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ABSTRACT

The applicability of using corn stover liquids as coarse sand soil particles stabilizer (bio-binder) material was
studied. The corn stover powder (CS) was liquefied in ethylene carbonate (EC) in the presence of dilute sulfuric acid.
The liquid samples were prepared with 4 levels of CS/EC mixtures (20%, 22.5%, 25%, and 30%, w/w), 2 levels of
liquefaction temperature (140 °C, and 160 °C), and varied reaction times (30~90 min). The insoluble residue ratios for
the CSLS increased with higher CS/EC mixture, lower reaction temperatures and shorter reaction times. While the
viscosity in the CSLS increased with higher CS/EC mixture, higher reaction temperatures and longer reaction times.
The air dried pre-treated coarse sand soil samples covered with CSLS were placed in a tunnel subjected to wind speeds
ranging from 6 m/s to 18 m/s. The crusts developed with the CSLS on the coarse sand soil surface could withstand wind
speeds up to 10 m/s, beyond this speed the deformation in the crust with a gradual increase in the erosion rate was
observed. The present work concluded that the adhesive forces of all the CSLS samples had nearly the same resistance
effects to the wind flow irrespective to the preparation conditions (CS/EC ratios, reaction temperature and reaction
time) and the viscosity. Also the crust developed on the coarse sand soil samples showed high resistance to wind erosion

to a limited wind speed; however, beyond that limit the coarse sand soil particles are no longer stabilized.
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INTRODUCTION

Wind erosion is considered to be a principal mechanism and important form of soil degradation [1], and [2].
Accordingly, it recognized as one of the most serious environmental and agricultural problems worldwide, which has
intensified in recent years [3], and [4]. Wind erosion is mainly confined to the so-called drylands, which comprise arid,
semi-arid, and dry sub-humid areas, in such ecosystem the following conditions frequently occur: a loose, dry, finely
divided soil and a smooth land surface devoid of a vegetative cover, due to low precipitation, large fields, and strong
winds [5]. Basically, wind erosion can be defined as the physical transport process of soil particles blown away by an air
stream, so the wind is the forcing mechanism of wind erosion [1], and the threshold friction velocity (TFV) is the force
of wind required to detach particles from soil surface and controlled by soil surface characteristic [6]. Consequently,
wind speed as low as 5~7 m/s (11~15 mile/hr) at 3 m above the soil surface can initiate soil movement under high
erodible field conditions by modes of transport creep, saltation, and suspention [7]. In addition, the size and stability of
the soil aggregates are primary factors that affect soil susceptibility to wind erosion [8]. The biding agents of sail
aggregate vary also [8], while aggregates > 2000 pm are held together by a fine network of roots and hyphae in soils
with high contents of organic carbon (> 2%), aggregates between 20 pm and 250 pm consist largely of particles 2~20 pm

diameter, bonded together by various cements including persistent organic materials, crystalline oxides, and highly
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disordered aluminisilicates. By the same token, water-stable aggregates 2~20 pm consists of particles <2 pm diameter
bonded together very strongly by persistent organic bonds. Also aggregates between 2 pm and 20 pm are an association
between live bacteria cells and clay particles [8], and [9]. Thereafter, aggregates smaller than 0.84 mm in diameter are
considered as erodible by wind [9], and the proportion of those aggregates in the upper 25.40 mm of the soil surface
defines the wind erodible fraction. As a result, aggregates resistance against disrupting forces can be estimated by
means of their dry aggregate stability (DAS), which is considered an index of soil resistance against wind erosion [10].

Conventionally, many practices that have been used to control soil wind erosion [11]. But the practices which
can stabilize sand soil particles against wind force were briefed by [12] in two steps: temporary stabilization which can
be done by any material that stops surface sand movements, and then biological stabilization which consists of
establishing a permanent vegetative cover and this step depends upon how efficient the temporary stabilizer.
Furthermore, [13] illustrated that temporary stabilization may be done by using vertical barriers or horizontal
protection. While vertical barriers consist of fences of appropriate height, thickness, porosity, and arrangement [14],
[15]; horizontal protection involves adding clay and organic matter to sandy soil [16], using biological crusts on soil
which empower soil dry aggregates on the surface against wind erosion [17], and applying water, oil (low-gravity
asphaltic oil, high gravity waxy oil, and crude oil), and chemical soil stabilizers [18].

