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Foreword

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

International Standards which deal with the determination of hydroxyl values of unsaturated-
polyester resins (ISO 2554), non-ionic surface active agents (ISO 4326, ISO 4327), binders for paints
and varnishes [ISO 4629 (all parts)] and industrial polyglycols (ISO 6796) have been published. The
two methods in this document are improved versions of imidazole-catalyzed procedures specifically
tailored to the determination of the hydroxyl number of many types of polyol, including those used in
the production of polyurethanes. Method A is especially suited to the determination of the hydroxyl
number of polyether polyols that may have steric hindrance, or are otherwise difficult to determine
by phthalation. Method B is a general method based on phthalation and is applicable to a wide range of
poly ¢t Types. Botirof these methods are Similar to procedures found ImASTM D4274 ]
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INTERNATIONAL STANDARD ISO 14900:2023(E)

Plastics — Polyols for use in the production of
polyurethanes — Determination of hydroxyl number

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to
determine any national regulatory conditions prior to use.

1 $cope

This|document specifies two methods for the measurement of the hydroxyl number of polyols used as
polyurethane raw materials.

is primarily applicable to readily esterified polyether polyols. It is also ‘intended for polyolq which have
signifficant steric hindrance, such as those based on sugars. Method B.is intended for polyether polyols,
polymer polyols and amine-initiated polyols, but can give low results for sterically hindgred polyols.
Othefr polyols can be analysed by these methods if precautions are taken to verify applicapility. These
metHods can be used for research and for quality control andspecification purposes.

The Iydroxyl content of polyols are determined to properly formulate polyurethane systenjs. Method A

2 Normative references

The following documents are referred to in the-text in such a way that some or all of their content
constitutes requirements of this document. Eordated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 385, Laboratory glassware — Burettés

ISO 448, Laboratory glassware — Single-volume pipettes

ISO 760, Determination of watér — Karl Fischer method (General method)

ISO 835, Laboratory glassware — Graduated pipettes

[SO 3696, Water for analytical laboratory use — Specification and test methods
ISO 4788, Laborgtory glassware — Graduated measuring cylinders

ISO 6353-1, Reagents for chemical analysis — Part 1: General test methods

ISO 63532, Reagents for chemical analysis — Part 2: Specifications — First series

[SO 6353-3, Reagents for chemical analysis — Part 3: Specifications — Second series

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

©1S0 2023 - All rights reserved 1
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ne

polymer prepared by the reaction of an organic di- or polyisocyanate with compounds containing two

or more hyd

3.2

roxyl groups

hydroxyl number
hydroxyl value
number of milligrams of potassium hydroxide equivalent to the hydroxyl content of 1 g of a test portion

4 Princiflc

4.1 Meth
to acetylate
hydrolyzed
solution. Thi
blank soluti

CAUTION —
is corrosive

4.2 Method B (Phthalation): The hydroxyl groups in a test portiofvare esterified by refluxing w

solution of f
is hydrolyzg

solution. Thie hydroxyl content is calculated from the differen@e in titration of the test portion §

blank soluti

5 Interfq

5.1 Exces
more than 0

5.2 Primary and secondary amines.ahd long-chain fatty acids react with the reagent to form s

compounds

6 Reage

Reagent-gra
shall conforj
may be used
its use with

d A (Acetylation): A test portion is refluxed in a solution of acetic anhydride-injpyr
the hydroxyl groups present; the reaction is catalyzed by imidazole. The excessreags
with water and the resulting acetic acid is titrated with standardized sedium hydr
e hydroxyl content is calculated from the difference in titration of the test portion g
b1,

- Acetic anhydride and pyridine are toxic and flammable. In addition, acetic anhyd
. Take proper precautions when handling these reagents.

hthalic anhydride in pyridine; the reaction is catalyzed:by imidazole. The excess anhy
d with water and the phthalic acid formed is titrated.with standardized sodium hydr

DI

erences

b water will interfere by destroyingpart of the esterification reagent. If the sample con
2 % water, dry the sample with ateagent that will not add acidity or basicity to the sal

that will be included in the result.

nts

de chemicals-shall be used in all determinations. Unless otherwise indicated, all rea
m to the'specifications of ISO 6353-1, ISO 6353-2 and ISO 6353-3, although other gi

provided that it is first determined that the reagent is of sufficiently high purity to pe
but’ lessening the accuracy of the determination.

idine
bnt is
bxide
nd a

ride

rith a
ride
bxide
nd a

fains
mple.

table

rents
ades
brmit

Unless otherwise indicated, references to water shall be understood to mean grade 2 reagent water as
defined by ISO 3696.

