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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
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Introduction

307:2007(E)

This International Standard specifies a method for the determination of the viscosity number of dilute solutions
of polyamides in certain specified solvents. The determination of the viscosity number of a polyamide provides

a value that depends on the molecular mass of the polymer, but does not strictly correlate with
mass.

Additi
have gn increasing effect on the viscosity number in one solvent and a decreasing effect in a
The extent of the effect depends among others on the additive, the quantity of the addifive; th
other gdditives and reactions.

The vjscosity number of a polyamide sample containing additives that interfere with
measufement, measured in a specific solvent, represents a specific viscosity aumber for the pd
investigation and the actual measurement conditions. The measured viscosity-number cannot,

converted from one solvent to another and is only suitable for intra-product-Comparison.

The viscosity number of pure polyamides or polyamides containing. additives that do not int

Polya
solven
solutio

ide test samples for the determination of the vis€osity number must be completely
s mentioned. Additives contained in them, like dglass and carbon fibres, must be sepa
.

As it |
extract
sampld

S not possible to distinguish between ‘extractables such as caprolactam, its oligom
able additives, these are considered as-an essential part of the sample and therefore
mass.

The t¢
contain
deviati
additiv

st method is applicable for jpreduction control and intra-product comparison even if
s additives that do interfere with the viscosity measurement. However, it should bg
bns of the viscosity number can be caused by either the polyamide itself, effects

bs present, or a combihation of these.

The in
results
investi
influen

terference of additives with the viscosity determination can be checked by comparin
of dry blend mixtures and regular production samples at several concentrations of the
pation and in-the solvents concerned. It should be noted that the other additives pres
Ce the viscosity result.

The rgpeatability and reproducibility of the test method are strongly influenced by the corr
solvent éoncentration, the use of the Hagenbach correction if applicable and the temperature of|
diluting The sample solufion.

the molecular

ent and may
nother solvent.
e presence of

the viscosity
lyamide under
n principle, be

prfere with the
for that type of

soluble in the
rated from the

ers and other
ncluded in the

the polyamide
realised that
aused by the

j the viscosity
additive under
ent also could

bctness of the
the solvent on

In this International Standard two specific viscometers are recommended. Furthermore, other types of
viscometers listed in ISO 3105 may also be used, provided that the results are demonstrated to be equivalent
to those measured with the recommended viscometers. It is to be expected that in the next revision the use of

the other types of viscometers will be excluded.
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INTERNATIONAL STANDARD ISO

307:2007(E)

Plastics — Polyamides — Determination of viscosity nu

1 Scope

This International Standard specifies a method for the determination of the viscosity number .of
of polyamides in certain specified solvents.

Polyanpide samples must be completely soluble in the solvents mentioned. Additives.Such as flg
and mpdifiers often interfere with the viscosity measurement, having an increasing effect o
numbelr in formic acid and a decreasing effect on the viscosity number in sulfuricracid. The extg
for polyamide compounds depends on the additive, the quantity of the _additive, the pres
additives and the compounding conditions.

For pufe polyamides or polyamides containing additives that do not intérfere with the viscosity

mber

Hilute solutions

me-retardants
n the viscosity
nt of the effect
ence of other

measurement,

the determination of the viscosity number of a polyamide provides)a“measure of the molecular mass of the

polymgr. The viscosity number of pure polyamides or polyamides:which contain additives that ¢
with the viscosity measurement can be converted from one solvent to another.

The vigcosity number of polyamides containing additives“that do interfere with the viscosity m

o not interfere

easurement is

specifi¢ to the solvent used and the material composition: In this case, the measured viscosity pumber cannot

be conjverted from one solvent to another.

The mgthod is applicable to the polyamides designated PA 46, PA 6, PA 66, PA 69, PA 610, H
PA 12| PA 6T/66, PA 61/6T, PA 6T/61/66, PA6T/61, PA 61/6T/66 and PA MXD6 as defined in |
well ag to copolyamides, compounds of polyamides and other polyamides that are soluble
specified solvents under the specified, conditions.

The mgthod is not applicable to-pelyamides produced by anionic polymerization of lactams or
cross-linking agents; such polyamides are normally insoluble in the specified solvents.

The vigcosity number is determined by the general procedure specified in ISO 1628-1, observin
conditipns specified in‘this’International Standard.

2 Normative references

A 612, PA 11,
S0 1874-1, as
in one of the

produced with

j the particular

nt. For dated

The fqllowing referenced documents are indispensable for the application of this docume

refereriCeS, ony the editiom cited—applies. For undated Teferences, the tatest—editionm of

document (including any amendments) applies.

ISO 1042, Laboratory glassware — One-mark volumetric flasks

he referenced

ISO 1628-1, Plastics — Determination of the viscosity of polymers in dilute solution using capillary

viscometers — Part 1: General principles

ISO 1874-1, Plastics — Polyamide (PA) moulding and extrusion materials — Part 1: Designation

ISO 3105, Glass capillary kinematic viscometers — Specifications and operating instructions

ISO 3451-4, Plastics — Determination of ash — Part 4: Polyamides

© 1SO 2007 — All rights reserved
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ISO 15512, Plastics — Determination of water content

ASTM D789, Standard test methods for determination of relative viscosity of polyamide (PA)

JIS K 6920-2:2000, Plastics — Polyamide (PA) moulding and extrusion materials — Part 2: Preparation of test
specimens and determination of properties

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1628-1 and the following apply.

3.1

viscosity number of a polymer

number calcul
flow times long

VN = [l
o
where
n is the
19 s the
T is the
o
¢ isthe
VN is the
NOTE 1 For

viscosity ratio is

n

o

where

n

o

is the

hted by the following formula for the viscometers mentioned in this International S$tand3

enough so that no kinetic energy correction need be applied:
_1j

viscosity of a solution of the polymer in a specified solvent,in Pascal seconds or N/m2s;

1

X —
C

viscosity of the solvent, expressed in the same units-as 7;

relative viscosity of a solution of the polymer.ina specified solvent;

concentration, in grams per millilitre;.6fthe polymer in the solution;
viscosity number, expressed in millilitres per gram.

a particular viscometer used-and with substantially equal densities of the solvent and solut
given by the flow time ratig for the solution concentration:

relative viscosity of a solution of the polymer in a specified solvent.

rd and

(1)

on, the

)

NOTE 2

As mentioned in ISO 3105, in case of flow times below 200 s and 60 s, for type 1 and type 2 Ubbelohde

viscometers respectively, a correction for kinetic correction has to be applied: the so-called Hagenbach correction. For
other types of viscometers, the kinetic energy correction has to be applied if the correction is > 0,15 %.

NOTE3 The

n

y=—=

P

Cxt—[

flow time of a liquid is related to its viscosity by the formula

)

A

t2

© ISO 2007 — All rights

@)

reserved


https://standardsiso.com/api/?name=a77c8e110f3f2b99383b10425d0eb7a3

where

t

A

ISO

is the viscosity/density ratio, in metres squared per second;

is the density of the liquid, in kilograms per cubic metre;

is the constant of the viscometer, in metres squared per second squared;
is the flow time, in seconds;

is the parameter of the kinetic correction in metres squared seconds.

