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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Plastics/rubber — Polymer dispersions and rubber latices
(natural and synthetic) — Determination of surface tension

1 S

cope

This document specifies two methods for the determination of the surface tension of polymer

dispe
— M
— M
Meth

sions and rubber latices (n:\fnra] and cynfhnfir‘)
ethod A is the ring method (Du Noiiy ring method).
ethod B is the plate method (Wilhelmy plate method).

d A is suitable valid for polymer dispersions and rubber latices with a viscos

200 mpPa-s.

Meth
Meth

In cag

2 N

The f
const
undat

[SO1
[SO1
ISO 7
ISO1

ISO 2
Viscos

ISO 3
Viscos

bd B is not suitable for polymer dispersions and rubber latices containing cationic su
ds A and B are also suitable for prevulcanized latices and edfmpounded material.

e of dispute, the preferred method is method A (the ring method).

ormative references

bllowing documents are referred to in theext in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

L3, Rubber latex — Sampling

P4, Latex, rubber — Determingtion of total solids content

D5, Rubber latex — Detepmination of density between 5 degrees C and 40 degrees C
h52, Rubber latex —-Determination of apparent viscosity by the Brookfield test method

h55, Plastics —-Reésins in the liquid state or as emulsions or dispersions — Determinatio
ity using a sifigle cylinder type rotational viscometer method

P19, Plastics — Polymers/resins in the liquid state or as emulsions or dispersions — Det
ity using a rotational viscometer with defined shear rate

ty less than

rfactants.

their content
applies. For
ents) applies.

n of apparent

prmination of

3 T

erms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/
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4 Principle

4.1 Method A

Method A is suitable valid for polymer dispersions and rubber latices with a viscosity less than
200 mPa-s. To achieve this, the dispersion or latex is diluted with water to a mass fraction of total solids
of 40 %. If necessary, the total solid content is further reduced to ensure that the viscosity is under the
specified limit.

A horizontally suspended ring of thin wire is attached to a "Du Noliy type" tensiometer and immersed
in the liquid under test, then slowly pulled out. Just before the ring detaches itself from the surface of

the liquid, thfTorce required reaches a maximum. This force 1s measured by a torsion balance, ind\

pick-up or s

4.2 Methg
When a liqui
type” tensio

applies an u
force is meas

5 Reager

5.1 Distill
ISO 3696).

5.2 Toluer

6 Appard

6.1 Tensia
40 mm nomi
made of wire

6.2 Tensiao
and the size s

e other suitable measuring device.

)d B

 is brought into contact with the edge of the plate which is suspended from the “Will

eter, the plate is pulled down into the liquid due to the surface tension. The instru
ward vertical force to the plate so that the plate reaches the force’balance. This ve
ured and used to calculate the surface tension of the liquid.

)ts

le, of recognized analytical purity.

jtus

meter (Du Noily type), withta platinum or platinum-iridium alloy ring of either 60 1
hal circumference (corresponding to 9,55 mm or 6,37 mm internal radius, respectively
having a nominal radius_of 0,185 mm.

meter (Wilhelmy type), with a flat, thin plate made of platinum or platinum-iridium|
uitable for the(ten'siometer.

iIctive

helmy
iment
rtical

ed water, carbon-dioxide-free, or water of equivalent purity (grade 3 as defined in

hm or
/) and

alloy,

6.3 Glass dish or véssel, of 50 cm3 capacity, with an internal diameter of at least 45 mm or suitalple for

the thermost

bt of thetensiometer.

6.4 Therm

ostatic bath, or some other means of adjusting the temperature of the test sam

le to

23°C*1°C (27 °C 1 °C for tropical countries).

NOTE

per degree Celsius.

6.5 Bunsen or ethanol lamp, or some other means of heating and cleaning the ring or plate.

7 Sampling

Carry out the sampling in accordance with one of the methods specified in ISO 123.