6.1 Acety

lation reagent (for method A).

6.1.1 Mix 127 ml of acetic anhydride with 1 000 ml of dry pyridine (6.7). Add 16 g of imidazole (6.3)
and swirl carefully to dissolve. Prepare the reagent fresh daily and keep it in a dark bottle. Do not use it
if it is darker than pale yellow.

6.1.2 Some laboratories have reported that dark, resinous solids have formed when the mixture
of pyridine and esterification reagent is heated. In that event, it has been found that preparing the
acetylation reagent with the addition of 0,4 % water in the pyridine (6.8) will correct the problem.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=ac5fe97ac648ae53840a4a0392dc04ec

ISO 14900:2023(E)

However, care should be taken that sufficient reagent is present to complete the reaction quantitatively.
See also 8.1.2.

CAUTION — Acetic anhydride and pyridine are eye, skin and respiratory irritants. Avoid bodily
contact with these reagents and use only in a well-ventilated area.

6.2 Phthalation reagent (for method B).

Weigh 116 g of phthalic anhydride into a 1 1 brown bottle. Add 700 ml of pyridine (6.7) and shake
vigorously until dissolved. Add 16 g of imidazole and swirl carefully to dissolve. The reagent shall stand
overnight before use. Avoid prolonged exposure of the reagent to moisture in the air. Discard reagent
that fevelops a colour. In the blank titration as described in the procedure for method B,.ekactly 25 ml
of th]s reagent shall consume between 95 ml and 100 ml of 0,500 mol/l sodium hydroxide:

6.3 | Imidazole, reagent grade or equivalent.

6.4 | Hydrochloric acid, standard solution, 0,1 mol/1.

Preppre and standardize to four significant figures in accordance withi-good practice, using potassium
acid |phthalate (6.6) as a primary standard. Determine and record the temperature af which the
stanglardization was performed. The concentration of the solution’ shdll be corrected to the femperature
at which the determination is performed, as described in_6.9"This solution is requirg¢d only if a
correction is to be applied for the presence of strong base in the sample being analysed.

6.5 | Phenolphthalein indicator solution, 10 g/I.

Preppre a solution of 1 g of phenolphthalein in 100l of pyridine (6.7).

6.6 | Potassium acid phthalate.

Use g certified primary standard.

6.7 | Pyridine, reagent grade, containing less than 0,1 % water.

If pufification is required, djstil/from phthalic anhydride, discarding the fraction boiling helow 114 °C
to 115 °C.

6.8 | Pyridine, containing from 0,30 % to 0,45 % water (used for special cases: see 6.1.2).

Detefmine the wdter content of the pyridine using ISO 760. Add the required amount of water. The
requjred volume of water to add per litre of pyridine may be calculated using Formula (1):

W=40-94 1)

where

W is the water to add, in ml;

A isthe percent water already in the pyridine, in mass %.

6.9 Sodium hydroxide, standard solution, 0,5 mol/l.

Prepare and standardize to four significant figures in accordance with good practice. Determine and
record the temperature at which the standardization was performed. The factor for thermal expansion
of this solution is 0,000 14. For calculation of the hydroxyl content, the concentration of the solution
shall be corrected to the temperature at which the determination was calculated using Formula (2):

Cop=Co1 +F (0, -0,) (2)

©1S0 2023 - All rights reserved 3
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he concentration of the solution when standardized, in mol/];
he concentration during analysis of samples, in mol/l;

he temperature of the solution during standardization, in °C;

he temperature of the solution during analysis of samples, in °C;

he factor to correct for thermal expansion of the solution.

where
Cpp ist
Cop ist
0, ist
0, ist
F ist
7 Appar

7.1 Potentiometric titrator or pH-meter, accurate to 0,1 mV or better, equipped With a p4
r a combination glass-calomel electrode and a piston burette having a 100 ml capacity or

electrodes d
capability fd

7.2  Syrin
7.3 Magn

7.4 Analy

atus

r multiple automatic refilling.
pes, 2 ml, 5 ml and 10 ml, with an orifice suitable for handling visceus polyols.
etic stirrer.

tical balance, accurate to 0,1 mg.

7.5 Volumetric pipette, 20 ml, conforming to ISO 648.

7.6 Meas

7.7 Grady

7.8 Beak(

iring pipette, 1 ml, conforming to ISO 835!
jated cylinder, 100 ml, conformingto1SO 4788.

brs, 250 ml, 500 ml.

