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Abstract( 4} 5 & 3L TFSH) . A kind of water — transferring composite used for water saving and planting in deser-
tification controlling was prepared. It was composed of different proportions of polyacrylamide solutions and montmorillonite
coated on fibre. The micro — appearance of the coated fibre and the microstructure of the coat were described by scanning
electron microscope. The water desorption characteristics of the coat were detected by thermogravimetry. The water —
transferring capabilities of the coated fibre in soil with various moisture were analysed by rapid moisture meter. The results
show that montmorillonite grains disperse throughout the branches of polyacrylamide. Water transfer rate is determined by
spatial continuity of the grains which is caused by dominant action of polyacrylamide on montmorillonite under different wa-
ter potentials of the coat. The rate increases with soil moisture decreasing. The survival rate gets higher when the coat is
applied to picea asperata mast. Sell — adjustment of the composite coat to soil moisture provides appropriate water to
plants.
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1 Introduction (/4 &5z shEtk Arial B & 2 T groundwater reduction, large amount of water evaporation, and

P . . . . even unsustainable development of ecological construction.
Desertification is a serious issue that the world is facing.

Since 1990s, China’s desert area has been increasing at a rate d h h - hnologi bsorb
] [1-2) ° ; wide, such as water harvesting technologies, super absor
of 2 460 km" per year . Ecological Restoration has become
a regional problem in desertification areas; the evaporation is as
high as 1 500 ~3 000 mm and the precipitation is generally un-

der 300 mm in these areas. It is difficult to guarantee the plants

The water harvesting technologies are widely used in drink

industry, the transformation of saline — alkali soil, water for

There are many water saving and planting techniques world-
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polymers, solid water, drip irrigation, and seep — irrigation.
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ban life and industrial production, and water shortage problems

[3-6]
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methods such as level step, level trench, and fish — scale pits
are used to improve the survival rate of afforestation of catch-
ments, but the effect is of no significance. The aquasorbs ab-
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water. Water is released slowly through the soil microorga-
nisms. The aquasorb and the solid water can’ t guarantee the
plants in the desert to survival because of high water absorption
ratio, short water holding time and salt — tolerance. Drip irri-
gation technology can guarantee long — term water supplying,
but it isn’ t applicable to plant trees in the desert because of
high costs!'!. Other technologies such as container nursery!'!
and ABT!™! are not suitable in the desert because they need
plenty of water. (9. 5 gE45RF 4

Researchers of Research Institute of Ecological and
Functional Materials in China University of Mining and Tech-
nology have developed a kind of Water Storage and Controlled
- release Film ( WSCF), which can be used in forestation
in arid area or semi — arid area™. WSCF is a kind of com-
posite film prepared by compounding functional water — trans-
ferring coated fibre and environmentally friendly polymer ma-
terial. When WSCF is packed with water and embedded in
soil around tree roots, it forms a “small reservoir” in the soil
to meet the need of plant growth. The water — transferring
coated fibre is a kind of natural plant fibre coated with mixed
colloid composed of sop organic macromolecule ( polyacryl-
amide ) and montmorillonite grain. It can transfer water auto-
matically according to the water requirement of the plants.

There are few rainfalls in desertification areas, which
leads to high cost and difficulty in promotion of the above tech-
niques. Under this condition, we present a water — transferring
composite used for water saving and planting in desertification
controlling. The components of the composite are determined to
study their water — transferring performance. The water transfer-
ring mechanism of the presented fibre is also researched in
the paper.

2 Experimental methods and results

2.1 Experimental materials
(9. 5 BRI CHMEF PR Aral /IR 175)

The coat was composed of the absorbent organic polymer
(Polyacrylamide) , the ultra — fine montmorillonite grain and
distilled water. Different proportions of polyacrylamide and
montmorillonite were adopted to prepare the coat and their
water — transferring performances were measured. The com-
ponent of the coat is shown in Table 1.

