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Abstract A novel and eco-friendly xanthan gum-g-
poly(acrylic acid)/laterite (XG-g-PAA/laterite) organic-
inorganic composite polymer used as chemical sand-
fixing agent (CSFA) was successfully prepared by
grafted copolymerization of natural XG, partially neu-
tralized acrylic acid (NaA), and laterite in solution. FTIR
spectra confirmed that NaA had been grafted onto XG
chains, and the —OH groups of laterite participated in
polymerization reaction. The influence of the content of
CSFA on sand-fixing effect was investigated, and the
results of the aging test indicated that the CSFA had
remarkable water resistance, heat resistance, anti-freeze-
thaw, and anti-ultraviolet aging performances, which
could meet the requirement of application in the harsh
desert environment. Moreover, it also showed excellent
water-retaining and anti-evaporation properties.
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1 Introduction

Desertification has long been recognized as a major
economic, social, and environmental problem of con-
cern to many countries in all regions of the world (Jiang
et al. 2014). China is one of several countries severely
affected by desertification (Wang et al. 2002). The land
desertification of China accounts for 27.3 % of the total
land area according to the first national survey on de-
sertification land. Approximately 99.6 % of this land is
distributed in 12 provinces or autonomous regions in
north and northwest China. A recent survey has shown
that over 90 % of grassland in north China suffered from
different degrees of degradation and that degradation
rate reached 6700 km” per year (Zhou et al. 2015).
Desertification leads to fragmented ecosystem structure
and decreased carbon storage (Asner and Martin 2004)
and jeopardizes the livelihoods of nearly 200 million
people as well as has a significant impact on the subsis-
tence of historical populations (Hua et al. 2014; Wang
et al. 2008a, b). Multiple desertification cycles that
occurred in these regions (Dong et al. 1995; Wang
et al. 2010) affect the livelihoods of inhabitants, impact
the prosperity, and lead to the abandonment of ancient
cities (Wang and Dong 2001). Therefore, controlling
and combating desertification in China is one of great
and far-reaching significance (Musa et al. 2014).
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Many strategies have been made to combat deserti-
fication, including better preservation of original dry
land ecosystems and desert restoration. In desert resto-
ration, sand fixation materials are usually employed to
immobilize sand dunes and provide an environment for
seed germination (Duan et al. 2014). However, the
traditional sand fixation materials including physical
barriers (e.g., gravel (Li et al. 2000), straw (Ji and Unger
2001)), petroleum heavy oil and asphalt emulsions
(Hashemimanesh and Matinfar 2012; Asi et al. 2002),
and biological soil crust (e.g., lichen (Eldridge and
Ferris 1999), cyanobacteria (Mazor et al. 1996)) have
their own limitations in terms of costs, effectiveness,
and convenience in implementation. Therefore, novel
chemical materials, which can prevent wind erosion,
maintaining the water and improving the nature of the
sand, have gained much attention.

An ideal chemical sand-fixing agent should have
benefits such as low cost, easy to produce and
apply, able to form a high erosion resistance crust,
and no additional pollution to the environment
(Dong et al. 2008). Recently, organic polymerized
materials which can produce a crust on loose sand
surface to increase sand aggregate stability, reduce
water evaporation, and improve anti-wind erosion
ability have received much attention. However,
most of the organic polymerized materials that have
been developed do not have a high erosion resis-
tance crust and water-retaining capacity (Liu et al.
2012).

In this work, a novel, cost-effective, and eco-friendly
xanthan gum-g-poly(acrylic acid)/laterite (XG-g-PAA/
laterite) organic-inorganic composite polymer used as a
chemical sand-fixing agent (CSFA) was successfully
prepared. The introduction of XG-g-PAA/laterite was
expected to provide a new way to extend the utilization
of laterite and, more specifically, to lower the cost of
production and improve the biocompatibility and bio-
degradability of the CSFA. The composite polymer was
characterized by Fourier transform infrared (FTIR)
spectroscopy, X-ray diffraction (XRD),
thermogravimetry (TG/TGA), and element mapping.
The cross-sectional structure of the sand fixation speci-
mens was characterized by scanning electron microsco-
py (SEM), and the influence of the content of CSFA on
sand-fixing effect was also investigated. To understand
the sand-fixing effect of XG-g-PAA/laterite, perfor-
mance tests of specimens including water resistance,
thermal aging, freeze-thaw aging, ultraviolet (UV)
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radiation aging, and water retention were performed
systematically in the laboratory.

