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ABSTRACT

Set of tests were conducted using bagasse pith, nce straw, and rice hulls as
sorbents for the removal of crude oil, cotton-seed oil, and kerosene present as
spills or run-off either on solid surfaces or on bodies of waters, Tesis were
conducted under static conditions at ambient temperature and pressure. These
materials were effective within minutes, ¢asily picked up, and easy 1o handle
thereafler. Results indicated that over 95% of the spilled liquid can be removed by
using the appropriate mass of the tested material. This mass depends upon type of
spilled liquid, type of sorbent used, whether the spilled }iquid is on a solid surface
or on a body of water, and on the degree of salinity of that water. the operating
flexibility inherent to this technique, the local availability and cheapness of the
lested materials, the potentiat use of these materials to remove other oily wastes of
various chemical natures and physical forms, and the feasibility of using the
exhausted materials as a fuel, makcs the obtained results promising and
interesting, .

INTRODUCTION

The need for oils {petroleum and its distillation products, vegeiable oils, and

mineral oils) removal ¢ither from wastewater or as spills and run-off on solid
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surfaces is of a growing imprtance for economical and environmental reasons. In
the technology of water purification, the traditional method of oil seperation is via
the API gravity separator or the tilted-plate sepurator. In such separators, only free
oil will be separated, emulsions are not broken. Dissolved air flotation is normalty
used for further removal of oil from API separator elfluents prior to biclogical
reatment. Chemical flocculating agents are used to aid flotatoen, they improve the
effectiveness of the flotation unit in removing oil emulsions. (I-5) Methods of
treatment and removal of oil spills were reviewed in detail in previous articles. 69
Sinking the oil is sometimes suggested while dispersents are extensively used in
the reatment of oil spills on sea water and on the shore fine. (710 Generally, oil
removal methods are always expensive and a lot of work must be done 10 search
for lessening oil removal expenses. This work is only a trail on that way,

The experiments carried out in the college of Engineering at Al-Mansoura
showed that natural rice husks is characterized by a good capability of sorbing
petroleun and vegetable oils at ambient temperatures.(t!) In view of this study the
present work was conducted to explore the possiblity of using rice hulis, rice
straw, and bagasse pith to remove oils present as spitis or run-off either on solid
surfaces or on bodies of water (tap water or sed water).

Rice hulls have a needle shape, rough surface with sharp ends. The grain
length is about 0.005 m. Rice straw is the siem of rice plant, about 0.002 m in
diameter and from 0.5 to 0.8 m long. Bagasse pithis a waste product from the
sugar cane industry in the form of collections of fine fibers with a maximum
diameter of 0.001 m and of different lengths (from 0.01 to 0.5 m). The structure
of these materials are cellulose based (not less than 50% cellulose).{11-13) These
materilas are agricultural wastes available everywhere in Egypt at almost no cost,
chemically stable relative to water and oils, and after doing the removal job these
materials can be used as a fuel of high calorific value.

Experimental :

The experimental work was divided into three main parts. In the first part the
sorption charactenstics of water, kerosene,crude oil, and refined cotton-seed oil by
the selected sarbents were studied. The second part was a pench scale study for
the use of these materials to remove spills of the tested liquids on soild surfaces
while 1he third part was devoted to remove oils from water bodies. Spills either on
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sea waler or 0n tap water were treated separately. All tests were conducted under
static conditions at ambient temperature and pressure.
Rice hulls were lested without crushing while rice straw und bagasse pith

were torn into shreds of certain lengths according to the test Conditions. These

materials were washed several times with tap water and dried at 110°C for ten
hours. They were left to cool in desicators and then stored in clean and well sealed

containers ready for subsequent use.

