note: K= Kaolin, HA= humic acid.

Fig. 1 shows the range of plasticity determined for organic
clay with different humic acid contents. The upper and lower
boundaries were determined by the plastic and liquid limit
values, respectively. The difference between the liquid and
plastic limits defines the plasticity index (Ip).
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Fig. 1 Effect of humic acid content on plasticity of organic clay

As shown in Fig. 1, the liquid limit of clay decreased with
increasing humic acid content. On the other hand, the plastic

652



International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:5, No:11, 2011

limit increased with increasing humic acid content.
Consequently, the plasticity index (I,) kept reducing with
increasing humic acid content, which agreed well with
experiments carried out by other researchers [3], [15].

The results shown in Fig. 1 also indicate that all the organic
clay specimens are suitable for lime stabilization according to
the ASTM, as their plasticity indices are larger than 10.

The results presented in Fig. 1 are very important from
practical point of view because the shear strength and stiffness
of clays are related to the plasticity. The greater the I, the
more plastic behaviour of soil will be obtained. For example,
the liquid limit of soil is defined as the minimum moisture
content at which a soil begins to flow when a very small
shearing force is applied. Beyond this limit, soil may undergo
permanent deformation by its own weight or under application
of a very small stress. In other words, the soil will behave like
a liquid.

As mentioned earlier, the standard compaction tests (so-
called Proctor tests) were carried out on untreated clay
specimen. The results obtained from the compaction tests are
plotted in the form of compaction curves in Fig. 2. It can be
seen from Fig. 2 that the maximum dry density (MDD) of the
untreated organic clay decreased with increasing humic acid
content. At the same time, the optimum moisture content
(OMC) increased at higher humic acid contents. Similar trends
in compaction behaviour have also been observed by other
researchers [3], [15], [16]. It should also be mentioned that
higher dry density of soil is normally associated with higher
shear strength. Therefore, based on the compaction curves
shown in Fig. 2, it is expected that the strength of organic clay
prepared with the higher percentage of humic acid will be
significantly lower compared to inorganic clay (i.e, with 0%
humic acid).
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Fig. 2 Effect of humic acid content on compaction characteristics
of organic clay

B. Shear Strength

The Unconfined Compressive Strength (UCS) tests were
first carried out on the specimens of untreated organic clay
with different humic acid contents. Although no curing was

required for the untreated organic clay, the specimens with
different humic acid contents were tested after 7, 28 and 90
days to ensure consistency with the results obtained from tests
on the lime-treated organic clay. Nonetheless, it was found
that the strengths of untreated clay were not affected by the
curing time. Therefore, average values of the strength obtained
from specimens with different humic acid contents were used
for further analysis.

Fig. 3 shows the relationship between the average
undrained shear strength of clay and the humic acid content. It
can be seen from Fig. 3 that the shear strength of organic clay
decreases with increasing humic acid content. For instance,
the organic clay with 3% humic acid content experienced the
strength loss of about 44.6% compared to inorganic clay (i.e.,
with 0% humic acid content).

The shear strength test results plotted in Fig. 3 are
consistent with those obtained from the compaction tests,
which showed a decrease in the dry density with increasing
humic acid content (see Fig. 2).
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Fig. 3 Effect of humic acid content on the shear strength of organic
clay

The UCS tests were also carried out on lime-treated organic
clay. However, before the UCS tests, a suitable amount of
lime added to organic clay had to be determined. This was
essential to ensure that the amount of lime added to organic
clay is sufficient for the occurrence of modification and
stabilization processes.

The initial consumption of lime (ICL) test was conducted as
a first step to identify the minimum amount of lime required
for stabilisation process to take places. The ICL is defined as
the minimum amount of lime in a treated-clay required to give
a pH of 12.40 [17]. The ICL gives an indication of the
minimum amount of lime that is required to be added to a
material to achieve a significant change in its properties.

Fig. 4 shows the relationship between pH values and lime
content in the lime-treated organic clays. It can be seen from
Fig. 4 that approximately 2% of lime was needed to achieve
pH of 12.4. However, more than 2% of lime is normally
required to ensure a long term strength gain achieved from the
lime stabilization process [3], [6], [10], [15]. Therefore, 5%
was chosen as the minimum lime content used for lime
stabilization of organic clay. In addition, organic clay was
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stabilized with 8%, 10% and 15% of lime to analyze the effect
of lime content on the shear strength of lime-treated organic
clay.
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Fig. 4 Relationship between pH value and lime content in lime-
treated clay

The results of the UCS tests carried out on lime-treated
organic clay with different humic acid contents (0%, 0.5%,
1.5%, 3%) and lime contents (5%, 8%, 10%, 10%) are shown
in Fig. 5. All the specimens were cured for 7 days.

It can be seen from Fig. 5 that the undrained shear strength
of all the specimens with 5% lime content increased
significantly compared to the strength of untreated clay (i.e.,
0% lime). However, the shear strength of specimens with
higher than 5% lime contents reduced gradually with
increasing lime content regardless of the humic acid content in
the clay. Therefore, 5% was considered as the optimum lime
content (OLC) for each type of organic clay.
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Fig. 5 Effect of lime content on the shear strength of clay
after 7 days of curing

Fig. 5 also shows that the shear strength of organic clay
decreases with increasing humic acid content which proves
that the presence of humic acid in organic clay diminishes the
shear strength. Similar results were also reported by other
researchers [4], [5], [7].

The effect of curing time on the shear strength of lime-
treated organic clay was also investigated in this study. The
results of the UCS tests carried out on organic clay stabilized
with 5% of lime, after 7, 28, and 90 days of curing, are shown
in Fig. 6.

