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Evaluation of a by-product and enviromental-friendly chemical additives for clay soils

with different mixing and curing methods
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ABSTRACT: Soil stabilization is one of the most important methods of improving the soil in
geotechnical engineering. Traditional stabilizers such as cement and lime have long been used and
investigated, however, the use of these materials has environmental problems. Calcium lignosulphonate
is a natural polymer produced from waste from the paper and timber industry. In this study, the effect
of adding different percentages of ligno on Atterberg limits, compressive properties, and uniaxial clay
strength is investigated, the effect of ligno addition by different mixing methods on soil strength and
soil morphology is also investigated. The results of experiments showed that adding ligno generally
improves soil mechanical properties, decreases soil plasticity index (PI), and increases soil strength and
ductility. For the soil used in this study, the optimum percentage of calcium lignosulfonate additive was
determined 1% soil by dry weight, which was able to increase the soil resistance from 322 to 828 kPa

(2.5 times increase) after 28 days.
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1. INTRODUCTION

Clay soils that are spread all over the world have little
resistance and, if moist, swell and squeeze and settle due to
incoming loads [1]. To solve the problem, the soil should
be improved. One of the best and most cost-effective ways
to improve is soil stabilization. Many researchers have
investigated the properties of traditional stabilizers such
as cement, lime, fly ash, etc., and have shown that adding
these materials to soil increases the strength and durability
of clay soils and reduces their swelling potential [2,3]. But
their use has been restricted in recent years due to health
and environmental problems. For example, these substances
increase soil and groundwater pH, causing corrosion of
buried structures in the soil and reducing their useful life.
Soil stabilization with these materials mechanically causes
the soil to show brittle behavior that can be hazardous when
the soil is under dynamic loads. In the process of producing
these stabilizers, in addition to consuming a lot of energy,
large amounts of greenhouse gases are released into the
atmosphere, causing significant environmental damage [4].
Many researchers are trying to stabilize the soil using waste
materials. Calcium lignosulphonate is obtained from the
waste paper and timber industry during an industrial process,
and according to available statistics, 50 million tons of waste
is disposed of annually [5].

*Corresponding author’s email: jiryaei@qut.ac.ir

2. METHODOLOGY
1. Materials

The soil used in this study was sampled from the southern
part of Tehran province at a depth of 50 cm. The results of soil
identification experiments are shown in Table 1

The calcium lignosulfonate used is the scrap and waste
of the paper and timber industry that is obtained during the
industrial process after the wood chips are removed. The size
and shape of calcium lignosulfonate powder are very similar
to cement and its grain size is about 10 to 25 microns.

2. Laboratory tests

The Atterberg limits Experiment was performed to
investigate the changes in the plasticity index due to the
addition of ligno on the stabilized and non-stabilized
specimens. In this experiment, LS was added to 0.5, 0.75, 1, 2,
and 4% soil dry weight, additive, and mixed well.

To determine the effect of the additive on soil compaction
characteristics, a standard compaction test was conducted
to investigate the changes in optimum moisture content
and maximum dry weight as a result of ligno addition, also
to investigate the effect of calcium lignosulfonate addition
on shear strength of unconfined compressive strength test
on unstabilized and stabilized specimens with 0.5, 0.75, 1,
2, 4% soil dry weight after 7,14,28 days were performed. It
should be noted that in soil stabilization, especially chemical
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Table 1- Characteristics and physical properties of the soil used

in this study
Properties of seil content
Classification by unified system CL
Liquid limit 24.3%
Plastic limit 13.9%
Plasticity Index 10.4%

stabilization of soils, the method of mixing with soil is of
particular importance. The more appropriate the distribution
of the additive, the more links and reactions will be achieved.
In this study, considering the physical state of calcium ligno
sulfonate, three different mixtures of mixing were investigated.

3. RESULTS

The addition of calcium lignosulfonate increases the
plastic limit and liquid limit, but the slope of the plastic
limit increase (PL) is higher than the liquid limit (LL), thus
reducing the plasticity index (PI). The addition of calcium
lignosulfonate resulted in a slight reduction in the maximum
specific weight of the soil, from 1.74 to 1.65 g / cm3. The
reduction in maximum specific dry weight in clay soils can
be due to the bonding between the soil particles and the slight
trapping of the soil between the grains. This causes the clay
grains to not settle in the densest possible state and to trap a
small amount of water or air between the soil particles.

