
O C E A N O L O G IA  N r  11 (1979) 139

J A N  H U PK A
ST A N ISŁ A W  M YDLARCZYK

G dańsk T echnical U niversity
In stitu te  of Inorganic C hem istry and T echnology

THE APPLICATION OF WASTE SYNTHETIC FIBRES TO REMOVE 
OIL SPILLS FROM WATER SURFACES

C o n t e n t s :  1. E xperim ental w ork, 2. R esu lts and d iscussion, 3. C onclusion; S tresz­
czenie; R eferences.

The method of removing oil spills from sea-w ater surfaces by means 
of buoyancy sorbents is becoming increasingly significant as improved 
equipment is used in the counteracting of pollution. Of the many substan­
ces used for this purpose unstructured synthetic fibres should be singled 
out. From among other substances they have several advantages such 
as: their chemical composition and natural surface properties which give 
them high hydrophobic and low hydrophylic properties. Hence the fibres 
do not require additional treatm ent to increase their oleophilic properties. 
Synthetic fibres have a highly developed surface, and disintegration, to 
give their structure very good absorbant properties, is easy. As the fibres 
often constitute waste m aterial, their use for the sorption of petroleum 
products is advantageous from the economical point of view. By squeez­
ing out the absorbed oil, the fibres can be utilized several times whereas 
their sorption capacity remains as high as before. The oil is absorbed by 
the fibres which are in the form of disintegrated particles, booms, belts 
and mats. In each of these forms the oil sorption capacity depends on 
fibre packing density, oleophilic properties, density and viscosity of the 
oil, the quantity of oil on the w ater surface, the tem perature at which 
the process takes place. The sorption capacity will be influenced by all 
these factors.

The sorbent m aterial is capable of holding the absorbed oil as the 
result of two processes: adsorption and absorption. The adsorption capa­
city depends prim arily on the chemical structure of the substances which 
form the fibres, that is on the surface properties of the fibres. The absorp­



tion capacity is a function of the structure of the fibres in their sorbent 
wads, the distances between them, the diameter and cross section of each 
filament. H itherto, many investigators have attributed the main role of 
oil sorption to the process of adsorption while the process of absorption 
has been underestimated. On fibre sorbents, however, the oil is mostly 
held due to their capillary forces, as well as to the existance of oil bridges 
between the fibres. Obviously the absorption depends on adsorption pro­
cesses. Depending on the contact angle of the oil drop with respect to the 
fibre surface the capillary forces are stronger or weaker [1], The extent 
to which crude oil is removed from artificial sea-w ater by means of dis­
integrated synthetic fibres has been investigated by Johnson et al. [4], 
The sorption tests were conducted with good contact between the oil and 
sea-w ater being maintained. The influence of fibre surface properties on 
the sorption capacity is considerable. Therefore, apart from the sorption 
yield value, the contact angle for the oil on the sorbent is one of the basic 
quantities needed in the characterization of the sorbent m aterial [7]. 
Zahid et al. [9] emphasis that the distance between the fibres and their 
geometry are an im portant factor in the sorbing capacity observed while 
oil is removed from w ater surface by means of specially constructed 
matrices. They also observed tha t the change of the fibres surface pro­
perties have little  influence on the yields obtained. Both papers men­
tioned quote literature  concerning the process of deoiling of water. The 
authors suggest various conceptions of oil sorption mechanisms. The pur­
pose of this paper is to relate petroleum products sorption to fibre surface 
properties and the structural arrangem ent of fibres in the wads. A new 
type of sorbent has been proposed.

1. E X P E R IM E N T A L  W O R K

Sorbing agent
In most experim ental work a sorbent m aterial obtained from the tyre 

cord of spent automobile tyres was used. The m anner of obtaining the 
sorbent and its fundam ental physicochemical properties were described 
in our previous paper [3], The sorbent consists of 60% viscose rayon 
fibres, 38% polyamide fibres, the remaining 2% being small rubber par­
ticles closely adhering to the tyre  cord fibres. Tyre cord was disintegrated 
to obtain fibres of suitable size.