Table 1 Component of the coat{ 6 &7k 1 )
Polyacrylamide( g) : Composite(g) :

Samples Montmorillonite( g) Water( ml)

M1 0.1:18 18.1 : 100

M2 0.1:14 14.1 : 100

M3 0.1:10 10.1 : 100

2.2 Experimental methods

The integrated thermal gravimetric analyzer ( Perkin Elmer
Diamonds ]I ) was used to analyze the desorption of the coat.
The micro - appearance of the coated fibre and its
microstructure was described by the environment scanning elec-
tron microscope. The water — releasing characteristics in soil of
various moisture were analyzed by fast water — equipment
(M30). Water — transferring coated fibre was compounded
with polymer to form composite film. The fibre density of com-
posite film was 10 bundles/25 c¢m’. The composite film was
made in shape of bag and packed with water. Instrument for
quick measuring moisture M30 was used to determine the ratio
of water loss of the composite film. The determination time was

30 min and the temperature was 65 °C.

The composite film packed with water was put beside the
root of Picea asperata Mast in an experiment area of Tongliao
Forestry Research Institute to measure the soil moisture around
root of Picea asperata Mast.

2.3 Experimental results

The different coated fibres were fixed in the environmental-
ly friendly films, and their water loss rate at different tempera-
tures was measured by the fast water equipment. The result is
shown in Fig. 1. The water loss rate of M1 and M3 change obvi-
ously, but that of M2 doesnt. It is comparatively stable,
which means that M2 isn’t sensitive to the temperature.
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Fig. 1 Water loss rate at different temperatures

(6 BAHTIH)
The films were put into the draughty desert soil with moisture
of3% , 6% , 9% and 12% respectively after packed water.
The water loss rate is shown in Fig. 2. It is seen that the wa-
ter loss rate in low moisture soil is higher than that in high
moisture soil. M2 still shows stable performance under this
condition. The coated fibre can make self — adjustment of its
water transfer velocity to the different moisture of the soil.
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Fig. 2 Water loss rate in soil with different moisture

The results of composite films, M1, M2 and M3, put
beside the root of picea asperata mast, are shown in Fig. 3.

Fig. 3 shows the soil moisture 5 em, 10 ¢cm and 15 em
away from the root of picea asperata mast. They all decrease
gradually in ten days, but the moisture of the soil which is 5
cm away from the root is higher than the other two places,
which illuminates that in the coat has transferred water to the
soil near the root. The moisture of the soil far off the root is
low because the packed water is transferred slowly by the
coat. This guarantees that it can provide water to Picea aspe-
rata Mast continually.
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Fig. 3 Soil moisture at different time

3 Analysis and discussion

3.1 Performance of materials

Montmorillonite is a kind of natural layered silicate min-
eral with 2; 1 type structure, as shown in Fig. 4, and it can
absorb a great deal of water because there are adsorption ex-
changeable cations between the layers and they are usually in
the state of hydration which causes to expand the distance of
the layers. Fig. 5 shows the thermal performance of montmo-
rillonite. It indicates that the water in the layers is mainly
physical water, almost released at 20 ~ 140 °C. So the wa-
ter can be transferred through the layers easily.

@ =OH
. =AP or Mg*

Fig. 4 Structure of montmorillonite

@ =OH"
. =AP* or Mg*

Polyacrylamide is a mildly binder crosslinked polyelec-
trolyte with three — dimensional network structure. There are
a large number of hydrophilic groups on its macromolecular
chains, so that it can absorb a great deal of water relying on
its internal three — dimensional networks and causes swelling.
The behavior of water adsorption is not the capillary adsorp-
tion, it is physical adsorption of high polymer net. So the
water in polyacrylamide is still ordinary water, which is just
restricted by the net structure. The desorption of polyacryl-
amide and swelled polyacrylamide is shown in Fig. 5. It is
seen that the swelled polyacrylamide loses about 90% of the
water in the process of heating while the polyacrylamide just
loses about 20% , which means there is much water existing
in the net structure of swelled polyacrymide. The structure of
montmorillonite is not destroyed when the absorbed water is
released in the heating process, which indicates that the re-
leasing process is reversible.