Sorption characteristics of water, kerosene, cru.de oil, and
refined cotton-seed oil by bagasse pith, rice straw and rice hulls ;

To get a thorough evaluation for the somtion characteristics of the
investigated materials the experimental work encompass the cffect of sorbent
length, soaking time, and mass of sorbent relative 1o the mass of liquid present.
For rice siraw and bagasse pith, the studied lengths were 0.07, 0.05, 0.02 and
0.005m. While the studied soaking time covers the range 5 minutes up 1o 24

hours,

In each expeniment about 250 gm from the tested liquid were placed in a 300-
ml beaker. From one up to 5 grams of the sorbent were then added to the beaker
contents. After the lapse of a specified soaking time the contents of the beaker were
filtered through a 400 um mesh screen. The investigated material was lett on the
screen for ten minutes to drain away excess liquid, then weighed to get the amount
of liquid sorbed. The collected data were then tabulated and presented.

Tuble (1) gives the variations in the sorption of water, kerosene, crude o,
and refined cotton-seed oil, by bagasse pith, rice hulls, and rice straw with
soaking time. Figure-1 presents the sorption of the tcsted liquids by bagasse pith
versus soaking time while Figure -2 shows the sorption of crude oil by the

investigated sorbents versus soaking time. Table -1, and Figures 1 and 2 reveal the
following:-

I- - Rates of sorption of the tested liquids by the investigated sorbents increases

rapidly till reaching a maximum value after the lapse of about 15 minutes then
they begin to decrease very slowly till reaching an almost constant value after
the lapse of a certain iime that depends upon the sorbed liquid und the tested
sorbent.

2- Water and kerosene were sorbed by different rates on the three tested

maierials, while oils were sorbed Dy almost the same rate on rice hulls and
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rice straw. This rate is less by about 12% than than detected for the sorption
of these oils by bagasse pith.

For the same soaking time; a) bagasse pith sorbs more liquids than the other
sorbents, and b) for bagasse pith and rice straw, masses of waier sorbed
exceed those sorbed from oils and kerosene. The reverse is true for rice
hlls. This means that sorption on rice hulls appears to happen by a different
mechanism than sorption on rice straw and bagasse pith.

Sorption of liquids on rice hulls was discussed in deteils elsewhere, 1)

Sorpiton of waiter, oils, and kerosene on rice straw and bagasse pith appears to

happen by the capillary phenomenon where the penerration of liquid molecules into

the soild phuse involves filling of the fine capillaries of the latter. This suggested

mechanism is supported by the following:-

i-

2-

(la)

The amount sorbed from each liquid depends upon its coefficient of surface
tznsion (¢) as indicated in Figure-3.

Negligible changes in material volume were noticed after the sorption process
which means that sorption happens along the sorbent capillaries, hence the
dimensions of the solid sorbent did rot affected.

Short time needed for the completion of the sorption process (from 10 to 15
minutes) means very short diffusion paths and strong driving forces
(adhesion forces resulting from the differences in molecular fields at the
interface between the sorbed liquid and the selid sorbent),

The amount sorbed {rom each liquid decreases as the length of the sorbent
fiber decreases as shown in Figure -3. This can be attributed to the fact that
penetration of liquids through the sorbent capillaries happen from the both
ends of the capillanies. Air present in the capillary will thus enclesed
between the two liquid threads forming an air pocket. This air is
compressed by the tiquid untill reaching an equilibrium state at which the
capillary pressure of the tested liquid (20 /r)equals to the pressure of the
enclosed air, where r denotes the radius of the capillary

Removal of iquid spills and run-off on solid surfaces :

In each one of these expertments from 90 10 300 grams of the tested liquid was

placed in a rectangular tray (0.4 x0.25 x0.1m) to get a uniform liquid film of a

certain thickness, The trays used were made of galvanized sieel (0.0015m thick).
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A known mass of the tested material was then spread uniformly over the liquid
filmn in the ay. Afier the lapse of about 15 minutes, the solid sorbent is skimmed,
left on a 400 um mesh screen for 10 minutes to drain the excess liquid and
weighed, The amount of liquid sorbed is calculated as the difference between the
masses of the sorbent after and before the sorpdon process.