NOTE 3  For a particular viscometer used, with substantially equal densities of the solvent and solut

307:2007(E)

ion and a given

kinetic 1

B
n

is given
so-callg
4 P
The tin

are mg
calculg

5 R

51 3

Only rq
used.

WAR
The u
standa
Avoid
51.1

For thq
96,00

actor, the viscosity ratio

by the flow time ratio for the solution concentration in this International Standard;-each flow time
d Hagenbach correction (in seconds) given by the manufacturer for the viscometeras a function of]

rinciple
nes of flow of a solvent and a solution of the polyamide atia concentration of 0,005 g/m

basured at 25 °C, the same viscometer being used fof<both measurements. The viscol
ted from these measurements and from the known colcentration of the solution.

pagents and materials

bolvents and reagents

pagents of recognised analytical, grade and only distilled water or water of equivalent
ING — Some chemicals, for example 1,1,2,2-tetrachloroethane, are prohibited in sq
er shall check on the -national regulations before applying the chemicals men
rd.

contact with the)skin and inhalation of any vapours of the solvents and cleaning lic

Sulfuricacid, 96,00 % + 0,20 % (by mass) solution.

b determination of the concentration of commercial sulfuric acid (95 % to 98 %) and
o;see Annexes A and B.

(4)

educed with the
the flow time.

in the solvent
sity number is

purity shall be

me countries.
ioned in this

uids.

adjustment to

5.1.2

Formic acid, 90,00 % + 0,15 % (by mass) solution.

The solvent shall be stored in a brown glass bottle. Its concentration shall be checked at least every 2 weeks.

It shall

not contain more than 0,2 % acetic acid or methyl formate.

For the determination of the concentration of commercial formic acid (90 %) and adjustment to
90,00 % £ 0,15 %, see Annexes C and D.

5.1.3

m-Cresol, meeting the following specifications:

— appearance: clear and colourless

— m-cresol content: 99 % (by mass) min.

© 1SO 2007 — All rights reserved
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o-cresol content: 0,3 % (by mass) max.

water content: 0,13 % (by mass) max.

m-Cresol of the required purity can be obtained by distillation of chemically pure m-cresol, preferably in

vacuum.

To avoid oxidation, nitrogen shall be used for pressure compensation. Its purity may be checked by gas
chromatography. The solvent shall be stored in a brown glass bottle.

5.1.4 Phenol, 99 % (by mass) min.

515 11,24
5.1.6 Phenc
Weigh out 6 (

(5.1.5). Work t
to prevent cry9

5.1.7 Ortho
51.8 m-Cre
Transfer 50 m

orthophosphor
solution to ap

-tetrachloroethane, 99,5 % (by mass) min.
1/1,1,2,2-tetrachloroethane.
arts by mass of phenol (5.1.4) and dissolve in 4 parts by mass of 1,1,2¢2:tetrachloro
p an accuracy of 1 % or better in the weighings. Stir the mixture in its original container g
tallization.
phosphoric acid, 85 % (by mass), density 1,71 g/l.
sol/phosphoric acid.
of m-Cresol (5.1.3) into a weighing flask (6.4) and add“with a glass pipette (6.5) 0,1

ic acid (5.1.7). Close the flask and stir with a magnetic stirrer for 30 min at 100 °C. A
proximately 800 ml of m-cresol in a volumetric, flask while continuously stirring. Rin

ethane
t 23 °C

4 ml of
dd the
se the

weighing flask|several times with m-cresol and add this to the;m-cresol solution. Remove the magnetig¢ stirrer
and dilute to the mark. Stir the solution for 30 min.

5.2 Cleaning liquids

5.21 Chromic acid solution, prepared by mixing equal volumes of sulfuric acid (96 %, py = 1,84 g/ml,
industrial quality) and a saturated solution of potassium dichromate (99,5 %, industrial quality). If required, the
chromic acid splution may be replaced byther equally effective cleaning liquids.

5.2.2 Acetohe (99,5 %, industrial quality), or any water-soluble low-boiling-point solvent (industrial qyality).
6 Apparatus

6.1 Vacuum drying-cabinet, with pressure less than 100 kPa.

6.2 BalancT, aceurate to 0,1 mg.

6.3

a ground-glass stopper.

6.4
6.5 Pipette,
6.6

6.7

Weighing flask, 100 ml, fitted with a ground-glass stopper.

0,2 ml, readable to 0,01 ml.

Shaking apparatus or magnetic stirrer.

sieve, with apertures of about 0,075 mm?.

© ISO 2007 — All rights
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6.8 Viscometer, of the suspended-level Ubbelohde type, complying with the requirements of ISO 3105.
The essential dimensions of the viscometer are shown in Figure 1. For use with the formic acid solution (5.1.2),
the inside diameter of the capillary shall be 0,58 mm + 2 % (complying with the requirements of size No. 1 of
ISO 3105). For use with the sulfuric acid solution (5.1.1) or m-cresol (5.1.3), the inside diameter of the
capillary shall be 1,03 mm * 2 % (complying with the requirements of size No. 2 of ISO 3105).

Other types of viscometer listed in ISO 3105 may be used, provided that the results are demonstrated to be
equivalent to those of the Ubbelohde viscometers specified above. In cases of dispute, the recommended
viscometer shall be used.

ISO 1628-1 shall be followed on selecting other type(s) of viscometer.

NOTE In this International Standard, the No.1 and No. 2 Ubbelohde viscometers according, t¢p 1SO 3105 are
recomnpended. It is to be expected that at the next 5 year revision only these two viscometers will be atlowgd.

6.9 hermometer, a liquid-in-glass, “total immersion” thermometer, reading to 0,05 °€ in the range to be
used gnd in a known state of calibration, is suitable. Other thermometric devices_6f\at least gqual precision
may be used.

6.10 Thermostatic bath, capable of being maintained and controlled at 25,00°C + 0,05 °C.

6.11 Time device, for example a stop-watch, accurate to 0,1 s.

6.12 Centrifuge.

7 Preparation of test samples

71 eneral

Polyanide test samples for the determination of the viscosity number shall be soluble i the solvents
mentioned, except for additives present, suchas reinforcement-fillers.

NOTE The dissolution time of someisamples may be too long for adequate production control. In these cases the
material may be ground in order toshorten the dissolution time, provided that the results are dempnstrated to be
equivalent.

7.2 $amples containing less than 98 % (by mass) polyamide

For samples containing’ more than 2 % additives, the amount of additives shall be either dgtermined by a
specifically developed method or taken from the recipe. The method of determination will be mentioned in the
report.

The whtericontent of the sample shall be determined according to ISO 15512. The ash cqgntent shall be
determined according to ISO 3451-4.

The correct amount of polyamide sample to be weighed out is calculated using the equation in Clause 8.