The temperature coefficient of rubber latices over the temperature range 20 °C to 30 °Cis -0,1 mN/m

© IS0 2020 - All rights reserved
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8 Procedure
8.1 Method A

8.1.1 Preparation of apparatus

Clean the dish or vessel (6.3) carefully, since any contamination may lead to variable results. Clean
the ring of the tensiometer (6.1) by washing in water (5.1) and then heating in the oxidizing section
of a Bunsen or ethanol flame (6.5). Take extreme care to avoid touching or distorting the tensiometer

ring when handling it. Ensure that the ring remains parallel to the surface of the liquid during the
determination. Failure to gbhserve these precautions willlead toinaccurate results

8.1.2| Calibration

Carefplly calibrate the tensiometer scale against a standard mass or a referenceliquid sudh as distilled
watei (5.1) or toluene (5.2) in accordance with the manufacturer’s instructions; so that the scale reads
in mN/m.

Calibfation is generally carried out against a standard mass. It should b€ noted that the galculation of
the rgsults (see Clause 9) requires different correction factors depending on the method of calibration.

8.1.3| Preparation of the test sample

8.1.3]1 If the total solids content of the test sample of*latex or polymer dispersion i§ not known,
determine it in accordance with ISO 124. If the mass fraction of total solids is greater than 40 %, dilute
the tgst sample to a mass fraction of total solids of 40 % *+ 1 % with water (5.1). If it is syspected that
the viscosity of the diluted test sample is still gredter than 200 mPa-s, determine it by the appropriate
methed given in ISO 1652, ISO 2555 or ISO 32719. If necessary, dilute the test sample further until the
viscogity is less than 200 mPa-s, noting the final total solids content.

NOTE Dilution to a mass fraction of 40 % has a negligible effect on the surface tension of polymgr dispersions
and rybber latices. In some cases, the surface tension at a higher total solids content can be requfired, in which
case this can be measured by the method as specified with little loss of accuracy, provided that the viscosity is
less than 200 mPa-s.

If the|density of the diluted,tést sample of latex or polymer dispersion is not known, determine it in
accorfance with ISO 705.

8.1.3J2 Using the “‘thermostatic bath (6.4), adjust the temperature of the diluted te$t sample to
23 °C|x 1 °C (or 272C = 1 °C in tropical countries).

8.1.3]3 _Take approximately 25 cm? of the diluted test sample, using a pipette with its tip well below the
surfa¢e-of'the llquld and transfer 1t to the dish or Vessel (6.3). Remove any air bubbles from the surface
of the immediately to
avoid errors due to the formatlon of surface skln

8.1.4 Determination

With the tensiometer protected from air currents, place the dish or vessel containing the diluted test
sample on the adjustable platform of the instrument beneath the ring of the tensiometer. Adjust the
instrument, following the manufacturer’s guidelines, so that the beam is in the balance position when
the ring is dry and the scale reading is zero. Raise the platform until the liquid makes contact with the
ring and then immerse the ring to a depth of approximately 5 mm.

Slowly lower the platform by means of the platform-adjusting screw, and simultaneously increase
the torsion in the wire, proportioning these two adjustments so that the beam remains exactly in its

© IS0 2020 - All rights reserved 3
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balance position. As the film adhering to the ring approaches its breaking point, proceed very slowly
with adjustments.

For determinations with an automatic tensiometer, regulate the penetration depth of the ring to
approximately 5 mm below the surface of the liquid and adjust the rate of movement of the dish or
vessel to 10 mm/min.

Record the maximum scale reading just prior to the point at which the ring separates from the
dispersion or latex (this is of particular importance with undiluted latices or polymer dispersions of
high viscosity).

Immediately raise the dish again before the film breaks, re-submerging the ring. Repeat the
determinatign three times for a total of four determinations.

Should the fijm break, clean the ring as described in 8.1.1 and repeat the determination.

Discount the first reading and record the average of the next three readings, which(should agree to
within 0,5 faN/m of the median value.

