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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.

The procedures used to develop this document and those intended for its further maintenance are
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Introduction

This document 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
the molecular mass.

Additives such as flame-retardants and modifiers often interfere with the viscosity measurement and
may have an increasing effect on the viscosity number in one solvent and a decreasing effect in another
solvent. The extent of the effect depends among others on the additive, the quantity of the additive, the
presence of other additives and reactions.
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Plastics — Polyamides — Determination of viscosity number

1 Scope

This document specifies a method for the determination of the viscosity number of dilute solutions of
polyamides in certain specified solvents.

The vi
partic

2 N

The fo
consti
undatg

ISO 10

\ as to copolyamldes Compounds of polyamldes and other polyamides that are sol
bcified solvents under the specified conditions.

ethod is not applicable to polyamides produced by anionic polymerization-of lactam
ross-linking agents; such polyamides are normally insoluble in the specified solven

scosity number is determined by the general procedure specified in ISO 1628-1,
1lar conditions specified in this document.

prmative references

llowing documents are referred to in the text ingsuch a way that some or all of
futes requirements of this document. For dated\references, only the edition cite
bd references, the latest edition of the referenced document (including any amendm

42, Laboratory glassware — One-mark volumetric flasks

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

viscom

[SO 31

eters — Part 1: General principles

05, Glass capillary kinematic fiscometers — Specifications and operating instructions

ISO 34
ISO 15

ISO 14
markif
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For the

51-4, Plastics — Determination of ash — Part 4: Polyamides
512, Plastics — Determination of water content

396-1, Plastics=Polyamide (PA) moulding and extrusion materials — Part 1: Desig
g of products/and basis for specifications

rrms-and definitions

purposes of this document, the terms and definitions given in ISO 1628-1 and the fo

3A 612, PA 11,
[SO 16396-1,
uble in one of
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1 applies. For
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|lowing apply.

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

[E

3.1

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

C Electropedia: available at http://www.electropedia.org/

viscosity number
<polymer> value calculated by the following formula for flow times long enough so that no kinetic
energy correction need be applied:

VN:[

1
X —
c

n

Mo

|
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where

n  isthe viscosity of a solution of the polymer in a specified solvent, in Pa/ s or N/m?2:s;

no isthe viscosity of the solvent, expressed in the same units as n;

is the relative viscosity of a solution of the polymer in a specified solvent;

¢ isthe concentration, in g/ml, of the polymer in the solution;

VN isth

Note 1 to entry
with the requi

Note 2 to enty
solution, the vi

n

Mo

FVISTOSITY TTUIMDET; eEXPressed M Imi/g
ements of ISO 3105.

Scosity ratio is given by the flow time ratio for the solution concentration:

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

Ny
Note 3 to entr
Ubbelohde visd
correction. Foj
>0,15 %.

Note 4 to entry

V= n_ CX
p
where

n isthg
v isthg

is the
C isthg
t isthg

: The flow time of a liquid is related to its viscosity by the formula:
A
vy

viscosity of a solution)of the polymer in a specified solvent, in Pa/ s or N/m2-s;
viscosity/densiti’ratio, in metres squared per second;

density ofithe liquid, in kilograms per cubic metre;

constatit of the viscometer, in metres squared per second squared;

flow time, in seconds;

: As mentioned in ISO 3105, in case of flow times below 200 s and 60 s, for type 1 and
ometers respectively, a correction for kinetic correctian has to be applied: the so-called Hagenbach
other types of viscometers, the kinetic energy cerrection has to be applied if the corre

r: The formula is applicable to the viscometers of the suspended level Ubbelohde type; complying

y: For a particular viscometer used and with substantially equal densitie§>of the solvgnt and

type 2

tion is

A  isthe parameter of the Kinetic correction in metres squared seconds.

Note 5 to entry: For a particular viscometer used, with substantially equal densities of the solvent and solution

and a given kin

n

Mo

etic factor, the viscosity ratio

is given by the flow time ratio for the solution concentration in this document, each flow time reduced with the
so-called Hagenbach correction (in seconds) given by the manufacturer for the viscometer as a function of the

flow time.
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4 Principle

The times of flow of a solvent and a solution of the polyamide at a concentration of 0,005 g/ml in the
solvent are measured at 25 °C, the same viscometer being used for both measurements. The viscosity
number is calculated from these measurements and from the known concentration of the solution.

5 Reagents and materials

5.1 Solvents and reagents

comp

WAR
clean

5.1.1

For th
to 96,

5.1.2

The sd
2 weel

For th
90,00

5.1.3

— m

— 0

iance with any regulatory requirements.

ING — Avoid contact with the skin and inhalation of any vapours of the
ng liquids.

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

0 %, is referred to Annexes A and B.

Formic acid, 90,00 % * 0,15 % (by mass) solution.
lvent shall be stored in a brown glass bottle. Its concentration shall be checked

ts. It shall not contain more than0,2 % acetic acid or methyl formate.

Do + 0,15 %, is referred to@Annexes A and B.

m-Cresol, meeting the following specifications:
pearance: clear-and colourless;
cresol content: 99 % (by mass) min.;

cresol €ontent: 0,3 % (by mass) max,;

— W

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

ht purity shall

with its use.
untries. It is

solvents and

e determination of the concentration of commereial sulfuric acid (95 % to 98 %) and adjustment

ht least every

e determination of the concentration of commercial formic acid (90 %) and gdjustment to

m-Cresol of the required purity may be obtained by distillation of chemically pure m-cresol, preferably
in vacuum. If distillation is used, nitrogen shall be used for pressure compensation to avoid oxidation.
Its purity may be checked by gas chromatography. The solvent shall be stored in a brown glass bottle.