Some additives, e.g. antimony trioxide and zinc sulfide, are completely volatilized during the calcination
according ISO 3451-4. Materials reinforced with glass fibre contain flame-retardant antimony trioxide and/or other
volatilizable additives. If the total content of additives is more than 2 %, these shall be brought into account by
the formulation of the sample for calculating the exact test portion.

NOTE For production quality control purposes, the laboratory response time for determination of the additives may
be too long for adequate production control. In these cases the additive(s) content in the production recipe can be used for
calculating the amount of sample, if the total variation of the polymer content is less than 4 % (by mass), e.g. 65 % PA
would range from 63 % to 67 %.

© 1SO 2007 — All rights reserved 5
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8 Calculation of test portion

Calculate the mass my, in milligrams, of the test portion according to Equation (5):

250
me =———"———— ®)

wy is the water content of the sample, expressed as a percentage by mass, determined in accordance
with ISO T5571Z;

wy is thel content of inorganic materials (for example fillers or glass fibres) in the sample, expresse¢d as a
percgntage by mass, determined in accordance with ISO 3451-4;

wy is the content of other materials (for example other polymers, such as polyolefins;‘or additive$, such
as flame-retardants), expressed as a percentage by mass, determined by apprepriate methods.

For the content of the additive(s) which cannot be determined, the content acconding to the product| recipe
shall be used.

9 Selectign of solvent

The value of the viscosity number of a polyamide depends on the solvent used.

The solvent or|solvents to be used for a particular polyamide, are specified below.

a) For PA6,|PA 46, PA 66, PA 69, PA 610, PA MXD6 and corresponding copolyamides, formic acid golution
or sulfuric| acid shall be used as solvent. For pelyamides containing additives that liberate gases in acidic

solvents, m-cresol shall be used as the solvent.'In cases of dispute, formic acid shall be used as a golvent.

b) For PA 612, the sulfuric acid solution-er.m-cresol shall be used as solvent. In cases of dispute, m-cresol
shall be uged.

c) For PA 11, PA 12, PA 11/12 copolymers, m-cresol shall be used as a solvent. In cases of dispute about
ammonium carboxylate influencing viscosity through the formation of end-group associations, adgitional
measurements shall be made using m-cresol/phosphoric acid solution as a solvent (5.1.8).

d) For PA6[T/66, PA6II66, PA6I/6T, PA6T/61/66, PA6T/6l, PA 61/6T/66, m-cresol or phenol/{,1,2,2-
tetrachlorpethane-shall be used as solvent. In cases of dispute, m-cresol shall be used.

e) For other polyamides, any of the mentioned solvents may be used.

NOTE 1 In the future revision of this International Standard, it is the intention that for a given PA only one solvent will
be allowed.

NOTE 2  Viscosity numbers of polyamides not containing additives that interfere with the viscosity measurement can be
converted from one solvent to another by a general interconversion formula. Graphs for interconversion are mentioned in
Clause 13 and presented in Annex E. The reliability of the conversions is discussed in Annex E.

6 © 1SO 2007 — All rights reserved
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10 Procedure

10.1 Cleaning of the viscometer

Clean the viscometer (6.8) prior to the first use, again after discordant readings (for example, when two
successive determinations of the efflux time of the solvent differ by more than 0,4 s) and, further, at intervals
during regular use. For this purpose allow it to stand for at least 12 h filled with a cleaning agent (5.2), for
example chromic acid solution (5.2.1). Remove the cleaning agent, rinse the viscometer with water then with
acetone (5.2.2) and dry, for example by a slow stream of filtered air or in the vacuum drying cabinet (6.1).

After each determination, drain the viscometer, rinse with the solvent, then with water, followed by, for

example—acetone {522 and dryasdescrbedabove ——

Howeer, if the next solution to be measured is of a polyamide of the same type and of a similar viscosity, it is
permisfsible to drain the viscometer, wash it with the solution to be measured, and then fill|it with[ this solution.
NOTE In the case of, for example, production control and automated flow time measurement the viscometer may be
filled with the solvent in anticipation of the next sample.

10.2 Preparation of test solution

10.2.1| General

Three different methods for preparing the test solution are déscribed in this International Standard. The first

volumg
to the
(mg £ 8
0,005

For sa

tric method (10.2.2), without correction for the volume’of insoluble additives in the test p
method described in the previous version (ISO 307:2003). For practical reasons, test por
) mg are allowed. For pure polyamide, this «fesults in a concentration range of 0
g/ml. The actual polymer concentration is takKen into account in the calculation of the vis
mples containing insoluble additives, a test,portion of exactly the calculated mass will

brtion, is equal
lion masses of
004 9 g/ml to
cosity number.
jive a solution

that is plmost equal to 0,005 g/ml.

The sgcond volumetric method (10.2.3) ‘and the gravimetric method (10.2.4) take into account the insoluble

additives and the polyamide volumé. The latter two methods are often used in combination with
(semi-)automatic viscosity measurement equipment.

NOTE For polyamide samples”containing only insoluble additives, the concentration of the sqglution prepared
according to the volumetric or, gravimetric method will be exactly 5 mg/ml.

10.2.2| Volumetric méthod

Weigh{ to the nearest 0,2 mg, a test portion of (m, + 5) mg, where m is the mass calculated |in accordance
with Clause 8s-working rapidly to minimize moisture pick-up by the polymer. If the weighing takes more than
2 min, reject\the material and begin another weighing.
Transferthe-testportionto-the-50-mi-velumetre-flask{6-3)and-add-about-40-mi-ofthe-setrent{see Clause 9).

Close the flask and shake the contents, or stir with the magnetic stirrer (6.6), until the polymer has dissolved.
This may take from approximately half an hour to several hours, depending on the type of polyamide and the
particle size of the test portion. When sulfuric acid or formic acid solution is used as the solvent, the
temperature shall not exceed 30 °C. When m-cresol or phenol/1,1,2,2-tetrachloroethane is used as the solvent,
the temperature may be raised to 95 °C to 100 °C. If, in the latter case, dissolution takes more than 2 h, this
shall be reported. For PA 6T/66, suitable conditions have been found to be 2 h at 90 °C.

When dissolution is complete, cool the solution to 25 °C + 2 °C, dilute to the mark with the solvent and mix

well. If the magnetic stirrer (6.6) is used, remove it from the solution before dilution and rinse it with the solvent,
adding the rinsings to the flask before further dilution

© 1SO 2007 — All rights reserved
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10.2.3 Volumetric method, in exact relation to the polymer content

Weigh, to the nearest 0,2 mg, a test portion of (m; + 10 %) mg, where m, is the mass calculated in accordance
with Clause 8, working rapidly to minimize moisture pick-up by the polymer. If the weighing takes more than
2 min, reject the material and begin another weighing.

