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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical com-
mittees. 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 liai-

son with ISO

also take part in the work. 1ISO collaborates closely with the International Electrotechnical C

ommission

(IEC) on all i
International
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Publication a
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This first edi]

An Internatid
been publish
therefore 1S(
Standard is &
Determinatig

natters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

ional Standards adopted by the technical committees are circulated to the member bodies
S an International Standard requires approval by at least 75 % of the member bedies casting

rawn to the possibility that some of the elements of this International Standard may be the
ISO shall not be held responsible for identifying any or all such patentrights.

Standard 1SO 14896 was prepared by Technical Committee ISO/T.C 61, Plastics, Subcommit
g materials.

on cancels and replaces ISO 9369:1997, which has been technically revised.

nal Standard dealing with the analysis of refined>aromatic diisocyanates and their prepol
bd (see ISO 9369). Method A of this InternationakStandard incorporates the methodology of
D 9369 will be deleted after publication of thisdnternational Standard. Method B of this In
ased on Test Method C of ASTM D 5515-91, Standard Test Method for Polyurethane Raw M
n of the Isocyanate Content of Aromatic ISoCyanates.
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a vote.
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INTERNATIONAL STANDARD

ISO 148

96:2000(E)

Plastics — Polyurethane raw materials — Determination of

isocya

nate content

CAUTION — Persons using this International Standard should be familiar with normal laboratory practice.
This International Standard does not purport to address all of the safety problems, if any, associated with its

use. It is
health pra

1 Scop

This Intern
cyanates U
methylene
fied isocy
polypheny
isocyanate

and

ToT™

ctices and to ensure compliance with any national regulatory conditions prior to use.

ha rachnancihilibe of tha ticar af thic Intarnatianal Ciandard tn Actabhlich annraneiatn cafatyg
e SPOHSToTtY Ot oSt r— ottt hterr ot oo tatrtoet toO—CStaohSt Proprtt ety

117

ational Standard specifies two methods for the measurement of the isegyanate content of
sed as polyurethane raw materials. Method A is primarily applicable totefined toluene diisoc

anates derived from toluene diisocyanate, methylene-bis-(4-phenylisocyanate) and p
isocyanate. It can also be used for isomer mixtures of tolueéne diisocyanate, methylene-4
) and polymethylene polyphenylisocyanate. Other aromatie iSocyanates may be analysed by

if precautipns are taken to verify suitability. It is not applicable to blocked isocyanates.

2 Norm

The follow|

this Intern
tions do n

gate the p
references

lative references

ng normative documents contain provisions-which, through reference in this text, constitute
htional Standard. For dated references, subsequent amendments to, or revisions of, any of t
bt apply. However, parties to agreements-based on this International Standard are encourag
ossibility of applying the most recent editions of the normative documents indicated below.
, the latest edition of the normative-document referred to applies. Members of ISO and IEC

isters of cyrrently valid International Standards.

ISO 385-1

ISO 648:1

ISO 3696:

ISO 4787:

ISO 4788:

ISO 6353-

ISO 6353-

ISO 6353-

1984, Laboratory glassware — Burettes — Part 1: General requirements.

D77, Laboratory glassware — One-mark pipettes.

1987, Water foranalytical laboratory use — Specification and test methods.

1984, Laboratory glassware — Volumetric glassware — Methods for use and testing of capa

1980, \Laboratory glassware — Graduated measuring cylinders.

aromatic iso-
yanate (TDI),

-bis-(4-phenylisocyanate) (MDI) and their prepolymers. Method B is~applicable to refined, cqude or modi-

blymethylene
bis-(4-phenyl-
this method

provisions of
hese publica-
ed to investi-
For undated
Maintain reg-

City.

2:1983, Reagents for chemical analysis — Part 2: Specifications — First series.

3:1987, Reagents for chemical analysis — Part 3: Specifications — Second series.

ISO 14898:1999, Plastics — Aromatic isocyanates for use in the production of polyurethane — Determination of

acidity.

3 Terms and definitions

For the pu

© ISO 2000 -

rposes of this International Standard, the following terms and definitions apply.
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3.1
polyurethane

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

NOTE Polyur

3.2
assay

ethanes may be thermosetting, thermoplastic, rigid or soft and flexible, cellular or non-cellular.

the percent by mass of a specific isocyanate present in a sample

3.3

isocyanate c
NCO content
the percent o

34
amine equiva
the mass of 3

4 Principl

4.1 Metho

bntent

y mass of the NCO groups present in a sample

lent
ample that will combine with 1 gram-equivalent of dibutylamine

D

i A

The isocyanate sample is reacted with an excess of dibutylamine in.toltuene to form the corresponding

urea. After c
with standarg

4.2 Metho

The isocyand
correspondin
back-titrated

5 Applica

ized aqueous HCI using potentiometric or colorimetric end point determination.

I B

ite sample is reacted with an excess of(dibutylamine in a toluene/trichlorobenzene solvent t
g substituted urea. After cooling to room temperature, the reaction mixture is diluted with me
potentiometrically or colorimetrically with methanolic hydrochloric acid.

fion

These test njethods can be used-for research or for quality control purposes to characterize isocyanat

polyurethane

6 Interferd
Phosgene, th
interfere. In 1
the determin

products.

eNces

e carbamyl chloride of the isocyanate, hydrogen chloride and any other acidic or basic comg
efined'isocyanates, these impurities are usually present in such small amounts that they dg

bubstituted

boling to room temperature, acetone is added as a cosolvent, then the reaction mixture is back-titrated

o form the
thanol and

s used in

ounds will
not affect

htion; however, some crude or modified isocyanates may contain acidities of up to approxima

tely 0,3 %,

so the value

reported for the NCO content of unrefined isocyanates should preferably be designated as °

or “uncorrected” for acidity.

