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Abstract 

This paper provides data on developing and analyzing the main characteristics of a 

sorbent based on resilient polyurethane foam filled with 30-45 wt% of buckwheat 

husks or walnut shells, or ground corncobs, or sawdust, or acacia sawdust, or rice 

husks, or rice straws. The sorbents under research, based on polyurethane foam and 

agricultural and industrial wood wastes have an oil capacity of 2.1-12.8 g/g. The 

most efficient is the sorbent using shredded rice straw that has an oil adsorption 

ability of ~ 13 g/g. The sorbent is buoyant when saturated.The processes of oil 

sorbing by the sorbent are described by the C-isotherm according to Giles and 

Smith’s classification. Using a sorbent regenerated by the method of centrifuging up 

to 4 cycles allows extracting up to 99.5 % of oil 

Keywords:  oil, sorbent, adsorption ability, centrifuging 

Introduction  

Spills of oil or oil products (raw materials in petrochemical processes) outreach all other 

adverse factors, in terms of prevalence and amounts of contamination sources. They happen in 

manufacturing, transporting, processing, storing, accepting, releasing, and using oil and oil 

products. Here, the most difficult is skimming off oil on water surfaces. 

Among the existing and promising methods of spill response, the mechanical methods are 

distinguished that use sorbents. Materials based on coal, peat, or crop waste are used as natural 

sorbents. Among synthetic ones, materials based on polypropylene, polystyrene foam, 

polyurethane foam (PUF), etc. are known [1-5]. 

However, there is still no quite efficient and economically attractive sorbent that would 

quickly and efficiently skim oil or oil products from water surface. 

At the same time, agricultural and cellulose industry wastes represent the sources of 

additional environmental hazard. Disposal of such wastes is a separate environmental issue. 

Uncontrolled land-filling leads to contaminating the territory and disfiguring the landscape. 

Having reached certain bulk volumes, the wastes become a source of quite a powerful heat 

release inducing active combustion, which results in the secondary pollution and creation of a 

fire hazardous situation. 
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Using them as synthetic polymer-based sorbent fillers would solve two issues – that of 

waste disposal and that of cheapening the main product, i.e., the sorbent. 

The results of monitoring the studies performed allow us considering the complex of 

technical measures taken as the oil spill response to include a number of stages shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Oil-spill response scheme 

 

One of the key stages of the above flowchart is the use of several dozens of sorbents. 

Today, over 300 companies worldwide manufacture oil sorbents. Choosing a sorbent and its 

application technology depends on multiple factors, such as the type and level of pollution, 

location of the polluted area, and many others [6,7]. The properties of sorbents mostly used to 

collect oil products are shown in Tab. 1 [8-10]. 

The most of sorbents used have an insufficient adsorption ability, low or no buoyancy, they 

are expensive, and, which is most important, they can only be used once. 

Semi-rigid polyurethane foam filled with buckwheat wastes was previously proposed to be 

used as a sorbent [11,12].  

In this study, the possibility of using a greater variety of agricultural and wood industry 

waste fillers was assessed. 

 

 

 

Oil 

spill/pollution 

Emergency area 

separation 

Pollution products 

collection 

Storage of 

collected products 
Waste treatment 

and disposal 

- Slick bars 

-Special-purpose 

vessels 

- Oil skimmers 

of various types 

-Special-purpose 

vessels 

- Sorbents 

Temporary 

storage tanks of 

various types 

- Burning systems 

- Separation 

systems 

- Mini disposal    

plants 



M.A.IVANOVA, V.V.YANOV, … 

www.ppor.az 352 

Table 1. Oil collection sorbent properties 

 

Brand Material 

Application 

temperature, 

°C 

Сapacity 

for oil, 

kg/kg 

Water 

absorption, 

kg/kg 

Compressing 

degree, % 

Sorbent 

flowrate 

for 

collecting         

1 t of oil, 

kg/t 

Power-sorb 
Polypropylene 

(fiber) 
0…+40 13-25 3-6 70-80 40 

IRVELEN  
Polypropylene 

(fiber) 
-30…+40 12-25 5-8 70 43 

Megosorb 

(Russia) 

Polypropylene 

(fiber) 
+4…+50 35-40 2-4 70-75 0,085 

KPF-sorbent 
Carbamide 

foam plastic 
0…+40 40-60 5-10 60-80 25-30 

Unipolymer 

Carbamide/ 

formaldehyde 

resin 

-10…+40 30-50 4.6-10.0 70-80 33 

Versoil Vermiculite -5…+40 8-12 2-17 - 100-120 

Peat-Sorb Peat -10…+50 6-7 1.6 0 110 

Turbo-Jet  Peat -10…+50 3.6 2.0 0 105-120 

Sorboil A Peat -35…+80 2-6.5 0.5 25 556 

Lesorb Peat -5…+80 9-11 3.6 66 
115 

 