8.2 Methgd B

8.2.1 Preparation of apparatus

Clean the digh or vessel (6.3) carefully. The surface of the plate (6:2)*should be roughened enoygh to
obtain a perfect wetting and with no bright spots on the plate. Rinse the plate thoroughly by wgshing
in water (5.1), then heating in the oxidizing section of a gas burner or Bunsen (6.5) until the plate is
clean. Hang the plate on the instrument after cooling to room temperature. Make sure that the lower
edge of the plate is exactly straight by checking whether the'light gap between the edge of the plate and
the surface df the liquid is parallel and not wedge-shaped”Ensure that the plate remains parallel fo the
surface of the liquid during the determination.

NOTE Anly contamination can lead to variable(esults and failure to observe these precautions lepds to
inaccurate reqults.

8.2.2 Calibration

8.2.2.1 Caljbrate the tensiometer- (6.2) scale against standard mass or distilled water (5|1) in
accordance with the manufactufep’s instructions, so that the scale will read in mN/m.

8.2.2.2 Ifthe calibratiorisCarried out against distilled water, determine the surface tension of distilled
water, the regult should be'72,28 mN/m + 0,30 mN/m at 23 °C or 71,66 mN/m * 0,30 mN/m at 27 C.

8.2.3 Preparation of the test sample

8.2.3.1 Using the thermostatic bath (6.4), adjust the temperature of the test sample to 23 °C + 1 °C (or
27 °C £ 1 °Cin tropical countries).

8.2.3.2 Rinse the dish or vessel (6.3) with a small amount of the test sample, and then transfer
approximately 30 cm3 of the test sample to the dish or vessel by a pipette with its tip well below the
surface of the liquid. Make sure the depth of the test sample is at least 10 mm. Remove any air bubbles
from the surface of the sample by wiping with a piece of hard filter paper. Measure the surface tension
immediately to avoid errors due to the formation of surface skin.

NOTE For the polymer dispersions or rubber latices with high viscosity, the equilibration time of the surface

tension can be longer, and it can be shortened by diluting the test sample to a mass fraction of total solids of
40 % = 1 % with water.

4 © IS0 2020 - All rights reserved
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8.2.4 Determination

8.2.4.1 General
Two alternative plate methods are specified, which can be chosen according to the instruments:
— method B1: carry out the measurement when the pre-wetted plate is suddenly caught by the liquid;

— method B2: immerse the plate in the liquid to a certain depth, and then carry out the measurement
when the plate is pulled back into contact with the surface of the liquid.

8.2.42—Method Bt
Adjugt the instrument following the manufacturer’s instructions.

Placelthe dish or vessel containing the test sample on the adjustable platform of the)instruthent beneath
the plate of the tensiometer and tare the reading to zero.

After|[pre-wetting the plate in the liquid to a depth of 2 mm to 5 mm according to the mgnufacturer’s
instryctions, pull the plate out of the liquid.

Raise|the platform slowly until the plate is suddenly caught by the liquid. Record the stable reading from
the tgnsiometer. Lower the platform until the plate separates frém the liquid. Repeat the determination
of corftact separation another two times without taring the reading to zero and cleaning the plate.

Discount the first reading and record the average of the next two readings, which differernce should be
withip £0,5 mN/m.

8.2.4]3 Method B2
Adjusft the instrument following the manufacturer’s instructions.

Placefthe dish or vessel containing the test’sample on the adjustable platform of the instrument beneath
the plate of the tensiometer and tare the reading to zero.

Raise| the platform until the lower edge of the plate is just submerged and mark the pasition of the
platfqrm according to the mafiufacturer’s instructions.

Raise|the platform anotherZ mm to 5 mm to ensure the wetting of the plate.

Lowef the platformsuntil it is located exactly to the marked position again, that is the lpwer edge of
the plate comes inte‘contact with the surface of the liquid again. Record the stable reading from the
tensigmeter.

After|lowering the platform until the plate separates from the liquid, tare the reading to zefo and repeat
the d¢termination without cleaning the plate.

Make at least three measurements until the difference between two successive readings is not greater
than 0,5 mN/m. Discount the first reading and record the average of the last two readings.

For method B1 or method B2, if an automatic tensiometer that can display the change of surface tension
in real time is used for measurement, adjust the instrument and set the parameters following the
manufacturer's instructions. Some recommended values are given in Table 1 and the typical surface
tension curve is given in Figure 1. For Table 1, the test result is the mean value of the last five readings
when the maximum measuring time is reached.