Transfer the test portion to the 100 ml volumetric flask (6.3) or weighing bottle (6.4) and add the volume of the
solvent (see Clause 9) required to prepare a concentration of 0,50 g of sample per 100 ml of solution. The
volume of solvent to be added is corrected for the volume of the soluble mass of the sample. The solvent shall
be added by means of a suitable dosing device (e.g. a burette accurate to 0,01 ml). Close the flask and shake
the contents, or stir with the magnetic stirrer (6.6), until the polymer has dissolved. This may take from
approximately half an hour to several hours, depending on the type of polyamide and the particle size of the
test portion. When sulfuric acid or formic acid solufion is used as the solvent, the Temperature shall not{’xceed

30 °C. When mn-cresol or phenol/1,1,2,2-tetrachloroethane is used as the solvent, the temperature‘may be
raised to 95 °C to 100 °C. If, in the latter case, dissolution takes more than 2 h, this shall be-report¢d. For
PA 6T/66, suifable conditions have been found to be 2 h at 90 °C. When dissolution is comipléte, cpol the
solution to 25 {C + 2 °C.

EXAMPLE
Mass of polyam(de in the sample 275 mg
Polyamide densjty 1,130 0 kg/dm?3

Volume of the pplyamide mass 0,275 g/1,130 0 g/ml = 0,243 4 ml
Volume of solvent to be added (275/250) x 50 — 0,243 4 = 54,76 ml.

10.2.4 Gravimetric method, in exact relation to the polymer content

Weigh, to the nearest 0,2 mg, a test portion of (m; = 10 %) mg, where m is the mass calculated in accordance
with Clause 8,| working rapidly to minimize moisture pick-up by:the polymer. If the weighing takes mofe than
2 min, reject the material and begin another weighing.

Transfer the tgst portion to a 100 ml volumetric flask (6.3)0r weighing bottle (6.4) and add the mass of solvent
(see Clause 9) required to prepare a concentration ©f 0,50 g of sample per 100 ml of solution. The mass of
solvent to be added is corrected for the volume of the soluble mass of the sample. Close the flask and shake
the contents, jor stir with the magnetic stirrer (6°6), until the polymer has dissolved. This may take from
approximately|half an hour to several hours, depending on the type of polyamide and the particle sizg of the
test portion. When sulfuric acid or formic acid solution is used as the solvent, the temperature shall not ¢xceed
30 °C. When [n-cresol or phenol/1,1,2}2-tetrachloroethane is used as the solvent, the temperature may be
raised to 95 °C to 100 °C. If, in the(latter case, dissolution takes more than 2 h, this shall be report¢d. For
PA 6T/66, suifable conditions have_been found to be 2 h at 90 °C. When dissolution is complete, cpol the
solution to 25 {C + 2 °C.

EXAMPLE

Mass of polyam(de in the.Sample 275 mg
Density of polyajmide 1,130 0 kg/m3
Density of solvept 1,204 4 kg/m3

Volume of the pplyamide mass 0,275 g/1,130 0 g/ml = 0,243 4 ml
Volume of solventto be added (Z757250) x b0 — U,2Z43 4 = 54,76 mi
Mass of solvent to be added 54,76 ml x 1,204 4 = 65,95 g.

NOTE 1 An automated weighing system for preparing the sample solution is often used in production control.

NOTE 2 In the case of polyamides with extremely high relative molecular masses, solutions free from the so-called
streaking phenomenon cannot always be obtained, in spite of prolonged periods of shaking or stirring. Such test solutions
may only be used for mutual comparison with similar products.
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10.3 Measurement of flow times

Determine the mean flow time of the solvent in the same viscometer and in the same manner as that of the
solution. The flow times of the solvents shall be determined at least once each day that they are used, or at a
different frequency if statistically validated by the laboratory. If the flow time of a solvent differs by more than
0,5 % from the initial value at the time of preparation, the solvent shall be discarded and fresh solvent
prepared.

Filter the solution through the sintered-glass filter (6.7) or the metal sieve into tube L of the viscometer (see
Figure 1). Alternatively, centrifuge the solution at a rotational frequency of approximately 50 s=1 and pour the
clear supernatant liquid into the viscometer (6.8). The volume of liquid shall be such that, after draining, the
level lies between the filling marks. For hand-filled viscometers, the filling should preferably be done with the
visconeter out of the thermostatic bath (6.10) to avoid contamination of the bath in case of accidental spills.

that tube N is
id in the bath.

the viscometer in the thermostatic bath maintained at 25,00 °C + 0,05 °C ensuring
and that the upper graduation mark E is at least 30 mm below the surface «6f the liqy
t least 15 min for the charged viscometer to attain the temperature of the bath.

Mount
vertica
Allow §

tube M and blow or draw the liquid into the upper bulb of tube Ncusing a rubber bulb or similar
capillary tube.
f the meniscus
measurement
values as the

Close
equipment. Close tube N. Open tube M so that the liquid drops away from ¢hefower end of the
Open fube N and measure the flow time, to the nearest 0,2 s, as the time taken for the bottom o
to passg from mark E to mark F. With cloudy solutions, view the top of-thé& meniscus. Repeat the
of the flow time until two successive values agree within 0,25 %. Take the mean of these two
flow time of the solution.

With e
solutio

using a fresh
onding to the
whole number,
flow time differ

ach polyamide sample, carry out at least two determinations of the viscosity number,
N each time, until two successive values meet the' repeatability requirement corresy
solvent used (see Clause 12). Report the mean of these:two values, rounded off to the nearest
as the |viscosity number of the sample. If two successive determinations of the solution mean
by more than 0,5 %, clean the viscometer (see 10.1).

NOTE 1
glass fi
decantgq

asurement. Any
solution can be

When necessary, filter the solution .of-the sample through a filter (6.7) before making the me
bres contained in the sample will sediment completely after 3 h to 4 h. In such cases, the test
d for the measurement and thus does not need to be filtered.

the described

For adytomated solution-viscosityfmeasurement equipment, the procedure may differ from

metho
and th

For prq
conditi
(precis|
warnin

. However, the requirements concerning the measurement solution, the equipment, ba
flow times shall be maintained in all respects.

duction quality centrol purposes, a single viscosity number determination is, in principlg
bn that the precision of the test method is known and permits the process variation t
on < 30 % of.the process variation, preferably < 10 %), and the process control limits a
O limits are)determined, based on a known precision interval, and statistically validateq

recom
how t

endedthat the statistical model is incorporated in the quality manual, including written

h temperature

, permitted on
b be identified
nd the process
. It is strongly
procedures on
btermination is

hafidle the product and the actions that should be taken if the result of the single d

outside the warning limits but within the action limits or is outside the action limits. These pl]ocedures may

compri

in

NOTE 2

Se aclivilies such as

repeating the measurement (e.g. twofold),

the case of random production control, measurement of the homogenized batch, or

acceptance of the product based on larger process limits.

is being developed within ISO/TC 61 and will be published in the ISO/TC 61 Plastics Guide.

© 1SO 2007 — All rights reserved
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11 Expression of results

Calculate the concentration of the polymer, in grams per millilitre, according to Equation (6):

me

C =
1000

where
C isthe
m,. is the

C

wyq, wo andl wy are as in Equation (5).