The sorption of viscose and polyamide fibres, being a raw material 
used in tyre  body production, viz. pure and not waste fibres was also 
determined.
Oils

The sorption process was carried out for crude-oil and ”Lux 10” 
engine-oil. As the gradual evaporation of lighter fractions is always taking



place in crude-oil spills, this process was simulated by w eathering the 
crude-oil for 48 hours. In  experim ental work, crude oil so devoid of low- 
boiling fractions was used.

An infrared spectrum of crude oil is shown in Fig. 1. The normal 
hydrocarbon absorption bands at 2925, 2849, 1455, 1375 cm-1 are observed. 
In addition to these, aromatic bands absorption is represented by peaks 
at: 869, 810, 745 and 1600 cm-1 [6], The density and viscosity of crude-oil 
and „Lux 10” oil are given in Table 1.

Wave lengh [a *m l 
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Fig. 1. Infrared spectrum  of crude oil
R ye. 1. W idm o w  podczerw ieni d la  ropy naftow ej

T a b l e  1 
T a b e l a  1

C haracteristics o f oil products used  in  sorption processes 
C harakterystyka produktów  n aftow ych  stosow anych  w  procesie sorpcji

Oil D ensity  g /cm 5 20°C K inem atic v iscosity  
c St 20°C

Crude oil
a) as received 0.840 4.8
b) after 48 h w eathering 0.868 8.1

Engine oil „Lux 10” 0.895 458

10 — O c e a n o lo g ia  N r  11



Procedure
In order to examine the oil absorption capacity cylinder-shaped sor­

bent wads 25 mm in diameter and 50 mm long were formed. By changing 
the quantity  of fibres in the same volume, the required packing density 
was obtained. The cylinders were placed on the oil surface and the sorb­
ing time was measured. By sorbing time is m eant the time which elapsed 
between the moment the fibres came into contact w ith the oil and the 
instant these fibres disappeared beneath the oil surface. Mention must 
be made of the fact that the sorbing time does not conform to the oil satu­
ration of the cylinders as oil products of higher viscosity (e.g. „Lux 10” 
oil) penetrate into the sorbent slower than the lighter fractions do. The 
cylinders sink when the oil density and that of the fibre-oil-air m ixture 
are equal, but some of the free spaces between the fibres is not occupied 
by the oil for a certain time. A fter sinking, each cylinder was pulled out 
by means of a metal clamp and the excess oil was allowed to drip for
1 hour. The cylinders were weighed and the sorption capacity was calcu­
lated. The conglomerate of oil and sorbent was squeezed in a press in 
such a m anner as not to damage the cylinders and the absorption was 
once more calculated. Cylinders from pure viscose and polyamide fibres 
were also formed and identical experiments were conducted. Two kinds 
of sorbents were applied: sorbent I and sorbent II. Sorbent I, as well as 
the viscose and polyamide fibres had an average filam ent of about 15 |o.m, 
while sorbent II had about 50 ixm. The contact angles on the sorbent 
fibres and polyamide and viscose fibres for the oils used were measured. 
Measurements were performed by means of a microscope [5], The contact 
angles of 5—7 oil drops for each fibre-oil-artificial sea-w ater composition 
were measured and the results summarized in Table 2. A 3.5% solution 
of NaCl in fresh w ater was used as artificial sea-water.

