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Abstract

Marine pollution, infer alia polution by oil, now poses a great problem to ﬁs. Water
pollution is' caused by illegal throwing overboard of unnecessary oil, ballast water, tank
cleaning water and the like from navigating vessels including tankers. To study this problem,
it is an important investigation to identify the .oil contained in the sample water in order
to detect the source of such oil. This investigation is now carried out with a diffréction
grating infrared spectrometer. In case where the quantity of a sample oil is very small, it
is difficult to identify, with the regular method by means of measuring infrared spectrum,
the oil from the result of decrease in the absorption spectrum. Therefore, the method of
measurement requires more sophisticated contrivance. ‘

Such being the case, the author has tested the minimum required quantity of sample
oil by the regular method, and then has examined the following four different systems of
measurement of smaller quantities. As the result he worked out a method to measure very
small quantity of sample oil.

(A) To measure by the regular method, using six kinds of aluminum spacer (thick-
ness 0.016mm) for mask which is perforated in various size (8 X20mm, 8X10mm, 8x5mm,
4x20mm, 4X10mm, 4X5mm) in order to prevent diffusion of oil, contrary to the usual
purpose of the use of a spacer to increase thickness of oil,

B To measure with a beam condenser Model B C-1, using 13mm§ NaCl cell
(thickness about 3mm) into which is bored a hole with a diameter of 1.5mm and a depth of
about 1, 5mm.

(9] To measure by the beam condencer Model B C-1, using bmm$ and 2mm§ KBr
disk.

€))) To measure by a diffusive reflection attachment Model DR-1, using a tray
(inner diameter 12mm, depth 1mm) in which KBr powder and sample oil are put.

From the measurement, the following results have been obtained.

@ The best result by method (A) was as follows. In case of no enlargement
with percent transmissionx1, the masking aluminum spacer perforated into 8X10mm was
good, when the minimum required quantity of sample oil was 0.5mg,

In case of enlargement of percent transmission X5, the adequate size of perforation

* WGHENIZE%E  Marine Research Laboratory



180 MITSUO OBANA

was 4Xbmm and the minimum required quantity of sample oil was 0.1mg.

2) The minimum required quantity of sample oil in the method (B) was 1.0mg
in case of no enlargement. However, this method has a difficulty in puting a sample oil
into the small hole of 13mmé¢ NaCl cell.

€)) Measured infrared spectrum by the method (C) was unsatisfactory possibly
due to the diffused reflection caused by the KBr disk. This method cannot be used for any
coloured or opaque sample substance such as fuel oil.

@) The method (D) brought about the most satisfactory result from among those
tests. The minimum required quantity of sample oil was 0. lmg in case of no enlargement
with percent transmissionX1. But, the minimum quantity of KBr powder required was 50mg
by taking into account the base area of the tray.
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TABLE 1 PROPERTIES OF FUEL OIL USED IN THE EXPERIMENT

Properties
Specific gravity 15/4°C 0. 926
Flash point °C 110
Kinematic viscosity ~ 50°C ¢St 25.6
Pour point °C —12.5
Sulphur % 1.58
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Plate 1 KBr Assembly Type Cell for Liquid

and 13mm§ NaCl Cell Flgure 1 Infrared spectrum of about 11.4mg of
fuel oil (a drop of capillary tube), measured by
the regular method without spacer. (Enlargement
of percent transmission X1]
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Flgule 2 Infrared spectrum of about 11 4mg of Flgure 3 Infrared spectrum of about 50mg of
fuel oil (a drop of capillary tube), measured by fuel oil (four drops of capillary tube), measured
the regular method without spacer. [X5] by the regular method, using a spacer which is
made of lead (thickness 0.025mm). (x1)
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Figure 4 Infrared spectrum of about 3mg of Figure 5 Infrared spectrum of about 3mg of
fuel oil, measured by the regular method without fuel oil, measured by the regular method without
spacer. (x1] spacer. [x5)
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Figure 6 Infrared spectrum of about 2mg of  Figure 7 Infrared spectrum of about 2mg of
fuel oil, measured by the regular method without fuel oil, measured by the regular method without
spacer. (Enlargement of percent transmission X 5) spacer. (Enlargement of percent transmission X 1)
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Plate 4 Beam Condenser Model BC-1 Gt e ’I* T {
Figure 8 Infrared spectrum of about 0.5mg of
fuel oil, measured by the regular method without
spacer (size of the oil on the cell before it was
sandwiched: about 5Xbmm; after it was sand-
wiched: about 15X10mm). (Enlargement of per-
cent transmission X1)
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Figure 9 Infrared spectrum of about 0.5mg of Fxgure 10 Infrared spectrum of about 0. 5mg of
fuel oil, measured by the regular method, using fuel oil, measured by the regular method, using
a spacer for mask (perforated size 4 xX5mm, thick-  a spacer for mask (perforated size 8 X 5mm, thick-