Sibsorbent 
Peat, moss, 

sapropel 
-20…+40 2-8 2 10-25 

213 

 

Penografit Graphite 0…+40 50-60 1-4 - 23 

STRG Graphite -10…+40 40-60 0.2 - 25-30 

Experimental Part 

The target of our research was flaked sorbent of 0.125 cm
3
 in volume, obtained on the 

basis of flexible polyurethane foam (PUF) and filled by 30-45 % with buckwheat husks (BH) or 

walnut shells (WS), or ground corncobs (CC), or sawdust (SD), or acacia sawdust (AS), or rice 

husks (RH), or rice straws (RS) by the technology shown in Fig. 2 and described in [13-15].
 
As a 

pollutant, we used the oil from Romashkino Field, Tatarstan, Russia. 

In order to assess the sorbent capacity for oil, certain amounts of oil were placed into a 

plastic form. The capacity for oil was measured by the difference between the masses of the 

saturated and the initial sorbent in 15, 60, and 120 minutes of its being in the oil. 
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Fig.2. Processing flowchart for obtaining a sorbent based on PUF and agricultural and wood 

industry wastes 

Results and Discussion 

The size of filler influences upon the sorbent capacity for oil (Fig. 3). The lower the degree 

of grinding, the higher the adsorbing capacity of sorbents. 

                   
Fig.3. Influence of the exposure time of the sorbent based on PUF and ground CC upon its 

capacity for oil: a) Sorbing time 120 minutes; b) sorbing time 20 minutes.1- fraction       

0.5-1.0 mm; 2- fraction 0.5-1.0 mm;3- fraction 3.0-5.0 mm 
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In order to establish the sorbent-oil contacting time necessary for oil spill responses and to 

exclude secondary contamination resulting from the adsorbed oil running off the sorbent during 

extraction, we studied the kinetics of the oil sorption-desorption process exemplified by the 

flaked sorbent with the grain volume of 0.125 cm
3
 (Fig. 4). 

For our pupose, changing the sorption intensity degree can be divided into tree stages. The 

highest adsorption capability of the sorbent flexible platelet structure is observed at the critical 

first stage of the process (I) within 15-30 minutes of contacting to oil, where the wide capillary 

interstices are intensively filled mechanically. 

 

 
Fig. 4. Kinetic curve of oil sorbing-desorbing by the sorbent filled with RS 

 

Further, with the time reaching 70-80 minutes, the sorption intensity decreases (II), 

approaching ~13 g/g, where the sorbent porous structure interacts with an oil product at the level 

of filling smaller capillaries and this interaction is much less intensive. 

At the third stage, the sorption curve reaches a plateau (III), getting into an equilibrium 

state evidencing the probable maximum fill-in of the porous structure voids, which is reached 

within the subsequent two hours. 

Since the oil spill skimming technology by the method of sorption presupposes a time-

limited sorbent-to-oil contact; the absorption rate at the first stage of the process is of practical 

interest. This is why it is reasonable to take the time of the sample-to-oil contact as equal to 15-

30 minutes, as necessary and sufficient for assessing its sorption properties. 

Naturally, the desorption curve is located lower than the sorption curve and, for our 

purposes, divided into two stages. The intense desorption from the sorbent surface in the amount 
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of ~ 25 % happens within the first 15 minutes due to vaporizing the lightest ends and weakening 

the mechanical interaction between the sorbent and the oil product, i.e., the “mechanical 

desorption” by gravity. The further exposure of the saturated sorbent results in a slight loss of the 

oil product adsorbed. The results of studying the desorption kinetics showed that the time of 15 

minutes was sufficient to remove the excessive oil product from the sorbent and prevents from 

losing the liquid when moving the absorbent to the site of regeneration. 

The oil capacities of sorbents with different fillers are shown in Fig. 5. 

 

 
 Fig.5. Oil capacities of sorbents based on resilient (r) and fluid (f) PUF with fillers, wt.%: 

1 – BH-30; 2 – BH-45; 3 – AS; 4 – RH; 5 – RS; 6 – ground RS;  

7 – WS, fraction 0.5-1.0 mm; 8 – WS, fraction 1.0-3.0 mm; 9 – WS, fraction 3.0-5.0 mm; 

10 – CC, fraction 0.5-1.0 mm; 11 – CC, fraction 1.0-3.0 mm;  

12 – CC, fraction 3.0-5.0 mm; 13 – SD 20 wt%; 14 – SD-25; 15 – SD-30 

 

All sorbents have a rather high oil capacity from 2.1 through 12.8 g/g. The most efficient 

sorbent is that using ground RS. Its adsorptive capacity for oil is ~13 g/g. 