7.9 Burette (for colorimetric titratjon), 100 ml total capacity, range of graduated portion 50 ml,

0,1 ml grady
titrant may

7.10 Conic

7.11 Condc¢
the joint.

hations, and conforniing to ISO 385. If a 100 ml burette is not available, the first 50
be added by pipetteZand the titration completed with a 50 ml burette.

al flasks, 300" n1], with standard taper 24/40 joint.

bnser, West type, 400 mm, drip-tip, standard taper 24/40 joint with cooling extendi

ir of

with
m] of

ng to

7.12 0il bath, maintained at 115 °C + 2 °C.

7.13 Hotplate, maintained at temperature that the sample solution refluxing.
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8 Method A — Acetylation

8.1 Procedure

8.1.1 If the sample does not contain an appreciable amount of water, determine the test portion size
required using Formula (3) or Formula (4):

= 561>;IO,98 3)
or

b= 0,0098x M, @

n

wherre

m is the test portion size, in g;

N is the expected hydroxyl number;

M. is the molecular mass of the hydroxyl-containing compound;

n  is the number of hydroxyl groups in the molecule.
NOTH In each case, the calculation is based on the assiimption that a maximum of 9,8 meq qf hydroxyl is
presgnt.

Since the calculated test portion size will be ‘n€ar the maximum permitted by the method, adhere
closdly to the amount calculated.

If thg sample contains an appreciable @mount of water, the test portion size shall be|adjusted to
accommodate this interference. In this case, determine the test portion size using one Formula (5) or

Formula (6):

g 0,1701x0,98 (5)
0,0094R+[0,015%(1x17,01)/ M, |

or

m= % (6)
where

I 1S the test portion size, 1 g;

N is the expected hydroxyl number;

R isthe water in the sample, in mass %;

S is the purity of the sample, in mass %;

M, is the molecular mass of the hydroxyl-containing compound;

n is the number of hydroxyl groups present in the molecule.

Precision and accuracy may be decreased when appreciable amounts of water are present because of
the required decrease in test portion size.

© IS0 2023 - All rights reserved 5
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8.1.2 Having calculated the appropriate size, weigh the test portion into a clean, dry conical flask
(7.10).

8.1.3 Pipette 25,0 ml of the acetylation reagent (6.1) into each flask (7.10) used for test portion
and blank determinations, using a uniform drainage time for all aliquots. If necessary, swirl the test
portion flask to dissolve the test portion. Connect each flask to a condenser (7.11) (if the surrounding
atmosphere is humid, connect the condenser to a drying trap containing 2-mesh, indicating-type
calcium chloride), seal the joint with 1 or 2 drops of pyridine, and place on a hotplate or an oil bath.
Heat at the reflux temperature for 30 min, regulating the hotplate or the oil bath so that the vapours
condense gently near the bottom of the condenser. Note that for some polyol types, a longer period of

reflux canb

e Necessary Checkthatthe time used is sufficientto reach a constantvalue forthe hyd

roxyl

number.

8.1.4 Afte
Remove the
rinsings in

8.1.5 Titr

8.1.5.1 Pg
Quantitativg
Place on the

Immerse thg
(6.9) until tl
titration of
large, and th

Record the

8.1.5.2 Co

Add 0,5 ml
solution.

Titrate, whi
permanent |

Read the vo
test portion|

r the reflux period, allow the flask to cool, then rinse the condenser with 25:11 of W
condenser and rinse the joint of the condenser and the flask with watef;, collectin
he flask.

hte the solution by one of the following two procedures.

tentiometric titration
ely transfer the solution to a 250 ml beaker, rinsing the flask'with a small portion of w3
automatic titrimeter (7.1) and stir with a magnetic Stirrer (7.3).

P titrimeter electrodes in the solution and titrate with 0,5 mol/1 sodium hydroxide sol

Lhe test portion is less than 80 % of that required for the blank, the test portion wa
e analysis shall be repeated with a smaller test portion.

emperature of the 0,5 mol/l NaOH solution.

lorimetric titration

pf phenolphthalein indieator solution (6.5) and a magnetic stirrer bar to the test po

e stirring, with 0,5:mol/1 sodium hydroxide solution to the first faint pink end point tl
or 15s.

lume to 0,02-ml. If the volume of 0,5 mol/1 NaOH solution required for the titration g
is less than 80 % of that required for the blank, the test portion was too large, an

analysis shall be repeated with a smaller test portion.

Record the {

emperature of the 0,5 mol/1 NaOH solution.

rater.
b the

iter.

ition

e equivalence point is reached. If the volumerof 0,5 mol/l NaOH solution required fofr the

s too

Ition

nat is

f the
1 the

8.1.6

If the sample contains significant acidity or alkalinity, correct the result as follows.