As shown in Fig. 6(a), the particles of montmorillonite
tend to minimize in the solution and are fully dispersed in the
network space of the polyacrylamide. This is because that
the polyacrylamide is a kind of multi — hydroxy water — solu-

Temperature/C

Fig. 5 TG curves of the polyacrylamide

ble polymer and has strong compatibility with the montmoril-
lonite. So the platelets of the montmorillonite are fully dis-
persed in the solution to form a great deal of pores to conserve
and release water when the polyacrylamide dissolves fully in
the montmorillonite solution. The temperature in this process
is lower because the bond strength between the absorbed wa-
ter and the montmorillonite is infirmed. The micro — appear-
ance of the fibre is shown in Fig. 6(b). We can see that
the coat covers the surface of the natural fibre evenly.

Fig. 6 Microappearance of the coat structure (a) and coated fi-

bre (b)

3.2 Transferring mechanism

Polyacrylamide is a mildly binder crosslinked polyelec-
trolyte with three — dimensional network structure. There is
not only physical adsorption but also chemical adsorption in
its water adsorption process. The long chains of the polymer
twine together to form a netlike structure before contacting
with water. But the net expanded under the function of the
hydration between the water — tendency groups and the water
molecules after it absorbed water. This causes different ion
concentration in and out of the net. It results in the osmotic
pressures in the net. So the water infilirates into the coat
through its structure. The swelled polyacrylamide is shown in
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Fig. 7 (a).
Montmorillonite is a kind of hydrophilic abio — mineral.
It has a certain degree of absorbent performance which is
caused by the strong hydration of its activity cenire.
Itisn’ t simpleﬂ hysical admi b

lonite and polyacrylamide. There are three kinds possibly:
filler type, surface graft polymerization and structured. A
proper cross — linked admixture can be produced to transfer
water if the proportions are appropriate, as shown in Fig. 7

Fig. 7 SEM micrographs of the coat structure (a) swelled coat and (b) dry coat

3.3 Transfer mode

Fig. 8 shows water — transferring mode of the coat. The
film which has been packed some water is put in the desertifi-
cation soil or the draughty soil, one side of the fibre in the
packed water, the other side in the droughty soil, so that
water can be transferred to the soil through the coated fibre
due to different water potentials on the two sides of the fibre.
The transferring mechanism is shown in Fig. 8. On the water
side, the polyacrylamide swells because of high water poten-
tial, the montmorillonite grains are in the state of bridge
break, so water is transferred relying on adsorption — desorp-
tion function of the polyacrylamide (see Fig. 9(a)). While
on the other side, the montmorillonite grains are in the state
of bridge connection because of the low water potential, wa-
ter is transferred by these grains(see Fig. 9(c) ). The tran-
sient state is shown in Fig. 9(b). Since the adsorption — de-
sorption energy barriers are different between the polyacryl-
amide and the montmorillonite grains, different water poten-
tials are formed to transfer water. Therefore, we can confirm
the water potential by designing the proportion of the polyac-
rylamide and the montmorillonite in the coat to realize reason-
able soil moisture.

Supporting fibre

Desert or drought soil

Fig. 8 Water transferring diagram of the coat

4 Conclusions

(1) Montmorillonite grains tend to minimize in the a-
queous solution of the polyacrylamide and are fully dispersed
in the network space of the polyacrylamide.

. Montmorillonite grain
Polyacrylamide

(@)

Fig. 9 Water — transferring mechanism diagrams of the coat; (a)
high water potential, (b) transient state, and (c¢) low
water potential

(2) Different energy barriers are formed due to different
water potentials at both sides of the coated fibre, which forms
water potential gradient to realize water transfer.

