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Abstract: Recent studies suggest that
marine clay has the potential to substi-
tute cement after calcination, although
its reactivity is limited. This paper evalu-
ates the purification of Singapore
marine clay, which mainly consists of
low kaolinite and high quartz, for use as
a cement substitute. The study explores
wet sedimentation and surfactant-
assisted sedimentation to enhance reac-
tivity in a typical limestone calcined
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clay cement (LC3) recipe by reducing quartz content. The findings indicate that while wet sedimentation effectively removes
quartz, it is less effective for silt due to its smaller size. Surfactant-assisted sedimentation further purifies the clay, with material
strength depending on both composition and particle size. Specifically, clay filtered through a 22 um sieve exhibited improved
strength. The study recommends the 22-WS-CC method for its cost-efficiency and feasibility in large-scale implementation with-
out chemical reagents. Overall, this research contributes to the sustainable development of the construction industry by provid-
ing insights into the effective utilization of low-grade, impure clays in cement production.
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1. Introduction

Replacing ordinary Portland cement (OPC) with alternative
materials is currently the most viable approach towards achiev-
ing low-carbon concrete production('-3. Among these alterna-
tives, limestone calcined clay cement (LC3) has recently
emerged as an environmentally friendly optiontl. LC3 is com-
posed of a blend of limestone and calcined clay, allowing for
a reduction in clinker content by up to 50%7), thereby signifi-
cantly reducing energy consumption compared to OPC. More-
over, establishing production plants near large clay deposits
can lead to a 40% reduction in CO, emissions, a 33%
decrease in costs, and a 22% reduction in embodied energy,
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thus promoting cleaner and more sustainable cement produc-
tion®9, Despite these reductions, LC3 maintains mechanical
strength and durability equivalent to that of OPCl'%-13], The
growing interest in LC3 technology highlights its economic
appeal and potential to drive sustainable development
within the cement industry(4-19,

Clays, primarily alumino-silicates, generally exhibit stabi-
lity under neutral and alkaline conditions. Calcined clays are
produced through thermal treatment of clays at tempera-
tures ranging from 600 °C to 900 °C['220] a process that
causes the mineral kaolinite within the clay to lose its bound
hydroxyl groups, enhancing its reactivity in alkaline environ-
ments. When the kaolinite within clay is calcined, it trans-
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forms into metakaolin, a product known for its reactivity.
Therefore, clays with higher kaolinite content produce a
greater amount of reactive components after calcination2",
Although metakaolin does not independently react with
water, it undergoes hydration in the alkaline environment of
cement paste, generating new hydration products that inte-
grate into the cement microstructure.

Research has shown that the calcined kaolinite content is
crucial in determining the strength of LC3 [11.13.22.23], However,
most kaolinite deposits worldwide consist of mixed clays,
where kaolinite is accompanied by other minerals such as
quartz, carbonates, and metal oxidesl®l. Recent studies have
demonstrated that even impure clays can be calcined to pro-
duce satisfactory LC3, provided the clay contains at least 40%
kaolinite by mass[1224-28], Utilizing these impure clays, often
considered an environmental burden, can lead to even signifi-
cant cost savings compared to high-grade clays. To further
expand the use of clay deposits, separation techniques such
as sedimentation can be employed to segregate kaolinite
from other minerals like quartz, especially when the kaolinite
content is low!2939), This approach enables the conversion of
low-purity clays into viable supplementary cementitious mate-
rials (SCMs) or the production of more reactive SCMs from
marginal clays. Sedimentation, a commonly used method,
separates associated minerals based on particle size dispari-
ties, while chemical treatments (including surfactant-assisted
methods), can further enhance impurity removal.

The application of this concept to marine clays, which
are abundant in coastal areas, presents an intriguing avenue
for further investigation. Marine clays, typically low-grade kaoli-
nite clays, are composed of marine sediments and are widely
distributed in coastal regions around the worldB3'-34, Unlike
regular clay, marine clay exhibits higher initial water content
due to its coastal environment. In Singapore, for example,
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marine clay primarily consists of quartz and kaolinite, with se-
condary minerals such as mica and smectitel3l. A significant
portion of this clay is excavated from tunnels, foundations,
and other construction sites, posing challenges for waste mana-
gement and disposal. Marine clay is one of the predominant
geological materials covering downtown and the central busi-
ness district of Singaporel36l. Large quantities are excavated
annually, particularly during underground rail system construc-
tion37). Despite its prevalence, marine clay is currently
treated as waste. However, its potential uses, including brick
makingB® and hazardous waste stabilization3, have been
explored. The disposal of marine clay in landfills is prohib-
ited by legislation in Singapore, underscoring the critical
need for alternative usest 9.,