2 Experiment
2.1 Materials

The following materials were used in the study: laterite
(collected from WuQuan Mountain in Lanzhou City,
Gansu Province, China), XG (analytical grade, from
Tianjin Guangfu Institute of Fine Chemicals, China),
acrylic acid (AA, analytical grade, from Tianjian Kaixin
Chemical Industrial Co., China), ammonium persulfate
(APS, analytical grade, from Yantai Shuangshuang
Chemical Industrial Co., China), and N,N-
methylenebisacrylamide (MBA, chemically pure, from
Sinopharm Chemical Reagent Co., China). A sand sam-
ple was taken from Tengger Desert, Gansu Province,
China. All the other reagents used were of analytical
grade and all solutions were prepared with distilled
water.

2.2 Texture of Experimental Sand

The texture analysis of the experimental sand with a
maximum grain size of 0.3 mm used for this study is
presented in Table 1. The dominant components of the
sand were particle sizes between 0.10-0.15 and 0.15-
0.20 mm.

2.3 Preparation of XG-g-PAA/Laterite Composite
Sand-Fixing Agent

The general procedure adopted for the synthesis of XG-
g-PA A/laterite composite sand-fixing agent is presented
in Scheme 1. The synthesis was performed by the fol-
lowing steps:

Table 1 Texture of experimental sand (in weight percent)

Grain size distribution (mm)

>0.20 0.15-0.20 0.10-0.15 <0.10
4.64 48.20 4435 2.81
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Scheme 1 Proposed reaction

XG-g-PAA/laterite sand-fixing
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2.3.1 Step 1. Laterite Purification

Natural laterite was found to contain small amounts of
mineral impurities and the laterite was purified by the
suspension method. A purification process was carried
out by preparing a 10-wt% aqueous suspension of the
laterite and allowing the more dense impurities, quartz
and carbonates, to sediment out. After a certain sedi-
mentation time, the supernatant suspension that is pure
laterite was decanted off, and then the pure laterite was
collected by filtration, dried, ground, and sieved. After
that, the pure laterite with particle sizes about 0.074 mm
(200 mesh) was obtained for further use.

2.3.2 Step 2. Preparation of XG-g-PAA/Laterite

XG-g-PAA/laterite was synthesized by the graft copo-
lymerization reaction of AA, XG, and laterite in the
presence of MBA as a cross-linking agent and APS as
a free radical initiator. Typically, XG (1.2 g) was dis-
solved in 30.0 mL of distilled water in a three-neck flask
equipped with a mechanical stirrer, a reflux condenser,
and a nitrogen line at 70 °C for 1 h, and a transparent
sticky solution was obtained. Then, 5 mL containing
0.1 g APS aqueous solution was added to the sticky
solution and continuously stirred at 70 °C for 15 min to
generate radicals. A 7.2-g AA was neutralized by

(Laterite)

8.5 mL, 8.0 mol/L NaOH solution to obtain neutralized
acrylic acid with neutralization degree of 70 % and fully
mixed with 30 mg MBA and 0.95 g of laterite powder
under magnetic stirring. After cooling the reactants to
50 °C, the mixture was added to the flask. The temper-
ature was slowly increased to 70 °C and maintained for
3 h to complete the graft copolymerization reaction. A
nitrogen atmosphere was maintained throughout the
reaction period. The obtained products were dried in
an oven at 60 °C to constant weight. Finally, the dried
products were milled and screened. All of the samples
used for the tests had a particle size of less than 150 um
(100 mesh) in diameter.

