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Abstract

Adsorption activity of natural adsorbents for cleanup of water surfaces from oil spills was studied. The
following natural adsorbents criteria were compared: oil absorption, buoyancy, and water absorption.
The original peat moss Sphagnum Dill (Russia) demonstrated better buoyancy (up to 700 hours) but
poorer oil absorption in comparison to Nature sorb (Canada). Carbonized and chemically modified
Sphagnum Dill was found to be similar to Canadian peat mosses Nature Corby and Spilcorb in terms
of oil absorption and superior to them in terms of buoyancy. Modified adsorbents can clean water to the
residual oil content of less than 0.03 g/L. Adsorptive capacity demonstrated dependence on adsor-
bent porosity.

Keywords: adsorptive capacity; oil products, sorbent; oil capacity; water absorption; sawdust; hydrocarbons; sor-
bent disposal.

1. Introduction

Oil, consisting of a mixture of aromatic and aliphatic hydrocarbons, does not dissolve in
water due to its hydrophobic properties, thus presents an environmental problem in the case
of emergency oil spills during oil transportation and refining because it degrades slower than
water-soluble compounds.

There is a number of different ways to clean water from oil using physical separation method.
Detergents are used to dissolve oil structure and thus make oil partially soluble in water. These
surface-active agents create water-soluble micelles with petroleum nucleus and the surface of
detergent. This method also damages the environment since the majority of used chemicals are
toxic. The basic method to respond problems related to oil spills is sorption [*-31, When choosing
an adsorbent, it is necessary to consider not only its basic characteristics such as oil
absorption, water absorption, and buoyancy but also the methods of used adsorbent disposal.
Low-ash coals modified with nitrogen and carbon dioxide to increase their porosity are used
as adsorbents to clean water under statistical conditions [4-61, To respond oil spills, adsorbents
shall be both oleophilic and hydrophobic. Inorganic adsorbents have higher hydrophobicity:
anthracite chips, zeolites, sand and chalk [6-81, Synthetic fiber materials, such as polyethylene,
polypropylene, and atactic oxidized polypropylene, are good adsorbents of hydrocarbons. To
reduce adsorbent cost and facilitate its disposal process plant, wastes are included in the polymer
matrix as a filling material [®l. The adsorbents which combine lyophilic and hydrophobic
behavior are cellulose containing materials being able to participate in ion-exchange reactions
[10-11]1  Adsorbent efficiency depends on the amount of cellulose in the material, cellulose
crystallinity, specific surface area and degree of polymerization. Together with regions of a
high degree of order (crystalline regions), there are amorphous regions with a low degree of
order. The content of crystalline regions in wood with a cellulose content of 48-56% is less
than in cotton. The presence of hydrophobic components (lignin, bitumen, pectins, and waxes)
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provides adsorbents with water repellency. The paper ['']1 demonstrates that adsorption is
determined by composition, structure, and proportion of components. Natural adsorbents
despite their diversity are characterized with high water absorption capacity and relatively low
oil absorption capacity in comparison with polymer and inorganic adsorbents. The exception is
Nature Corby, Spilcorb adsorbent made in Canada and obtained according to the specification
provided in 121, The basic approach to increase adsorbent hydrophobicity is to modify cellulose
containing adsorbents by treating them with chemicals: sodium hydroxide [*3], Fenton’s reagent
[141 organic acids and acid amides [15-16] carbonization [17],

This paper studies target-specific modification of peat moss (Sphagnum) and the following
three properties of the modified material: water absorption capacity, oil absorption capacity and
buoyancy.

2. Experimental

Oil absorption (OA, g/g) and water absorption (WA, g/g): an oil slick of 0.5 to 5 mm thick
was created over water surface in a drum with a cross-section area of 250 cm. The sorbent
was distributed over the oil slick. As the time passed, the sorbent was dewatered by filtering,
and the adsorbed oil was extracted from the sorbent using carbon tetrachloride. The
gravimetric method was used to determine the amount of the absorbed oil. The residual
amount of oil in the water was determined with an IR spectroscopy method at the wave-
number of 2,926 cm™ and a thin-layer chromatography method.

A gravimetric method evaluating weight difference of the original adsorbent (M) and the
water saturated adsorbent (M:) was used to determine water absorption (W%):

W= (M:-M)/Me 100
Peat moss carbonization

A peat moss charge (4 g) was placed into a flask; the flask was closed to prevent the access
of air into carbonization zone. The time of burning at the steady-state temperature from 100
to 400°C was 60 minutes. Coalification degree of the peat moss was defined according to the
formula: R = C; /Co *100 %, where Co and C; are the weights of peat moss before and after
carbonization process respectively. The difference between coalification degrees was deter-
mined as follows: AR= 100% - R.

