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INTERNATIONAL STANDARD

1ISO 9101 : 1987 (E)

Surface active agents — Determination of interfacial
tension — Drop volume method

0 Introduction

Interfacial [tension is a fundamental property of the interface
between tyo immiscible or partially miscible liquids. These two
liquids may contain surface active agents which reduce the in-
terfacial tepsion, but it is generally not possible to predict their
detergent and emulsifying activities from measurements of the
interfacial tension alone. .

1 Scope and field of application

This Interngtional Standard specifies a test method, by measur-
ing the drpp volume, for the determination of the interfacial
tension between two liquid phases.

It is particdllarly suitable for the measurement of the interfacial
tension bgtween two solutions of surface active agents in
aqueous or organic solvents, and provides some advantages
compared | with the method by drawing up liquid.films
(ISO 6889), which are the following :

— determination of interfacial tension between two liquid
phases| containing all types of surface\'active agents,
including cationic surface active agents;

— acgurate measurement of low interfacial tensions of the
order of 1 mN/m;

— repeatability standard deviation less than = 0,5 mN/m
(acceptable for control.in-industrial laboratories);

— determination.of interfacial tension of viscous liquids;

— determination of interfacial tension on only small
amounfts(of,the solution;

3 Definition
interfacial tension : See ISQ.862.

NOTE — The Sl unit of interfacial tension is the¢ newton per metre
(N/m). In practice, the subsmultiple millinewton ger metre (mN/m) is
used.

4 Pringciple

Measurement of the volume of a drop of gn aqueous phase
formed at the end of a vertical capillary tubé]when it detaches
ffom the tube in contact with the organic phase.

Obtaining the interfacial tension between twp liquid phases by
balancing the weight of the drop with the [nterfacial tension

force supporting it and applying a corred
calculation of the interfacial tension from t
falling drop, the outer capillary radius, the
between the two liquid phases and the ad

tion factor; then
he volume of the
Hensity difference
celeration due to

gravity.

5 Apparatus

5.1 Measuring instrument (see figure 1) comprising the
following elements.

5.1.1 Glass syringe, accurately calibrated, of 0,5 cm3
volume, driven by a micrometer screw so graduated that the
volume of the falling drop may be calculated|to an accuracy of
+ 0,000 1 cm3.

— time dependence of the interfacial tension can be
measured using a simple automatic apparatus.

2 References

ISO 758, Liquid chemical products for industrial use — Deter-
mination of density at 20 °C.

ISO 862, Surface active agents — Vocabulary.

ISO 2456, Surface active agents — Water used as a solvent for
tests — Specifications and test methods.

ISO 6889, Surface active agents — Determination of interfacial
tension by drawing up liquid films.

5.1.2 Capillary, glass or stainless steel, prepared as in 5.3,
connected to the orifice of the syringe, and removable for
cleaning.

5.1.3 Jacketed glass vessel having an inside diameter of 2,5
to 4 cm and a height of 5 cm or more, capable of being
thermoregulated to the test temperature and of containing the
syringe and the capillary.

5.2 Mounting of the apparatus

The syringe (5.1.1) and capillary (5.1.2) shall be mounted on a
stand which allows movement in a vertical direction; the tip of
the capillary shall be perpendicular to its axis, of uniform
diameter and with an edge free from defects.
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The stand is attached to a metal plate placed on a vibration-free
table. Manual operation of the micrometer screw may in-
troduce vibration so it is preferable to use a small electric motor

i H +, Ay
to drive the micrometer screw.