2.4 Preparation of Sand Fixation Specimens

The specimens mixed with different concentrations of
CSFA were prepared as follows: a certain amount of
sand, CSFA (0.4, 0.8, 1.2, 1.6, and 2 %, based on sand
weight), and tap water (20 %, based on sand weight)
were mixed to form a homogeneous mixture. The mix-
ture was put into a mold (0.5 cm in height and 4 cm in
diameter) and pressed tightly. Then the specimens were
placed in an oven at 80 °C for 24 h until the sand
particles are bonded together and the cementing sand
was formed. The appearance of the sand fixation spec-
imens containing 2 % CSFA is shown in Fig. 1.
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Fig. 1 The appearance of the sand fixation specimen containing 2 % CSFA (based on sand weight)

2.5 Compressive Strength Test

Compressive strength is an important parameter that is
used to evaluate the sand-fixing property. Its measure-
ment was carried out on a press machine (purchased
from Cangzhou Jilu Test Instrument Co., China) and
was measured as follows: the strength was loaded on the
center of the sample until cracks appeared and the value
was recorded as compressive strength.

2.6 Water Resistance Test

The specimens with different amounts of CSFA (0.4,
0.8, 1.6 %) were placed into the bottom of 250 mL
beakers, and 50 mL tap water was poured into each
container. Then they were put onto a table for 8 days
under a room temperature environment. For the purpose
of comparison, another group of specimens with differ-
ent amounts of CSFA (0.4, 0.8, 1.6 %) were put into the
CaCl, solution with 10 wt% and immersed for 4 h. Then
the specimens were taken out and placed in an oven at
80 °C for 24 h until they were dried completely. Other
operations were the same as the above description.

2.7 Simulation of the Aging Test

Thermal aging, freeze-thaw aging, and UV irradiation
aging were used to simulate the possible desert condi-
tions. In the thermal test, the specimen was subjected to
oxidation in a circulation oven at 80 °C for 24 days,
while in the freeze-thaw cycle, the conditions were 22 h
of freezing at —25 °C and 2 h of thawing at 25 °C, and
the freeze-thaw test contained 20 cycles. In the UV
radiation, the specimen was placed 20 cm under a 20-
W ultraviolet lamp for 480 h at 25 °C. The compressive
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strength changes of the sand fixation specimens were
measured after different aging cycles, and all the aging
tests were carried out continuously and there was no
interruption in the whole process.

2.8 Water-Retaining Property

The water-retaining property was designed as follows:
sand (120 g) that was mixed with a different amount of
agent was filled into a plastic container with 58 mm in
diameter and 85 mm in height. Then 40 g tap water was
poured into each container. All containers were placed
in an oven at 25 °C. The water-retaining property of
each sand fixation specimen was determined every
1 day, and WR was calculated by the following equa-
tion:

W—w
WR = d

—— 4 2100
Wiy < 1007

where W, is the weight of the original sand fixation
specimen containing tap water, Wy is the weight of the
dry sand fixation specimen, and W is the weight of the
sand fixation specimen containing tap water placed for
different times at 25 °C.

2.9 Characterization

FTIR measurements were performed on a FTIR-
FTS3000 spectrometer. The samples were completely
dried before measurement. All spectra where 40 scans
over a wavenumber of 400-4000 cm ' at 8 cm™ ' reso-
lution were collected were obtained from compressed
KBr pellets in which the concentration of the samples
was about 3 %. The morphologies of the sand fixation
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specimen were examined using a field emission scan-
ning electron microscope (FESEM, Carl Zeiss Ultra
Plus, Germany) with an acceleration voltage of 3 kV.
Before the SEM observation, the samples were
completely dried and coated with a thin layer of gold.
The element mapping was carried out using the Elemen-
tal Analyzer Vario EL. XRD of the samples was per-
formed using a Rigaku D/Max-2400 diffractometer with
Cu Ko radiation (k=1.5418 A) at 40 kV, 100 mA, and
scanning from 3° to 80° at 5°/min. The thermograms
have been recorded on a TGA-Q100 thermal analyzer at
a temperature range from 0 to 800 °C and with a heating
rate of 5 °C min ' in an atmosphere of nitrogen.