5.1.4

5.1.5

5.1.6

Phenol, 99 % (by mass) min.
1,1,2,2-tetrachloroethane, 99,5 % (by mass) min.

Phenol/1,1,2,2-tetrachloroethane.

Weigh out 6 parts by mass of phenol (5.1.4) and dissolve in 4 parts by mass of 1,1,2,2-tetrachloroethane
(5.1.5). Work to an accuracy of 1 % or better in the weighings. Stir the mixture in its original container

at23°

©IS0 2
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5.1.7 Orthophosphoric acid, 85 % (by mass), density 1,71 g/ml.

5.1.8 m-Cresol/phosphoric acid.

Transfer 50 ml of m-cresol (5.1.3) into a weighing flask (6.4) and add with a glass pipette (6.5) 0,14 ml
of orthophosphoric acid (5.1.7). Close the flask and stir with a magnetic stirrer for 30 min at 100 °C.
Add the solution to approximately 800 ml of m-cresol in a volumetric flask while continuously stirring.
Rinse the weighing flask several times with m-cresol and add this to the m-cresol solution. Remove the
magnetic stirrer and dilute to the mark. Stir the solution for 30 min.

5.2 Cleaning liquids

84 g/
ity). If

5.2.1 Chromic acid solution, prepared by mixing equal volumes of sulfuric acid (96 %, pg'=1
ml, industrial|quality) and a saturated solution of potassium dichromate (99,5 %, industrial-qua
required, the thromic acid solution may be replaced by other equally effective cleaning liquids.

5.2.2 Acetdne (99,5 %, industrial quality), or any water-soluble low-boiling-peint solvent (industrial
quality).

6 Apparatus

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

6.2 Balance, accurate to 0,1 mg.
6.3 Volumétric flask, of capacity 50 ml or 100 ml, comiplying with the requirements of ISO 1047, fitted
with a ground-glass stopper.

6.4 Weighipg flask, 100 m], fitted with a ground-glass stopper.

6.5 Pipettq, 0,2 ml, readable to 0,01 mk

6.6 Shaking apparatus or maghnetic stirrer.

6.7 Sintered-glass filter,‘with a pore size between 40 pm and 100 um (grade P 100), or stainlesfs-steel

sieve, with apgrtures of abgut 0,075 mm?2.

6.8 Viscomleter,ofthe suspended-level Ubbelohde type, complying with the requirements of IS(] l3105.
ution

e
The essenti;iiimensions of the viscometer are shown in Figure 1. For use with the formic acid s
(5.1.2), the inside diameter of the capillary shall be 0,58 mm *+ 2 % (complying with the requirdments
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
1SO 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.

In this document, the No. 1 and No. 2 Ubbelohde viscometers according to ISO 3105 are recommended.
Itis to be expected that at the next 5 year revision only these two viscometers will be allowed.

© ISO 2019 - All rights reserved
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Dimensions
L NM
J)
E
)
|
oo
[eaqNa}
NN
/

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

in millimetres

capillary tube of diameter 0,58 mm * 2 % for formigZacid; 1,03 mm * 2 % for sulfuric acid and fi-cresol

filling marks

Figure\l — Ubbelohde viscometer

6.9 Thermometer, a liquid-in-glass, “total immersion” thermometer, reading to 0,05 °C in the range

to be ysed and in a known state’ of calibration, is suitable. Other thermometric devices of
precisjon may be used.

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

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

6.12 (Centrifuge.

7 Preparation of test samples

7.1 General

at least equal

Polyamide test samples for the determination of the viscosity number shall be soluble in the solvents

mentioned, except for additives present, such as reinforcement or fillers.

The sample should contain less than 0,28 % moisture. If it contains more than 0,28 %
sample should be dried. Generally, drying at 70 °C in a vacuum for 4 h to 6 h is adequate.

NOTE The dissolution time of some samples might be too long for adequate production control

moisture the

.Inthese cases,

the material can be ground in order to shorten the dissolution time, provided that the results are demonstrated

to be equivalent.
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7.2 Samples containing less than 98 % (by mass) polyamide

For samples containing more than 2 % additives, the amount of additives shall be either determined
by a specifically developed method or taken from the recipe. The method of determination shall be

mentioned in

the report.

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

The correct amount of polyamide sample to be weighed out is calculated using Formula (1).

Some additives, such as antlmony tr10x1de and zmc sulflde are completely Volatlllzed durlng the

2 %, these sh
portion.

NOTE For
additives mig}
production red
isless than 4 9

8 Calcula

ipxide and/or other Volatlllzable additives. If the total content of additives is mear

hll be brought into account by the formulation of the sample for calculating the)exa

production quality control purposes, the laboratory response time for defermination
t be too long for adequate production control. In these cases, the additjve(s) content
ipe can be used for calculating the amount of sample, if the total variatioh)of the polymer
(by mass), e.g. 65 % PA would range from 63 % to 67 %.

tion of test portion

Calculate the mass mc, in milligrams, of the test portion according<e Formula (1):
250
m. =
W +w, +ws
100
where
w1 is thgq water content of the sample, expressed as a percentage by mass, determined in acq
ance with ISO 15512;
wy is thg content of inorganic materjals (for example fillers or glass fibres) in the sample, exf
presged as a percentage by mass, determined in accordance with ISO 3451-4;
w3 is thg content of other niaterials (for example other polymers, such as polyolefins, or add
such ps flame-retardants), expressed as a percentage by mass, determined by appropria
methjods.