NOTE Table 1 shows only the recommended maximum measuring time. Before the formation of the
surface skin, the maximum measuring time for different test sample can be determined according to the
surface tension curve.

© IS0 2020 - All rights reserved 5
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Table 1 — Parameters of automatic tensiometer

Parameters Set value

Maximum measuring time, s XSBRLa 600

NRL, CRL and NBRLb 300
Value interval, s 1
Immersion depth, mm 2
Surface detection speed, mm/min 10
Values for mean 5
Standard deviation Not set
a  XSHRL is carboxylated styrene-butadiene rubber latices.
b NRL is natural rubber latices. CRL is chloroprene rubber latices. NBRL is nitrile latices.

55

50

45

40

35

T T T T T T T T T T T T T
0 100 200 300 400 500 600

X

Key
X time,s
Y surface tgnsion, mN/m

Figure 1 — Typical surface tension curve

9 Expression'of results

9.1 Method A

9.1.1 Calibration against standard mass

If (as is usual) the tensiometer has been calibrated against a standard mass, the reading, o, shall be
corrected by a factor depending on the dimensions of the ring and the density of the liquid according to

Formula (1):
o=MxF (@8]

6 © IS0 2020 - All rights reserved
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where

M is the scale reading, in mN/m;
F is the factor calculated from Formula (2).

0,03678M
4

Rp p (2)

F=0,725+

where

1s the mean radius, In mm;

is the density of the liquid, in Mg/m3;

i)

P is a constant calculated from Formula (3).

1,679r

Pl=0,04534— (3)

where ris the radius of the wire, in mm.

NOTE|1  Some formulae for calculating F include the gravitatiofalvconstant G. This has been| incorporated
direct]ly into the constant 0,036 78 to avoid possible confusion ovér, units.

NOTE|2  Forstandard rings of 60 mm or 40 mm nominal ciggumference (R = 9,55 mm or 6,37 mm| respectively)
and wijire of nominal radius 0,185 mm, P will be given by:

P}, =+0,01282 or
P}, =-0,003 43

NOTE|3  “Surface tension” and “surface frée‘energy” are synonymous and have equal numericgl values when
expressed in mN/m and mJ/m?2, respectively:

NOTE[4  Since it might not be practical to calculate the factor F separately for each sample tested, it is
convehient to create tables for a corpvection index Ao depending on the wire dimensions (see Anney B).

9.1.2| Calibration againsta standard liquid

If the[calibration hagheén carried out using a reference liquid, then the surface tension, o’,|expressed in
mN/m, is given bylFermula (4):

o|'=M'xE! 4

where

M’ isthereading for the diluted test sample, in mN/m, on the scale calibrated with the reference liquid;
F’ is a factor calculated from Formula (5).
F'=Fxc"/M" (5)

where

F is calculated according to Formula (2);

o is the known surface tension of the reference liquid, in mN/m ;

M"  isthe actual scale reading recorded for the reference liquid, in mN/m.

© IS0 2020 - All rights reserved 7
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It is particularly important to read the equipment manufacturer’s instructions carefully if using this
procedure, as some corrections may have been built into the equipment. For this reason, calculated
corrections are not given in Annex B.

9.2 Method B

The surface tension, o, expressed in mN/m, is calculated using Formula (6):

E

0

o=———"—
2(l+t)cos6

(6)

where

F

. s

I is

t is

0 is
The plate is 1
contact angl
term cos 6 ha
taken into cq

the liquid do
NOTE1 On

NOTE2 Fo
display the su

10 Precisijon

See Annex A

the measured force, in mN;

the length of plate, in m;

the thickness of plate, in m;

the contact angle between the plate and the liquid, in °.

hade of roughened platinum or platinum-iridium alloys and+$ optimally wetted so th|
e 0 can be assumed to be zero for common liquids on cléanvglass or plate. That meaj
savalue of 1, so that only the measured force and the wetted length of the plate need
nsideration. No other correction factors are necessatry for this method and the den;
bs not need to be known.