Treatment with sodium hydroxide

Peat moss was bathed in 0.5% sodium hydroxide solution and kept at room temperature
for 24 hours. Then, it was filtered by flushing in a filter with water until a neutral medium and dried
at the temperature of 100°C.

Adsorbent freezing

The pre-damped adsorbent was frozen at the temperature of -18°C during three days and

then it was defrozen and dried at the temperature of 100°C.

3. Results and discussion

Study objects included natural adsorbents of plant origin: peat moss Sphagnum Dill
(Russia), Nature Corby and Spilcorb (Canada), and peat. The following basic criteria were used
to compare adsorption of the study objects: oil absorption, buoyancy, and water absorption.

Adsorption activity was determined by the amount of methylene blue dye (MB) adsorbed
on sorbent from the solution. Accumulation of MB by adsorbents is presented in Tab. 1.

It was found that peat moss has twice higher adsorption capacity than peat but 5-6 times lower
than activated charcoals. The main disadvantage of using peat moss for cleaning water surfa-
ces is its high moisture absorptivity.

The adsorbent hydrophilic property allows water to easily fill in amorphous regions in
cellulose structure, generating hydrogen bonds with hydroxyl and carboxyl groups and
resulting in adsorbent swelling and reduces its oil adsorption capacity as well as buoyancy. QOil
is absorbed by adsorbent surface due to physical sorption ,sorbent-sorbate”. When an
adsorbent comes into contact with oil, it creates molecular interaction resulting in disruption or
generation of new chemical bonds. This interaction determines the creation of hydrogen bonds
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and the van der Waals forces. Water kept in pores of an adsorbent by capillary forces fills in
capillary pores with the diameter of 1 mm minimum.

Table 1. Adsorption capacity of sorbents for methylene blue at time

Adsorbed MB, mg/g

Study object

60 s 180 s
Sphagnum Dill 37.70 40.0
Sphagnum Dill  (100°C) 43.50 54.20
Sphagnum Dill (200°C) 45.1 56.10
Sphagnum Dill (250°C) 47.67 58.54
Sphagnum Dill  (300°C) 67.87 70-85
Activated charcoal 35.00 200-230
Sphagnum Dill acetate 51.08 61.40
Peat 20-24 39.60

Hydrophobic materials are considered to be the most efficient adsorbents for organic com-
pounds from water solutions, as their adsorption based mainly on the dispersion force. Never-
theless, in practice, there is no any sorbent hydrophobicity phenomenon in natural surroundings.

Moss hydrophobization involved chemical modification of cellulose included into the moss.
A cellulose repeating unit has three hydroxyl groups. Synthesis of the cellulose ester by etheri-
fication of its hydroxyl groups was carried out with acetic anhydride in the acid medium (15%
of sulfuric acid upon the weight of the peat moss). In order to increase hydrolytic activity, the peat
moss was preliminarily activated with the acetic acid vapors. The synthesis was performed at
the temperature of 80-100°C during 5 hours. In IR spectrum an absorption band appeared at
1,730 cm! corresponding to a carboxyl group. Combined acetic acid content was 38-50%.

The second method to increase sorbent hydrophobicity is heat treatment of peat moss at
the temperatures from 100 to 300°C. Moss carbonization results in disruption of chemical
bonds in polysaccharides, intermolecular bonds between cellulose and hemicellulose, and a
decrease of capillary water in moss structure. Depending on the temperature, the peat moss chan-
ged its color from yellow to dark brown. The carbonized moss has higher adsorption capacity
as evidenced by the accumulation of MB in the adsorbent.

The main criteria for using an adsorbent to clean water surfaces in nature are its water
absorption capacity and buoyancy. Dependence of adsorbent sedimentation velocity decree-
ses significantly with the increase of carbonization temperature. The sorbents treated at the
tem-perature of 250-300°C have the highest buoyancy. Sedimentation velocity was defined
according to the formula (Tab. 2):

Ve = h‘[/ hO
where h; is a sunk adsorbent layer; ho is an original adsorbent layer.