Calculate the

In calculating 1

and the solvgnt may be replaced by the ratio of the corresponding times of flow. Furthermo
bf the polymer may be expressed as grams per millilitre of solvent instead of grams per millilitre

concentration
of solution with

With kinetic en

VN = (—’
‘o

where

t isthe

t. isthe

ty s the)

foc is the

C isthe
NOTE In th

is also suitable f

100
100_(W1 +W2 +W3)

s

concentration of the polymer, in grams per millilitre of solution;

mass, in milligrams;

iscosity number VN, in millilitres per gram, according to Equation (7).

he viscosity number of the polymer, it is assumed that the ratio of the viscosities of the g

out introducing appreciable error.

ergy correction:
_1]

flow time of the solution, in seconds;

1

C

_tc

~foc

Hagenbach correction of the\solution, in seconds, if applicable;
flow time of the solvent,)in seconds;
Hagenbach correction of the solvent, in seconds, if applicable;

concentration of the polymer, in grams per millilitre of solution.

e caseyof (automated) sample preparation in relation with the exact polymer content, the relative
pr-production control purposes.

olution
e, the

@)

iscosity

12 Repeatability and reproducibility

The precision of this revised test method is not known because interlaboratory data are not available.

However, the reproducibility is expected not to deviate significantly from the reproducibility given in

ISO 307:2003

and in Table E.1 of this International Standard.

Interlaboratory data are being obtained and will be added to this International Standard as an Amendment or
at the next revision.

10
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13 Relationship between the viscosity number determined in 96 % (by mass) sulfuric
acid solution and the viscosity determined in various solvents

The following interconversions of viscosity numbers determined in different solvents and presented in Annex E
are only meant as guidance for pure polyamides (PAs). The interconversions are intended to be excluded at
the next revision of this standard.

— Interconversion of viscosity number in 96 % (by mass) sulfuric acid and 90 % (by mass) formic acid for
PA 6, PA 66, PA 69 and PA 610.

— Interconversion of viscosity number in 96 % (by mass) sulfuric acid and m-cresol for PA 612.

— In
ds

erconversion of relative viscosity determined in accordance with ASTM D789 and-vis
termined in 96 % (by mass) sulfuric acid (according to this International Standard) for-PA

cosity number
6 and PA 66.

— Inferconversion of relative viscosity determined in 98 % (by mass) sulfuric acid solution according to

Arl

Infernational Standard) for PA 6 and PA 66.

— In
th
an

14 Test report

The te
a) a

b) cag
c) th
d) ifl
e) th
f) if

g) an

nex B of JIS K 6920-2:2000 and the viscosity number in 96 % (by mass) sulfuric acid (ag

erconversion of relative viscosity in 95,7 % (by mass) sulfuric acid-at a concentration of
b viscosity number in 96 % (by mass) sulfuric acid (according O this International Stan
d PA 66.

5t report shall include the following information:

eference to this International Standard;

mplete identification of the material tested, including any preparation steps;

b solvent used;

onger than 2 h, the time required to dissolve a sample in m-cresol at 95 °C to 100 °C;
b viscosity number (individual values and arithmetic mean of the two determinations);
bresent, the method for determination of additives;

y deviationsfrom the method of this International Standard.

cording to this

0,01 g/ml and
dard) for PA 6

© 1SO 2007 — All rights reserved
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Dimensions in millimetres
L N M

290
260

C

Key
1 graduation marks for a volume of 4 ml + 0,2 ml

2 capillary tube of diameter 0,58 mm + 2 % for formic acid; 1,03 mm + 2 % for sulfuric acid and m-cresol
3 filling marks

Figure 1 — Ubbelohde viscometer
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Annex A
(informative)

Determination of the concentration of commercial sulfuric acid
(95 % to 98 %) and adjustment to 96 % by titration

A.1 General

The cdncentration of commercially available sulfuric acid is between 95 % and 98 %. The.concentration of the
sulfuri¢ acid is adjusted to 96 % + 0,20 %. The sulfuric acid concentration is determined by titratjon.

A.2 Apparatus and reagents
A.2.1 | Calibrated burette, 50 ml or, preferably, 100 ml, measurement aceuracy 0,1 % or bettef.

A.2.2 | Sodium hydroxide, standard volumetric aqueous solution,.&(NaOH) = 1 mol/l, preferalply commercial
ready-{o-use solutions or solutions made up from ampoules.

A.2.3 | Hydrochloric acid, standard volumetric aqueous solution, ¢(HCI) =1 mol/l, preferajly commercial
ready-{o-use solutions or solutions made up from ampoules.

A.2.4 | Tris(hydroxymethyl)amino methane, > 995 % (by mass), certified standard titrimetric reference
substance.

A.2.5 | Anhydrous sodium carbonate, >99,5% (by mass), certified standard titrimgtric reference
substapce, alternative for tris(hydroxymethyl)amino methane, > 99,5 % (by mass).

A.2.6 | Phenolphthalein, 0,1 % (mass/volume) solution in methanol.

A.3 Rrocedure
A.3.1 | Check on the-titre of hydrochloric acid

The titre of hydrochloric acid should be checked by titration of, preferably, tris(hydroxy)am{nomethane or
anhydrous sodium carbonate. The volume of hydrochloric acid used shall be approximately 20 ml to 25 ml.

A.3.2 | Preparation of sodium hydroxide solution, 1 mol/l

Decarbonate distilled water by bubbling nitrogen into boiling water in a flask provided with a reflux condenser
for at least 2 h. The sodium hydroxide solution prepared from a 1 mol/l ampoule shall be diluted with the
decarbonated distilled water and stored in a bottle protected from carbon dioxide.

When preparing the sodium hydroxide solution from solid sodium hydroxide, decarbonate the sodium
hydroxide solution by, for example, removing carbonate by precipitation with a slight excess of barium chloride
followed by filtration. A portion of the clear solution may be diluted to the desired volume (see Note).

NOTE Sodium hydroxide may, for example, be freed from carbonate by preparing and filtering a 1:1 (by mass) water
solution in which sodium carbonate is almost insoluble. The sodium hydroxide 1 mol/l solutions can be prepared by
diluting the 1:1 (by mass) solution with decarbonated distilled water. For other methods, the user is referred to books on
quantitative analysis such as References [1] and [2].

© IS0 2007 — Al rights reserved 13
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A.3.3 Determination of the titre of sodium hydroxide solution

The titre of the sodium hydroxide solution shall be determined with hydrochloric acid. The titre of sodium
hydroxide of three successive determinations shall not differ by more than 0,02 % from each other. Determine

the titre of the

sodium hydroxide solution by calculating the mean value of three determinations.

The use of hydrogen potassium phthalate, CsH,COOH(COOK), as standard for the determination of the titre
of sodium hydroxide is not allowed.