In these experiments the lengths of bagasse pith and rice straw fibers were
0.05 m., while rice hulls were used withous crushing. As in practical situations oil
spills are identified by their thicknesses, the collected data were teated and

presented in a convenient manner readily suitable for practical applications in
Figure-4. This Figure shows the percentage of liquid removal from C.001 m3 of

liquid spitl (i.e. a spifl of tm? area x 0.001 m thick) versus the mass of serbent
applied to that spiil. Table -2 shows pick up ratios accompanying over 95 percent
of liquid spill removal, Pick up ratios are given as the mass of spilled liquid
sorbed per unit mass of sorbent. Cost of sorbent needed to remove over 95
percent of the spilled liguid is also shown in this table. This cost does nol include
labor and equipment cost. Figure-4 and Table -2 reveal the following : ,
i-  Over 95 percent of spilled oils or kerosene can be sorbed by using the proper
mass of sorbent. This mass is dependent upon the type of the spilled liquid
and the type of sorbent used.

o]

- For the tested sorbents, bagasse pith proved to be the most efficient one.

3 More crude oil is sorbad by the same mass of sorbent followed by cotton-
seed oil then comes kerosene. This is compatible with the sequence of values
of the coefficients of surface tension for these liquids which supports the
previous mentioned mechanism for the sorption of these liquids by the tesied
sorbents.

4- Table -2 reflects surbents costs based on the cusrent costs in Egypt and the

reporied oil sorption capacity of these sorbents. These costs do not refiect the

equipment and labor costs associated with their use. Generallv, this
technique appears to be cost effective as it needs cheap equipment to spread
and then collect the sorbent in addition to the local labor availability at low
prices.

Removal of oils from the surface water:

Set of tesis were conducted using bagasse pith, rice straw, and rice hulls as

solid sorbents for removing oils from the surfaces of bodies of water. In these
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tests both crude oil and refined cotton-seed oil were used with both tap water and
sea water. The gaivanized steel trays deseribed earlier were used.

The experimental procedure was to half fill the tray with water then a certain
mass of the tested oil was added to water to form a film thereon. A known mass of
the tested sorbent was spreaded uniformly over the surface of the iquid mixture in
the rray without mixing. After 15 minutes the sorbent was collected by skimming,

left for 10 minutes over a 400 |tm mesh screen to ensure complete drainage of the

excess liquid present, and weighed. The sorbent was then dried at 105 9C for 3
houts and weighed again. ' '

The mass of water sorbed was calculated as the difference between the
masses of the sorbent before and after drying, while the mass of oil sorbed was
determined as the difference between the masses of the dried sorbent and its initial
mass.

All testes were conducted at reom temperature while the lengths of bagasse
pith and rice straw fibers were 0.05 m. Summing of the treated test data is

presented in Table -3. This table reveals the following :

1- Under the same test conditions :

1-1) About 0.32 kilograms of bagasse pith are nceded to achieve over 95% oil
remnoval from either one kilogram of oil spill or approximately an oii spill of
1m2 areax 0.001 m thick present on a fresh water surface. This mass is
atrnost twice that needed to get the same removal effect if this spill is present
on a solid surface as given in Fig. 4.

This can be attributed to the simultaneous penctration of water and oil
molecules into the sorbent capillanes. Similar trends were noticed for rice
straw and rice hulls.

1-2) Percentages removal of either crude oil or refined cotton-sced oil are nearty
equal.

1-3) Negligible differences were noticed between the masses of o0il sorbed either
by rice straw or rice hulls, thus data for rice straw are only presented here.

1-4) For sorbent to oil mass ratios below .32, masses of oil sorbed by those
sorbents from spills on sea water exceed thosc sorbed from spills on tap
waler by about 11%. This effect decreases with the increase in the sorbent to
0il mass ratio. :

1-5) The amounts of oils sorbed by bagasse pith exceed those sorbed by the other
sorbents by about 10%.

CONCLUSIONS :

Use of bugasse pith, rice straw, and rice hulls for the removal of oils and
kerosene either present on solid surfaces or on the surface of bodies of walers was
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studied in pench-scale experiments. The tested materials are very light agricultural

wastes available everywhere in Egypt at very tow costs. The sorption abilities of

these materials were-tested under static conditions at ambient temperature and

pressure. Conclusions from tests are as follows :

b

2

3

4

8)

For spills of oils and kerosene on solid surfaces, the maximum sorpiion
values reached per gram of bagasse pith are 5.5 and 3.7 grams respectively.
About 50 percent reduction in the mass of oils sorbed is reporied when
rreating oil spills on the surfaces of bodies of fresh water.