ness 0. 016mm). [x1) ness 0, 016mm). (x1)
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Figure 11 Infrared spectrum of about 0.5mg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 8x10mm,
thickness 0.016mm). (Enlargement of percent
transmission X1)
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Figure 13 Infrared spectrum of about 0.5mg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 4x20mm,
thickness 0.016mm). [x1)
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Figure 15 Infrared spectrum of about 0 1mg of
fuel oil, measured by the regular method with-
out spacer (size of the oil on the cell before it
was sandwiched: about 2X2mm; after it was
sandwiched: about 8X7mm). (X5)
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Flguxe 12 Inflaled spectrum of about 0. 5mg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 4><10mm
thickness 0. 016mm). [x1)
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Flgure 14 Infrared spectrum of about 0. 5mg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 8X20mm,
thickness 0.016mm). (X1}
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Figure 16 Infrared spectrum of about 0. Img of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 4 X 5mm, thick-
ness 0. 016mm). (X5)
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Figure 17 Infrared spectrum of about 0. 1lmg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 8 X 5mm, thick-
ness 0. 016mm). (Enlargement of percent transmi-
ssion Xx5]
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Figure 18 Infrared spectrum of about 0.1mg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 4X10mm,
thickness 0.016mm). {x5])
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Figure 19 Infrared spectrum of about 0.5mg of Fxgure 20 Inflared spectrum of about 1 Omg of
fuel oil, measured by Beam Condenser Model fuel oil, measured by Beam Condenser Model
BC-1, using 13mm§ NaCl cell into which is bored BC-1, using 13mmj$ NaCl cell into which is bored
a hole in diameter 1,5mm and depth about 1.5 a hole in diameter 1.5mm and depth about 1.5
mm. (Enlargement of percent transmission Xx1) mm, {x1)
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F1gu1e 21 Infraled spectrum of about 1.0mg of
fuel oil, measured by Beam Condenser Model
BC-1, using 13mm§ NaCl cell into which no hole
is bored a hole. (x1)

%M%sm%%%wmf,ﬁMﬁ%éK@%T%éc&%ﬁ%LTmé.it,5mmﬁ6&h@§ﬁﬂmg
75 30mg RT3 EEINA R P EELBRD, Smmf LD 2mmf DEHHBINA RS PERO T
Ehbd, KBr ORESRNZSHEL, KBr 0BOMAIC L » CEBHENEL > T E C Lishh 5.
VPRI LT, COSEHIERBEMO LS nSOBENTIC IREHETH 5.

@ BfkE

AR, (3) DA & FEIBHIC KBr BRICEAM O BERZRE S ETHlET ML, BAESHIC W ED
SEED DEBRERS o A, BAROETICHE L D TFORIAR R P HiE o B IR ATET,
WOBTRUETE S LV HMNE 5

FHELTR, ABICBEMEZRD, n-~&3 v THEESY, €OEIHICERE KBr BkeAh, R/9—
FUTELE D EXBEHE, -~V YERBRTHESEE. 2L C 2h2RE12mm, BE 1 mmORFH



188 MITSUO OBANA

AR, L 5B e v MEERIA D, BEARICEIL SN SHBZRET 2. ChiaDR-1ZMER
BEEBEORE R v~y P LTHES 2 (BH6BLIUEERTSR). ©ofEREHE 3B3K~% 390

EBLT, BREFAILT, HE 0. 1mg OPINA 2 b ADIHEEAHEG 2 DT, BIFAfEERIHIY R <=2
PVERLTVS. KBripkid, ABNMOERROBGRD,SE/NE S0mg 20 E LT 2. CORIERERERE
PBEDTRHETHY, rORBREMEZETE 20T, BIRMEKREEZ 2.