A.3.4 Determination of the titre of initial sulfuric acid solution

Weigh, to the nearest 0,1 mg, 2 g of the acid into a dry weighing bottle with a ground-glass lid. Pour the acid

carefully and
weighing bottl
volume of abo
as indicator,
hydroxide will

Carry out at le
shall not differ

Add a few dro
the sulphuric 4

A potentiomet
the influence @

b with distilled water, adding the rinsings to the solution in the conical flask, to_give
ut 100 ml. Then titrate with the sodium hydroxide solution (A.2.2), using phenolphthalein
Lintil the first recognizable, permanent pink coloration is detected (the volumé of
pbe approximately 40 ml).

st three determinations. Calculate the arithmetic mean of the results. The-individual test
by more than 0,15 % of their mean.

cid to the conical flask.

fic titration may also be used. The titration should preferably be carried out under N, t
f CO.,.

A.4 Expression of results

Calculate the fjtre, as a percentage by mass, of the sulfuric acid, using Equation (A.1):

volume, in millilitres;7of sodium hydroxide solution used;
mass, in grams;.of the test portion of sulfuric acid;

mass, in, milligrams, of sulfuric acid, 4,903 9 mg, corresponding to 0,10 ml of 1 mol/l
xide solution;

= mg x W
m
where

V isthe
m is the
mg is thg

hydrg
n is the

very slowly into approximately 50 ml of distilled water in a 250 ml conical flask. Rin

se the
a total
(A.2.6)
sodium

results

ps of phenolphthalein to the water as a check on rinsing the weighing bottle and transferring all

avoid

(A1)

sodium

titre, in mol/l of the solution.

A.5 Adjustment of sulfuric acid concentration

AS5.1

Concentration of sulfuric acid solution lower than 96 %

Mix the initial sulfuric acid with a higher concentrated sulfuric acid of previously determined concentration, in a
ratio calculated from the value of the concentration of the two solutions, to the required 96,00 % + 0,20 %.

Determine the

14

concentration of the mixed sulfuric acid.
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A.5.2 Concentration of sulfuric acid solution higher than 96 %

Mix the initial sulfuric acid with a less concentrated sulfuric acid, of previously determined concentration, in a
ratio calculated from the value of the concentration of the two solutions, to the required 96,00 % + 0,20 %.
Determine the concentration of the mixed sulfuric acid.

CAUTION — The diluting of concentrated sulfuric acid with water is discouraged for the following
reasons. The quantity of water needed is very small and will often lead to dilution errors. For safety
reasons, concentrated sulfuric acid should never be diluted by adding water but always by adding
sulfuric acid to water. The latter is not practical for diluting concentrated sulfuric acid to somewhat
less concentrated sulfuric acid.

© 1SO 2007 — All rights reserved 15


https://standardsiso.com/api/?name=a77c8e110f3f2b99383b10425d0eb7a3

ISO 307:2007(E)

Annex B
(informative)

Determination of the concentration of sulfuric acid (95 % to 98 %)

B.1 Geners

The concentra
sulfuric acid
measurement

B.2 Apparatus

B.2.1 Ubbel
B.2.2
B.2.3

B.2.4

B.3 Preparation of calibration curve

Prepare at leapt five sulfuric acid solutions with approximately the following nominal concentrations: 95
95,75 %; 96,00 %; 96,25 %; 96,50 %. Determine their exact concentrations by titration according

Ultra-thermostatic bath, capable of being maintained at 25 °€# 0,03 °C.
Thermometer, accurate to 0,01 °C.

Calibrated burette, 50 ml or, preferably, 100 ml, with‘measurement accuracy 0,1 % or better.

and adjustment to 96 % by flow time measurement
in a small capillary viscometer

tion of commercially available sulfuric acid is between 95 % and 98 %. The concentratior
s adjusted to 96 % £ 0,20 %. The sulfuric acid concentration is determined by flo
n a small capillary viscometer.

lbhde viscometer, constant approximately 0,005 mm?2/s2, d 0,46 mm.

of the
i time

,50 %;
to the

method prescribed in Annex A. The titration’should be carried out in, at least, three-fold for each concentration.

Determine the

arithmetic meagn of the results. The individual test results shall not differ by more than 2 s of their mean.

An example of{a calibration €urve is given in Table B.1 and Figure B.1.

flow time for each~concentration in the viscometer in, at least, three-fold. Calculate the

Table B.1 — Example of a calibration curve of concentration of sulfuric acid as a function of flow time
Nominal goneentration Flow time Average Sulfuric acid conc. Averagé¢
% (by mass) S s % (by mass) %
95,75 2316;2317;2 318 2317,0 95,38; 95,52; 95,46 95,453
96,00 2 329;2327;2 328 2328,0 95,93; 95,91; 95,81 95,883
96,25 2 339; 2 339; 2 340 2 339,3 96,24; 96,35; 96,29 96,293
96,50 2 350; 2 353; 2 351 23513 96,46; 96,60; 96,73 96,596
96,75 2 385;2 384; 2 384 2384,3 96,88; 96,89; 96,97 96,913

16
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NOTE The standard deviation of the determination of the sulfuric acid content by flow time measurement is expected

to be 0,061 % (absolute) sulfuric acid.

Y A

97,0
96,9

96,8

96,7

96,6

/
96,5 —

/1
96,4 —

96,3
96,2 a

96,1
96,0 /L

959 VA
95.8 ;

/
95,7 ~

95,6 7

955 -4
95,4 o

>

2320 [2330 2340
2327

Key
X flow time, in seconds
Y corjcentration, in % (by mass)

2315 | 2325 | 2335 | 2345 | 2355
2350 2360

B.4 Adjustment of sulfuric acid concentration

B.4.1 | Concentration of sulfuric acid solution lower than 96 %

2.365

2375 | 2385

2370 2380

Figure B.1 — Example of flow time/viscosity relationship

X

Mix the initial sulfuric acid\with a more concentrated sulfuric acid of previously determined con
ratio calculated from the-value of the concentration of the two solutions, to the required 96,(

Deternpine the concéntration of the mixed sulfuric acid.

B.4.2 | Concentration of sulfuric acid solution higher than 96 %

Mix the jnitial sulfuric acid with a less concentrated sulfuric acid, of previously determined con
ratio CWMWWW i i

Determine the concentration of the mixed sulfuric acid.

centration, in a
0 % + 0,20 %.

tentration, in a

)0 % £ 0,20 %.

CAUTION — The diluting of concentrated sulfuric acid with water is discouraged for the following
reasons. The quantity of water needed is very small and will often lead to dilution errors. For safety
reasons, concentrated sulfuric acid should never be diluted by adding water but always by adding
sulfuric acid to water. The latter is not practical for diluting concentrated sulfuric acid to somewhat

less concentrated sulfuric acid.

© 1SO 2007 — All rights reserved
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Annex C
(informative)

Determination of the concentration of commercial formic acid and

C.1 Geners

adjustment to 90 % by titration

The concentra
concentration

The formic aci

C.2 Appars
C.21 Poten

C.2.2 Sodiu
ampoules).