Buoyancy is another critical factor for sorbents. Sorbent containing cellulose wastes has a 

practically 100 % buoyancy, even in a fully saturated condition. The SD-sorbent is an exception. 

Upon several days of the sorbent being in oil, it starts “submerging” by ~20 % of the total 

volume; however, no full submergence of the sorbent takes place (Fig. 6). 
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Fig. 6. SD-sorbent buoyancy 

According to Giles and Smith’s classification, there are 18 basic types of the experimental 

solutions adsorption isotherms [16]. The processes of sorbing oil with the sorbent based on PUF 

and agricultural and wood industry wastes are described by a C-isotherm. For class C, the linear 

start of the isotherm region. This is explained by the constant distribution of the dissolved 

material between the sorbate and the sorption layer. These isotherms are typical of microporous 

sorbents. As a result of sorption, the sorbent surface increases proportionally to the sorbate 

amount. In this reaction, the molecules may interact both chemically and physically. Chemical 

sorption leads to delinking the molecules. This results in producing new sorbent-sorbate bonds. 

At the first stage, there is a physical sorption, i.e., a process, in which the attraction of sorbate 

molecules to the sorbent surface is observed. And then, a surface process takes place, 

representing the diffusion of the sorbate molecules with penetration into the internal surface of 

the porous layer. Such processes are relevant to a C-isotherm. In these processes, the number of 

free sorption centers is constant within the large area of the solution concentrations. When some 

centers become full, new centers occur. This is related to the surface accessible to sorption, 

which increases in proportion to the amounts of the substance sorbed from the solution. 

Thus, the sorbent using agricultural and wood industry wastes has been found to 

demonstrate quite high sorption properties. At the same time, the problem of efficient using 

wastes can also be solved. 

Since the sorbent is an open-cell flexible material, so the adsorbed oil can be regenerated 

by compressing or centrifuging followed by its multiple reuses, which has been demonstrated by 

the example of a sorbent filled with BH ( Tab. 2). 

Table 2.   Influence of oil adsorbing by the sorbent filled with BH upon the amounts of lean oil 

regenerated by the centrifuging method 

 

Time of oil sorbing 

by the sorbent, min. 

Centrifuging time, min. 

5 10 15 20 

Lean oil, wt.% 

15 64.0 98.2 98.7 99.4 

60 65.0 98.3 98.8 99.5 

120 69.5 98.2 99.0 99.5 

 

The adsorbed oil is practically completely separated. 

Considering that the sorbent may have remained on the oil spill surface for a long time, it 

was reasonable to assess the possibility of extracting the adsorbed oil upon 1 and 2 hours of 
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exposure. The amounts of lean oil differ insignificantly, however much time has elapsed. This 

shapes of oil extraction curves are characteristic, since it has been shown previously that the 

main amounts of oil are sorbed within the first 15 minutes. 

The reuse ratios of the sorbents were assessed upon the adsorption cycle within 15 

minutes. Then the sorbent was centrifuged within 20 minutes, being weighed upon each 5 

subsequent minutes of centrifuging (Tab. 3). 

Table 3. Influence of the sorbent reuse ratios upon its adsorption ability 

 

Experiment No. 

Centrifuging time, min. 

5 10 15 20 

Lean oil, wt.% 

1* 75.0 96.4 98.5 99.5 

2** 62.0 95.9 97.6 99.5 

3*** 60 95.8 97.6 99.3 

4**** 55 95.8 97.2 99.2 

*  Centrifuging upon the first cycle of oil adsorption; 

**  Centrifuging upon the 2
nd

 cycle of oil adsorption; 

***  Centrifuging upon the 3
rd

 cycle of oil adsorption; 

****  Centrifuging upon the 4
th

 cycle of oil adsorption. 

Quadruple using of the sorbent showed that the sorbent waste, after having been cleaned 

by centrifuging, has a high adsorption ability, at a level of the fresh sorbent. Despite the repeated 

uses of the sorbent, the largest amounts of lean oil are extracted after the first 15-20 minutes, as 

in case of the initial use of the sorbent. 

Using a sorbent regenerated by the method of centrifuging up to 4 cycles allows extracting 

up to 99.5 % of oil. The flaked sorbent is shown in Fig. 7. 

 
Fig. 7. Sorbent in form of flakes 
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Conclusion 

The sorbents under research, based on PUF and agricultural and industrial wood wastes 

have an oil capacity of 2.1-12.8 g/g. The most efficient is the sorbent using shredded RS that has 

an oil adsorption ability of ~ 13 g/g. The sorbent is buoyant when saturated. 

The processes of oil sorbing by the sorbent based on PUF and agricultural and industrial 

wood wastes are described by the C-isotherm according to Giles and Smith’s classification. 

Using a sorbent regenerated by the method of centrifuging up to 4 cycles allows extracting 

up to 99.5 % of oil. 
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