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ABSTRACT

T he amount of petroleum consumption has been increased according
to the industrialization and it leads to the increase of the possibility
of marine oil pollution. In Korea, some countermeasures including oil
skimmer, gelling agent and herding agent of oil have been used for
the remediation of the pollution. However, most of them have lots of
shortcomings in the application under in-situ condition, because they
are sensitive to the situation such as geographical feature, the wind
and the tide. In reported literature, the natural powdered oil absorbent
which is made of peat moss is an effective mean to clean spilled oil
from lake or coast. However, the peat moss is a natural resource
which is only produced from a specific cold weather area like Canada.
This indicates that the alternative materials which is readily obtained
from everywhere are needed for powdered oil absorbent. T herefore, in
the study, some natural materials including pine leaves and straw are
tested as the alternative materials for the absorbent. The raw
materials were dried and treated by heat at various temperature
during sevaral periods and then, shattered by a grain cracking
machine. The oil sorption capacity of the prepared materials was
compared according to the methods of heat treatment and their size.
The amount of hydrogen cyanide from combustion of the absorbents
was measured to confirm their final disposal methods. The
biodegradability test of the absorbents was carried out to evaluate if

the use of absorbents cause a side pollution in the coast. The heat
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treatment of pine leaves enhanced the capacity of oil sorption and
decreased the water sorption. The maximum oil sorption was
observed when the material was treated at 180 for 60 min. The
amount of hydrogen cyanide from the combustion were low as
0.09ml/g, 0.07ml/g for pine leaves and straw, respectively. It means
that the final disposal by combustion might be feasible. The amount
of organic carbon which was extracted from pine leaves during 7
days was amount to 0.015g organic carbon from one gram of pine
leaves, but the degradation was as fast as glucose. It is conclude that
the pine leaves can be used as a good raw material for the powdered

oil absorbent like peat moss.
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T able 2-1. The present condition of oil spill and the number
of cases accident according to kinds of petroleum

(1995 - 1999).

Oil ()
Y ear T otal Bunker
T otal Light oil|Bilge oil| Others
oil
Accident | 248 221 49 59 105 8
9 Discharge
157759 | 157729 | 43625 | 5746.6 76.1 5597.7
(ke )
Accident | 337 312 66 113 84 49
% Discharge
1720.1 | 16595 | 5253 627.5 26.3 4804
(ke )
Accident 379 357 64 132 115 46
o7 Discharge
3441 | 34279 | 23974 | 687.9 16.8 3258
(ke )
Accident | 470 442 71 136 171 64
% Discharge
1050.2 | 1038.2 | 8314 176.0 17.6 13.2
(ke )
Accident | 463 430 68 131 169 62
9 Discharge
386.9 346.6 53.6 130.2 388 124.0
(ke )




2.2

2.2.1

[5.9].
(1) (Oil Boom)
(2) (Oil Skimmer)

skimmer . skimmer



, scrapper
blade

(weir)
skimmer ,

skimmer



rheinwerft skimmer, cascae

skimmer, slurp skimmer, multi-weir system

(3) (oil-absorbents)
(glasswal),
(verniculite) (mica), (oranic ash)
(pumice) (insulated material), (mineril
woal) (roch woal)
[5,9].
(grose)



, 8 -

[59]. Table 2-2
[10].

30

T able 2-2 Properties of floating absorbents

o Ease of
) . Ease of ) ) Efficiency ) ease of
M aterial | Availability o Oil absorption Oil leakage | recovery from )
application when wet disposal
w ater
straw ++++ ++ ++++A + + ++ +++
untreated
++++ ++++ ++B + + ++ ++
saw dust
treated
+++ ++++ ++B +++ +++ + ++
saw dusst
pine bark +++ ++++ ++B +++ +++ + +
peat +++ +++ +++B +++ ++ + +++
vermiculite + +H++ +
poly-
styrene + ++ +
pellets
poly-
styrene ++ ++ ++++B +H++ +H++ +++ +H++
foam
poly-
propylene ++ +++ +H++A +H++ +H++ ++++ +++
fiber

A : less effective with thin oils

B: less effective with heavy oils
note : The more pluses, the better

source : Warddly - smith, 1976
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(polyurethane), (polyether),

(ureaformaldehyde) , (nylon), (polyethylene)
(polyster)
PP (polyproprene) ,
15- 20
[7.
2.2.2
, , , [5,7].
(1) ( Dispersion agents )
, 100
10 - 20% . ,
, , COD , ,
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( Gelling agents )

(Herding agents)
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2.2.3.