C.2.3 Decar

tion of commercially available formic acid is approximately between 98 % and~100 §
s adjusted to 90 % + 0,15 %.

d concentration is determined by potentiometric titration.

tus and reagents

tiometric titration equipment, with combined glass electrode:

Im hydroxide, standard volumetric aqueous solution, (e¢(NaOH) =1 mol/l (e.g. made u

bonated water, max. conductivity of 0,056 uS/cmiat 298 K.

C.2.4 Potassium hydrogen phthalate.

C.2.5 Calibrn

C.3 Proced

C.31

Weigh, to the nearest 0,000 1 gsapproximately 1,5 g of potassium hydrogen phthalate and dissolve in 8

water. Titrate
hydroxide solu

ated burette, 50 ml or, preferably, 100-ml, with measurement accuracy 0,1 % or better.

ure

Determination of the titre of-the' sodium hydroxide solution

the solution at{20°C with the sodium hydroxide solution. Determine the titre of the
tion by calculating the mean value of five determinations according to Equation (C.1).

my

n=
204,2

3 x4 X 0,001

6. The

p from

0 ml of
sodium

(C.1)

where

my is
204,23 is
V4 is
0,001 is

n is

the mass, in grams, of the test portion of potassium hydrogen phthalate used;
the molar mass, in g/mol, of potassium hydrogen phthalate;

the volume, in millilitres, of sodium hydroxide solution used;

a factor to convert millilitres to litres;

the titre of the sodium hydroxide solution, expressed in mol/l.

The titration should preferably be carried out under N, to avoid the influence of CO,.

18
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Weigh, to the nearest to 0,000 1 g, approximately 0,6 g of formic acid and dissolve it in approximately 80 ml of
water. Titrate the solution at 20 °C with the sodium hydroxide solution. Determine the formic acid
concentration by calculating the mean value of three determinations according to Equation (C.2):

v x0,001xnx 46,03

(C.2)

c= x100 %
mg

where

Vo is-the-velume—in-millilitres—of-sedivm-hydroxide-selution-used;

0,001 is a factor to convert millilitres to litres;

n is the titre of the sodium hydroxide solution, expressed in mol/l;

44,03 is the molecular mass, in g/mol, of formic acid;

my is the mass, in grams, of formic acid used;

c is the formic acid concentration, in % (by mass).
NOTE The standard deviation of the determination of the formi¢.acid content by titration is expecteq
absolute. For a determination in three-fold, the standard deviation is-expected to be < 0,03 % (absolute).

CA4 A

If the
concer
mix the

\djustment of formic acid concentration

ormic acid concentration is too high, carefully mix the acid with distilled water to giv
tration. The acid should always be rum very slowly into the distilled water. If the concentr
acid with acid of a higher concentration.

to be < 0,05 %

e the required
ption is too low,

© 1SO 2007 — All rights reserved
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Annex D
(informative)

Determination of the concentration of commercial formic acid and

D.1 Geners

adjustment to 90 % by density measurement

The concentrd
concentration
measurement,

D.2 Apparg

D.2.1 Densi
on the so-callg

D.3 Proced

Determine the
accordingto T

If the formic 4
concentration.
mix the acid w

NOTE The
absolute.

tion of commercially available formic acid is approximately between 98 % and~100 %. The
is adjusted to 90 % + 0,15 %. The formic acid concentration is determinéd by @ensity

tus

ly measurement equipment, accurate to 0,000 01 kg/m3, e.g. faeasurement equipmen{ based
d “oscillating U-tube principle”.

ure

density of the formic acid at 20 °C to at least.5:decimal places. Determine the concentration
able D.1.

cid concentration is too high, carefully mix the acid with distilled water to give the required
The acid should always be run very. slowly into the distilled water. If the concentration is {oo low,
th acid of a higher concentration.

standard deviation of the determination of the formic acid content by density is expected to be 0,01 %

20
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Figure D.1 — Concentration of-formic acid as a function of density
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Table D.1 — Density of formic acid (kg/m3) at 20 °C as a function of the formic acid concentration
(curve-fitting data)

Density Formic acid Formic acid Density Formic acid Formic acid
concentration @ concentration concentration @ concentration
Curve-fitting data Curve-fitting data
kg/m3 kg/m?3
% (by mass) % (by mass)
1,202 80 89 89,017 53 1,204 46 90,008 22
1,203 60 89,494 86 1,204 48 90,020 15
1,203 78 89,602 37 1,204 50 90,032 p7
1,203 96 89,709 86 1,20452 90,043 P9
1,204 12 89,805 39 1,204 54 90,055 PO
1,204 14 89,817 33 1,204 56 90,067 B2
1,204 16 89,829 27 1,204 58 90,079 [r4
1,204 18 89,841 20 1,204 60 90,091 p5
1,204 20 89,853 14 1,204 62 90,1 90,103 p6
1,204 22 89,865 07 1,20464 90,115 48
1,204 24 89,877 01 1,204 66 90,127 B9
1,204 26 89,888 94 1,204 68 90,139 B0
1,204 28 89,9 89,900 87 1,204 70 90,151 pO
1,204 30 89,912 81 15204 72 90,163 11
1,204 32 89,924 74 1,204 74 90,175 pP1
1,204 34 89,936 67. 1,204 76 90,186 P1
1,204 36 89,948 59 1,204 78 90,198 B1
1,204 38 89,960 52 1,204 96 90,305 p4
1,204 40 90 89,972 45 1,205 12 90,400 B4
1,204 42 89,984 37 1,205 28 90,495 [0
1,204 44 89,996 30 1,205 90 91 90,861 p5
@  From Referdnce [3].
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Relationship between the viscosity number determined in 96 %
(by mass) sulfuric acid solution and the viscosity determined

in various solvents

E.1 Relationship between the viscosity nhumbers determined in 96 % (by nllass)

sulfufic acid, 90 % (by mass) formic acid and m-cresol

E.1.1

Graphs of the relationship between the viscosity numbers of PA 6, PA 66% PA 69 and PA 610

sulfurid

The v4

convergion from a measurement by another laboratory in the other solvent. The 95 % confiden

acid solution (5.1.1) and in formic acid solution (5.1.2) are presented in Figure E.1.

lue measured by one laboratory in one of the solvents will, iVgeneral, differ from the val

Viscosity numbers in 96 % (by mass) sulfuric acid and 90 % (by/mass) formic acid,
respectively

determined in

e obtained by
Ce intervals for

this difference, as percentages of the converted values, are

— forPAG +9%

— fofPAB6 +9%

— fofPAB9 +10%

— fofPAB10 +14 %

E.1.2 [Viscosity numbers in 96 % (by mass) sulfuric acid and m-cresol, respectively

A graph of the relationship_between the viscosity numbers of PA 612 in sulfuric acid solution| (5.1.1) and in
m-cresol (5.1.3) is presented/in Figure E.2.

For PA 612, the 95 % confidence interval for the difference between an actually measured value and a
converted value depends on the direction of the conversion. The intervals, as percentages of|the converted
values| are

— vaug’in m-cresol converted to value in 96 % (by mass) sulfuric acid +17 %

— value in 96 % (by mass) sulfuric acid converted to value in m-cresol +9%

E.1.3 Precision

The relationship between the viscosity numbers determined in different solvents was determined in the
interlaboratory investigation referred to in the Note to Table E.1.