3 Results and Discussion
3.1 FTIR Analysis

On comparison with the FTIR spectra (Fig. 2) of XG,
laterite, and XG-g-AA/laterite, the following results
were obtained: (i) the sharp peak centered at
3620 cm ' ascribed to the stretching vibration of the
surface —OH groups of laterite disappeared after the
reaction; (ii) the absorption peaks at 1631 cm™'
(Fig. 1) and 1620 cm ' (Fig. 1) ascribed to the bending
vibration of -OH groups disappeared after the reaction,
and the new absorption peaks at 1614 cm™" appeared in
the spectra of XG-g-AA/laterite. (iii) The absorption
peaks at 1446 cm ' (Fig. 2(a)) and 1436 cm '
(Fig. 2(b)) attributed to the C—OH bending vibration
disappeared after the reaction, and new peaks were
observed at 1411 cm™' and were attributed to the sym-
metric stretching vibration of -COO groups; and (iv) the
strong absorption bands at 1028 cm ™' (Fig. 2(a)) as-
cribed to =SiO- stretching of laterite obviously weak-
ened after the reaction, and the positions of the peaks at
3415 and 3473 cm ™' observed in XG-g-AA/laterite
were also close to that of XG. These observations reveal
that AA had been grafted onto the XG backbone, and
the laterite also participated in the grafting copolymeri-
zation reaction through its active silanol groups (Wang
et al. 2008a, b; Gils et al. 2009).

To analyze the elemental distribution, the element
mapping images of carbon, oxygen, aluminum, ferrum,
and silicon were shown in Fig. 3. As can been seen,
aluminum, ferrum, and silicon were distributed evenly
in carbon and oxygen, which indicated that laterite
particles have been distributed in XG-g-AA/laterite

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (em™)
Fig.2 FTIR spectra of a laterite, b XG, and d XG-g-PAA/laterite

evenly because the major ingredients of laterite are
aluminum, ferrum, and silicon.

3.2 XRD Analysis

X-ray diffraction spectra of both laterite and XG-g-
PAA/laterite were presented in Fig. 4. Laterite was a
natural sample, and full identification of crystals was
limited because of impurities and the possible presence
of amorphous phases. The peaks at 26 of 20.84, 26.62,
50.12, and 59.92 were associated with quartz as a major
crystalline structure according to the standard powder
diffraction data (PDF 65-0466). Also, the XRD peaks at
20 of 8.78, 19.78, 34.98, and 61.66 were related to the
calcite phase (PDF 05-0586). Furthermore, the XRD
peaks at 260 of 23.02, 29.42, 36.54, 39.46, 43.2, 47.54,
and 48.58 were relevant to the muscovite phase (PDF
07-0042). In the case of XG-g-PAA/laterite composite,
the weak broad peaks at 26 of 21.58 were attributed to
its amorphous structure of hydrogel with low crystallin-
ity, and the diffraction peaks related to laterite disap-
peared or weakened, which is an indication of an exfo-
liated structure (Rashidzadeh and Olad 2014). In exfo-
liated structures, no more diffraction peaks were visible
in the XRD diffractograms either due to a slight collapse
of the plates that took place during the reaction, which
led to the interlayer spacing reduction, or the structure of
XG-g-PAA/laterite composite appeared to be partially
exfoliated (Irani et al. 2014). The extensive layer sepa-
ration associated with exfoliated structures disrupted the
coherent layer stacking and resulted in a featureless
diffraction pattern (Rashidzadeh and Olad 2014). From
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Fig. 3 Element mapping of the NaAlg-g-PAA/organo-loess

the XRD results, it could be suggested that the polymer
matrix should have interacted on the surface of laterite
rather than being incorporated into the lamellae spacing.