This study aims to evaluate and compare the effective-
ness of two purification methods—wet sedimentation and sur-
factant-assisted sedimentation—on marine clay, which con-
sists of approximately 20% kaolinite, 35% quartz, 25% illite,
and various other amorphous substances*'. Additionally, the
pozzolanic reactivity and properties of LC3 incorporating
these purified calcined clays were investigated to validate
their potential application. This research is expected to pave
the way for the utilization of marine clay in construction, parti-
cularly in Singapore and other coastal areas, thereby transform-
ing a previously underutilized resource into a valuable compo-
nent of sustainable building materials.

2. Materials and methods

2.1. Raw materials

The clay material used in this study was sourced from a con-
struction site project near Changi Airport in Singapore, as
depicted in Fig. 1. Initially, the raw clay was dried at 85 °C for
72 h, after which it underwent two purification processes:
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Fig. 1. Geological map of Singapore with location for clay sampling. Reproduced with permission from Ref. [42].
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wet sedimentation and surfactant-assisted sedimentation.
The following steps outline the preparation procedure for the
waste marine clay:

1) Crushing raw clay: The raw clay was first crushed into
smaller particles using a crusher.

2) Suspension in water or dispersant solution: The
crushed particles were then suspended in either water or a dis-
persant solution, ensuring thorough dilution of the raw clay.

3) Wet sedimentation process: The diluted clay suspen-
sion was sieved through mesh sizes of either 22 um or 150
pum, and the liquid that passed through these sieves was col-
lected.

4) Drying of sedimented liquid: The collected liquid was
subsequently dried at 40 °C over 5-7 d.

5) Ball milling: Once dried, the clay was subjected to ball
milling for 30 min to achieve finer particle sizes, which were
measured using a laser diffraction particle size analyzer (Better-
size 2600), as shown in Table 1.

6) Calcination: Finally, the processed clay was calcined by
heating to 800 °C and maintaining this temperature for 1 h,
as suggested by Ref. [12].

This procedure resulted in two distinct samples before cal-
cination—22-WS-Raw (sieved with 22 pm mesh) and 150-WS-
Raw (sieved with 150 um mesh)—and two samples after calci-
nation (22-WS-CC and 150-WS-CC). The same steps were fol-
lowed for samples prepared using the dispersant method, as
illustrated in the simplified flowchart of the clay treatment pro-
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cess (Fig. 2).

For the surfactant preparation(39, 50 g (approximately 20
mL) of dried raw clay was vigorously mixed with 125 mL of
deflocculating solution at various concentrations using a
high-shear mixer for 2 min. The resulting slurry was trans-
ferred to graduated cylinders and topped up with distilled
water to 1000 mL. The cylinders were then inverted multiple
times to ensure homogeneity. During a 24-hour settling
period, quartz particles settled out while the clays remained
in suspension. After this period, the remaining suspension
was extracted, dried, milled, and finally calcined to produce
the surfactant calcined clay, referred to as Surfactant-CC. Addi-
tionally, a control group of high-purity calcined clay (High
purity-CC) was prepared, featuring an initial kaolinite con-
tent of over 97%. The chemical compositions of the various
clays were analyzed using X-ray fluorescence spectroscopy
(PANalytical Zetium, Netherlands), with detailed results pre-
sented in Table 2. The transformation of the raw clay mate-
rial into processed clay can be seen in Fig. 3, where calcina-
tion changes the color from gray to reddish-brown.

Compressive strength tests (ASTM C31143l) were con-
ducted with mixes containing CEM | 52.5 N OPC, and the
results were used as an indirect measure of the pozzolanic
activity of clay.

2.2. Sample preparation
The powders were first mixed for 1 h using a core mixer to

Table 1. Particle size of marine clay (um).

Particle size Raw-clay Raw-CC Surfactant-CC 22-WS-Raw 22-WS-CC 150-WS-CC High purity-CC
Dv10 1.605 1.488 2.687 1.523 2.396 2.403 3.446
Dv50 7.038 9.491 25.33 4.806 16.78 16.62 9.237
Dv90 28.73 43.87 590 16.98 58.41 55.03 19.62

Note: Surfactant-CC is hand-milled (due to the small quantity), resulting in a Dv90 particle size of 590 um.
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Fig. 2. Flowchart of the clay treatment process.