If a d.c. motor is used, provision shall be made for the move-
ment of the micrometer screw and its speed to be adjusted
electronically, and care shall be taken to eliminate overrunning
when the motor is switched off. Alternatively, a step motor
may be used and the vertical displacement measured elec-

6.1.2 The temperature of the solution shall be maintained to
within 0,5 °C.

e ~ Alaca -~ -~ mma o lalo
NOTE — Determinations carried out close to temperatures of critical

solubility, such as the Krafft temperature or cloud point temperature of
non-ionic surface active agents, are seriously affected by errors. It is
preferable to carry out the test at a temperature higher than such

temperatures or at a temperature lower than the cloud point
temperature of non-ionic surface active agents.
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As the circulation pf water may introduce some vibrations, the
thermostat shall switched off as the drop approaches its

maximum voiume.|

5.3 Preparatign of capillary tips
a) Glass capillary

From good qyality, small-bore glass capillary tubing of
suitable diametgr, cut a length of about 4 cm and attach to
one end a ground conical 5/13 glass socket. Accurately
grind the otherfend of the capillary on a piece of plane glass
covered with mistened emery powder. To prevent rocking
embed the capillary in paraffin wax (with
about 70 °C) contained in a glass tube of
ide diameter. The tip shall be plane and nor-
mal to the axis ¢f the capillary; its circumference shall be un-
damaged.

b) Stainless steel capillary

From good quality, small-bore stainless steel capillary
tubing of suitaljle diameter, cut a length of about 4'e¢m; cut-
ting one of the pnds accurately at right angles to-the axis of
the tube using p precision tool lathe; at the Gther end, fit a
junction piece fnade of polytetrafluoroethylene.

Depending on the jvalue of the interfacial ténsion and the den-
sity difference, the|outer radius of the capillary will lie between
0,1and 0,4 cm.

5.4 Thermoregulated bath capable of being controlled to
within £ 0,5 °C.

6.1.3 As the interfacial tension of solutions yaries ith time,

+hha | "N P Ny Mp
due to the mutual saturation of the liquid phases, gnd as the

adsorption of surface active agents onto, the interfafe are not
instantaneous phenomena, it is difficult 'to recommend a stan-
dard age for the interface. It is, therefore, desirablg to make
several measurements over a period of time in order 1o obtain a
curve for the interfacial tensien’as a function of time| and from
this to determine the position of the plateau, which gives the
age at which the interface-reached its stationary stafe.

6.1.4 The surface’ of liquids is extremely sensitive to con-
tamination by atmospheric dust or by vapours from solvents
handled in the vicinity. Therefore no volatile products shall be
handled inthe room where the determinations are carried out,
and all ‘the apparatus shall be protected by a bell of the kind
used for balances. These precautions also reduce vriation in
temperature.

6.1.5 The recommended method of taking the test portion of
the liquid phases to be examined is to suck it, with|a pipette,
from the centre of the mass of these phases, as the syrface may
be liable to soiling by insoluble particles and dust.

6.2 Cleaning the measuring apparatus (5.1)

In the presence of impurities such as silicones, whigh are not
removed by sulfo-chromic acid mixture, phosphoric|acid or a
solution of potassium persulfate in sulfuric acid, clear) the glass
cylinder of the syringe and the capillary and also the¢ jacketed
vessel using special products (for example tolugne, per-
chloroethylene or methanolic or ethanolic potassium hydroxide
solution). To minimize contamination, always rinse the syringe
with the aqueous phase.

If these impurities are absent, or after cleaning with these pro-

6 Procedure

6.1 Preparation of solution of surface active
agents

6.1.1 The solutions of surface active agents for the deter-
mination shall be prepared with all necessary care. The water
used for their preparation shall be double-distilled water com-
plying with 1ISO 2456, checked by measuring its surface ten-
sion. Cork stoppers and, more particularly, rubber stoppers,
shall on no account be used, either in the construction of the
distillation apparatus or for sealing containers in which the
water is kept.

2

ducts, wash the measuring apparatus carefully with a hot sol-
ution of potassium or ammonium persulfate in sulfuric acid.
Finally, rinse in double-distilled water until the rinsings are
neutral. The double-distilled water shall be freshly prepared in
accordance with ISO 2456.

Before the determination, the measuring apparatus shall be
completely dried.

6.3 Check of the measuring apparatus

6.3.1 Measurement of capillary radius

Measure the radius to better than 0,1 % using a travelling
microscope. Take the mean of 5 to 10 measurements.
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NOTE — The radius may also be obtained from accurate measurement
of the maximum drop volume using a liquid of known density and inter-
facial tension, with the help of tables (see the annex). Use this method
only when a travelling microscope or a micrometer is not available.