Practically, effective utilization of lignocellulosic biomass has been achieved by applying chemical and
biochemical techniques, such as pyrolysis [19], modification [20], hydrolysis [21] and liquefaction [22]. Especially for
liquefaction in solvents, biomass could be decomposed into liquid at mild temperature and atmospheric pressure [23],
and the liquefaction was influenced mainly by liquefaction solvent and catalyst, as well as reaction temperature and
reaction time [22]. Generally, the slow liquefaction rate or lower temperature generates higher levels of char, while the
faster liquefaction rate or higher temperature generates higher levels of liquids and gaseous products [24]. In other
words, liquefaction yield increased with increasing time and temperature and better liquefaction achieved at 2 hrs and
160 °C, and a further increase in time and temperature resulted in a depressed increase in liquefaction yield [25]. The
costs as well as the mechanical properties are the main constraints that limit the wide use of biodegradable materials
[26]. Thus, [27] suggested that any increase in the corn stover (CS) charge could contribute to decrease in the
liquefaction costs. However, liquid co-product produced during biofuel production using biomass that are rich in lignin
contents have been used in many traditional applications which include but are not limited to concrete admixtures,
binders, well drilling mud, vanillin production, dispersants, and soil particles and dust control [28].

Fewer research has been conducted until now on the material that utilizing biomass liquids for soil particles
adhesive or binder [29]. Accordingly, this paper focused at study the applicability of using different corn stover liquids
produced at different experimental conditions to serve as coarse sand soil particles horizontal barriers, mainly through
enhance sand soil particles adhesive force against wind force and therefore can control or mitigate the rate of sand soil
particles detachment.

MATERIALS AND METHODS

A. Materials
Corn stover (CS) was collected from a local farm in suburb areas around Beijing of China. Then corn stover

was milled, screened, oven dried and weighted; only the fractions with particle size of 20~80 meshes and moisture
content of 6%~9% were employed for the study. Ethylene carbonate (EC, 99.90%, v/ v) was used as solvent in the
liquefaction process, and sulfuric acid (98.8%, v/ v) as catalyst. Water and silicon were used as blowing agent and
surfactant, respectively. All these chemicals were of analytical reagent grades, which were obtained from commercial

sources in Beijing.
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Sand soil sample was dried in the open air for 7 days, and then sieved with 1.2 mm~0.16 mm sieve shaker. A soil
sample was then stored in a plastic bag for size determination and some physiochemical analysis prior to stabilization

experiment.

B. Laboratory preparation of corn stover liquids (CSLs)
The experiments were conducted at Agricultural Processing Laboratory, College of Engineering, China

Agricultural University. Different amount of the dried corn stover powder (40 g, 45 g, 50 g, and 60 g) each was added to
(200 g) ethylene carbonate. This prepared CS/EC mixtures of (20%, 22.5%, 25%, and 30%o), was then liquefied under
two levels of liquefaction temperature (140 °C and 160 °C), and 4 levels of liquefaction time (30 min, 50 min, 70 min, and
90 min).

The liquefaction chemicals (ethylene carbonate, 200 g; and sulfuric acid, 7 g) with dried corn stover powder
whose amount was weighted according to the designed CS/EC mixtures were placed in a three-neck flask (1000 ml)
equipped with a reflux condenser; a thermometer; and a motor driven-stirrer. The main function of the reflux
condenser is to condense and reflux the materials which would be produced in the liquefaction process and could be
evaporated at the specified temperature. The mixed materials in the flask then refluxed at a desired temperature for a
predetermined period of time, with continuous agitation during the liquefaction process to obtain homogeneous
liquefied products. The flask was then immersed into cold water to quench the reaction. For all experiments, the

liquefaction process was done at the atmospheric pressure.

C. Measurement of liquefaction rate
The insoluble residue (unliquefied corn stover) ratio (IRR) of the CSLS was measured as illustrated by [30],

and then the rate which was used as index for liquefaction efficiency was calculated as suggested by [31]:

W, — W
W,

lique faction rote =

Where: W is the weight of the corn stover sample before liquefaction, and W is the weight of insoluble corn

stover residue obtained after liquefaction.

D. Measurement of viscosity
The viscosity of the CSLs was determined following the method applied by [30], and by using a viscometer

(Model: NDJ-85, Cany Precision Instrument, Shanghai, China) at 25 °C.

E. Soil particle size with some soil properties
Soil particle size was obtained referring to the USDA classification scheme [32], the soil moisture content and

the soil bulk density were calculated as suggested by [33], and the soil pH was obtained in accordance with [34] method

using a pH meter (Model: Sartorius AG PB-20, Switzerland).