3.3 Thermogravimetric Analysis

Figure 5 shows TG and TGA curves of XG-g-PAA/
laterite composite. The initial slight loss in weight was
merely due to evaporation of the residual water in the
composite. The second one in the interval of 217.1—
288.6 °C had been ascribed to the dehydration and
decarboxylation of the polymer which led to the

Q

Laterite

—— XG-g-PAA/laterite
Q: Quartz PDF 65-0466
C: Calcite PDF 05-0586
M: Muscovite PDF 07-0042

Intensity/ u.a

10 20 30 40 50 60 70 80
2 Theta/ degree
Fig. 4 XRD patterns for laterite and XG-g-PAA/laterite
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formation of inter- and intramolecular anhydride (Gils
etal. 2009). The third stage of 288.6-390.9 °C might be
due to elimination of CO, molecule from the polymeric
backbone. The major weight loss of the polymer oc-
curred in the fourth stage between 390.9 and 593.5 °C,
and the T,,,, has been found at 437.6 °C. This was
assigned to the elimination of the water molecule from
the two neighboring carboxylic groups of the polymer
chains with the formation of anhydride, main chain
decomposition of the PAA, and destruction of the
cross-linked network structure (Bao et al. 2011). The
last stage that occurred at 714.7 °C might have been an
acceptable evidence for the further decomposition or

0.0
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80 |
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2 >
o $
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|
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\
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Fig. 5 TG/TGA curves of XG-g-PAA/laterite
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degradation of residual organic matter at high tempera-
tures (Zhang et al. 2014).

3.4 Morphological Studies

SEM microphotographs of laterite and sand particles
and the fracture surface of the sand fixation specimen
with different magnifications are presented in Fig. 6. It
could be observed that laterite samples displayed a
multilayer structure and nanosheets, and the distance
between sheets is in nanoscales, which provides great
surface reaction. Meanwhile, no flocculation of laterite
nanosheets could be observed in the fracture surface of
the sand fixation specimen, which indicated that laterite
nanosheets were finely dispersed in the polymer matrix
to form a homogeneous composition. For untreated sand
particles, the transition zone around sand particles was
more open and isolated from each other, containing
more gaps of sand particles, and thus, was accompanied
by a low compressive strength, which can be attributed
to wind erosion and the collision of the sand particles in
movement. By contrast, it was found that the sand
fixation specimens containing CSFA showed a dense
contact in the sand-sand particle transition zone, and the
sand particles were bonded with each other through the
CSFA, forming a bonding layer, which could increase
compressive strength and hinder the movement of sand

particles to prevent wind erosion effectively. In addition,
the bonding layer could prevent moisture evaporation to
increase the water retention property of sand particles.

3.5 Influence of the Content of CSFA on Sand-Fixing
Effect

In the desert environment, there are strong winds and
large sandstorms that are severely destructive for the
sand-fixing layer frequently. Therefore, it is necessary
for the sand fixation specimens to have excellent com-
pressive strength for wind erosion resistance. To deter-
mine the compressive strength of the sand fixation spec-
imens, the specimens that contained different contents
of CSFA, ranging from 0.4 to 2 %, were evaluated
(Fig. 7). It could be seen that the compressive strength
of the specimens was increased by increasing the con-
tent of the CSFA. When the content of the CSFA was
increased from 0.4 to 2 %, the compressive strength was
increased from 0.39 to 2.18 MPa, respectively. This
could be explained that when the CSFA was added to
the sand particles and formed a homogeneous mixture, a
part of CSFA filled up the sand-sand particle transition
zone, and the other part covered the surface of the sand
particles. Meanwhile, when the content of CSFA was
increased, the solidification of the molecular weight of
the sand-fixing specimens increased, the cross-linking

Fig. 6 SEM micrographs of cross-sectional structure of a, b laterite and the sand fixation specimens: ¢, d without CSFA and e, f with 2 %
CSFA (based on sand weight)
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density increased, the electrostatic interactions (Cou-
lombic and van der Waals) between groups on the chain
increased, so the interaction force between the CSFA
and sand particle increased (Yang et al. 2009). However,
it was worth pointing out that the compressive strength
of the sand fixation specimens containing 1.2 % sand-
fixing agent was still higher than that of international
standard requirements for a compressive strength of
1 MPa, and it could satisfy the practical application of
sand fixation.