Q. Luoetal.

Materials Reports: Solidwaste and Ecomaterials 1(2025) 9520008

Table 2. Chemical analysis for marine clay, cement, limestone, and gypsum (wt%).

Chemical composition

Raw-clay Raw-CC Surfactant-CC  22-WS-Raw 22-WS-CC  High purity-CC  Cement

Limestone Gypsum

Na,O
MgO
Al,O3
SiO,
SO,
KO
Cao
Fe,05
Others

1.09
1.73
2141
64.25
0.95
2.07
2.65
4.28
1.57

1.05
1.51
21.58
66.69
1.02
1.86
134
3.89
1.06

2.18
1.93
25.04
58.93
0.87
2.43
1.25
5.47
1.9

1.1
173
24.84
61.41
0.80
2.16
1.57
445
1.93

1.20
1.79
25.55
60.79
1.29
2.26
1.55
4.40
1.17

44.23
54.31

0.24
3.58
4.40
20.31
3.68
0.89
62.58
3.7
0.62

0.07
0.68
0.87
1.25
0.03
0.09
96.44
0.44
0.13

0.11
0.53
0.32
0.43
56.49
0.02
39.50
0.11
2.49

Fig. 3. Pictures of (a) Raw-clay, (b) 22-WS-Raw, (c) Raw-CC, (d) 22-WS-CC, (e)150-WS-CC, (f) Surfactant-CC, (g) High purity-CC.

achieve uniform color. Sand was then introduced and mixed
for 3 min. Subsequently, the liquid was added, and the mix-
ture was further blended for an additional 4 min. The fresh
mortar was then cast into 40 mm x 40 mm X 40 mm cubic
molds, following the guidelines specified in EN 196-1-2016[44,
The mix design used a binder:sand:water ratio of 1:3:0.5, with
the binder containing calcined clay, cement, limestone, and
gypsum. The samples were cured in water at a controlled tem-
perature of 20+2 °C. Specific mix proportions are detailed in
Table 3.

Calorimetric measurements were performed using the
Thermometric TAM Air system, monitoring hydration of 10 g
fresh paste samples at 20 °C for 3 d. Additionally, X-ray diffrac-
tion (XRD) was employed to investigate the hydration pro-

cess. Cement paste samples were prepared with a water-to-
binder ratio of 0.5 and stored in 15 mL sealed plastic vials at
20 °C. The hydration process was halted after 7 d using iso-
propanol, followed by drying in an oven at 40 °C for 48 h.

The modified R3 testl*5] was conducted to assess the poz-
zolanic reactivity in a simulated calcium-rich alkaline environ-
ment. In this test, analytical reagent CH powder was com-
bined with the SCMs at a mass ratio of 3:1. The powders were
manually mixed for 4 min to achieve homogeneity. Subse-
quently, 0.5 M potassium hydroxide (KOH) solution was intro-
duced, producing a homogeneous paste with a liquid-to-
solid ratio of 0.9. The paste was further mixed manually for 4
min in a beaker.

For each material, 38.0 g of modified R? paste was pre-

Table 3. Mix designs for cement, calcined clay, limestone, and gypsum (wt%).

Mixture Cement Calcined clay Limestone Gypsum
Control-OPC 100 - - -

High purity-CC 80.12 13.11 6.37 0.40
Raw-clay 80.12 13.11 6.37 0.40
Raw-CC 80.12 13.11 6.37 0.40
Surfactant-CC 80.12 13.11 6.37 0.40
22-WS-Raw 80.12 13.11 6.37 0.40
150-WS-Raw 80.12 13.11 6.37 0.40
22-WS-CC 80.12 13.11 6.37 0.40
150-WS-CC 80.12 13.11 6.37 0.40
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pared, comprising 5.0 g of SCM, 15.0 g of Ca(OH),, and 18.0 g
of KOH solution. To minimize evaporation and carbonation,
the paste was sealed in plastic vials and cured in a 50+2 °C
oven until the designated testing age. Separate containers
were used for each testing age, with two testing ages (1 d
and 7 d) being evaluated.