e can be aware of the error caused by a non-zero.egntact angle.

most tensiometers, the size of the plate has been set in the software of the instrument and|
Iface tension directly.

port
rt shall include the following information:
ce to thissdocument, i.e. ISO 1409:2020;

s necessary for the identification of the sample tested;

at the
s the
to be
ity of

it can

odused: method A or method B;

11 Testre
The test rep
a) areferer
b) all detai
c) the meth
d)
e) the total
f)
g)
h) the date
i)
j)

made, as
8

the temperature at which the test was carried out;

solids content of the test sample originally and as tested after dilution;

the results and the units in which they have been expressed;

any unusual features noted during the determination;

and place where the determination was carried out;

the maximum measuring time when using an automatic tensiometer;

well as any operation regarded as optional.

any operation not included in this document or in the international standards to which reference is

© IS0 2020 - All rights reserved
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Annex A
(informative)

Precision

A.1 Precision of method A

With pccurate operation and control, i.e. correctly following the details of the procedure)
to obtain the following:

The work to generate the precision data was initiated before the publication of ISO/TR 9
Consgquently, the results are not expressed in the recommended forniat.

A.2

A.2.1 General

An interlaboratory test programme (ITP) to determiné the precision of method B was con
Wilhglmy type tensiometer in June and July 20187n China, Germany and United States. T
evalupted was a type 1 precision in accordance'with method A of ISO 19983:2017, 6.7.1.

Eight|laboratories participated in the ITRland one of these used two different types of
this Iaboratory, the data from the separate analysers were included in the ITP as data fra
laboratories. This gave a database of up’to nine laboratories or pseudo-laboratories.

Threg different materials (XSBRL;"NBRL and NRL) were used in the ITP. A test result wa
the ayerage value of three measurements. Test results from each laboratory were obta
different days at intervalsof,one week. Three measurements were repeated for each day.

A.2.2 Precision results

The
procedures asg{described in ISO 19983.

a)

b)

—

ppeatability limit: 1,0 mN/m;

—

bproducibility limit: 2,0 mN/m.

Precision of method B

recision results are given in Table A.1. These results were obtained using out

epeatability: the difference between two test (value) averages, found on nomin
aferial samples under normal and correct operation of the test method, exceed t

it is possible

272 in 2005.

ducted using
he precision

hnalyser. For
m individual

5 taken to be
ined on two

lier deletion

hlly identical
he tabulated

repeatability omraverage ot more thamornce i 20 Tases.

Day-to-day repeatability: the difference between two-day test (value) averages, found on
nominally identical material samples under normal and correct operation of the test method,
exceed the tabulated day-to-day repeatability on average not more than once in 20 cases.

Reproducibility: the difference between two independently measured test (value) averages, found
in two laboratories using normal and correct operation of the test method on nominally identical
material samples, exceed the tabulated reproducibility not more than once in 20 cases.
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Table A.1 — Precision data for method B

Within laboratory | Within laboratory Between laboratories
Material Mean within-day day-to-day Number_of
mN/m laboratories?
Sy r (r) SrD b | (rp) SR R (R)
XSBRL 42,2 0,14 | 0,40 | 095 0,16 | 045 | 1,07 | 035 | 099 | 2,35
NBRL 31,4 0,20 | 0,57 | 1,82 | 0,22 | 0,62 | 197 | 0,30 | 0,85 | 2,71
NRL 35,3 0,17 | 048 | 1,36 | 0,25 | 0,71 | 2,01 | 035 | 099 | 2,80 9

a2 The final number of laboratories in the ITP after deletion of outliers.

s, istherepeatability standard deviation;

r is the repg¢atability, in measurement units;

(r) istherelgtive repeatability, in percent;

s;p isthe dayto-day repeatability standard deviation;

rp  isthe dayfto-day repeatability, in measurement units;
(rp) is the reldtive day-to-day repeatability, in percent;

sg  isthereproducibility standard deviation;

R is the repjroducibility, in measurement units;

(R) isthe relftive reproducibility, in percent.

10 © IS0 2020 - All rights reserved
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