For rice straw and rice hulls, the maximum sorption values reached are less
by about 10 percent than those reported for bagasse pith undzr the same test
conditions.

For sorbent v oil mass ratios below 0.32, masses of ¢ils sorbed by these
sorbents from spills on sea water exceed those sorbed from spills on tap
water by about 11%

Bagasse pith proves 1o be the most efficient sorbent followed by rice straw
and rice hulls as indicated in Tables 2 and 3 and Figures 1,2 and 4. These
materials proves to have a very rapid sorption rate as the maximum sorption
values werc reached after the lapse of 15 miunutes only.

For bagasse pith and rice straw, the quantity of liquid sorbed is primanly a
function of liquid coefficicnt of surface tension and sorbent length (Fig. 3).
Results obtained suggest that sorption of liguids by these materials appears
to happen by capillary phenomenon.

QOver 95 percent of spilled oils and kerosene can be removed by using the
appropriate mass of sorbent. This mass is dependent upon the Lype of spilled
liquid, the sorbent 1o be used, sorbent length, and working temperature as
given in Tables 2 and 3.

Based on the sorption capacity of the tested materials and the current costs in
Egypt, these materials appear 1o be both efficient and exiremely economical.
Bagasse pith proves to be the most cost effective for treating spills of oils
and kerosene on solid surfaces or oils on the surfaces of bodies of water as
given in Table 2,

Due to the abili_ry of the tested materials to sorb water and oil simultaneous!y,
oil emulsions can be temoved by these inaterials. They provide promising

tools for the removal of other waste substances which oceur in practice in the
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form of emulsions such as, used motor oils, cutting oils, drilting oils,
vegetable and minerai oils, pemroleum f{ractions. as well as machine oils,
cylinder oils and Jubricating oils. It should be kept in mind that the tested
matertals are still more efficient for removing any oily liquid or emulsion
when present on solid surfaces,

Masses of materials needed to achieve about 95% removal given in
Table 2 and 3 must be taken as a guide for uvse in practical situations,
Although greater masses adds to handling and ueatment expenses in addition
1o the lower hecating values of the exhausted materiais, the use of excess
malterials is recommended in order to increase the exhausted material

handleability.
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Figure (2) : Sorption of crude ol Figure (1} Pickup ratio versus
by he tesied sorbents versus soaking time for bagasse pith.
soaking time.



Mansoura Engineering Journal (MED) Vol. 18, Ho. 2, June, 1993

- Liquid o~ (N/m)
E e | Water 0.72
T Crude oll 0.40
'g 9 A co]tt.nn—a'eé& ail
@ e | Xavoaaas 0.24
q 8
L) ——
) B
3 /,,——r——-“
A
g 6 /
-t g———
A e -
205 6?.-;;_'
- } 5
S 4 1% .
e
203 e T T
= a2 -
- —_— Bagesas plth
; 1 - Rica sgtrem
0 e
o 1 2 3 4 5 & 1 8

4orbant lepgth, cm

Figure (3): Sorbent length versus pickup ratia for the tested
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Table (2): Pickup ratio and sorbent cost to achieve over 95%
removal of spilied liquid.

Sorcbent ! Plgkup ratio to ) Unit coat yCeat of sorbent for
matarial | ochleve over 95% spill removal sorvant | clganup of lnl} of
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this malterial is available at almost no cost.

This represents the cost of collection and transportation of this material as actually
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Tabiz (3) : Removal of oils from the surface water by bagasse pith

and rice straw

|
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- = mass of 0il, mo = mass of sorbent, A - dxia for crude eil,

D = data foi coven seed ol 2 - ditta for tap wailer, 3- data for sea water, and |- denanes srass of sorbent nus of oil woched,