For the conte
recipe shall b

nt of the additive(s) which cannot be determined, the content according to the p
e used.

ardant
e than
ct test

of the
in the
ontent

M

ord-

itives,
e

roduct

9 Selectid

The value of t

IT Of Solvemnt

he viscosity number of a polyamide depends on the solvent used.

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

For PA 6, PA 46, PA 66, PA 69, PA 610, PA MXD6 and corresponding copolyamides, formic acid

solution or sulfuric acid shall be used as solvent. For polyamides containing additives that liberate
gases in acidic solvents, m-cresol shall be used as the solvent. In cases of dispute, formic acid shall

a)

be used a
b)

m-cresol
6

s a solvent.

shall be used.

For PA 612, the sulfuric acid solution or m-cresol shall be used as solvent. In cases of dispute,
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For PA11,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,
additional measurements shall be made using m-cresol/phosphoric acid solution as a solvent
(5.1.8).

d)

For PA 6T/66, PA 61/66, PA 61/6T, PA 6T/61/66, PA 6T/6l, PA 61/6T/66, m-cresol, phenol/1,1,2,2-

tetrachloroethane or sulfuric acid shall be used as solvent. In cases of dispute, m-cresol shall be used.

e)

NOTE 1

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

In the future revision of this document, it is the intention that for a given PA only one

allowed.

solvent will be

NOTE 2

measu
intercd
discus

10 P

10.1

Clean
two su
atinte
agent
with V
vacuu

After ¢
examp]

Howey
it is pe
this sa

NOTE
can be

10.2

10.2.1 General

Three
volum

Viscosity numbers of polyamides not containing additives that interfere with
‘ement can be converted from one solvent to another by a general interconversion-form
nversion are mentioned in Clause 13 and presented in Annex E. The reliability of the
ed in Annex E.

rocedure

Cleaning of the viscometer

the viscometer (6.8) prior to the first use, again after discordant readings (for e
ccessive determinations of the efflux time of the solyent differ by more than 0,4 s|
rvals during regular use. For this purpose, allow itto'stand for at least 12 h filled wj

the viscosity
ila. Graphs for
conversions is

kample, when
and, further,
ith a cleaning

[5.2), for example chromic acid solution (5.2.1)..Remove the cleaning agent, rinse the viscometer

vater then with acetone (5.2.2) and dry, for example by a slow stream of filtered
m drying cabinet (6.1).

ach determination, drain the viscometér)rinse with the solvent, then with water, fd
le, acetone (5.2.2) and dry as described above.

rer, if the next solution to be measured is of a polyamide of the same type and of a sin{

air or in the

llowed by, for

ilar viscosity,

rmissible to drain the viscometer, wash it with the solution to be measured, and then fill it with

lution.

In the case of, for exaniple, production control and automated flow time measurement
filled with the solventin‘anticipation of the next sample.

Preparation, ef test solution

different methods for preparing the test solution are described in this docum
ptric method (see 10.2.2), without correction for the volume of insoluble additiv

the viscometer

ent. The first
es in the test

portion, is equal to the method described in the previous version of this document (ISO 307:2007). For
practical reasons, test portion masses of (m¢ + 5) mg are allowed. For pure polyamide, this results in
a concentration range of 0,004 9 g/ml to 0,005 1 g/ml. The actual polymer concentration is taken into
account in the calculation of the viscosity number. For samples containing insoluble additives, a test
portion of exactly the calculated mass will give a solution that is almost equal to 0,005 g/ml.

The second volumetric method (see 10.2.3) and the gravimetric method (see 10.2.4) take into account
the insoluble additives and the polyamide volume. 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 solution prepared
according to the volumetric or gravimetric method will be exactly 5 mg/ml.
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10.2.2 Volumetric method

Weigh, to the nearest 0,2 mg, a test portion of mass mt mg, where m¢ lies in the range (m. = 5) mg where
mc is the mass calculated in accordance with Formula (1), 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 50 ml volumetric flask (6.3) and add about 40 ml of the solvent (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 0,5 h 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, d|ssolution takes more than 2 h, this shall be reported. For PA 6T/66, suitable cendlitions
have been foynd to be 2 h at 90 °C.

When dissol
mix well. If t
with the solvg

nt and
inse it

ion is complete, cool the solution to 25 °C * 2 °C, dilute to the mark with/the’solve
e magnetic stirrer (6.6) is used, remove it from the solution before dilution and 1
nt, adding the rinsings to the flask before further dilution.

10.2.3 Volumetric method, in exact relation to the polymer content

Weigh, to the|nearest 0,2 mg, a test portion of mass m¢ mg, where my liesin the range (mc * 10
where m( is the mass calculated in accordance with Formula (1), workingrapidly to minimize md
pick-up by the polymer. If the weighing takes more than 2 min, reject the material and begin a
weighing.

0) mg,
isture
hother

olume
ml of
hmple.

Transfer the test portion to the 100 ml volumetric flask (6.3) oriweighing bottle (6.4) and add the y
of the solvent (see Clause 9) required to prepare a concentration of 0,50 g of sample per 10(
solution. The ypolume of solvent to be added is corrected forthe volume of the soluble mass of the s
The solvent shall be added by means of a suitable dosifig device (e.g. a burette accurate to 0,01 ml}. Close
the flask and phake the contents, or stir with the magnetic stirrer (6.6), until the polymer has disgolved.