(3) The water transfer rates of the coated fibre can ad-
just itself to the different soil moisture to meet the water re-
quirement of the plants in time.
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Abstract; A kind of water — transferring composite used for water saving and planting in desertification controlling was
prepared. It was composed of different proportions of polyacrylamide solutions and montmorillonite coated on fibre. The
micro — appearance of the coated fibre and the microstructure of the coat were described by scanning electron microscope.
The water desorption characteristics of the coat were detected by thermogravimetry. The water — transferring capabilities of
the coated fibre in soil with various moisture were analysed by rapid moisture meter. The results show that montmorillonite
grains disperse throughout the branches of polyacrylamide. Water transfer rate is determined by spatial continuity of the
grains which is caused by dominant action of polyacrylamide on montmorillonite under different water potentials of the coat.
The rate increases with soil moisture decreasing. The survival rate gets higher when the coat is applied to picea asperata
mast. Self — adjustment of the composite coat to soil moisture provides appropriate water to plants.
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1 Introduction

Desertification is a serious issue that the world is facing.
Since 1990s, China’s desert area has been increasing at a rate
of 2 460 km’® per year'' ">, Ecological Restoration has become
a regional problem in desertification areas; the evaporation is as
high as 1 500 ~3 000 mm and the precipitation is generally un-
der 300 mm in these areas. It is difficult to guarantee the plants
surviving using traditional irrigation methods, which leads to
groundwater reduction, large amount of water evaporation, and
even unsustainable development of ecological construction.

There are many water saving and planting techniques world-
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wide, such as water harvesting technologies, super absorbent
polymers, solid water, drip irrigation, and seep — irrigation.
The water harvesting technologies are widely used in drinking
water, food production, drought reforestation, the livestock
industry, the transformation of saline — alkali soil, water for ur-
ban life and industrial production, and water shortage problems
of agro — forestry'> ). In our country, simple land preparation
methods such as level step, level trench, and fish — scale pits
are used to improve the survival rate of afforestation of catch-
ments, but the effect is of no significance. The aquasorbs ab-
sorb water through special molecular structure. They have
strong retention”’ ~*!, but the absorbed water can not be re-
leased with simple physical methods!™!. 98% of solid water is
water. Water is released slowly through the soil microorga-
nisms. The aquasorb and the solid water can’ t guarantee the
plants in the desert to survival because of high water absorption
ratio, short water holding time and salt — tolerance. Drip irri-
gation technology can guarantee long - term water supplying,
but it isn’ t applicable to plant trees in the desert because of
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high costs!"!!.  Other technologies such as container nursery "

and ABT!™! are not suitable in the desert because they need
plenty of water.

Researchers of Research Institute of Ecological and Func-
tional Materials in China University of Mining and Technology
have developed a kind of Water Storage and Controlled - release

Film ( WSCF), which can be used in forestation in arid area or
[14]

]

semi — arid area WSCF is a kind of composite film prepared
by compounding functional water — transferring coated fibre and
environmentally friendly polymer material. When WSCF is
packed with water and embedded in soil around tree roots, it
forms a “small reservoir” in the soil to meet the need of plant
growth. The water — transferring coated fibre is a kind of natural
plant fibre coated with mixed colloid composed of sop organic
macromolecule ( polyacrylamide) and montmorillonite grain. It
can transfer water automatically according to the water require-
ment of the plants.

There are few rainfalls in desertification areas, which leads
to high cost and difficulty in promotion of the above techniques.
Under this condition, we present a water — transferring compos-
ite used for water saving and planting in desertification control-
ling. The components of the composite are determined to study
their water — transferring performance. The water transferring
mechanism of the presented fibre is also researched in
the paper.

2 Experimental methods and results

2.1 Experimental materials

The coat was composed of the absorbent organic polymer
( Polyacrylamide) , the ultra — fine montmorillonite grain and
distilled water. Different proportions of polyacrylamide and
montmorillonite were adopted to prepare the coat and their water
— transferring performances were measured. The component of
the coat is shown in Table 1.