T a b l e  2

T a b e 1 a 2

C ontact angles for oil on syn thetic  fibres in  artific ia l sca -w ater

K ąt zw ilżan ia  w łók ien  syn tetycznych  przez produkty n aftow e w  środow isku
sztucznej w ody m orskiej

Oil

F i b r e s

Sorbent I Sorbent II P olyam ide
fibres

V iscose
fibres

1.21 g/cm 3 1.21 g/cm 3 1.13 g /cm 3 1.26 g/cm 1

Crude oil 14.6° 12.3° 68.4° 79.1°

„Lux 10” engine oil 23.5° 22.8° 71.5° 82.5°



The sorption of sorbent I, polyamide and viscose fibres after satura­
tion with sea-water was also investigated. For this purpose, cylinders with 
densities of 0.1; 0.2 and 0.3 g/cm3 were shaken with artificial sea-w ater 
in a wide-necked, conical flask for 5 minutes, after which the absorption 
capacity was measured in the same m anner as for the fibres not saturated 
with water. All m easurements were carried out at 20 +  1°C.

Fig. 2. Oil sorption on sorbing agent I
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2. R E SU L T S  A N D  D ISC U SSIO N

The volume of the cylinders formed from fibres is known, hence for 
each given packing density the theoretical absorption i.e. the quantity of 
the oil filling all the free spaces between the fibres can be calculated. 
Figs. 2—4 give the values of the theoretical absorption, as well as the 
experim ental absorption as a function of the fibre packing density. The
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analysis of the diagrams shows that the theoretical and experim ental 
absorption curves do not agree. The experim ental absorption for the small 
and the high packing density is less than that calculated. The effect at 
small packing density is more evident for crude-oil, while at greater pack­
ing density — for „Lux 10” oil. In the case of small packing density the 
distances between fibres are far too great to retain the absorbed oil. At

G ęsto ść  u p ako w an ia  w łók ien  I g /crr>J]

Fig. 4. Oil sorption  on polyam ide fibres
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packing densities greater than a certain size, the petroleum products 
may not fill the entire free space, particularly when their viscosity is too 
high. The results obtained confirm the m easurem ent results published by 
Zahid et al. [9], These investigations show that the geometrical arrange­
ment of the fibres and the oil bridges stretched between them suggest 
the existence of a spacing between the fibres at which the amount of 
absorbed oil has a maximum value.

TJie yield curves in respect of 1 g of sorbent fibres (unit sorption 
capacity) (Figs. 2—4), suggest that the sorption yield does not depend, in 
practice, on the sorbent used while m aintaining the same thickness of 
fibres. For packing density of 0.08 g/cm3 this value ranges between 1—
10 g/g and for 0.30 g/cm3 — 2.5 g/g. Very often because of construction
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and strength conditions the packing density of fibres in mats, booms or 
belts is 0.3 g/cm3. At these packing density values there is much less oil 
in 1 g of fibres than that marked in commercial characteristics of sorbents, 
which should be taken into account in calculations of oil-spill removal. 
Curves of the sorption capacity in the case of crude-oil and „Lux 10” oil 
are identical for all fibres. For packing density not greater than 
0.20 g/cm3 there is more oil than crude-oil per 1 g of fibres, wheres at 
densities greater than 0.25 g/cm3 crude oil sorption is higher.

Fig. 5 shows sorption curves of oil for sorbent II which has thicker 
filaments. Unit sorption capacity for crude-oil and „Lux 10” oil is less 
than in the case of sorbent I. The maximum total sorption is attained at 
a higher packing density. This corroborates the experim ental data pub­
lished by Zahid et al. [9]. They state that the sorption yield was inversely 
proportional to the filam ent diameter. The figures presented in this work 
show that the lowest packing density was 0.08 g/cm3. At values of less 
than 0.08 g/cm3 it was imposible to form cylinders that would be resistant 
to deformations after being saturated by oil. A higher sorption than
11 g/g was not attained for a density of 0.08 g/cm3. Sorption values some­
times as high as 40 g/g [4] are found in several papers. In our case, a 
sorption value higher than 40 g/g could be achieved for fibres with a pack­
ing density of the order of 0.02 g/cm3. In our experim ental system this 
is impossible as the use of polypropylene fibres at the most advantageous 
disintegration gives an average yield of about 15 g/g. How then can such 
appreciable yields be achieved. F irst of all it is necessary to state precisely 
w hether we are concerned with an agglomeration of oil on the w ater 
surface, or with perm anent oil sorption in the fibre mass. In the case of 
an attem pt to remove a poorly bounded oil-sorbent conglomerate from 
water, at least half the quantity of oil would be lost. The bounding of 
the oil on the w ater surface prevents the spread of the oil spill, but is not 
sufficient to remove it. High sorption values can be obtained while using 
disintegrated sorbent to eliminate heavy m ineral oil of high viscosity. 
Oil-sorbent agglomeration occupies a considerably greater volume than 
freely arranged filaments of the sorbent alone. Therefore 30—40 g of oil, 
or even more, may be found per 1 g of fibres.