o D D I “?xwmwfmwmmf“

Flgure 22 Infrared spectrum of about 1. Omg of
fuel oil, measured by Beam Condenser Model
BC-1, using 5mm$ KBr disk (KBr powder 20mg,
pressure about 1.5ton, increasing pressure time
3minutes). (Enlargement of percent transmission

%x1)
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‘Flgule 24 Infrared spectrum of about O 5mg of
fuel oil, measured by Beam Condenser Model
BC-1, using bmm¢ KBr disk (KBr powder 20mg,
pressure about 1.5ton, increasing pressure time
3minutes). (x1)

Figure 23 Infrared spectrum of about 1.0mg of
fuel oil, measured by Beam Condenser Model
BC-1, using 5mmg$ KBr disk (KBr powder 30mg,
pressure about 1, 5ton, increasing pressure time
3minutes). (x1)
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Figure 25 Infrared spectrum of about 0.1mg of
fuel oil, measured by Beam Condenser Model
BC-1, using 5mm#$ KBr disk (KBr powder 10mg’
pressure about 1, 5ton, increasing pressure time
3minutes). [x1)
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Figure 26 Infrared spectrum of about 0.1mg of
fuel oil, measured by Beam Condenser Model
BC-1, using 5mm#$ KBr disk (KBr powder 20mg,
pressure about 1.5ton, increasing pressure time
3minutes). (Enlargement of percent transmission

x1)
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Figure 28 Infrared spectrum of about 0.1mg of
fuel oil, measured by Beam Condenser Model
BC-1, using 2mm§ KBr disk (KBr powder 5mg,
pressure about 0.4ton, increasing pressure time

3minutes). [X1]
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Figure 30 Infrared spectrum of blank of 5mm§
KBr disk (KBr powder 30mg, pressure about 1.5
ton, increasing pressure time 3minutes), measu-
red by Beam Condenser Model BC-1. [x1)
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Figure 27 Infrared spectrum of about 0.lmg of
fuel oil, measured by Beam Condenser Model
BC-1, using Smm¢ KBr disk (KBr powder 30mg,
pressure about 1,5ton, increasing pressure time
3minutes). (x1)
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Figure 29 Infrared spectrum of about 0.5mg of
fuel oil, measured by Beam Condenser Mode}
BC-1, using 2mm§$ KBr disk (KBr powder bmg,
pressure about 0.4ton, increasing pressure time
3minutes). (X1}
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Figure 31 Infrared spectrum of blank of 5mmf§
KBr disk (KBr powder 20mg, pressure about 1.5
ton, increasing pressure time 3minutes), measu-
red by Beam Condenser Model BC-1. (x1)
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Figure 32 Infrared spectrum of blank of 2mm§
KBr disk (KBr powder bmg, pressure about 0.4
ton, increasing pressure time 3minutes), measu-
red by Beam Condenser Model BC-1. (Enlarge-
ment of percent transmission Xx1)
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Flgule 33 Infzaled spectrum of blank of KBr
powder 50mg, measured by Diffusive Reflection
Attachment Model DR-1. (x1)
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Figure 34 Infrared spectrum of about 1.0mg of
fuel oil, using KBr powder 200mg, measured by
Diffusive Reflection Attachment Model DR-1.
(x1)

Plate 6 Diffusive Reflection Attachment
Model DR-1

Plate 7 The interior of Diffusive Reflec-
tion Attachment Model DR-1
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Flgure 35 Infrared spectrum of about 1. Omg of
fuel oil, using KBr powder 100mg, measured by
Diffusive Reflection Attachment Model DR-1.
(x1)
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Flgure 36 Infrared spectrum of about 0.5mg of Figure 37 Infrared spectrum of about 0.5mg of
fuel oil, using KBr powder 100mg, measured by fuel oil, using KBr powder 50mg, measured by
Diffusive Reflection Attachment Model DR-1. Diffusive Reflection Attachment Model DR-1.
{Enlargement of percent transmission X1) (x1)
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Flgure 38 Infrared spectrum of about (. lmg of Figure 39 Infrared spectrum of about 0.1mg of
fuel oil, using KBr powder 100mg, measured by fuel oil, using KBr powder 50mg, measured by
Diffusive Reflection Attachment Model DR-1. Diffusive Reflection Attachment Model DR-1.
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Figure 40 Infrared spectrum of Camellia oil v
(vegetable oil), measured by the regular method
without spacer. [X1]
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