2.3. Testing program

2.3.1. X-ray diffraction (XRD)

XRD was employed to identify the crystalline minerals in the
untreated soil and observe the mineralogical changes post-
treatment. The XRD analysis was conducted using an Ultima
IV diffractometer, where raw and processed clays were
blended with CaF, at a weight ratio of 1:4 (CaF,: paste). The
analysis was performed with Cu-Ka radiation operating at 40
kV and 40 mA. The scanning range was set from 5° to 60°
(20), with a scanning step size of 0.02° and a scanning speed
of 0.25 s/step. It should be noted that quantitative measure-
ments can be affected by amorphous factors, limiting preci-
sion. Therefore, XRD was primarily used to observe approxi-
mate trends across different system phases, while thermogravi-
metric analysis (TGA) provided quantitative measurements of
Ca(OH), to assess hydration products.

2.3.2. Isothermal calorimetry

To examine the initial hydration process, isothermal calorime-
try was performed on 3-day samples at 20 °C using a TAM Air
system (TA Instruments). The paste, formulated with a water-
to-binder (w/b) ratio of 0.5, was mixed using an electric stir-
rer at 1200 rpm for 2 min. Subsequently, 10 g of the paste
was transferred into an ampoule and placed within the
calorimeter.

2.3.3. Bound water and calcium hydroxide consumption
TGA was employed as a reference technique to determine
the amount of bound water and calcium hydroxide con-
sumed0l, After curing for 3 d and 7 d, 30-40 mg of material
was extracted from the paste center and placed into a pre-
weighed ceramic crucible. The paste was analyzed without
hydration stoppage from room temperature to 600 °C at a
heating rate of 10 °C min-'. The test was performed under
a nitrogen (N,) atmosphere with a constant flow rate of
20 mL min~".

2.3.4. Mercury intrusion porosimetry (MIP)

Mortar specimens, hydrated for 28 d, were cut into small test
pieces less than 1x1x1 cm3. The MIP test was conducted
using an Autopore V 9620 instrument with mercury intrusion
pressure up to 60000 psi. The surface tension of mercury was
measured at 0.485 N m~T1, with a contact angle of 130°.

2.3.5. Compressive strength

Compressive strength testing was conducted at 1, 3, 7, 28,90 d,
with a loading rate of 2.4 kN s~1. The compressive strength of
the mortar was determined by testing three samples at each
specified agel*6l,

3. Results and discussion

3.1. X-ray diffraction analysis
The XRD results for both raw and treated clays are presented
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in Fig. 4. The analysis identifies illite, kaolinite, and quartz as
the primary clay minerals in the uncalcined marine clay, consis-
tent with previous studies on Singapore marine clay[4748,
After surfactant treatment or sieving (Figs. 4b, 4c), a reduc-
tion in quartz content is observed in the raw clay, while the
proportions of illite and kaolinite increase. This increase in
kaolinite content suggests an impact on the overall composi-
tion of the clay matrix. The reduced intensity of the XRD pat-
terns can be attributed to the diminished presence of quartz
in the treated samples. Upon calcination, the kaolinite trans-
forms and disappears, indicating a conversion from crys-
talline kaolinite to an amorphous state. Despite these
changes, the XRD patterns of both untreated and treated
marine clay samples exhibit similarities (Fig. 4a), with no
observable new mineral formations, suggesting that the treat-
ment process did not induce the creation of any new minerals.

The thermogravimetry analysis (TGA) and derivative ther-
mogravimetry (DTG) curves (Fig. 5) display the removal of OH
groups within the 350-650 °C, characteristic of kaolinitel4950],
As noted by Du et al.#9, the location of the dehydroxylation
peak depends on the structure type and the bonding of
hydroxyl groups. Additionally, the shape and range of the
XRD peak are sensitive to factors such as crystallinity and parti-
cle size distribution®'), For the marine clay sample, the pres-
ence and amount of kaolinite can be directly correlated with
water loss during the dehydroxylation process (400-650 °C),
allowing for the estimation of kaolinite content in the marine
clay. Graphical analysis indicates that the treated clay exhibits
a higher kaolinite content compared to the raw clay, consis-
tent with the XRD findings. This suggests that the treatment
process has increased the concentration of kaolinite in the
clay sample, influencing its overall composition.

3.2. Hydration heat evolution

The early hydration behavior of the mixtures was investi-
gated using isothermal calorimetry. Fig. 6 presents the heat
evolution curves over 72 h for different pastes. Comparing Con-
trol-OPC to the paste with 20% cement replaced by clay and
limestone reveals minimal deviation in the onset time and reac-
tion rate. The graph shows that within the first 12 h, the peak
of the silica hydration reaction in OPC is the highest. In the
LC3-80 system, although the peak value of the silica hydra-
tion reaction decreases, it occurs earlier, likely due to the filler
effect promoting cement hydration52, Minor variations in the
timing of the silica hydration peak can be attributed to differ-
ences in clay particles. The mixture with 20% calcined clay
and limestone replacing cement shows weaker reactivity
than OPC but higher pozzolanic reactivity than the original
marine clay after undergoing various treatments.