The sorption time as a function of packing density is shown in Fig. 6. 
Oil sorption time for wads is considerably greater than that for „Lux 
10” oil. The viscosity of the la tter is much higher than that of crude-oil, 
hence its much lower penetration speed. There are no great differences 
between particular kinds of fibres. The change of sorption time with pack­
ing density increases 6—7 times for crude-oil and 1.5—2 times for „Lux 
10” oil.

In field conditions the sorbent very often comes into contact with 
w ater before coming into contact with oil. Often both media are absorbed 
simultaneously, but the contact spot differs for each one. The sorption



time, the contact surface and the surface proporties of the fibres, decide 
w hether the sorption of w ater or that of the oil is greater. The oleophilic 
properties of the fibres are specified by the contact angle for the oil on 
the sorbent. The contact angle was measured on fibres 0.5 mm in diameter

Fig. 6. Sorption tim e as a function  of fibre packing density
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obtained from plaiting small filaments. Tab. 2 shows that the sorbent 
obtained from disintegrated waste tyre^body has higher oleophilic pro­
perties than the raw polyamide and viscouse fibres which the sorbent 
contains. The process of tyre production strongly influences the surface 
properties of the fibres forming the tyre-body, and makes them highly 
oleophilic. Hence the conclusion is that prim arily, the sorbent should not 
change its sorption properties in respect of oil, in the presence of an oil- 
w ater m ixture. Experim ental data on the sorption properties of w ater- 
saturated fibres are shown in Tab. 3.

T a b l e  3
T a b e  1 a 3

Sorption capacity  o f oils and w ater on syn thetic  fibres (g /lg  fibre)

W ydajność sorpcji produktów  n aftow ych  i w od y  na w łóknach  syn tetycznych
(g /lg  w łókien)

F ibres
packing
density
g /cm 3

F i  t r e s -

Sorbing agent I Sorbing agent II P olyam ide fibres V iscose fibres

crude
oil

water
„Lux
10”
oil

crude
oil

water
„Lux
10”
oil

crude
oil

water
„Lux
10”
oil

crude
oil

water
„Lux
10”
oil

0.1 6.0 0.5 7.0 4.2 0.7 5.2 4.0 3.9 4.1 2.6 5.1 2.5

0.2 4.0 0.4 3.8 2.8 0.65 3.8 2.2 2.0 1.8 2.0 2.2 1.5

0.3 2.8 0.25 2.5 2.1 0.4 1.8 1.1 1.6 0.5 0.7 1.8 0.2

Experiments were carried out for three fibre packing densities. The 
quantity  of w ater was measured gravim etrically after shaking and being 
left to drip. An analysis of the table 3 shows the minimal loss of sorption 
properties for sorbents I and II (comp. Figs. 2, 5). The quantity of w ater 
per 1 g of sorbent does not exceed 70% of the weight of fibres for a pack­
ing density of 0.10 g/cm3 and is less by halt for 0.30 g/cm3. This pheno­
menon can be explained by the greater distances between particular 
filaments at a packing density of about 0.10 g/cm3 hence the more effec­
tive penetration of w ater inside the wads. Capillary depression occurs at 
greater packing densities as for all practical purposes, the w ater is un­
able to wet the sorbent fibres. Contact angles for oil on polyamide and 
viscose fibres show their lower hydrophobic properties, which is compatible 
with the results obtained for sorption yields. In the case of low packing 
densities 1 g fibres absorbs 2 g of water. At 0.30 g/cm3 the quantity  of 
w ater related to 1 g of sorbent drops to 1.6—1.8 g, but there is a rapid 
simultaneous decrease in the sorption properties of the „Lux 10” oil to
0.2—0.5 g/g. This is the result of competitive w ater penetration inside 
the sorbent bulk and the simultaneous hydraulic closure of the empty