This may take from approximately 0,5 h to several hours, depending on the type of polyamide and the

particle size
temperature
solvent, the te
than 2 h, this

pf the test portion. When sulfuric/acid or formic acid solution is used as the solve]
thall not exceed 30 °C. Whenun=cresol or phenol/1,1,2,2-tetrachloroethane is used
pmperature may be raisedto 95 °C to 100 °C. If, in the latter case, dissolution take
shall be reported. For PA6T/66, suitable conditions have been found to be 2 h at

nt, the
as the

5 more
90 °C.

When dissoluftion is complete, cool'the solution to 25 °C + 2 °C.

EXAMPLE
Mass of polyajmide in the-sample 275 mg
Polyamide depsity 1,130 0 kg/dm3

Volume of thg polyamide mass 0,275g/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 mass m¢ mg, where my lies in the range (m¢ £ 10 %) mg,
where mc is the mass calculated in accordance with Formula (1), 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 a 100 ml volumetric flask (6.3) or weighing bottle (6.4) and add the mass
of solvent (see Clause 9) required to prepare a concentration of 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, or stir with the magnetic stirrer (6.6), until the polymer has dissolved.
This may take from approximately 0,5 h to several hours, depending on the type of polyamide and the
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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.

EXAMPLE

Mass of polyamide in the sample 275 mg

Density of polyamide 1,130 0 kg/dm3

Densitly of solvent 1,204 4 kg/dm?3

Volumie of the polyamide mass 0,275g/1,130 0 g/ml = 0,243 4 ml

Volumie of solvent to be added (275/250) x 50 - 0,243 4 = 54,76 ml

Mass df solvent to be added 54,76 ml x 1,204 4=6595¢g

NOTE]1 Anautomated weighing system for preparing the sample solutionjs often used in prodjuction control.
NOTE2 In the case of polyamides with extremely high relative nfolecular masses, solutiong free from the
so-callgd streaking phenomenon cannot always be obtained, in spité.of prolonged periods of shaKing or stirring.

Such tgst solutions can only be used for mutual comparison with similar products.

10.3 Measurement of flow times

Deter
thes
orata
by mo
fresh s

Filter
(see FI
and pd
after ¢
prefer

ine the mean flow time of the solvent in the’same viscometer and in the same mar

OT:ltiOIl. The flow times of the solvents shall be'determined at least once each day that

different frequency if statistically validated by the laboratory. If the flow time of a §

olvent prepared.

he solution through the sintéred-glass filter (6.7) or the metal sieve into tube L of t

ur the clear supernatant liquid into the viscometer (6.8). The volume of liquid shal
raining, the level lies between the filling marks. For hand-filled viscometers, the
hbly be done with the viscometer out of the thermostatic bath (6.10) to avoid con|

ner as that of
[hey are used,
olvent differs

e than 0,5 % from the initial value at:the time of preparation, the solvent shall be dliscarded and

e viscometer

gure 1). Alternatively, centrifuge the solution at a rotational frequency of approximately 50 s-1

be such that,
filling should
kamination of

the bath in case of accidental spills.

the viscometer in the thermostatic bath maintained at 25,00 °C * 0,05 °C ensurin
ical and that the upper graduation mark E is at least 30 mm below the surface of th
\llow dtleast 15 min for the charged viscometer to attain the temperature of the b

Mount
is vert
bath. 4

g that tube N
liquid in the
h.

Close fube M and blow or draw the liquid into the upper bulb of tube N using a rubber bulb or similar
equiprent. Ctose tube N Open tube M S0 that the Hquid drops away from the fower end ot the capillary
tube. Open tube N and measure the flow time, to the nearest 0,2 s, as the time taken for the bottom
of the meniscus to pass from mark E to mark F. With cloudy solutions, view the top of the meniscus.
Repeat the measurement of the flow time until two successive values agree within 0,25 %. Take the
mean of these two values as the flow time of the solution.

With each polyamide sample, carry out at least two determinations of the viscosity number, using a
fresh solution each time, until two successive values meet the repeatability requirement corresponding
to the solvent used (see Clause 12). Report the mean of these two values, rounded off to the nearest
whole number, as the viscosity number of the sample. If two successive determinations of the solution
mean flow time differ by more than 0,5 %, clean the viscometer (see 10.1).

When necessary, filter the solution of the sample through a filter (6.7) before making the measurement.
Any glass fibres contained in the sample will sediment completely after 3 h to 4 h. In such cases, the test
solution can be decanted for the measurement and thus does not need to be filtered.
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For automated solution-viscosity-measurement equipment, the procedure may differ from the
described method. However, the requirements concerning the measurement solution, the equipment,
bath temperature and the flow times shall be maintained in all respects.

For production quality control purposes, a single viscosity number determination is, in principle,
permitted on condition that the precision of the test method is known and permits the process
variation to be identified (precision <30 % of the process variation, preferably <10 %), and the process
control limits and the process warning limits are determined, based on a known precision interval,
and statistically validated. It is strongly recommended that the statistical model is incorporated in the
quality manual, including written procedures on how to handle the product and the actions that should
be taken if the result of the single determination is outside the warning limits but within the action

limits oris o

tside the action limits. These procedures may comprise activities such as

repeating
in the cag

acceptan

A general app

11 Express

Calculate the

the measurement (e.g. twofold),
e of random production control, measurement of the homogenized batch,.or
ce of the product based on larger process limits.

licable statistical model is described in ISO 25337.

ion of results
concentration of the polymer, in grams per millilitre, according to Formula (2):

m;

w1, wp and w3 are as defined in Eormula (1).