360
A —&—T7days

- --B- 28 days
280 4 --4--90 days
240 {

320

200 A

160 1

Undrained shear
strength (kPa)

120 1

80 T T T T T T
0 05 1 15 2 25 3 35
Humic acid content (%)

Fig. 6 Effect of curing period on the shear strength of lime-treated
organic clay

It can be seen from Fig. 6 that the undrained shear strength
of organic clay reduced with increasing curing period. For
example, the strength of the organic clay with 3% of humic
acid reduced from 120 kPa at 28 days to 96 kPa at 90 days.
The experimental results plotted in Fig. 6 also show that the
strength losses from 7 to 28 days for kaolin prepared with
0.5%, 1.5% and 3% humic acid were about 4.1%, 13.4% and
14.4%, respectively. Meanwhile, the total strength losses of
the same clays from 7 to 90 days were 7.8%, 25.1% and
31.7%, respectively. Percentages of strength loss increased
with increasing humic acid content and with curing period.

The results shown in Fig. 6 clearly demonstrate that lime
stabilization of organic clay with high humic acid content is
not very efficient in a long term. Similar observations were
reported by other researchers [5], [9], [10]. This behaviour is
different from that observed for lime-stabilized inorganic
clays, where the shear strength increases with curing time
[18], [19].

C. Microstructure Analysis

Microstructure of clay specimens sheared in the UCS tests
was analyzed by the scanning electron microscope (SEM).
SEM enables the surface of clay samples to be imaged by
scanning it with a high-energy beam of electrons. This
information is produced from the signals given by the
electrons when reacting with the atoms.

Figs. 7(a) and 7(b) show SEM images of untreated
inorganic clay (i.e., 0% humic acid content) and of organic
clay with 0.5% humic acid content, respectively. Both images
were taken at 50000x magnification. It can be seen from Fig. 7
that both specimens have similar microstructures. Plate-like
and hexagonal individual particles were observed in both clay
specimens. Similar observation was reported by [19] who
found that a low humic acid content does not affect
significantly the microstructure of clay. The fabric of both
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specimens shown in Fig. 7 also reveals no apparent
aggregations, which confirms that no chemical reactions were

involved in untreated specimens.
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Fig. 7 SEM micrographs of untreated clay: (a) 0% humic acid,
(b) 0.5% humic acid

In contrast to organic clay with lower humic acid contents,
some cracks could be observed on clay particles at 1.5%
humic acid content (Fig. 8a). These cracks became more
noticeable in clay with 3% humic acid content (Fig. 8b). The
occurrence of cracks on individual particles suggests that the
breakage of particles took place due to obstruction of humic
acid. The effect of humic acid on microstructure of clay
particles was most pronounced in specimens with 3% humic
acid content. It can be seen from Fig. 8(b) that some particles
started to crumble.

The SEM micrographs of specimens with 0.5% and 3%
humic acid treated with 5% of lime and cured for 28 days are
shown in Fig. 9. The duration of 28 days curing period
represents stabilization process. Therefore, it is expected that
cementing products such as Calcium Silicate Hydrate (CSH)
and Calcium Aluminate Hydrate (CAH) are fully formed in
the soil structure.

Sig| Mag
SE | 50000x(8.7 mm| 2.0 |30.0 kV[5.41

Fig. 8 SEM micrographs of untreated clay: (a) 1.5% humic acid,
(b) 3% humic acid

The SEM images of lime-treated organic clay revealed the
appearance of well aggregated structure where particles clump
to each other to form bigger units, as shown in Fig. 9. It can
also be observed that less pronounced individual plates are
observed in lime-treated clay (Fig. 9) compared to untreated
soil (see Figs 7 and 8). The crack appearance in untreated clay
with 3% humic acid was also reduced after being treated with
5% lime. On the other hand, specimens with 3% humic acid
showed more voids between aggregates compared to the lime-
treated organic clay with 0.5% humic acid. This suggests a
fewer cementing products filling the pores of lime-treated
organic clay with higher humic acid content. This explains
why the shear strength of organic clay reduces with increasing
humic acid content.
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Fig. 9 The structure of clay after treatment with 5% lime:
(a) 0.5% humic acid content, (b) 3% humic acid content

V. CONCLUSIONS

In this paper, the effects of humic acid on physical and

engineering properties of lime-treated organic clay were
investigated in this study. Based on the experimental results
obtained in the study the following conclusions can be made.

1))

2)

3)

The liquid limit of organic clay decreased with increasing
humic acid content. On the other hand, the plastic limit
increased with increasing humic acid content.
Nonetheless, all the specimens of organic clay with
various amounts of humic acid were suitable for lime
stabilization. This is because the plasticity index (I,) of
each type of organic clay was higher than 10.

The shear strength of lime-treated organic clay reduced
when the lime content exceeded 5%. Thus, 5% of lime
was identified as the optimum lime content (OLC) for the
organic clay tested in this study.

The shear strength of lime-treated organic clay reduced at
longer curing periods. The total strength loss determined
between 7 and 90 days of curing was 7.8%, 25.1% and
31.7%, for clay with 0.5%, 1.5%, and 3% humic acid,

4)

(1

[2]

[3]

[4]

[3]

[6]

[7

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

respectively. These results show that the presence of at
least 1.5% humic acid in organic clay reduces
significantly the efficiency of lime stabilisation process.
The SEM images of lime-treated organic clay revealed the
appearance of well aggregated microstructure created
during stabilization process. However, significantly more
voids between aggregates were detected in clay with
higher humic acid contents. This explains why the shear
strength of lime-treated organic clay reduces with
increasing humic acid content.
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