6.3.2 Measurement of drop volume

To obtain accurately the volume of the detached drop, check,
by weighing some drops, the indicated reading obtained from
the movement of the micrometer screw.

1ISO 9101 : 1987 (E)

6.5 Selection of capillary tips

Harkins and Brownl1] have determined the correction factor f
given in the formula (see 7.1) for different values of the ratio
r/V1/3(rand V being defined in 7.1). The most accurate values
of flie in the region of

0,66 < r/V1/3 < 0,95
but the wider region of

03<r/V13<1,2

6.4 Detérmination

Fill the syrjnge (5.1.1), connected to the appropriate capillary
(5.1.2) and chosen as in 6.5, with the aqueous phase and in-
troduce the¢ organic phase into the jacketed vessel (5.1.3).

When the Hensity of the aqueous phase is greater than that of
the organig phase, immerse the capillary in the organic phase to
a depth grgater than 0,5 cm.

To ensure complete wetting, completely cover the capillary tip
by a drop|of the aqueous phase before immersing it in the
organic phase.

When the Hensity of the aqueous phase is less than that of the
organic phase, the tip shall face upwards and its orifice should
be about 2 cm below the surface to allow the lighter drop-to
form.

Before mepsuring the static interfacial tension of aqueous sur-
face activ; agent solutions (i.e. interfacial tension, which is not
time depehdent), first bring the two liquidsto the desired
temperatufe, using the thermoregulated bath (5.4), and then
slowly forin the drop, with a volume less than the maximum
volume, at the capillary tip in 30 t0)60 s. The drop should
remain for[2 to 5 min whilst its volume slowly increases. Finally,
the drop ghould become detached, on further slight enlarge-
ment.

If the drop detaches without enlargement, choose a smaller
initial volume. If the-enlargement is greater than 0,001 cm3, the
initial volume was’too small.

is also acceptable. o

However, in practice, the value of r/)¥/3|may lie between
0,3 and 1,6 or even greater.

To choose a capillary which will'form drops df the test solution
in the desired region of r/ V1/3, use figure 3 which gives r/V1/3
as a function of the outer capillary radius for different values of
the capillary constant k;-expressed in centimgtres to the power
minus two and defined by the formula Ag g/ (Ap and g being
defined in 7.1).

Using the test solution and a capillary of arbitfary outer radius r,
measure_a‘drop volume V.

From‘r'and r/ V1/3, read the capillary constaIt k from figure 3.

By following the appropriate curve of k in figyire 3, the range of
values of r in the desired region of r/V'1/3 is jobtained.

usually be measured with capillaries of radiug 0,2 cm. A radius
of 0,1 cm may be used for lower interfacial tefsions, and 0,3 cm
or greater for higher interfacial tensions.

In practice, interfacial tensions between 1 }nd 30 mN/m can

7 Expression of results

7.1 Method of calculation

The interfacial tension, y, expressed in millingwtons per metre,
is given by the formula

VAog
2nrf

where

NOTE — Megsurementswithrincreasing-age of drops{2,-5;8-minete}
may thus be carried out until the volume of the detached drop remains
constant. Static interfacial tension can be determined more con-
veniently by means of an automatic apparatus (see clause 9).

Enlarge the drop continuously at different speeds until the
detached drop volume remains constant (see example of
measurement in figure 2) and record the volume V determined
from reading values on the scale of the micrometer screw.

A full syringe enables several measurements to be made depen-
ding on the value of the interfacial tension.

Take the mean of at least four measurements of volume of the
detached drop, excluding the volume of the first drop, for
calculating the interfacial tension.

}—is-the-volume,in—cubiccentimetres,—of the falling drop;

Ao is the density difference, in grams per cubic cen-
timetre, at the temperature of the determination, between
the two liquid phases, measured according to 1ISO 758;

g s the acceleration due to gravity, equal to 981 cm-s—2;
r is the outer radius, in centimetres, of the capillary used;

f is the correction factor corresponding to the ratio r/ V'1/3
given in tables 1 and 2.