The mixture with added clay also displays a distinct heat
release peak (~10 h), indicating the C;A reaction!®3., This can
be linked to the high aluminum content in the clay, which
interacts with the CH environment after cement hydration, pro-
moting the C3A reaction. Between 24-30 h, a peak correspond-
ing to the aluminate hydration reaction is observed®4. The tim-
ing of the aluminum reaction peaks is consistent across sam-
ples. Among them, the calcined clay treated with a 22 um
sieve shows the lowest reaction peak, while the clay treated
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Fig. 5. (a) TGA and (b) DTG curves of marine clay.

with a 150 um sieve demonstrates a higher degree of reac-
tion, surpassing that of the Surfactant-CC and High purity-CC
samples.

3.3. Modified R3 test

The XRD patterns of mixtures prepared using the modified R3
method at 3 d and 7 d are shown in Fig. 7. The various treat-
ment methods had minimal impact on these XRD patterns.
Analysis of the reference sample, 22-WS-Raw, revealed a dis-
tinct peak corresponding to free CH. In contrast, mixtures con-

taining calcined marine clay exhibited a reduced CH diffrac-
tion peak intensity, particularly in the High purity-CC sample.
This reduction in CH intensity can be attributed to the poz-
zolanic reaction of the reactive phases in the calcined clay,
which react with CH released during cement hydration, effec-
tively consuming it. Consequently, the CH peak intensity dimi-
nishes in the XRD patterns of mixtures containing calcined
clay, indicating that calcined clay enhances the overall cementi-
tious properties by efficiently utilizing CH.
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Fig. 6. Heat release during paste hydration.

Fig. 7b demonstrates that pozzolanic reactivity can be fur-
ther enhanced through additional processes such as sieving
and surfactant use. Among the two sieved mixtures, 22-WS-
CC exhibited higher CH consumption compared to 150-WS-
CC, indicating that finer particle sizes obtained through the

(@
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22 um sieve contributed to a more effective pozzolanic reac-
tion, resulting in greater CH content reduction. Additionally,
the high-purity calcined clay showed the highest pozzolanic
reactivity among the tested mixtures, as evidenced by the low-
est CH content percentages at 3 d and 7 d (22.2% and 16%,
respectively). These findings indicate that high-purity cal-
cined clay underwent a significant pozzolanic reaction, lead-
ing to substantial CH consumption over time. The enhanced
pozzolanic reactivity achieved through sieving and surfac-
tant utilization, combined with the superior performance of
high-purity calcined clay, highlights the potential for optimiz-
ing the use of clay-based materials in cementitious systems.
By leveraging the pozzolanic properties of these materials, it
is possible to reduce reliance on cement and enhance the sus-
tainability of construction practices.

Fig. 8 presents the thermogravimetric curves for 3 d and
7 d, showing weight loss in marine clay samples as a func-
tion of temperature. The major weight loss at 400-500 °C is
associated with the removal of OH groups5l. Temperature li-
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Fig. 7. XRD results following the R3 test: (a) diffraction pattern and (b) quantification.
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Fig. 8. TGA and DTG of hydrated paste at (a, b) 3 d and (c, d) 7 d, (e) Quantitative analysis of CH.

mits were determined using DTG, and the phases were
quantified using the tangent method on TGA curvesl57l, The
XRD results show that the paste containing raw marine clay
exhibits the highest CH content. This is likely because active
components in the clay, after calcination, consume the CH ini-
tially present in the system. Throughout the testing period,
High purity-CC consistently exhibits the lowest CH content,
indicating superior pozzolanic reactivity. Meanwhile, CH con-
tent in paste systems incorporating calcined clay after vari-
ous treatments remains at intermediate levels, suggesting
that the employed treatment methods moderately impact
the pozzolanic reaction and CH consumption. Despite the
reduced CH diffraction peak intensity, the overall CH content
in these paste systems does not match the low levels
observed in high-purity calcined clay.

Quantitative analysis of CH in Fig. 8e reveals that 22-WS-
CC exhibits the greatest change in CH content between 3 d

and 7 d (28.7%), indicating significant enhancement in poz-
zolanic reactivity during this period. Additionally, 22-WS-CC
shows the lowest CH content at 7 d (15.9%), apart from High
purity-CC. Conversely, 22-WS-Raw consistently shows the high-
est CH content at both 3 d and 7 d (28.2% and 28.8%, respec-
tively), suggesting that the calcination process effectively
enhances the pozzolanic activity of marine clay. Notably, an
increase in CH content from 3 d to 7 d (as observed in Surfac-
tant-CC and 22-WS-Raw) may result in lower compressive
strength.