8.1.6.1 Weigh into a 300 ml conical flask the same amount of sample used for the hydroxyl
determination. Add to the flask 75 ml of pyridine (6.7), 75 ml of water, and 0,5 ml of phenolphthalein
indicator solution.

8.1.6.2 Acidity correction: If the solution in 8.1.6.1 is colourless, titrate with standard 0,1 mol/I
NaOH using potentiometric or colorimetric end point detection. Conduct a blank determination on the

© IS0 2023 - All rights reserved
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reagent mixture described in 8.1.6.1, leaving out the test portion. The acidity correction, in milligrams
of KOH per gram, is calculated using Formula (7):

(Vl —Vz)CX56,1

(7)

m

where

a isthe acidity correction;

V; is the volume of NaOH solution required for titration of the test portion, in ml;

V, isthe volume of NaOH solution required for titration of the blank, in ml;

d¢ isthe concentration of the NaOH solution, in mol/];

m is the mass of the test portion, in g.
8.1.4.3 Alkalinity correction: If the solution in 8.1.6.1 is pink, titrate potentiometrically to the
equiyalence point (or, if colorimetric end point determination is usedjtitrate to the disagpearance of
the pink colour), using 0,1 mol/1 HCL. Then add 1,0 ml excess of 0,1 mo}/1 HCI. Back-titrate with standard
0,1 npol/1 NaOH to the equivalence point (or, if colorimetric, to aink end point that persists for at least
15 s)| Using standard 0,1 mol/l NaOH, titrate a blank containirig'exactly the same total amopnt of added
0,1 mol/1 HCI and the reagent mixture used previously, but omitting the test portion. The alkalinity
corr¢ction, in milligrams of KOH per gram, is calculated Gsing Formula (8):

V, —-V;)cx56,1
m
whete b is the alkalinity correction.
8.2 | Expression of results
8.2.1 Calculate the hydroxyl numiber, in milligrams of KOH per gram of sample, using Formula (9):
(V4 —V3)cx56,1
4= )
m

wherre

¢, isthéhydroxyl number;

V3 «isthe volume of NaOH solution required in 8.1.5.1 or 8.1.5.2 for titration of the test portion, in ml;

,4 iD thC VU}ulllC Uf I\‘IQCII au}utiuu 1 Cblblll Cd ill 8.1.5.1 Ul 8.1.5.2 fUl tltl CltiUll Uf thC b}a k, ln ml;

c is the concentration of the NaOH solution, in mol/];

m is the mass of the test portion, in g.
8.2.2 If the sample contains free acidity or alkalinity as measured in 8.1.6, correct the result using

Formulae (10) and (11):

or

0=0;+a

01'b

© IS0 2023 - All rights reserved
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where

0 is the hydroxyl number (corrected);
0; is the hydroxyl number;
a isthe acidity correction;

b isthe alkalinity correction.

8.3 Precision and bias

8.3.1 Predision data were determined from interlaboratory tests associated with the Polyurethane
Raw Materipls Analysis Committee (PURMAC) in the US. ASTM E180 was used to calculate predision
values. Datal from the interlaboratory tests can be obtained from ASTM Committee D-20-

Use the crit¢ria given in 8.3.2 and 8.3.3 to judge the acceptability of results.

8.3.2 Repgatability (single analyst): Duplicate results obtained by the sameZanalyst using the fame
equipment gn the same day should only be considered suspect if they differ-by more than the valug of r
shown in Taple 1 for the same, or similar, material.

8.3.3 Reproducibility (multilaboratory): Results, each the mean.of duplicates, obtained in separate
laboratorieq should only be considered different if they differ by more than the value of R shown in
Table 1 for the same, or similar, material.

Table 1 — Precision data for hydroxyl number by acetylation

. Mean value of

Test material OH number S, Sp r R
PTME glycol 111 0,7 2,8 2,0 7,8
Glycerine-bgsed polyol, p.o./e.o. 33,4 0,3 0,7 0,8 2,0
capped
Glycerine-bgsed polyol, p.o./e.o. 54,5 0,6 2,8 1,7 7,8
capped
Sucrose/glyderine-based propoxylated (492,6 1,5 39 4,2 10,9
polyol
s,.is the withip-laboratory staridard deviation of replicates;
spis the betwgen-laboratorystandard deviation of averages of duplicates;
ris the withir-laboratory«epeatability limit (2,8 x s,);
Ris the betwgen-ldbgratory reproducibility limit (2,8 x sp).