3.6 Water Resistance of the Specimens

Water resistance is also an important parameter that is
used to assess the sand-fixing effect. As shown in Fig. 8,
after the sand fixation specimens were immersed in
water for 8 days, the specimen containing 0.4 wt%
CSFA (Fig. 8a) became larger in volume due to absorp-
tion of water and surface cracks appeared. But for the
specimen containing 0.8 wt% CSFA (Fig. 8b), there
were no obvious surface cracks and the specimen con-
taining 1.6 wt% CSFA (Fig. 8c) appeared to have slight
surface cracks as well as the volume became larger after
absorption of water. Meanwhile, it could not be ob-
served that the sand particles fall out from the above
specimens, which meant that the CSFA has certain water
resistance. However, no obvious volume change and
surface cracks could be observed in all the sand-fixing
specimens (Fig. 8d—f) treated with CaCl, solution. This
phenomenon may be attributed to the existence of a
large number of carboxyl in CSFA, and after immersion
in CaCl, solution, the network structure of Ca*"

24

2.0

*

0.8 /
/v

0.4 *

0.0 T T T T T T T T T
0.4 0.8 1.2 1.6 2.0
Content of sand-fixing agent (wt%)

Compressive strength (Mpa)
o
1

Fig.7 Relationship between the content of sand-fixing agent and
the compressive strength
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crosslinked formed on its surface (Mahdavinia et al.
2004), which improved the water resistance greatly.

Figure 9 presented the flexibility of the specimens
which have been treated with CaCl, solution and im-
mersed in tap water for 8 days. It could be seen that all
the specimens have certain flexibility, and more specif-
ically, the flexibility was increased with the content of
CSFA increased. This result might be an evidence for
the fact that Ca®" has improved the water resistance of
the specimens and indicated that it could be used for
practical application of sand fixation.

3.7 Influence of Thermal Aging on Sand-Fixing Effect

The effect of thermal aging on the compressive strength
of the sand fixation specimens with different contents of
CSFA (1.2 and 2 %, based on the weight of dry sand) is
presented in Fig. 10. It can be observed that the speci-
mens’ compressive strength increased in the early stage
of the thermal aging and then decreased continuously in
the subsequent thermal aging test. This phenomenon
might be due to the fact that there was an increase in
the cross-linking density of the polymer in the early
stage of the thermal aging test and, therefore, an initial
increase in the compressive strength of the specimens.
However, in the subsequent test, the continuous de-
crease in the compressive strength of the specimens
was mainly caused by the degradation of the polymer
molecules under the action of thermal aging (Yang et al.
2007a). But it is worth mentioning that there is no sharp
decrease in the compressive strength with the increase of
thermal aging time, which indicated that the sand-fixing
agent exhibits an excellent thermal stability.

3.8 Influence of Freeze-Thaw Aging on Sand-Fixing
Effect

Considering sand-fixing agent application in desert
areas with a large temperature difference between day
and night, the influence of freeze-thaw aging on sand-
fixing effect was tested and the results are indicated in
Fig. 11. It could be observed that there is a systematic
decrease in the compressive strength of the specimens
with increasing freeze-thaw aging cycles. The decrease
of compressive strength might be attributed to the crack
on the surface of the specimen brought by continuation
of the freeze-thaw cycles (Yang et al. 2007a). Although
the compressive strength decreased significantly when
the number of freeze-thaw cycles increased, the
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Fig. 8 Water resistance of the sand fixation specimens containing different amounts of CSFA (a 0.4 %, b 0.8 %, ¢ 1.6 %) and specimens (d

0.4 %, e 0.8 %, f 1.6 %) treated with the 10 wt% CaCl, solution

compressive strength of the specimen containing 2 %
CSFA still exceeded 1.84 MPa after 24 freeze-thaw
aging cycles, which indicated that the sand-fixing agent
showed a good freeze-thaw stability and could resist the
great changes of temperature.