3.4. MIP analysis

The impact of dispersants and the use of a 22 uym sieve on
the pore distribution of marine clay and OPC mortar is illus-
trated in Fig. 9. Initially, upon replacing OPC with marine clay,
the porosity of the samples increases, predominantly in the
form of thin mesopores (Fig. 9¢c). The introduction of marine
clay introduces additional void spaces within the cementi-
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Fig. 9. Porosity by mercury intrusion in mortars at 28 d.

tious matrix, resulting in an overall increase in porosity. These
thin mesopores enhance the interconnectedness of the pore
network, potentially improving the transport of fluids and
gases within the material(3!.

In contrast, samples treated with a surfactant and fil-
tered through a 22 um sieve exhibit similar proportions of dif-
ferent pore sizes compared to untreated samples. The surfac-
tant treatment and sieving process refine the particle size dis-
tribution and enhance sample homogeneity, resulting in a
more uniform distribution of pore sizes. However, it is impor-
tant to note that samples passing through the 22 pm sieve
show a reduction in the number of middle capillary meso-
pores and large capillaries compared to untreated samples.
Generally, pore volumes in the 100-1000 nm range adversely
affect the strength of cementitious materials. This indicates
that the sieving process effectively removes larger particles
and aggregates, thereby reducing the volume of larger capil-
lary pores and middle capillary mesopores. This sieving pro-
cess contributes to a finer pore structure, potentially enhanc-
ing the mechanical properties and durability of the cementi-
tious material.

3.5. Compressive strength

Fig. 10 illustrates the progression of compressive strength in
various mortar mixes. The control OPC consistently demon-
strates the highest compressive strength, achieving 49.98
MPa at 28 d of testing. In contrast, the mortar containing 22-
WS-Raw exhibits the lowest strength at all testing ages. This
is attributed to the non-calcined clay lacking reactive sub-

stances, with strength primarily dependent on cement hydra-
tion. On the other hand, the calcination process enhances the
clay’s reactivity, facilitating the reaction with CH to form C-
(A)-S-H, which improves strength8l, This difference under-
scores the enhanced activation of clay components due to cal-
cination, leading to the formation of more durable cementi-
tious products.

These findings indicate that the internal active compo-
nents of marine clay can be enhanced through the calcina-
tion process, thereby improving the compressive strength of
its mixture. Furthermore, the strength of marine clay-based
mortar can be further increased through sieving and surfac-
tant treatment. The optimization of the calcination process,
sieving techniques, and surfactant treatments can elevate the
strength and improve the performance of cementitious mix-
tures incorporating marine clay as a supplementary cementi-
tious material. The treated marine clays (22-WS-CC, Surfac-
tant-CC, Raw-CC) achieved 80% of the OPC strength at most
curing ages, demonstrating the effectiveness of these treat-
ment methods. Particularly, 22-WS-CC with marine clay as the
raw material showed good compressive strength at all cur-
ing ages, indicating that this treatment method effectively
enhances the pozzolanic activity of marine clay, providing sig-
nificant guidance for future research.

4, Conclusion

This study examines the properties of marine clay treated
with various methods to reduce the content of quartz, as well
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Fig. 10. Compressive strength and strength activity index of each mix.

as to evaluate the effects of clay content. The results derived
from this study can be summarized as follows:

1) Quartz removal from marine clay is effectively
achieved by the wet sedimentation method, although silt,
due to its small particle size, is less efficiently eliminated. Never-
theless, a significant improvement in the mechanical proper-
ties of the purified material is observed. It should be noted
that under laboratory conditions, the 22 um sieved wet sedi-
mentation process has reached its limit. Alternative methods,
such as vacuum filtration, may be considered in future stu-
dies to explore finer sieving effects.

2) Marine clay can be purified by surfactants, with the
strength influenced by both effective components of the clay
and particle size. Therefore, samples filtered through a 22 um
sieve demonstrate superior strength performance.

3) 22-WS-CC (the 22 pm sieved wet sedimentation pro-
cess) is recommended by this study. The method utilizes vibra-
tion and filtration without the need for any chemical
reagents. This approach is more cost-effective and easier to
scale up.
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