NOTE — Values of f are given in table 1 for values of r/ V' 1/3 between
0,65 and 0,95 in steps of 0,001.

In table 2, values are given in the region 0,3 < r/V1/3 < 1,2, also in
steps of 0,001. The values in table 1 are more accurate than those in
table 2, so the former should be used whenever possible.
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7.2 Precision

The accuracy in the determination of the interfacial tension
results from errors in V, Ag, r and f, and may be estimated to
better than 1 mN/m. With care it may be reduced to about
1 %.

The precision of the measurements can be improved
significantly by limiting vibrations, by temperature control and
by mutual presaturation of the liquids.

9
(1

g) any operating details not specified in this International
Standard or in the International Standards to which
reference is made, or regarded as optional, as well as any in-
cidents liable to have affected the resuits.
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Annex

Determination of capillary radius with liquids
of known density and interfacial tension
(This annex does not form part of the standard.)
Using a capillary of unknown radius, accurately measure the maximum drop volume with liquids of tabulated density and interfacial

tension. From this volume ¥ and the capillary constant k, given in table 3, calculate the minimum volume ¥V, = ¥V k3/2, The correspon-
ding value of r/ V1/3is read from table 4. The capillary radius is calculated from the value of r/V1/3 and the measured maximum drop

volume V.
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Figure 1 — Apparatus for measuring the interfacial tension by the drop volume method
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Figure 2 — Influence of the life of the drop on the interfacial tension for the system water/paraffin oil/surfactant (0 to 1 g/I)
(The drop formation rate is also shown : 0,013 to 0,416 cm3/min.)
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Figure 3 — Variation of capillary radius r (in centimetres) with the ratio r/V1/3 for different values of k = Ap g/y
(in centimetres to the power minus two) for 0,3 < r/ V1/3 < 1,2 (full curves)
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Table 1 — Values of correction factor f for different values of the ratio r/V'1/3
between 0,65 and 0,95 in steps of 0,001(5!