Table 1 Component of the coat
Polyacrylamide( g) : Composite( g) :
Samples Montmorillonite ( g ) Water( ml)
M1 0.1:18 18.1 : 100
M2 0.1:14 14.1 : 100
M3 0.1:10 10.1 : 100

2.2 Experimental methods

The integrated thermal gravimetric analyzer ( Perkin Elmer
Diamonds T ) was used to analyze the desorption of the coat.
The micro - appearance of the coated fibre and its
microstructure was described by the environment scanning elec-
tron microscope. The water — releasing characteristics in soil of
various moisture were analyzed by fast water — equipment
(M30). Water — transferring coated fibre was compounded
with polymer to form composite film. The fibre density of com-
posite film was 10 bundles/25 c¢m’. The composite film was
made in shape of bag and packed with water. Instrument for
quick measuring moisture M30 was used to determine the ratio
of water loss of the composite film. The determination time was
30 min and the temperature was 65 °C.

The composite film packed with water was put beside the
root of Picea asperata Mast in an experiment area of Tongliao
Forestry Research Institute to measure the soil moisture around
root of Picea asperata Mast.

2.3 Experimental results

The different coated fibres were fixed in the environmental-

ly friendly films, and their water loss rate at different tempera-

tures was measured by the fast water equipment. The result is
shown in Fig. 1. The water loss rate of M1 and M3 change obvi-
ously, but that of M2 doesnt. It is comparatively stable,
which means that M2 isn’t sensitive to the temperature.
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Fig. 1 Water loss rate at different temperatures

The films were put into the draughty desert soil with mois-
ture of 3% , 6% , 9% and 12% respectively after packed wa-
ter. The water loss rate is shown in Fig. 2. Tt is seen that the
water loss rate in low moisture soil is higher than that in high
moisture soil. M2 still shows stable performance under this con-
dition. The coated fibre can make self — adjustment of its water
transfer velocity to the different moisture of the soil.
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Fig. 2 Water loss rate in soil with different moisture

The results of composite films, M1, M2 and M3, put
beside the root of picea asperata mast, are shown in Fig. 3.
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Fig. 3 Soil moisture at different time

Fig. 3 shows the soil moisture 5 e¢m, 10 e¢m and 15 em
away from the root of picea asperata mast. They all decrease
gradually in ten days, but the moisture of the soil which is 5 ¢cm
away from the root is higher than the other two places, which il-
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luminates that in the coat has transferred water to the soil near
the root. The moisture of the soil far off the root is low because
the packed water is transferred slowly by the coat. This guaran-
tees that it can provide water to Picea asperata Mast continually.

3 Analysis and discussion

3.1 Performance of materials

Montmorillonite is a kind of natural layered silicate mineral
with 2. 1 type structure, as shown in Fig. 4, and it can absorb
a great deal of water because there are adsorption exchangeable
cations between the layers and they are usually in the state of
hydration which causes to expand the distance of the layers.
Fig. 5 shows the thermal performance of montmorillonite. Tt in-
dicates that the water in the layers is mainly physical water, al-
most released at 20 ~ 140 C. So the water can be transferred
through the layers easily.

@ =OH
. =AP or Mg*

Fig. 4 Structure of montmorillonite

@ =0H
. =AP* or Mg*

Polyacrylamide is a mildly binder crosslinked polyelectro-
lyte with three — dimensional network structure. There are a
large number of hydrophilic groups on its macromolecular
chains, so that it can absorb a great deal of water relying on its
internal three — dimensional networks and causes swelling. The
behavior of water adsorption is not the capillary adsorption, it is
physical adsorption of high polymer net. So the water in polyac-
rylamide is still ordinary water, which is just restricted by the
net structure. The desorption of polyacrylamide and swelled
polyacrylamide is shown in Fig. 5. It is seen that the swelled
polyacrylamide loses about 90% of the water in the process of
heating while the polyacrylamide just loses about 20% , which
means there is much water existing in the net structure of
swelled polyacrymide. The structure of montmorillonite is not
destroyed when the absorbed water is released in the heating
process, which indicates that the releasing process is reversi-

ble.
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Fig. 5 TG curves of the polyacrylamide