Calculate the

In calculating
solution and t
the concentrd
per millilitre

With kinetic ¢

100

<50
100—(W1 +W2 +W3)

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

is the mass of the testportion taken in 10.2.2, 10.2.3 or 10.2.4, in milligrams;

viscosity number VN in millilitres per gram, according to Formula (3).

the viscositynumber of the polymer, it is assumed that the ratio of the viscositieg
he solventaay be replaced by the ratio of the corresponding times of flow. Furthe
tion of theypolymer may be expressed as grams per millilitre of solvent instead of
bf solution without introducing appreciable error.

nexgy correction:

(2)

of the
‘more,
grams

t—

VN:[_

to—

10

t, 1

_1](:

tOc

(3)
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where
t isthe flow time of the solution, in seconds;
tc isthe Hagenbach correction of the solution, in seconds, if applicable;
to isthe flow time of the solvent, in seconds;
toc is the Hagenbach correction of the solvent, in seconds, if applicable;
C IS the concentration of the polyTeT, I grams per miiiitre of sotution.
NOTE In the case of (automated) sample preparation in relation with the exact polymer contgnt, the relative

viscosity is also suitable for production control purposes.

12 R

ppeatability and reproducibility

The prjecision of this test method is not known because interlaboratorydata are currently|not available.

Infornpation on reproducibility and repeatability is given in Table-E<1.

13 R
sulfufic acid solution and the viscosity determiined in various solvents

elationship between the viscosity number.determined in 96 % (by

mass)

The following interconversions of viscosity numbersidetermined in different solvents and presented in
AnnexE are only meant as guidance for pure polyamides (PAs). The interconversions are i
excluded at the next revision of this documents

fo

In

I PA 6, PA 66, PA 69 and PA 610.

In[erconversion of viscosity number in 96 % (by mass) sulfuric acid and m-cresol for

erconversion of relative) viscosity determined in accordance with ASTM D789

nymber determined in©6 % (by mass) sulfuric acid (according to this document) for P

Infkerconversion of-relative viscosity determined in 98 % (by mass) sulfuric acid solut
to]Annex JA of IS\ 6920-2:2009 and the viscosity number in 96 % (by mass) sulfuric a
to|this document) for PA 6 and PA 66.

Interconversion of relative viscosity in 95,7 % (by mass) sulfuric acid at a concentrat

m

and the viscosity number in 96 % (by mass) sulfuric acid (according to this docur

arjd-PA 66.

Intended to be

Inferconversion of viscosity number-in 96 % (by mass) sulfuric acid and 90 % (by mags) formic acid

PA 612.

and viscosity
A 6 and PA 66.

ion according

"id (according

ion of 0,01 g/
hent) for PA 6

14 Test report

The test report shall include the following information:

a) areference to this document, i.e. ISO 307:2019;

b)
‘)
d)
e)

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

the solvent used;

if longer than 2 h, the time required to dissolve a sample in m-cresol at 95 °C to 100 °C;

the viscosity number (individual values and arithmetic mean of the two determinations);

© IS0 2019 - All rights reserved
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f) if present, the method for determination of additives;

g) any deviations from the method specified in this document.
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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 cqncentration of commercially available sulfuric acid is between 95 % and 98 %:The foncentration
of the|sulfuric acid is adjusted to 96 % * 0,20 %. The sulfuric acid concentratiol is determined by
titratipn.

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

A.2.2 | Sodium hydroxide, standard volumetric aqueous+«solution, ¢(NaOH) = 1 moll/l, preferably
commercial ready-to-use solutions or solutions made up from ampoules.

A.2.3 | Hydrochloric acid, standard volumetric.aqueous solution, ¢(HClI) = 1 molfl, preferably
commercial ready-to-use solutions or solutions madé up from ampoules.

A.2.4 | Tris(hydroxymethyl)amino methane, 299,5 % (by mass), certified standard titrimetric
reference substance.

A.2.5 | Anhydrous sodium carbonate, 299,5 % (by mass), certified standard titrimefric reference
substance, alternative for tris(hydsoxymethyl)amino methane, 299,5 % (by mass).

A.2.6 | Phenolphthalein; 0,1 % (by mass) solution in methanol.

A.3 Procedure

A.3.1| Cheekon the titre of hydrochloric acid

The tifreofhydrochloricacid should be checked by titration of, preferably, tris(hydroxy)ajninomethane

or an}« At oie cndiiiag rhaonatn Tho ol Afhode ol lasis Sntd iond chall bha an ey matel 20 m]
y o oas—SotTattT Cafrpoiate—rievVortHie ot Ty Or ot o cactr "vSsea—Srarot approx y

to 25 ml.

A.3.2 Preparation of sodium hydroxide solution, 1 mol/l1

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.

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/] solutions
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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].

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, CcH4COOH(COOK), as standard for the determination of the
titre of sodium hydroxide is not allowed.