spaces existing inside of the cylinders. Hence the oil sticks only to the 
surface layers of the fibres and is unable to force the w ater out. It should 
be mentioned that very severe model conditions were assumed for the 
contact of fibres w ith water. In practice, the sorbent is always in contact 
w ith both oil and w ater — which results in the oil-covered fibres 
becoming strongly hydrophobic, the sorption then being much higher.

Prelim inary investigations on the possibility of re-use of the sorption 
substance were carried out. An average of 75% of the crude-oil and 50% 
of the „Lux 10” oil was recovered by the pressing method. The sorption 
capacity of sorbent I and sorbent II cylinders remained unchanged for 
both w ater and oil, whereas in the case of polyamide and viscose fibres 
the oil sorption capacity increased while that of w ater decreased during 
succesive sorption-desorption processes. Tem perature has a substantial 
effect on the viscosity of petroleum products and consequently on its pen­
etration into the sorbent bulk.

In summer the sorption of heavy oil products will be relatively easier 
when using sorbing booms and endless belts.

Disintegrated fibres spread by an air blow-pipe and collected by 
means of nets are an economical form of sorbent in w inter [2], This 
method is also recommended in the case of larger oil spills.

3. C O N C LU SIO N S

1. The capacity of fibre sorbent does not depend only on the struc­
tu ral and geometrical arrangem ent of fibres in the wads, but also on the 
capacity to wet the fibres by oil removed from the w ater surface. The 
data indicate that the surface properties of filaments have a marked 
effect on the capacity observed when sea-w ater and oil can penetrate 
into the sorbent bulk. When all the filaments are in contact w ith the 
petroleum products only, the capacity is determined by the sorbent struc­
ture. The effect on the capacity in relation to the surface properties of 
the fibres is negligible in this case.

2. The best packing density of fibres in sorbing booms, mats and 
endless belts depends on the mechanical properties of the fibres and the
oil bonding force of the sorbent required. It is difficult to evaluate the 
packing density of the sorbent in the form of particular filaments. Where 
this density is too low, there is danger of an appreciable loss of oil when 
removing the oil-sorbent m ixture from the w ater surface.

3. A lower fibre packing density facilitates more rapid penetration 
of w ater inside the sorbent bulk, simultaneously decreasing the oil sorp­
tion capacity.

4. The most effective sorption capacity is achieved for the particle 
form of the sorbent and oil products of moderate viscosity.



5. The sorption capacity of commercial products is mostly given for 
the particle form. It will be much lower for sorbing booms, mats, pillows 
or endless belts. This fact should be taken into account in calculations 
related to oil spill removal.

6. Sorbent obtained from waste car tyres can be economically compe­
titive as a sorption m aterial comparable even with such cheap ones as 
straw  or sawdust, because of their high sorption properties and regenera­
tion possibilities.
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JA N  H U PK A
ST A N ISŁ A W  M YDLARCZYK  