V173 0 1 2 3 4 5 6 7 8 9
0,65 0,617 2 0,617 1 0,616 9 0,616 7 0,616 7 0,616 3 0,616 2 0,616 0 0,615 8 0,615 6
0,66 0,6155 0,6153 0,615 1 0,614 9 0,614 8 0,614 6 0,614 4 0,614 3 0,614 1 0,6139
0,67 0,6138 0,613 6 0,6134 0,6133 0,613 1 0,6130 0,612 8 0,612 6 0,6125 0,6123
0,68 0,6122 0,6120 0,6119 0,6117 06115 0,6114 0,611 2 0,611 1 0,6109 0,610 8
0,69 0,610 7 0,6105 0,6104 0,610 2 0,610 1 0,609 9 0,609 8 0,609 6 0,609 5 0,609 4
0,70 0,609 2 0,609 1 0,609 0 0,608 8 0,608 7 0,608 6 0,608 4 0,608 3 0,608 2 0,608 0
0,71 0,607 9 0,607 8 0,607 6 0,607 5 0,607 4 0,607 3 0,607 1 0,607 0 0,606 9 0,606 8
0,72 6-606-7 0.606-5——0.606-4 0,606-3 0,606-2 0,606.1 0,606 0 0605 8 0 608 7 0,605 6
0,73 0,605 5 0,605 4 0,605 3 0,605 3 0,605 1 0,605 0 0,604 9 0,604 8 0,604(7 0,604 5
0,74 0,604 4 0,604 3 0,604 2 0,604 1 0,604 0 0,603 9 0,603 9 0,603 9 0,603(7 0,603 6
0,75 0,603 5 0,603 4 0,603 3 0,603 2 0,603 1 0,603 0 0,602 9 0,602 8 0,602/8 0,602 7
0,76 0,602 6 0,602 5 0,602 4 0,602 3 0,602 3 0,602 2 0,602 1 0,602 0 0,602|0 0,601 9
0,77 0,601 8 0,601 7 0,601 7 0,601 6 0,601 5 0,601 4 0,601 4 0,60+3 0,601)2 0,601 2
0,78 0,601 1 0,601 0 0,601 0 0,600 9 0,600 8 0,600 8 0,600 7 0,600-7 0,600(6 0,600 6
0,79 0,600 5 0,600 4 0,600 4 0,600 3 0,600 3 0,600 2 0,600 2 0,600 1 0,600(1 0,600 0
0,80 0,600 0 0,599 9 0,599 9 0,599 8 0,599 8 0,599 7 0,599 7 0,599 7 0,599/6 0,599 6
0,81 0,599 5 0,599 5 0,599 5 0,599 4 0,599 4 0,599 4 0,599.3 0,599 3 0,599(3 0,599 2
0,82 0,599 2 0,599 2 0,599 2 0,599 1 0,599 1 0,599 1 0,599 0 0,599 0 0,599|0 0,599 0
0,83 0,599 0 0,598 9 0,598 9 0,598 9 0,598 9 0,598 9 0,598 9 0,598 8 0,598(8 0,598 8
0,84 0,598 8 0,598 8 0,598 8 0,598 8 0,598 8 0,598 8 0,598 7 0,598 7 0,598|7 0,598 7
0,85 0,598 7 0,598 7 0,598 7 0,598 7 0,598 7 0,598 7 0,598 7 0,598 7 0,598|7 0,598 7
0,86 0,598 8 0,598 8 0,598 8 0,598 8 0,598 8 0,598 8 0,598 8 0,598 8 0,598(8 0,598 9
0,87 0,598 9 0,598 9 0,598 9 0,598 9 0,598 9 0,599.0 0,599 0 0,599 0 0,599(0 0,599 0
0,88 0,599 1 0,599 1 0,599 1 0,599 1 0,599 3 0,599 2 0,599 2 0,599 3 0,599|3 0,599 3
0,89 0,599 4 0,599 4 0,599 4 0,599 5 0,599 5 0,599 5 0,599 6 0,599 6 0,599(7 0,599 7
0,90 0,599 7 0,599 8 0,599 8 0,599 9 0,599 9 0,600 0 0,600 0 0,600 1 0,600( 1 0,600 2
0,91 0,600 2 0,600 3 0,600 3 0,600 4 0,600'4 0,600 5 0,600 5 0,600 6 0,600 7 0,600 7
0,92 0,600 8 0,600 8 0,600 9 0,601 0 0,601 0 0,601 1 0,601 2 0,601 2 0,6013 0,601 4
0,93 0,601 4 0,6015 0,601 6 0,601 6 0,601 7 0,601 8 0,6019 0,6010 0,60210 0,602 1
0,94 0,602 2 0,602 3 0,602 3 0,602 4 0,602 5 0,602 6 0,602 7 0,602 8 0,602 8 0,602 9
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Table 2 — Values of correction factor f for different values of the ratio r/V1/3
between 0,3 and 1,2 in steps of 0,001(6]