3.9 Influence of UV Radiation Aging on Sand-Fixing
Effect

In the harsh desert environment, the sand-fixing agent
exposed to air is extremely vulnerable to damage, and
especially under high-intensity UV radiation, it could be
decomposed. Therefore, the durability of the sand

fixation specimens under UV radiation is an important
property for evaluating the sand-fixing agent. Figure 12
shows the variations of the different contents of CSFA
with exposure time for the compressive strength of the
specimen. It is clearly observed that the compressive
strength of the specimen increased after 90-110 h of
radiation and then decreased in the subsequent test. This
phenomenon could be due to two simultaneous reac-
tions: chain fracture and cross-linking reaction. The
early occurrence of the cross-linking reaction dominates
the chain fracture processes of degradation. When the
radiation dose is excessive, more chains begin to be
fractured, there are macromolecular changes to the

Fig. 9 The flexibility of specimens containing different amounts of CSFA (a 0.4 %, b 0.8 %, ¢ 1.6 %) treated with CaCl, solution and

immersed in tap water for 8 days

@ Springer
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Fig. 10 Relationship between the time and the compressive
strength in thermal aging test

smaller one, and the polymer may lose its compressive
strength (Yang et al. 2007b). However, after 480 h of
continuous high-intensity UV radiation, the compres-
sive strength of the specimens containing 2 % CSFA
still exceeded 1.80 MPa. This result indicated that the
sand fixation material has a good anti-ultraviolet aging
performance and could meet the requirement of appli-
cation in the field.

3.10 Water-Retaining Property of Sand Fixation
Specimens

In arid and rainless desert areas, the survival rate of
vegetation is very low because moisture evaporates
quickly under the high-temperature environment.

2.2 —=—1.2% CSFA
—e— 2% CSFA

2.0

s

=3

= 1.8

-]

on

£ 16

-

2 144

2
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S 12+
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o
1.0 \\—‘\%—s\_\-\\‘
0.8

T M T T T T T T T T T T T
0 4 8 12 16 20 24

Number of cycles

Fig. 11 Relationship between the number of cycle and the com-
pressive strength in freeze-thaw aging test
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Fig. 12 Relationship between the time and the compressive
strength in UV radiation aging test

Therefore, the water-retaining property is an important
parameter used to evaluate the effectiveness of sand-
fixing agents in the relatively arid and desert areas. The
relationship curves of the water-retaining property and
drying time of the specimens which were treated with
different amounts of CSFA are shown in Fig. 13. As
observed, the water-retaining property of the treated
specimens was more than that of the control through
the same drying time. After 7 days, the specimen con-
taining 0 % CSFA had no water. However, the water-
retaining property of the specimen containing 2 %
CSFA is still more than 40 %. These results indicated
that the presence of CSFA improved the water-retaining
property of sand obviously and it could be used as
potential materials for sand fixation applications.
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Fig. 13 Relationship between the sand water content and evapo-
rating time under 25 °C
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4 Conclusions

In the present study, a novel, cost-effective, and eco-
friendly chemical sand-fixing agent (XG-g-PAA/later-
ite) by means of graft copolymerization of XG, partially
neutralized acrylic acid (NaA), and natural laterite was
prepared. The results proved that the compressive
strength of the specimens was increased by increasing
the content of CSFA, and the addition of a low content
of CSFA could obtain desired sand-fixing properties.
Meanwhile, the chemical sand-fixing agent exhibited
remarkable performances including water resistance,
heat resistance, anti-freeze-thaw, and anti-ultraviolet ag-
ing, which indicated that the CSFA could meet the
requirement of application in the harsh desert environ-
ment. In addition, it also showed excellent water-
retaining and anti-evaporation properties. Considering
the low cost and eco-friendliness of XG-g-PAA/laterite,
we believed that it could be potential materials for sand-
fixing applications to improve the efficiency of desert
restoration.
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