P olitechn ika  G dańska
Instytu t C hem ii i T echnologii N ieorganicznej

ZASTOSOWANIE ODPADOWYCH WŁÓKIEN Z TWORZYW 
SZTUCZNYCH DO USUWANIA ROZLEWÓW OLEJOWYCH 

Z POWIERZCHNI WÓD

Streszczenie

W artyku le przedyskutow ano w yn ik i badań m ających  na celu  określen ie  przy­
datności odpadow ych w łók ien  z tw orzyw  sztucznych do usuw an ia  produktów  n a f­
tow ych  z pow ierzchni w ód m orskich. W ydajność w ch łan ian ia  o leju  odniesiono do 
w łasn ości pow ierzchni w łók ien  oraz struktury u łożenia w łók ien  w  kłębuszkach  sor- 
benta. Przytoczono prace innych  autorów  om aw iające zagadnien ie zastosow ania  
sorbentów  w łók n istych  do lik w id acji rozlew ów  o lejow ych . W ykonano szereg d ośw iad ­
czeń i rozw ażono zależności m iędzy  w yn ikam i eksperym entalnym i a ob liczeniam i 
teoretycznym i. W części d ośw iadczalnej stosow ano sorbent otrzym any z osnow y  
zużytych opon sam ochodow ych  oraz w łók n a  w iskozow e i poliam idow e. Sposób przy­
gotow ania sorbenta oraz jego podstaw ow e w łasn ości fizyk o-chem iczne podano w e  
w cześn iejszej pracy [3], Sorpcję prow adzono d la ropy n aftow ej oraz o leju  siln ik o­
w ego „Lux 10”.
W nioski:

1. O trzym ane rezu ltaty  w skazu ją  na fakt, że w łasn ości pow ierzchni w łók ien  
m ają znaczny w p ły w  na zaobserw ow aną w ydajn ość w ów czas, gdy w oda m orska i 
olej penetrują razem  w  głąb m asy  sorbenta. K iedy  zaś w szystk ie  w łókn a stykają  
się  z o lejem , w ydajność w ch łan ian ia  zależy od struktury sorbenta. W pływ  zw iązany  
z w łasn ościam i pow ierzchni w łók ien  m ożna w  tym  w ypadku zaniedbać. Ilość po­
ch łon iętego oleju  w zrasta  z rosnącą gęstością  upakow ania w łók ien , osiągając m ak si­
m um  w  granicach 0.15— 0.30 g/cm 3 w  zależności od rodzaju sorbenta. Jest ona m n iej­
sza od w ydajności teoretycznej.

2 .N ajbardziej korzystna gęstość upakow ania w łók ien  w  zaporach sorbujących, 
m atach, w stęgach  zależy od w łasn ości m echanicznych  w łók ien  i w ym aganej siły  
w iązania  o leju  przez sorbent. Trudno jest ocenić gęstość upakow ania sorbenta w  
postaci w łók ien  rozdrobnionych, przy czym  gdy będzie ona zbyt m ała, na leży  się 
liczyć ze znacznym  uw oln ien iem  oleju  przy podejm ow aniu  m ieszan iny sorbent-olej 
z pow ierzchni w ody.

3. M niejsza gęstość upakow ania w łók ien  um ożliw ia  szybszą penetrację w ody w  
głąb m asy sorbenta, obniżając jednocześn ie chłonność produktów  naftow ych .

4. N ajw yższe chłonności uzyskuje się d la sorbenta rozdrobnionego i dość lepkich  
produktów  naftow ych .



5. W ydajność sorpcji substancji handlow ych  podaje się z regu ły  dla postaci roz­
drobnionej. W ydajność będzie znacznie m niejsza w  przypadkach w ystęp ow an ia  tej 
substancji w  postaci zapór sorbujących, m at, poduszek czy w stęg . F ak t ten  należy  
w ziąć pod uw agę w  czasie obliczeń  dotyczących lik w id acji rozlew ów  olejow ych .

6. Sorbent uzysk an y z osnow y zużytych  opon sam ochodow ych m oże stanow ić  
konkurencyjny m ateria ł w iążący  n aw et dla tak tanich sorbentów , jak  słom a czy  
trociny, m .in. ze w zględu  na w ysok ie  w łasn ości ch łonne oraz m ożliw ość regeneracji. 
C harakteryzuje się  on znacznie w yższym i w łasnościam i chłonnym i, w zględ em  pro­
duktów  n aftow ych , od surow ych  w łók ien  poliam idow ych  i w iskozow ych .
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