IE 0 1 2 3 4 5 6 7 8 9
0,300 0,726 3 0,7258 0,725 3 0,724 8 0,724 3 07238 | 07234 | 0729 | 0724 | 07219
0,310 0,721 4 0,720 9 0,720 4 0,720 0 0,7195 0,7190 | 0,7185 | 0,7180 | 07176 | 0,717 1
0,320 0,716 6 0,716 1 0,7157 0,715 2 0,714 7 07143 | 07138 | 07133 | 07129 | 07124
0,330 0,711 9 0,7115 0,711 0 0,710 6 0,710 1 07097 | 0,7092 | 0,7088 | 0,7083 | 0,707 9
0,340 0,707 4 0,707 0 0,706 5 0,706 1 0,705 6 07052 | 077047 | 07043 | 0,7039 | 0,7034
0,350 0,703 0 0,702 5 0,702 1 0,701 7 0,701 2 0,7008 | 07004 | 0,7000 | 0,6995 | 0,699 1
0,360 0,698 7 0,698 2 0,697 8 0,697 4 0,697 0 06966 | 0,69 1 06957 | 06953 | 06949
0,370 0,694 5 0,694 1 0,693 7 0,693 2 0,692 8 06924 | 06920 | 06916 | 06912 | 0,698
0,380 , 0,690 0 0,689 6 0,689 2 0,688 8 06884 | 0680 | 06876 | 068724 || 06868
0,390 0, 0,686 0 0,685 7 0,685 3 0,684 9 06845 | 0,684 1 0687 | 0,6833-"|| 06830
0,400 0, 0,682 2 0,681 8 0,681 4 0,681 1 06807 | 06803 | 06799 | 06796 || 06792
0,410 0, 0,678 4 0,678 1 0,677 7 0,677 3 06770 | 06766 | 06762 | 10,6759 || 0,6755
0,420 0, 0,674 8 0,674 4 0,674 1 0,673 7 06734 | 06730 | 06726 (06723 || 0,6720
0,430 0, 0,6713 0,670 9 0,670 6 0,670 2 06699 | 06695 | 06692 06688 || 0,6685
0,440 0, 0,667 8 0,667 5 0,667 1 0,666 8 06665 | 0,666 1 06658 | 0,6655 || 0,6651
0,450 0, 0,664 5 0,664 2 0,663 8 0,663 5 06632 | 06629 | 06625 | 06622 || 0,6619
0,460 .0, 0,661 2 0,660 9 0,660 6 0,660 3 06600 | 06597 |[.‘06593 | 06590 || 0,6587
0,470 0, 0,658 1 0,657 8 0,657 5 0,657 2 06569 | 06566 ¢ 06562 | 06559 || 0,6556
0,480 0, 0,655 0 0,654 7 0,654 4 0,654 1 06538 | 06535() 06533 | 06530 || 0,6527
0,490 0, 0,652 1 0,651 8 0,6515 0,651 2 06509 | 06506 | 06503 | 0,650 1 0,649 8
0,500 0,64 0,649 2 0,648 9 0,648 6 0,648 4 0,648 1 06478 | 06475 | 06473 || 06470
0,510 0, 0,646 4 0,646 2 0,645 9 0,645 6 0,6453 -} 0,645 1 06448 | 06445 || 0,6443
0,520 0,64 0,643 7 0,643 5 0,643 2 0,642 9 0,6427.* 06424 | 06422 | 06419 || 0,6416
0,530 0, 0,641 1 0,640 9 0,640 6 0,640 4 0,640, 1 06399 | 06396 | 06394 || 06391
0,540 0, 0,638 6 0,638 4 0,638 1 0,637 9 06376 | 06374 | 06371 06369 || 0,6367
0,550 0, 0,636 2 0,635 9 0,635 7 0,635 5 06352 | 06350 | 06348 | 06345 || 06343
0,560 0, 0,6338 0,633 6 0,633 4 0,633 1 06329 | 06327 | 06325.| 06322 || 06320
0,570 0, 0,6316 0,6313 0,631 1 0,630 9 06307 | 06305 | 06303 | 06300 || 06298
0,580 0, 0,629 4 0,629 2 0,629 0 0,628'8 06285 | 06283 | 06281 06279 || 06277
0,590 0, 0,627 3 0,627 1 0,626 9 0,626 7 06265 | 06263 | 06261 06259 || 06257
0,600 0, 0,6253 0,625 1 0,624 9 0,624 7 06245 | 06243 | 06241 06239 || 06237
0,610 0, 0,6233 0,623 1 0,623 0 0,622 8 0626 | 0624 .| 0622 | 0620 || 06218