2.3

23.1
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232

, (capillary

attraction) .,

(monomolecular layer)

(rate of penetration)

, [59].
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2.3.3

, 8 02 /
[5,17,18,17].

(2) (bacteria)

Alcaligenes Pseudomonads

(Gram- negative) Micrococci, Corynebacteria, Mycobacteria,
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Nocardia, Candida Penicillium

, peudomonad (asphaltic ail) (paraffin

ail) , n-

Fig. 2-1 , Fig. 2-2
, Fig. 2-3
Fig.
2-4 [9].
Img 3 4mg ,

[10].
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R—CHy—CHy—CH3 alkane

+02

Y .

R—CHo—CHo—CH,00H  hydroperoxide

- Y
R—CHp—CHp—CHoOH  alcohol

l- 2H

R—CHp,—CHp—CHO aldehyde
—'zqur- Ho0
R—CHp—CHp—COOHM  fatty acid
B-oxidation
R—COOH fatty acid

Fig. 2-1 Metabolic pathway for the degradation of an alkane.
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Fig. 2-2 Metabolic pathway for the degradation of an aromatic.
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CH OH

CHo-COOH CHo-CO0H CHa~COOH

phenylocetic OH
acid . |
COOH
¢=0
| [™cHp-coo
OH
E:GDH
P
i
CH 4 C-Chp-COOH HOOC—C-H  C-CHz-COOH
COOH CH
3
O c” i
acetoacetic fumaric E !
acid acid H

Fig. 2-3 Metabolic pathway for the degradation of side

chainaromatic.

- 19 -



Fig.

H OH OH
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0 : OC ’
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i — sgpe Fig.2-2
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2-4 Metabolic pathway for the degradation

naphthalene.
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3.1

, Peat-moss Sphagsorb

150 , 150 - 500 , 500 - 1180

(Pinus Rigida) (Pinus Densiflora),
(Pinus Thunbergui)
5]
(KS)
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3.2

Fig. 3-1 ,
120 , 150 , 180 , 210
: 30 ,60 , 90 ,

e Y

¥ R =

1
control pannel I

blower thermearstst
swilch switch

1: bigwer

: hzating zone
D reaction rane
s thermal scope
L nets

en bsofs pa

Fig. 3-1 Schematic diagram of manufacture equipment.
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3.3

3.3.1
[16]. 100 , , 7cmx  7cmx
2cm : 39
B 5 , 5 ,
1g lcm®
1 5 1
3d/g , 1g/g
g/g or gicm?® =2 E'Cor A-S-C (3.1)
] A ] g
B v g
C: , g
D , g
gy = LT (32)
] a ] g
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3.3.3

200g 200 7
2000rpm , GF/C

TOC 100mg/¢

, 500 , 100mg/ ¢
il 7 TOC
, Glucose Aniline TOC
100mg/ ¢ , 100mg/ ¢ Glucose
Aniline 1 , 7
TOC . Jar-tester
, 100rpm . sample
5% TOC
TOC CO:
SHIMADZU T OC- 5000A ,
D= S")TOS” % 100 (3.3)
, D : (%)
S, : TOC , mg/e
S, 7 TOC , mg/e
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4.1

411

, Fig. 4-1 Fig. 4-2
, 78-82g/g

, 32-3.19/g,
23-259/g ,
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Absorbed oil per unit absorbent, alg

74 I 1100um - 1800um
[ 500um - 1100um
gl I 150um - 500um
5
4
54 -
7 4
q4
o - = T

=] iy Sz HEagd  sphagsorb

Kind of absorbent

Fig. 4-1 Comparison of oil sorption from one gram of oil

absorbents at each size of particle.
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o 1.2
= I 1100 - 1800um
L 0 500- 1100 um
53 10 150 - S00um
o m -
E
=
g os
s o
c
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E- 0.6
]
- 04
7]
|
[
@
£ 024
=L