F. Lab wind tunnel experiments
The laboratory experiments for the lab wind tunnel were conducted in General Experimental Hall, College of

Water Resources and Civil Engineering, China Agricultural University; and according to the lab conditions as in the
following steps:

To determine the effect of the CSLS on the sand soil particles stabilization, the different CSLS that were
prepared with different CS/EC mixtures (20%, 22.5%, 25%, and 30%) and the 2 different reaction temperature (140
°C and 160 °C), and the 4 different reaction time (30, 50, 70, and 90 min), were employed as CSLS samples. The CSLS
samples were then heated in the water bath for 2 hours at 70 °C to decrease the viscosity of the stored CSLS and to ease

its pumping out. Empty trays (50 cmx45 cmx15 cm) were weighed and then filled with the prepared sand soil with a
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careful leveling. The filled trays were re-weighed and labeled to be ready for the coming CSLS application. About (20
g) CSLS samples were sprayed individually on the surface of the leveled sand soil (about 1.5 m above the labeled trays)
using a small hand pump by means of compressed air stream from electric air compressor (Model: AIRTATE 0.2/8 D-3
(1), Shanghai, China), at constant pumping pressure (0.8 MPa). The weight of each tray was determined, recorded,
and remarked, each was then known as experimental sample. All the experimental samples were then exposed to 5~7
days drying period at ambient temperature (15°C~20 °C). A wind tunnel (Model: NYB, The New York Blower
Company, USA), has a dimension of (17 mx9.7 mx0.75 m) was used, and the wind speed in the tunnel was pre-adjusted
according to the classified effects of wind erosion on soil (surface creep, saltation, and suspension). Accordingly, the
wind speeds applied were 6 m/s, 8 m/s, 10 m/s, 12 m/s, 14 m/s, 16 m/s, and 18 m/s with a speed application interval of 5
min (i.e. raising speed gradually 2 m/s each 5 min), the speed was measured in the free opens of the wind tunnel using
digital anemometer (Smart Sensor, Model AR836, Hong Kong Hen Gao Electric Group, Hong Kong, China). The data

related to the effect of the wind tunnel speed on the treated sand soil samples were determined as soil weight lost.

G. Statistical analysis
Data were obtained from three separate samples and then averaged. Data were analyzed statistically by

Analysis of variance and then means were separated using Microsoft Office Excel 2007 (Microsoft Corporation, USA),
and the MATLAB 2011a (Mathematical Computing Software, Natick, USA).

RESULTS AND DISCUSSIONS

The liquefaction rates and viscosities of the corn stover liquids

Fig. 1 shows the results of liquefaction efficiency of CSLs (20%~30% CS/EC) prepared at 140 °C and 160 °C at
different liquefaction times (30 min ~ 90 min). The liquefaction rates of all CSLS samples prepared at 140 "°C and 160 °C
were at minima at 30 minutes and they increased gradually as the liquefaction time prolonged, and reached their
maxima at 90 minutes. Except for a CS/EC mixture of 22.5%, it is noteworthy that the liquefaction rate of the CSLS
samples treated at 140 °C increased rapidly at the first S0 minutes and then the rate of increase slowed down with time.
At 160 °C, the 20% and 22.5% CS/EC samples behaved similar as at 140 “C. While with CS/EC mixtures of 25% and
30% the steady increase in the liquefaction rate extended to 70 minutes and then the rate of increase started to slow
down. Moreover, 20% CS/EC samples heated at 140 C and 160 °C showed higher liquefaction rates compared to
22.5% CS/EC and as the percentage of the CS increased in the sample the liquefaction rate further decreased.
Accordingly, 30% CS/EC had the lowest liquefaction rate. It can be seen from Fig. 1 that treating the CS/EC samples at
160 °C resulted in better liquefaction rate than that at 140 °C. However, low CS/EC mixture and high reaction
temperature and time gives better CSLs yield, these results are similar to that reported by [35]. The results of viscosity
of the CSLS prepared at 140 °C and 160 °C at different liquefaction times (30 min ~ 90 min) are presented in Fig. 2. The
viscosities of CSLS at 140 °C and 160 °C were in sequence. The viscosity of the sample was increased as the amount of
CS in the liquid increased. Hence, the CSLS with 30% CS/EC showed the highest viscosity. The viscosity of the liquid
samples (20~30% CS/EC) at 140 °C and 160 °C increased steadily with the progress in reaction time whereas at 90
minutes the highest viscosity was found. A positive correlation between CSLS viscosity and the solid content as well as

the high liquefaction temperature and time was reported [26], and [29].
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Fig. 1. Liquefaction rate for different CS/EC mixtures at 140°C and 160°C.
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Fig. 2. Liquefaction viscosity for different CS/EC mixtures at 140°C and 160°C.
The effects of the corn stover liquids on the sand soil particles stabilization

According to the classification scheme of USDA standards for soil particle size, and with referring to Table 1,
that one of the soil sample falls in the coarse sand soil type and the other soil as fine soil which is a mixture of fine
coarse sand, silt and clay.