Stress-strain diagrams of samples stabilized with different
percentages of calcium lignosulfonate indicate that the
addition of calcium lignosulfonate increased the unconfined
resistance. The highest resistance obtained was 1% of the
additive, which is the optimum additive percentage for this
type of soil. According to the stress-strain diagram, with
increasing additive percentage, in addition to increasing
resistance to natural soil, the behavior of the sample becomes
noticeably ductile. For example, the specimen stabilized with
4% calcium lignosulfonate reached after 28 days from 322kpa
to 590kpa (80% increase) and tolerated up to 17% strain. This
means that if the amount of calcium lignosulfonate added
is higher than the optimum value, in addition to increasing
resistance to unstabilized soil, the soil ductility will increase.
The optimized sample with the optimum percentage of
additive (1% calcium lignosulfonate) also reached 828kpa
(2.5-fold increase) after 28 days of curing. The reason that the
samples are formed by the addition of calcium lignosulfonate
can be attributed to the formation of hydrogen bonds (which

are highly flexible) and the trapping of a small amount of air
between the soil grains during the bond formation. Increased
soil strength due to stabilization with calcium lignosulfonate
is due to the formation of inter-particle bonds (ionic, covalent,
and hydrogen). Stress-strain diagram of samples treated with
1% calcium lignosulfonate in different mixing methods after
28 days showed that the highest resistance was obtained by
mixing method2 and the least resistance was obtained by
mixing methodl. The difference in the amount of resistance
is due to the better distribution of the additive among the soil
grains.

4. CONCLUSION

The test results showed a decrease in the plasticity index.
The results of the standard compaction test showed that by
adding calcium lignosulfonate the optimum moisture content
increased and maximum dry density decreased. These
changes are due to the trapping of small amounts of weather
between the soil particles.

The unconfined compressive strength test showed that
the soil strength was generally increased by the addition of
calcium lignosulfonate and the highest increase in strength
was observed in the 1% additive-stabilized sample, which
increased from 322kpa to 828kpa(2.5-fold increase).

The results of the unconfined compressive strength test of
samples mixed with different methods showed that the mixing
method had a significant effect on the compressive strength of
the specimens. A sample mixed with method 2 was 80% more
resistant than sample mixed with default method]l.

Investigation of soil morphological changes using electron
microscopy (SEM) test results showed that due to the addition
of calcium lignosulfonate, boundaries between clay particles
and soil grains formed by forming hydrogen bonds and
covalent bonds.
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Table 1. Characteristics and physical properties of the soil used in this study
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Fig. 1. Chemical structure of calcium lignosulfonate
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Fig. 5. Preparation of stabilized samples with optimal percentage of additives for SEM testing
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Fig. 9. The effect of adding different percentages of calcium lignon sulfonate on UCS test
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Fig. 10. The effect of adding different content of calcium lignosulfonate on the maximum strength of the sample after 28 days
of curing
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Fig. 11. The effect of adding the optimal percentage of additives to the soil in different methods after 28 days of curing
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Fig. 12. Comparison of resistance obtained by different mixing methods

LY)S| g, as oo balswe digad 5 JSKwlghS VTYA Y LS ol ol gl oo JoSis Sz gl ooy Jolos 5l olocand
gy ) LW (5 0956 Coadl 45 sl Cawsds JISwl oS AT rolials 23395 g0 panlS Dlgalgus 5 Jolone Sl L3,
LYW gy 655 5l olid 5039, VF 5V slacans mlis oS o 20,8 oo Jol> (6 5eS Caglin 5 oads Sy Sog3dl
ALBAS Slidss ded (o 0,k WS sla iy, Ko 4 cad ¥ bl G 0gd oo cdaline VY USE jo 4 jglailes ogdlea

olid a5 jghilen aSUL o cuwloads oolatwl V LM by, 5l Uhgy 4 odd bolse (6 diged Casglin 039, YA (590 Jes 0,90

T



SY¥ B £0R dxas NFe e JL.J & b)l.mﬁ HY 090 6):45).:40] ul)o.c (i Ayl

line i, a4 &l 5, cdls 5l S bl wog LS 3!
¢35 9938 Sl jo A s Gl )00 5l sz ge Ol
+3d 5l A doy0 0938l a5 wl cdnlin B w0

P00 U5 4 arg b ospbige beisal (5)mme S Cunglie
Y OLMS! g, 4 oud Gl sladiges a5 b e gl e
US55 oSomts 5L 5 008 3y (s ib slonisy
Slsalgw 50 O3 e mse8 Glgee |y ol e .l ool
S5 sla 5 6e8 bbaign sbml g S Ol o 0 S
Aol Conld S o aS Cdl o Gl e VPSS o ioren
Syge & SBsledils Gad 255 ¢ baigy anld X i,
‘) A_JT o) S 6[&@[545&0 uJ‘A.:CA.w‘oM él.‘?u‘ ‘5]’5.4
9...{‘.]u‘)&).:uifl)leujw‘ob;é?).j)ésOO;UJ}

VEGAI TESCAN
M

RAZI n

a3 3938 V1. ooy (53l 490 1 (o2 95ss Scrn g VPSS
6291 Joe 595 VA 5l o 9 VIS (b,
Fig. 14. Microscopic image of the sample treated with 1%
additive by mixing method 1 and after 28 days of curing
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Fig. 13. Microscopic image of untreated sample
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Fig. 16. Microscopic image of the sample treated with 1%
additive by mixing method 3 and after 28 days of curing
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Fig. 15. Microscopic image of the sample treated with 1%
additive by mixing method 2 and after 28 days of curing
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