0,620 0, 0,6215 0,621 3 0,621 1 0,620 9 06208 | 06206 | 06204 | 06202 || 06200
0,630 0, 0,6197 0,6195 0,619 4 0,619 2 06190 | 06188 | 06187 | 06185 || 06183
0,640 0, 0,618 0 0,617 8 0,617 7 0,617 5 06173 | 06172 | 06170 | 06169 || 0,6167
0,650 0, 0,616 4 0,616 2 0,616 1 0,615 9 06158 | 06156 | 06154 | 06153 || 0,6151
0,660 0, 0,614 8 0,614 7 0,6147 0,614 5 06142 | 06141 06139 | 06138 || 06137
0,670 0, 0,613 4 0,6132 0,613 1 0,612 9 06128 | 06127 | 06125 | 06124 || 06123
0,680 0,612 1 0,6120 06118 0,6117 0,611 6 06114 | 06113 | 06112 | 06111 0,610 9
0,690 0,610 8 0,610 7 0,610 5 0,610 4 0,610 3 06102 | 06100 | 06099 | 06098 || 06097
0,700 0, 0,609 4 0,609 3 0,609 2 0,609 1 06090 | 06088 | 06087 | 06086 || 0,6085
0,710 0, 0,608 3 0,608 2 0,608 0 0,607 9 0,6078 | 06077 | 06076 | 06075 || 06074
0,720 0, 0,607:2 0,607 1 0,607 0 0,606 9 06068 | 06067 | 06066 | 06065 || 0,6064
0,730 0, 0,606'2 0,606 1 0,606 0 0,605 9 06058 | 06057 | 06056 | 06055 || 0,6054
0,740 0, 0,605 2 0,605 2 0,605 1 0,605 0 06049 | 06048 | 06047 | 06046 || 0,6046
0,750 0, 0,604 4 0,604 3 0,604 2 0,604 1 0,604 1 06040 | 06039 | 06038 || 0,6038
0,760 0, 0,603 6 0,603 5 0,603 5 0,603 4 06033 | 06032 | 06032 | 0,6031 0,603 0
0,770 0, 0,602 9 0,602 8 0,602 8 0,602 7 06026 | 06026 | 06025 | 06025 || 0,6024
0,780 0,602 3 0,602 3 0,602 2 0,602 2 0,602 1 06020 | 06020 | 06019 | 06019 | 0,6018
0,790 0,610 8 0,601 7 0,601 7 0,601 6 0,601 6 06015 | 06015 | 06014 | 06014 | 06013
0,800 0,601 3 0,601 3 0,601 2 0,601 2 0,601 1 0,601 1 0,6010 | 06010 | 06010 | 0,6009
0,810 0,600 9 0,600 9 0,600 8 0,600 8 0,600 7 06007 | 06007 | 06007 | 06006 | 0,6006
0,820 0,600 6 0,600 5 0,600 5 0,600 5 0,600 5 06004 | 06004 | 06004 | 06004 | 0,6003
0,830 0,600 3 0,600 3 0,600 3 0,600 3 0,600 2 06002 | 06002 | 06002 | 06002 | 0,6002
0,840 0,600 1 0,600 1 0,600 1 0,600 1 0,600 1 0,600 1 0,600 1 0,600 1 0,600 1 0,600 1
0,850 0,600 0 0,600 0 0,600 0 0,600 0 0,600 0 0,6000 | 06000 | 06000 | 06000 | 0,6000
0,860 0,600 0 0,600 0 0,600 0 0,600 0 0,600 0 0,600 1 0,600 1 0,600 1 0,600 1 0,600 1
0,870 0,600 1 0,600 1 0,600 1 0,600 1 0,600 1 06002 | 06002 | 06002 | 06002 | 0,6002
0,880 0,600 2 0,600 3 0,600 3 0,600 3 0,600 3 06003 | 06004 | 06004 | 06004 | 0,6004
0,890 0,600 5 0,600 5 0,600 5 0,600 6 0,600 6 0,6006 | 06006 | 06007 | 06007 | 0,6007
0,900 0,600 8 0,600 8 0,600 9 0,600 9 0,600 9 06010 | 06010 | 0,6011 0,601 1 0,601 1
0,910 0,601 2 0,601 2 0,601 3 0,601 3 0,601 4 06014 | 06015 | 06015 | 06016 | 0,6016
0,920 0,601 7 0,601 7 0,601 8 0,601 8 0,601 9 06019 | 06020 | 06020 | 0,602 1 0,602 1
0,930 0,602 2 0,602 3 0,602 3 0,602 4 0,602 5 06025 | 06026 | 06027 | 06027 | 06028
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