8.3.4 Bias: The bias for this test method has not been determined.

8.4 Testreport

The test report shall include the following:

a) areference to this document, i.e. ISO 14900:2023;
b) the corrected hydroxyl number, to the nearest 0,1;

c) all details necessary to identify the product analysed (such as the manufacturer, product type, lot
or notebook numbers, date of manufacture, as required);

d) the method of titration used (potentiometric autotitrator or colorimetric);

8 © IS0 2023 - All rights reserved
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e) any incident or detail not stipulated in this document which may have influenced the result;

f) the date of the analysis.

9 Method B — Phthalation
9.1 Procedure

9.1.1 Weigh into a conical flask (7.10), using a syringe (7.2) or other suitable equipment, an amount of
sample calculated using Formula (12):

v

_ 561

N (12)

wherte

i is the test portion size, in g;

IN  is the expected hydroxyl number;

No njaterial shall be allowed to touch the neck of the flask.
Recojrd the test portion size to the nearest milligram.

Sinc¢ the calculated mass will be near the maximum permitted by the method, adhere closely to the
masg calculated.

9.1.2 Accurately pipette 25 ml of the phthalation reagent (6.2) into each flask used for [test portion
and blank determinations. Swirl the test portion flask to dissolve the test portion. Connect each flask to
a corjdenser (7.11) and place the flasks in.the oil bath (7.12), maintained at 115 °C * 2 °C, fof 30 min.

Somg¢ laboratories prefer to maintaifi the oil bath at 100 °C + 2 °C. This variation may bel used if it is
dem¢nstrated that quantitative reaction is obtained with the particular product being testgd.

9.1.3 After the heating period, remove the assembly from the bath and cool to room temperature.
Wash down the condenserswith 30 ml of pyridine and remove the condenser. Quantitatively transfer
the splution to a 250 mEbeaker using 20 ml of pyridine to rinse the flask. Excess phthalic anhydride is
hydrplyzed by the titFant during the titration (9.1.4). Alternatively, 10 ml of water for hydr¢lysis can be
added to the beaker.prior to titration in this operation.

9.1.4 Titratethe solution by one of the following two procedures.

9.1.4.1., Potentiometric titration

Place on the automatic titrimeter (7.1) and stir with a magnetic stirrer (7.3).

Immerse the titrimeter electrodes in the solution and titrate with 0,5 mol/1 sodium hydroxide solution
(6.9) until the equivalence point is reached. If the volume of 0,5 mol/l NaOH solution required for the
titration of the test portion is less than 80 % of that required for the blank, the test portion was too
large and the analysis shall be repeated with a smaller test portion.

Record the temperature of the 0,5 mol/l NaOH solution.

9.1.4.2 Colorimetric titration

Add 0,5 ml of phenolphthalein indicator solution (6.5) and a magnetic stirrer bar to the test portion
solution.

©1S0 2023 - All rights reserved 9


https://standardsiso.com/api/?name=ac5fe97ac648ae53840a4a0392dc04ec

ISO 14900:2023(E)

Titrate, while stirring, with 0,5 mol/l sodium hydroxide solution to the first faint pink end point that is
permanent for 15 s.

Read the volume to 0,02 ml. If the volume of 0,5 mol/1 NaOH solution required for the titration of the
test portion is less than 80 % of that required for the blank, the test portion was too large and the
analysis shall be repeated with a smaller test portion.

Record the temperature of the 0,5 mol/l NaOH solution.

9.1.5 Ifthe sample contains significant acidity or alkalinity, correct the result as described in 8.1.6.

9.2 Expression of results

9.2.1 Calculate the hydroxyl number, in milligrams of KOH per gram of sample, according to

Formula (3)

_ (V4 —V3)CX56,1
m

(13)

0, is the hydroxyl number;

V3 isthe volume of NaOH solution required in 9.1.4.1 or 9.1.4.2)for titration of the test portion, in ml;

V, isthe volume of NaOH solution required in 9.1.4.1 0x9.1.4.2 for titration of the blank, in m[;

¢  isthe concentration of the NaOH solution, in maot/];

m is the mass of the test portion, in g.

9.2.2 Ifthg sample contains free acidity oralkalinity as measured in 8.1.6, correct the result according
to Formula (14) or (15):

0=0;+|a (14)
0=0:-b (15)
where

0 s the hydroxyl number (corrected);

0, is the-hydroxyl number;

a isthe acidity correction;

b isthe alkalinity correction.
9.3 Precision and bias

9.3.1 Precision data were determined from round-robin tests conducted by laboratories associated
with the Polyurethane Raw Materials Analysis Committee (PURMAC) in the US. ASTM E180 was used
to calculate precision values. Data from the round robin may be obtained from ASTM Committee D-20.

Use the criteria given in 9.3.2 and 9.3.3 to judge the acceptability of results.
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