© 1SO 2007 — All rights reserved
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Table E.1 — Repeatability and reproducibility

Solvent

Repeatability
%

Reproducibility
%

Sulfuric acid solution (5.1.1) 2 5
Formic acid solution (5.1.2) 2 10
m-Cresol (5.1.3) 3 10

NOTE

International Stan

The repeatabilities and reproducibilities were determined in an interlaboratory investigation carried out in 1982. Seven
laboratories participated in this investigation. The programme included 11 samples of PA 6, 9 of PA 66, 3 of PA 69, 4 of PA 610, 5 of
PA 612 and 2 of PA 6T/66. The viscosity numbers of the samples were determined in duplicate in both solvents in accordance with this

dard.

E.2 Relati

A conversion

viscosity numpers of PA6 and PA 66 in sulfuric acid solution (5.1.1) are presented in Table E

Figure E.3, reg

The precision pf the relationship between the relative viscosities of PA 6 and/PA 66 and the viscosity nii
of PA 6 and PA 66 in 96 % (by mass) sulfuric acid solution is not known because interlaboratory data

available. The
what relation t

E.3 Interco
viscosity n

A graph of thg
solution and th

Interlaboratory
PA 6 and PA
number in 96 §

The linear relationship as shown in-Figure E.4 is described by Equation (E.1):

VN = 69,7
where

RV is the

viscosities determined in accordance with ASTM D789 and viscosity
numbers determined in 96 % (by mass) sulfuric acid

ble and a graph of the relationship between the relative viscosities of PA'6 and PA 66 §

pectively.

relationship given in Table E.2 and Figure E.3, respectively, is only given as an indic3
b expect.

nversion of relative viscosity (Annex’B of JIS K 6920-2:2000) and
imber for PA 6 and PA 66 (this International Standard)

relationship between the relative viscosity of PA 6 and PA 66 in 98 % (by mass) sulfu
e viscosity number in 96 % (by mass)Sulfuric acid solution (5.1.1.) is presented in Figure

o (by mass) sulfuric acid.

71xRV - 49,372

relative viscosity measured according to Annex B of JIS K 6920-2;

VN is the

viscosity number, In ml/g, measured according to this International Standard.

The linear regression coefficient R2 = 0,982 3.

nd the
2 and

mbers

are not

tion of

ic acid
E.4.

testing was carried out by 8 laboratories in 1999 to check the interconvertibility of viscpsity of
6 between the relative viscosity in 98 % (by mass) sulfuric acid solution and the viscosity

(E.1)

The test conditions for measurement of relative viscosity in 98 % (by mass) sulfuric acid solution are as

follows:

— solution

— polymer concentration
— temperature

— viscometer

24

98,0 % + 0,2 % (by mass) sulfuric acid
(0,250 + 0,001) g per 25 ml of solvent (0,01 g/ml)
25,0°C+0,1°C

Ostwald type
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E.4 Interconversion of relative viscosity in 95,7 % (by mass) sulfuric acid at a
concentration of 0,01 g/ml and viscosity number for PA 6 and PA 66 (this
International Standard)

Two graphs of the relationship between the relative viscosity of PA 6 and PA 66 in 95,7 % (by mass) sulfuric
acid at a concentration of 0,01 g/ml and the viscosity number in 96 % (by mass) sulfuric acid solution (5.1.1.)
are presented in Figures E.5 and E.6, respectively.

The reproducibility of the relative viscosity determination in 95,7 % (by mass) sulfuric acid was estimated by
analysis of the same PA 6 sample once a day for 21 weeks, 5 days a week, with 2 different viscometers and
different operators involved. The estimation of the standard deviation sp was found to be 0,013 3.

Interlatporatory testing was carried out in 1999, with 5 laboratories involved, to determine the inilerconvertibility

of the $olution viscosity of PA 6 and PA 66 between the relative viscosity (RV), measured(in-95

sulfurid
acid.

The viscosity measurements were carried out using the methodology of this_laternational Sta
following exceptions for measurement of the relative viscosity:

— sdlution 95,7 % + 0,2 % (by mass) sulfuric acid

— VIS

The linear relationship as shown in Figure E.5 is describéd by Equation (E.2):

VN =77,450 2xRV -59,194 7

where

R

VN is the viscosity number,in_ml/g, measured according to this International Standard.
The lingar regression coefficient R2 = 0,998 9.

The linear relationshipas-shown in Figure E.6 is described by Equation (E.3):

where the symbols are as in Equation (E.2).

VN=77,5739xRV -59,897 0

acid at a sample concentration of 0,01 g/ml, and the viscosity number (VN) in 96/% (by|

lymer concentration (0,500 0 + 0,000 5) per 50 ml of solvent (0,01 g/ml)

cometer Ubbelohde type, diameter 1,36 mm

7 % (by mass)

mass) sulfuric

hdard with the

(E.2)

is the relative viscosity measuredin 95,7 % (by mass) sulfuric acid at a concentration gf 0,01 g/ml;

The lin

. Elies 2
dl Tedgressiorn coelticiernt X< =U, 999 0.
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Table E.2 — Relative viscosity (RV) and viscosity number (VN) for PA 6 and PA 66
(values taken from curve in Figure E.3)

26

RV VN RV VN
(ASTM D789) (ISO 307) (ASTM D789) (ISO 307)
in 96 % (by mass) H,S04 in 96 % (by mass) H,S04

25 83,93 127 230,59
27 90,87 129 232,00
29 97,32 131 233,39
31 103,34 133 234,75
33 108,98 135 236,10
35 114,29 137 237,43
37 119,30 139 238,73
39 124,05 141 240,02
41 128,57 143 241,29
43 132,87 145 242,55
45 136,97 147 243,78
47 140,89 149 245,00
49 144,65 151 246,21
51 148,26 153 247,39
53 151,73 155 248,56
55 155,07 157 249,72
57 158,30 159 250,86
59 161,41 1641 251,99
61 164,42 163 253,11
63 167,33 165 254,21
65 170,15 167 255,29
67 172,88 169 256,37
69 175,54 171 257,43
71 178,12 173 258,48
73 180,62 175 259,52
75 183,06 177 260,54
77 185,44 179 261,56
79 187,75 181 262,56
81 190,01 183 263,55
83 192,21 185 264,53
85 194,35 187 265,50
87 196,45 189 266,46
89 198,50 191 267,41
91 200,51 193 268,35
93 202,47 195 269,28
95 204,39 197 270,20
97 206,27 199 271,11
99 208,11 201 272,01
10 209792 203 272751
103 211,69 205 273,79
105 213,42 207 274,67
107 215,12 209 275,54
109 216,80 211 276,40
111 218,44 213 277,25
113 220,05 215 278,09
115 221,63 217 278,93
117 223,19 219 279,75
119 224,72 221 280,57
121 226,22 223 281,39
123 227,70 225 282,19
125 229,15
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