A.3.4 Dete

Weigh, to the

'mination of the titre of initial sulfuric acid solution

nearest 0,1 mg, 2 g of the acid into a dry weighing bottle with a groundiglass lig

the acid carefully and very slowly into approximately 50 ml of distilled water in a 250;ml conica

Rinse the we
to give a tota
phenolphthal
(the volume o

Carry out at
test results s}

Add a few d
transferring

A potentiome
avoid the infl

ghing bottle with distilled water, adding the rinsings to the solutionin the conica

volume of about 100 ml. Then titrate with the sodium hydroxidé-solution (A.2.2)
bin (A.2.6) as indicator, until the first recognizable, permanent pink coloration is de
f sodium hydroxide will be approximately 40 ml).

east three determinations. Calculate the arithmetic mean“of the results. The indi
1all not differ by more than 0,15 % of their mean.

Fops of phenolphthalein to the water as a checkion rinsing the weighing bott
1l the sulfuric acid to the conical flask.

tric titration may also be used. The titratign‘should preferably be carried out unde
lence of CO».
s5sion of results

titre, as a percentage by mass;.of the sulfuric acid, using Formula (A.1):

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

mass, in millierams, of sulfuric acid, 4903 9 mg, corresponding to 0,10 ml of 1 mol

. Pour
flask.
flask,
using
tected

vidual

e and

r Ny to

(A.1)

sodium hydroxide solution;

A.4 Expre
Calculate the
e mg xV|
m
where
V  isthe
m is thd
mg is theg
n

is the titre, as a percentage by mass, of the sulfuric acid solution.

A.5 Adjustment of sulfuric acid concentration

A.5.1 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 concentration of the mixed sulfuric acid.

14
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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.
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Annex B
(informative)

Determination of the concentration of sulfuric acid (95 % to 98 %)
and adjustment to 96 % by flow time measurement in a small

B.1 Gener]

The concentr
of the sulfuri
time measure

B.2 Appar
B.2.1 Ubbe

B.2.2 Ultra

capillary viscometer

al

htion of commercially available sulfuric acid is between 95 % and 98 %. The, concent
Facid is adjusted to 96 % * 0,20 %. The sulfuric acid concentration is determined b
ment in a small capillary viscometer.

atus
ohde viscometer, constant approximately 0,005 mm2/s2, d = 0,46 mm.

thermostatic bath, capable of being maintained a#25 °C * 0,03 °C.

B.2.3 Thermometer, accurate to 0,01 °C.

B.2.4 Calib

B.3 Prepa

Prepare at led
95,50 %; 95,
according to

fold for each ¢

Determine th
arithmetic m¢

An example o

rated burette, 50 ml or, preferably, 100ml, with measurement accuracy 0,1 % or bef

fration of calibration curve

st five sulfuric acid solutions with approximately the following nominal concentr
/5 %; 96,00 %; 96,25 (%; 96,50 %. Determine their exact concentrations by tit
he method prescribéd)in Annex A. The titration should be carried out in, at least,
oncentration.

e flow time fereach concentration in the viscometer in, at least, three-fold. Calculd
an of the restilts. The individual test results shall not differ by more than 2 s of their

f a calibration curve is given in Table B.1 and Figure B.1.

ration
y flow

ter.

htions:
ration
three-

ite the
mean.

Table B.1 +—Example of a calibration curve of concentration of sulfuric acid as a functiop of
flow time
Nominal concentration Flow time Average Sulfuric acid conc. Average
% (by mass) s S % (by mass) %
95,75 2316;2317;2 318 23170 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 2339; 2339; 2340 2339,3 96,24; 96,35; 96,29 96,293
96,50 2350;2353; 2351 2351,3 96,46; 96,60; 96,73 96,596
96,75 2 385; 2 384; 2 384 2 384,3 96,88; 96,89; 96,97 96,913
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.
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97,0
96,9
96,8
96,7
96,6 =
96,5 pd
96,4 A
96,3
96,2

96,1
96,0 /[

Key
X flo
Y co

B.4

B.4.1

Mix t

95,9
95,8 7
95,7 //
95,6 //
955 [
95,4 >
2315 | 2325 2335 | 2345 | 2355 | 2365 | 2375 | 2385
2320 |2 330 2340 2350 2360 2370 2380 X

2327

w time, in seconds

hcentration, in % (by mass)

Figure B.1 — Example of flow timme/concentration relationship

Adjustment of sulfuric acid concentration

Concentration of sulfuric-acid solution lower than 96 %

e initial sulfuric acid.with a more concentrated sulfuric acid of previously

concentration, in a ratio calculated from the value of the concentration of the two sol

requin
B.4.2

Mix t

ed 96,00 % * 0,20 %\ Determine the concentration of the mixed sulfuric acid.

Concentration’of sulfuric acid solution higher than 96 %

e initial stlfuric acid with a less concentrated sulfuric acid, of previously

concentrationin a ratio calculated from the value of the concentration of the two sol

requir

ed 96,00 % * 0,20 %. Determine the concentration of the mixed sulfuric acid.

CAUT

r determined
litions, to the

r determined
utions, to the

ON — The diluting of concentrated sulfuric acid with water is discouraged for 1

he 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.

©IS0 2
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Annex C
(informative)

Determination of the concentration of commercial formic acid and

C.1 Gene

The concentr]
The concentr

The formic ad
C.2 Appar
C.2.1 Poten

C.2.2 Sodiu
from ampoulg

C.2.3 Decaj

adjustment to 90 % by titration

Al

htion of commercially available formic acid is approximately between 98 %'and
htion is adjusted to 90 % + 0,15 %.

id concentration is determined by potentiometric titration.
atus and reagents
tiometric titration equipment, with combined glass electrede.

m hydroxide, standard volumetric aqueous solution; ¢(NaOH) = 1 mol/l (e.g. m:

s).