Table 2. Dependence of sedimentation velocity (Vc) of Sphagnum Dill (SphD) and Sphagnum Dill
(300°C) on different particle sizes at time

Vc, (mesh-0.14) Vc, (mesh-0.5) Vc, (mesh-1) Vc (mesh-1.4)
T, hours SphD SphD SphD SphD

SPhD 3500y SPAD 3pp0cy  SPPD(3500cy  SPAD (3550()
1 0.10 0.01 0.10 0.03 0.10 0.070 0.11 0.070
2 0.10 0.01 0.11 0.03 0.12 0.070 0.13 0.070
3 0.10 0.013 0.11 0.03 0.13 0.070 0.13 0.080
4 0.10 0.014 0.13 0.04 0.14 0.075 0.18 0.085
5 0.11 0.014 0.13 0.04 0.15 0.075 0.18 0.090

The adsorption capacity of sorbents depends on the size of particles, with decreasing of it
the size of specific surface increases and so does adsorption capacity. Adsorbents were milled
and screened on meshes of different pore sizes. Molecular interconnections disrupt during milling
and hydroxyl groups release. Table 2 provides data on adsorbent sedimentation velocity.
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With decreasing of adsorbent particle size, the size of specific surface increases and spa-
tial capillary structure reduces, and thereby sedimentation velocity slows down. Water absor-
ption defined according to the abovementioned formula increases with increasing of adsorbent
particle size.

The cellular structure of moss consists of two types of cells: chlorophyllose cells involved
in photosynthesis and large empty hyaline cells strengthened with fibrils, cells can absorb 20
times more water than the dry dead weight of the plant. Water is eliminated and replaced with
air during carbonization. Thus, dried sphagnhum plants maintain cell structure and there-fore
adsorption capacity in Tab. 3. Oil absorption, OA (g/g), was determined to evaluate the maxi-
mum amount of adsorbed hydrocarbons.

Table 3. Dependence of water absorption and oil absorption of Sphagnum Dill (300°C) on particle size

D, mm 0.14 0.5 1 1.4
W, % 0.67 0.94 1.430 1.560
OA, g/g 15.10 14.40 14.23 13.90

Waxlike substances with hydrophobic properties escape to the surface during drying of
moss. Due to that, moss capacity to absorb oil and hydrocarbons increases and at the same
time oil recovery decreases, and also oil adsorption capacity of carbonized moss decreases
with mesh size reduction.

When a dry sphagnous moss contacts oil, it absorbs oil quickly and retains it well due to
the presence of barriers in hyaline cells. Adsorption capacity of different types of moss and
synthetic polypropelene (PP) fiber [18]1 sorbent is compared in Tab. 4.

Table 4. Sorbent properties

Sorbent material OA, g/g WA, g/g Buoyancy, h
PP fiber (21030-16) 4-9.4 0.05 -
Spilcorb (Canada) 3.96-8 1.6 - 2.0 48
Sphagnum Dill (original) 5.8 3.1-4.2 96
Acetylated peat moss 7.60-8 1.8-2 120
Carbonized peat moss (200°C) 8.23-9 1.5-1.7 170
Carbonized peat moss (300°C) 14.2-15.7 1.3-1.5 146
Activated charcoal 10.75 4.5-5.0 48

Treatment of moss, peat, and sawdust with 0.5% alcali solution results in a change of their
structure and proportion of components. As a result, lignin, waxes, and humic acids are
eliminated, and cellulose crystallinity is reduced thus increasing porosity. This results in an
increase of adsorptive capacity to MB, but material hydrophobicity decreases leading to redu-
ced oil absorption capacity of adsorbents.

Adsorbent modification by freezing was found to be more efficient. At low temperatures
moisture fills in pores that result in the generation of ice crystals in sorbent structure during
freezing and thus wedging of pores. Defreezing followed by drying results in disruption of
cellular walls and thus facilitates the increase of the amount of pores and sorbing surface.

The original Sphagnum Dill features limited oil absorbing capacity in compassion with
polypropylene fiber. However, one of the disadvantages of the sorbent is its water absor-tion
resulting in loss of sorbent buoyancy.

4. Conclusions

1. Carbonized Sphagnum Dill was found to be similar to Canadian peat mosses Nature Corby
and Spilcorb in terms of oil absorption and superior to them in terms of buoyancy.

2. Hydrophobic materials are considered to be the most efficient adsorbents for organic
compounds from water solutions, as their adsorption based mainly on the dispersion force.
In compassion with the original moss, carbonized and acetylated peat mosses feature high
oil absorption capacity, low water absorption, and higher buoyancy. Oil and water
adsorptive capacities of sorbents were found to be dependent on their porosity
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