As shown in Fig. 6 (a), the particles of montmorillonite
tend to minimize in the solution and are fully dispersed in the

network space of the polyacrylamide. This is because that the
polyacrylamide is a kind of multi — hydroxy water — soluble poly-
mer and has strong compatibility with the montmorillonite. So
the platelets of the montmorillonite are fully dispersed in the so-
lution to form a great deal of pores to conserve and release water
when the polyacrylamide dissolves fully in the montmorillonite
solution. The temperature in this process is lower because the
bond strength between the absorbed water and the montmorillon-
ite is infirmed. The micro — appearance of the fibre is shown in
Fig. 6(b). We can see that the coat covers the surface of the
natural fibre evenly.

Fig. 6 Microappearance of the coat structure (a) and coated

fibre (b)

3.2 Transferring mechanism

Polyacrylamide is a mildly binder crosslinked polyelectro-
lyte with three — dimensional network structure. There is not
only physical adsorption but also chemical adsorption in its water
adsorption process. The long chains of the polymer twine to-
gether to form a netlike structure before contacting with water.
But the net expanded under the function of the hydration be-
tween the water — tendency groups and the water molecules after
it absorbed water. This causes different ion concentration in
and out of the net. It results in the osmotic pressures in the
net. So the water infiltrates into the coat through its structure.
The swelled polyacrylamide is shown in Fig. 7 (a).

Montmorillonite is a kind of hydrophilic abio — mineral. Tt
has a certain degree of absorbent performance which is caused
by the strong hydration of its activity centre.

It isn’ t simple physical admixture between montmorillonite
and polyacrylamide. There are three kinds possibly: filler
type, surface graft polymerization and structured. A proper
cross — linked admixture can be produced to transfer water if the
proportions are appropriate, as shown in Fig. 7 (b).

3.3 Transfer mode

Fig. 8 shows water — transferring mode of the coat. The
film which has been packed some water is put in the desertifica-
tion soil or the draughty soil, one side of the fibre in the packed
water, the other side in the droughty soil, so that water can be
transferred to the soil through the coated fibre due to different
water potentials on the two sides of the fibre. The transferring
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Fig. 7 SEM micrographs of the coat structure (a) swelled coat and (b) dry coat

mechanism is shown in Fig, 8. On the water side, the polyac-
rylamide swells because of high water potential, the montmoril-
lonite grains are in the state of bridge break, so water is trans-
ferred relying on adsorption — desorption function of the polyac-
rylamide ( see Fig. 9(a)). While on the other side, the mont-
morillonite grains are in the state of bridge connection because of
the low water potential, water is transferred by these grains( see
Fig. 9(c) ). The transient state is shown in Fig. 9(b). Since
the adsorption — desorption energy barriers are different between
the polyacrylamide and the montmorillonite grains, different wa-
ter potentials are formed to transfer water. Therefore, we can
confirm the water potential by designing the proportion of the
polyacrylamide and the montmorillonite in the coat to realize rea-
sonable soil moisture.

Supporting fibre

{ Thickness
of the film

Desert or drought soil

Fig. 8 Water transferring diagram of the coat

. Montmorillonite grain
Polyacrylamide

(@ (b) ()
Fig. 9  Water — transferring mechanism diagrams of the coat;
(a) high water potential, (b) transient state, and (c¢)
low water potential

4 Conclusions

(1) Montmorillonite grains tend to minimize in the aqueous
solution of the polyacrylamide and are fully dispersed in the net-
work space of the polyacrylamide.

(2) Different energy barriers are formed due to different
water potentials at both sides of the coated fibre, which forms
water potential gradient to realize water transfer.

(3) The water transfer rates of the coated fibre can adjust
itself to the different soil moisture to meet the water requirement
of the plants in time.
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