‘bonated water, max. conductivity of 0,056.4S/cm at 298 K.

C.2.4 Potassium hydrogen phthalate.

C.2.5 Calibrated burette, 50 ml or, preferably, 100 ml, with measurement accuracy 0,1 % or bef
C.3 Procedure
C.3.1 Determination of the‘titre of the sodium hydroxide solution

Weigh, to the
80 ml of wat{

nearest 0,000n1 g, approximately 1,5 g of potassium hydrogen phthalate and diss

of the sodiunmy hydroxide' solution by calculating the mean value of five determinations accorg

Formula (C.1)

00 %.

ide up

ter.

blve in

br. Titrate thé solution at 20 °C with the sodium hydroxide solution. Determine thle titre

ing to

n= T
204,23xv; x0,001
where
my is the mass, in grams, of the test portion of potassium hydrogen phthalate used;
204,23 isthe molar mass, in g/mol, of potassium hydrogen phthalate;
%1 is the volume, in millilitres, of sodium hydroxide solution used;
0,001 is afactor to convert millilitres to litres;
n is the titre of the sodium hydroxide solution, expressed in mol/I.

The titration s

18

hould preferably be carried out under N3 to avoid the influence of CO5.

(€.1)
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C.3.2 Determination of the formic acid concentration

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 Formula (C.2):

v, x0,001xnx46,03
Cc=

Mg

%100 % (C.2)

where

1% isthe vr\]nmn’ n mi”i]ifr‘oc, of sodium hyr’]rnvir‘o solution ncnr];

0,001 isafactor to convert millilitres to litres;
n is the titre of the sodium hydroxide solution, expressed in mol/I;

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

mg 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 formic acid content by titration is fexpected to be

<0,05 % absolute. For a determination in three-fold, the standard.déeviation is expected to be <0,0B % (absolute).

C.4 Adjustment of formic acid concentration

If the [formic acid concentration is too high, carefully mix the acid with distilled wat¢r to give the
required concentration. The acid should always be run very slowly into the distilled| water. If the
concentration is too low, mix the acid with'aeid of a higher concentration.
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Annex D
(informative)

Determination of the concentration of commercial formic acid and

adjustment to 90 % by density measurement

D.1 Gene

The concentr]
The concentr

measurement.

D.2 Appar

D.2.1 Dens
based on the

D.3 Proce

Determine th
concentratior

If the formic
required con
concentratior

NOTE The
<0,01 % absoly

Al

htion of commercially available formic acid is approximately between 98 %'and
htion is adjusted to 90 % = 0,15 %. The formic acid concentration is determined by d

atus

o-called “oscillating U-tube principle”.

dure

e density of the formic acid at 20 °C to atileast five decimal places. Determi
according to Table D.1.

Centration. The acid should always be run very slowly into the distilled water.
is too low, mix the acid with acid of a higher concentration.

standard deviation of the determination of the formic acid content by density is expecte
te.

00 %.
ensity

ty measurement equipment, accurate to 0,000 01 kg/m3;.e.g. measurement equipment

he the

acid concentration is too high, careftilly mix the acid with distilled water to give the

If the

d to be

20
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Y

1215

© IS0 2019 - All rights reserved

21


https://standardsiso.com/api/?name=66afc111bbb300ab0421936a09d3156e

IS0 307:2019(E)

Table D.1 — Density of formic acid (kg/dm3) at 20 °C as a function of the formic acid
concentration (curve-fitting data)

Formic acid con- Formic acid con-
Density Formic acid centration Density Formic acid con- centration
concentration | cyrve-fitting centration? Curve-fitting
data data
kg/dm3 kg/dm3
% (by mass) % (by mass)
1,202 80 89 89,017 53 1,204 46 90,0082
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 1,204 52 90,043 P9
1,204 12 89,805 39 1,204 54 90,055 p0
1,204 14 89,817 33 1,204 56 90,067 B2
1,204 16 89,829 27 1,204 58 90,079 [/4
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 b6
1,204 22 89,865 07 1,204 64 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 RO
1,204 30 89,912 81 1,204 72 90,163 11
1,204 32 89,924 74 1,204 74 90,175 p1
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 89,060 52 1,204 96 90,305 B4
1,204 40 90 89,972 45 1,205 12 90,400 B4
1,204 42 89,984 37 1,205 28 90,495 70
1,204 44 89,996 30 1,205 90 91 90,861 b5
a  From Reference [3].
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Annex E
(informative)

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

E.1

various solvents

Relationship between the viscosity numbers determined in 96-% (

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

E.1.1
acid,

Graph

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

5 of the relationship between the viscosity numbers of PA 6, PA®6, PA 69 and PA 61

in sulfuric acid solution (5.1.1) and in formic acid solution (5.1.2),aré presented in Figure

The v

hlue measured by one laboratory in one of the solvents will, in general, differ fx

obtained by conversion from a measurement by anotherdaboratory in the other solve]
confidence intervals for this difference, as percentages ofthe converted values, are

— fo
— fo
— fo

— fo

E.1.2

FPA6  ¥9%
FPA66 £9 %
 PA69 10 %
I PA 610 +14 %

Viscosity numbers in-96'% (by mass) sulfuric acid and m-cresol, respes

A graph of the relationship between the viscosity numbers of PA 612 in sulfuric acid soluti

in m-c

Fesol (5.1.3) is presented in Figure E.2.