0.0 - T T x

o= == 2] T el FoE&EE  sphagsorh

Kind of absorbent

Fig. 4-2 Comparison of oil sorption from one cm?® of oil

absorbents at each size of particle.
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4.1.2

49/9

799/9

Fig. 4-3

- 30 -

V2

sphagsorb



Absorbed water per unit absorbent, gig
i

L T T
=& D CHE ol FL&EY  sphagsorb

71 B 1700um - 1800um
1 500um - 1100um
& 4 B 150um - 500um
5 . |
3 . |
F -
1
0 i |

Kind of absorbent

Fig. 4-3 Comparison of water sorption from one gram of oil

absorbents at each size of particle.
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4.1.3 /

Fig. 4-4 . 150 -500
1100 - 1800
sphagsorb 15749/ g
sphagsorb ,
Table 4-1
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11 00um-1800um

1 500um-1100um (]
B 150um-500um I
f ‘ |I | .

[5
s & 2| DI Ch& HE FLlEd

-
I

Absorbed oil per absorbed water, afg
]

kKing of absorbent

Fig. 4-4 Comparison of oil absorbility of oil absirbents at each

size of particle.
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Table 4-1. The results of

sorption test in various materials

Absorbed

Kinds of Absorbed oil
inds ;
. Size Oil Mass Water Mass | absorbility
materials
gg | gem’ @9) @9)
1100 - 1800 321 0.98 438 0.73
Pinus
thunbergui's 500 - 1100 3.18 097 4.14 0.77
leaves ( )
150 - 500 3.18 106 364 0.87
1100 - 1800 252 0.69 3.96 0.64
Pinus
densiflora’s | 500 - 1100 230 | 073 3.76 0.61
leaves ( )
150 - 500 251 0.77 321 0.78
1100 - 1800 263 081 4.06 0.65
Pinus rigida's
500 - 1100 2.17 0.67 4.1 0.53
leaves
150 - 500 238 0.76 385 0.62
1100 - 1800 8.16 1.02 7.93 1.029
Straw 500 - 1100 8.07 094 7.85 1.028
150 - 500 78 091 7.85 0.99
Rotten leaves| 150 - 500 2.16 0.67 455 047
peat- moss
150 - 500 5.98 0.83 0.38 15.74
(sphagsorb)




4.2

42.1
Fig. 4-5
180 60
, 210
, 60

120

60

30
, 120

150 500
Fig. 4-6
30
210
30
150 )
003g 0.1g
120 150
, 180
, 60
, Fig. 4-7
19
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120

30

, 30g/9
Table 4-2
Fig. 4-8
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Table 4-2. The results of oil and water sorption test of pine

leaves after heat treatment (size : 150 - 500 )

Treating Conditions Absorbed Oil
Absorbed Oil
Mass
) Water Mass Absorbility
Temperature|Reaction
i (9/9) (9/9)
() ime 9/9 glcm?
(min)
30 3.47 1.06 1.28 2.71
120 60 3.65 1.03 1.05 3.19
90 3.44 1.05 0.98 351
30 3.64 1.11 0.73 4.99
150 60 3.62 1.11 0.71 5
90 3.57 1.09 0.7 5.1
30 3.74 1.14 0.73 5.12
180 60 3.79 1.16 0.65 5.83
90 3.47 1.04 0.53 6.55
30 3.68 1.10 0.67 5.49
210 60 3.54 1.06 0.57 6.21
90 3.24 0.93 0.41 7.9




3.9

Absorbed oil per unit absorbent, glg

3N T T
0 30 B0 20

Heating time , min

Fig. 4-5 Relationship between oil sorption from one gram of
pine leaves and heating time in accordance with

temperature.
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115 4

1.10

1.05

—a— 120°C

Absorbed oil per unit volume, lg:’l::.m3

1.00
g o 150°C N
—¥— 180°C e
0.8s =7 210°C
0.80 T T
a 30 G0 a0

Heating time, min

Fig. 4-6 Relationship between oil sorption from one cm? of pine

leaves and heating time in accordance with temperature.
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Fig. 4-7 Relationship between
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Fig. 4-8 Comparison of oil absorbility of pine leaves between

heating time and temperature.
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422