The sticking abilities of the CSLS samples produced at 140 °C and 160 °C on the coarse sand soil particles
subjected to different predetermined wind speeds are shown in Fig. 3. All the samples showed resistance to movement
(without deformation in the CSLS coarse sand soil crusts) under the wind speed of 6~10 m/s. But in some samples a
gradual increase in the wind speed up to 12 m/s resulted in partial deterioration of the soil crusts accompanied with a
tiny detachment of the coarse sand particles. When the wind speed reached 14~16 m/s higher deterioration of the
CSLS and coarse sand soil crust was observed in the most of the samples, as a consequence, more detachment of the
coarse sand soil particles was found. However, more and more crusts deterioration occurred when the wind speed
was increased beyond 16 m/s that resulted in extreme negative effects on the soil particles for the whole coarse sand
soil samples. Most of the samples curves showed a tendency that the difference existed in the starting points continued
with no change during the wind tunnel test until the upper limits of the crusts strength. This indicate that below this
upper limits the stickiness or the strength force of the CSLS acting on the surface of the coarse sand soil particles
samples was enough to resist the effect of the wind speed. But after that upper limits CSLS coarse sand soil particles
samples showed different and fluctuated trend attributing mainly to the difference in the application rate of the CSLS
on the samples surface, which in turn revealed different crusts surface strength and thickness, and thus different

wind speed resistance. In general, the findings indicated that the CSLS succeeded in sticking the coarse sand soil
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particles together by acting as cement material, simultaneously helped to develop a soil crust and thus increased the
ability of the coarse sand soil to resist the wind force, this sticking ability may attributed to some rheological
properties such as liquids viscosity and also high organic carbon as supported by [9]. Besides, all the CSLS and coarse
sand soil particles crusts investigated showed nearly the same effects (without loss when the wind speed not exceeding
an upper limit) within a wide range of wind speed and with no apparent differences between the CSLS samples under

the described liquefaction temperature and time.

TABLE I: physiochemical properties of the soil samples

- Moistur  Bulk
Soil size

Soil type e content densit  Soil pH
mm ey

0.21 150 7.95

Coarser 1.20 ~
particles 0.16
Finest

. <0.16 030 118 7.88
particles

Fig. 3. Coarse sand particles weights remain at different CS/EC mixtures.

The rate of the wind erosion on the coarse sand soil relative to the wind speeds applied with the time interval of
5 minutes is shown in Fig. 5. It was revealed that for most of the samples wind speed of 6 m/s ~8 m/s applied on the
crusts developed from the CSLS and coarse sand soil particles resulted in zero erosion rates, which indicate that
within this wind speed the crusts strength was strong enough to resist the wind force. Thereafter, a gradual increase
in the wind speed to 10 m/s ~12 m/s caused a gradual and continual deterioration of the CSLS and coarse sand soil
particles crusts of the most samples, exposing more soil particles to direct wind force which caused a gradual increase
in rate of coarse sand soil erosion. Increasing the wind speed beyond 12 m/s (14 m/s, 16 m/s, and 18 m/s) all the CSLS
and coarse sand soil particles crusts moved in high rates, resulting in a concurrent increase of their erosion rate.
Generally, a gradual increase in erosion rate of the coarse sand soil with wind speed suggested the high adhesive force

of CSLS and the coarse sand soil particles crusts at first versus a low wind force at the low speed, and then the
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opposite is true with increasing the wind speed. Also it is well mentioning that the CSLS and coarse sand soil crusts
start to move by wind force at some point (s) within the sample, which in turn ease and accelerate crusts deterioration

more than the other samples, despite the CSLS, and its liquefaction conditions.

oil Erasi

T ¢ § m m
Wind Spead (m set Wind Spaed 30
¢ CSEC=30% md T = 180°C A CSEC it md T= 10°C

Fig. 4. Coarse sand particles erosion rates at different CS/EC mixtures.
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