For PA 612, the 95 % confidence interval for the difference between an actually measu
a conyerted valueddepends on the direction of the conversion. The intervals, as perce
converted values,are

— vdlue jimm-cresol converted to value in 96 % (by mass) sulfuric acid *17 %

by mass)

formic

0 determined

om the value
nt. The 95 %

tively
on (5.1.1) and

fed value and
ntages of the

— valuelin 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.

©IS0 2
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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

solvents in acco

NOTE 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

rdance with this document.

E.2 Relatiye viscosities determined in accordance with ASTM D789 and,viscgsity

numbers

A conversion
the viscosity

Figure E.3, re

The precision
numbers of P4
data are not 4
an indication

E.3 Interg
viscosity n

A graph of th
acid solution

Figure E.4.

Interlaborato
viscosity of P
the viscosity

The linear rel
VN =69,7
where

RV is thd

termined in 96 % (by mass) sulfuric acid

fable and a graph of the relationship between the relative viscosities of PA 6 and PA
humbers of PA 6 and PA 66 in sulfuric acid solution (5.1.1) are preSented in Table E
Kpectively.

of the relationship between the relative viscosities of PA-6<and PA 66 and the vis
A 6 and PA 66 in 96 % (by mass) sulfuric acid solution is ngbknown because interlabg
vailable. The relationship given in Table E.2 and Figure E.3, respectively, is only gi
of what relation to expect.

onversion of relative viscosity (JIS K6920-2:2009, Annex JA) and
nmber for PA 6 and PA 66 (this dociiment)

 relationship between the relative viscosity of PA 6 and PA 66 in 98 % (by mass) s

b6 and
.2 and

cosity
ratory
ven as

hlfuric

and the viscosity number in 96 % (by mass) sulfuric acid solution (5.1.1.) is presented in

'y testing was carried outsby 8 laboratories in 1999 to check the interconvertib
A 6 and PA 66 between the relative viscosity in 98 % (by mass) sulfuric acid soluti
humber in 96 % (by mass) sulfuric acid.

ptionship as showmn’in Figure E.4 is described by Formula (E.1):
71xRV —49,372

lity of
bn and

(E.1)

felative viscosity measured according to JIS K 6920-2:2009, Annex JA;

VN is the viscosity number, in ml/g, measured according to this document.

The linear regression coefficient R2 = 0,982 3.

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

follows.

— solution

— polymer concentration

— temperat

— viscometer

24

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

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 sg was found to

be 0,043-3-

Interlgboratory testing was carried out in 1999, with 5 laboratories involved,to- d
intercpnvertibility of the solution viscosity of PA 6 and PA 66 between the relative v
measyred in 95,7 % (by mass) sulfuric acid at a sample concentration of 0,01-g/ml, and
numbeér (VN) in 96 % (by mass) sulfuric acid.

The v|scosity measurements were carried out using the methodology)of this docuni
followjing exceptions for measurement of the relative viscosity.

The liiear relationship as shown in Figure E.5 is des¢ribed by Formula (E.2):

where|

The li
The li

where|the symbols are as in Formula (E.2).

salution 95,7 % + 0,2 % (by mass) sulfuric.acid
palymer concentration (0,500 0 + 0,000 5) per 50 ml ef.solvent (0,01 g/ml)

viscometer Ubbelohde type, diametert,36 mm

VN =77,4502xRV-59,1947

RY is the relative viscosity measured in 95,7 % (by mass) sulfuric acid at a concentrg

VIN is the viscosity number; in ml/g, measured according to this document.

VIN=77,5739%RV -59,8970

0,01 g/ml;

:[ear regression geefficient RZ2 = 0,998 9.

ear relation§hip as shown in Figure E.6 is described by Formula (E.3):

etermine the
scosity (RV),
the viscosity

ent with the

(E.2)

tion of

(E.3)

The linear regression coefficient R2 = 0,993 6.
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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
(ASTM D789) (150 307)
in 96 % (by mass) H2S04
25 83,93
27 90,87
29 97,32 S
31 103,34 N
33 108,98 (19
35 114,29 ‘56\
37 119,30 O
39 124,05 ©
41 12857
43 132,87 X
45 13697 7
47 140,89
49 144,65
51 148,26
53 & 151,73
55 ~ 15507
57 ol 158,30
59 o 161,41
61 -~ 164,42
635 167,33
65”7 170,15
_Oe7 172,88
) 175,54
O 7 178,12
V‘C 73 180,62
%Q 75 183,06
&?‘ 77 185,44
S 79 187,75
81 190,01
83 192,21
85 194,35
87 196,45
89 198,50
91 200,51
93 202,47
95 204,39
97 206,27
99 208,11
101 209,92
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Table E.2 (continued)

RV VN
(ASTM D789) (150 307)
in 96 % (by mass) H2S04
103 211,69
105 213,42
107 215,12
109 216,80
111 218,44
113 220,05 o)
115 221,63 Q\
117 223,19 /\(l/
119 224,72 ‘bQ
121 22622 O
123 227,70 N7
125 22915 ©
127 230,59
129 232,00
131 %J233,39
133 209 23475
135 N 23610
137 R 237,43
139 O 238,73
141 Sk 240,02
143" 241,29
W 145 242,55
() 147 243,78
. 149 245,00
- 151 246,21
> 153 247,39
Q‘O 155 248,56
e 157 249,72
éo 159 250,86
&?‘ 161 251,99
2, 163 253,11
165 254,21
167 255,29
169 256,37
171 25743
173 258,48
175 259,52
177 260,54
179 261,56
181 262,56
183 263,55
185 264,53
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