60

Fig. 4-12
Table 4-3

Fig. 4-9 Fig. 4-10

, 120 150 , 180

210

90 , 120 210

7.23g/9, 6.749/ g, 5849/9, 3.779/g

, Fig 4-11
. 210
60
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Fig. 4-9 Relationship between oil

straw mass and heating

temperature.
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Fig. 4-10 Relationship between oil sorption from one cm?® of

straw and heating time in accordance with

temperature.
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—8— 120 °C
O 180 e
¥— 180 °C
o 20 el

Absorbed water per unit absorbent mass, glg

a 20 40 60 B0

Heating time, min

Fig. 4- 11 Relationship between water sorption from one gram of

straw and heating time in accordance with

temperature.
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Qil absorbility (absorbed oil per absorbed water), gfg

Fig.
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-
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4-12 Comparison of oil absorbility of

heating time and temperature.
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Table 4-2. The results of oil and water sorption test of straw

after heat treatment (size : 1100 - 1800 )

Heating conditions oil
absorbility W ater oil
Reaction absorbility absorbility
T emperature .

tlme, g/g g/ g

min glg g/cm?
30 757 0.96 8.16 0.97
120 60 7.43 0.93 8.45 1.15
90 7.23 0.90 8.89 1.23
30 7.45 0.95 8.43 1.00
150 60 7.21 0.90 8.61 1.16
90 6.74 0.83 9.08 0.25
30 744 0.90 8.44 1.15
180 60 6.21 0.77 9.73 1.08
90 5.84 0.73 9.18 1.17
30 6.36 0.76 8.44 1.17
210 60 5.44 0.68 9.17 1.05
90 3.77 0.47 9.23 0.73
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4.3

: 007 /g, 009 /g
08 /g 10

Fig. 6-1

04

0.8

T

0.7 4 5
liFnit valua

0.6 4

milig

0.5 4

0.4

HCN gas ,

03 4
0.2 4

a1

Kind of material

Fig. 4- 13 Hydrogen cyanide concentration of oil-absorbents.
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44.1
Fig 4-14
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30 TOC
, 30
, 150mg/¢
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TOC conc. mgll

160

140

120

i

100

15 an 4 B0 Fi=] 83 105 120 135 150 165

5 3

Mixing time, hour

Fig. 4- 14 Extration TOC concentration of pine leaves.

- 50 -



442

) glucose aniline
Fig. 4-15 , Fig. 4- 16 . glucose
10
, 40
. 10
. aniline
, 10 ,
80 aniline
: V2
glucose 8-9
, aniline 35
glucose
glucose
. Fig. 4-15
1 2 .1
, k
, glucose
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glucose
k 0.0463 0.0299 , aniline
k 0.0081
TOC Table 4-4
BO
.
. EG_ a
? & —— glucose
I a0 5 O aniline
é [+ wv— sample
I
§ B | o]
= W
% : # R
10 it
0 T T T
] 20 40 G0 80 100 120 140 160 180

Reaction time, hour

Fig. 4-15 TOC concentration according to time course for each

chemical.
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Fig. 4- 16 Comparison of degradability of each
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T able 4-4 T OC concentration for each chemical

kind  of glucose aniline sample
O\ Chemical |l et effluent effluent
(;Icl:;?) conc, |degradability | conc, |degradability| conc, |degradability
mg/¢ % mg/¢ % mg/¢ %
0 61.24 0 5861 0 60.24 0
05 59.76 242 58.24 063 59.86 0.63
1 56.21 8.21 57.69 157 57.21 5.03
15 51.26 16.30 56.79 311 54.03 1031
2 49.35 19.42 5461 6.82 48.74 19.09
4 45.23 26.14 5245 1051 42.35 2.7
8 36.53 40.35 48.96 16.46 3649 3943
10 2137 65.10 44.35 2433 2354 60.92
2 12.14 80.18 38.65 34.06 24.34 59.59
40 11.35 81.47 2856 51.27 2031 61.30
80 12.46 79.65 16.57 7173 18.39 69.47
120 13.65 77.70 15.78 73.08 16.35 72.86
168 14.16 76.86 15.68 73.25 16.73 72.23

54 -




(1) :

(@)

180 , 60 . 3.799/ 9,
0.65¢/9g

3) : 0.8ml/ g

- b5 -



(4) :
30 ,
1g (TOC) 0.015g ,
V2 glucose 8-9
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