7 Sampling

corrected”

Since organic isocyanates react with atmospheric moisture, take special precautions in sampling (see warning).
Usual sampling methods (for example, sampling an open drum with a thief), even when conducted rapidly, can cause
contamination of the sample with insoluble ureas; therefore, blanket the sample with a dry inert gas (e.g. nitrogen,
argon or dried air) at all times.

WARNING — Organic isocyanates are hazardous when absorbed through the skin, or when the vapours are
breathed. Provide adequate ventilation and wear protective gloves and eyeglasses.

© 1SO 2000 - All rights reserved
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8 Test conditions

Since isocyanates react with moisture, keep the laboratory humidity low, preferably below 50 % relative humidity.

9 Reagents

Use reagent-grade chemicals in all tests. Unless otherwise indicated, it is intended that all reagents shall conform to
the specifications of ISO 6353-1, ISO 6353-2 and ISO 6353-3. Other grades may be used, provided that it is first de-
termined that the reagent is of sufficiently high purity to permit its use without lessening the accuracy of the determi-
nation.

Unless otlerwise indicated, references to water shall be understood to mean grade 3 water as defined|in ISO 3696.
9.1 Acetpne (method A).

9.2 Tolugne, dried over type 4A molecular sieve.

9.3 di- njutylamine solution , 1 mol/l (method A).
Dilute 129|g of di-n-butylamine to 1 litre with toluene.
9.4 di- njutylamine solution , 2 mol/l (method B).
Dilute 258|g of di-n-butylamine to 1 litre with toluene.
9.5 Agqugous hydrochloric acid , 1 mol/l (method A).
Prepare 1|mol/l aqueous hydrochloric acid and standardize;frequently enough to detect changes of 0,0p1 mol/l.
9.6 MetHanolic hydrochloric acid , 1 mol/l (method-B).

Prepare 1|mol/l hydrochloric acid in methanoland standardize frequently enough to detect changes of p,001 mol/l.

NOTE In grder to have homogeneous solutions, it is recommended that methanolic HCI be used in this procedpre. If desired,
aqueous H(I can be used; however, turbidityswill be encountered in some titrations. It is recommended that 200 Ml to 250 ml of
methanol bg¢ added to the reacted proddct;to minimize the formation of two layers. Experience has shown that, if tHe mixtures are
agitated vigorously, inhomogeneity can be tolerated without adversely affecting the results.

9.7 Bronjophenol blue indicator solution , for colorimetric titration: 0,04 % aqueous solution of bromophenol blue
sodium salt, reagent grade, or 0,04 % solution of bromophenol blue in acetone.

9.8 1,2,4-Trichlorobenhzene (TCB), dried over type 4A molecular sieve (method B).

9.9 MetHanol (method B).

10 Apparatus

10.1 Potentiometric titrator or pH-meter, accurate to 0,1 mV or better, equipped with a pair of electrodes or a
combination glass-calomel electrode (filled with a 1 mol/l lithium chloride solution in methanol, or an equivalent solu-
tion) and a piston burette having a 20 ml capacity.

10.2 Syringes, 2 ml and 5 ml, and syringes with a large orifice  suitable for weighing viscous prepolymers by dif-
ference to the nearest 1 mg.

10.3 Magnetic stirrer .

10.4 Analytical balance , accurate to 0,1 mg.

© 1SO 2000 — All rights reserved 3
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10.5
10.6
10.7
10.8

10.9

lodine flask , 500 ml capacity, with ground-glass neck (method A).

Conical flask , 250 ml, wide-mouth (method B).

Volumetric pipettes , 25 ml (method A) and 20 ml (method B), conforming to 1ISO 4787.
Measuring pipette , 1 ml, conforming to ISO 648.

Graduated cylinders , 250 ml (method A) and 100 ml (method B), conforming to ISO 4788.

10.10 Beaker, 500 ml.

10.11 Burg

11 Metho

11.1 Procq

11.1.1 Usin
Rinse the wa

11.1.2 Weig
sample used
mogeneous |

The mass (
case of TDI,

In the event
sample size

11.1.3 After

tte , 50 ml, for colorimetric titration, conforming to ISO 385-1.
d A — Toluene/dibutylamine with aqueous HCI

dure

h a volumetric pipette (10.7), add 25 ml of 1 mol/l dibutylamine solution-(9.3) to an iodine fl
IIs of the flask with 10 ml of toluene (9.2).

h a sample of the product to be analysed to the nearest 0,1'mg using a suitable syringe
for analysis shall be completely liquid; if it contains crystallized isocyanates, heat it carefully
quid phase is obtained. Add mg grams of the product to the dibutylamine solution in the iodi

pbout 1,5 g or, in the case of MDI, about 2,5 g.

that the isocyanate equivalent is not known,~a preliminary test should be run to determine
0 be used.

complete dissolution, allow to reaet\for 15 min at ambient temperature. The reaction will cg

warming of the solution. Let the solution stand until it reaches room temperature (an additional 5 min to 1

11.1.4 Usin
per.

11.1.5 Titra

11.1.51 Po

Pour the con
beaker on th

Immerse the

j a graduated cylinder (10.9)yadd 150 ml of acetone (9.1), taking care to rinse the flask walls

e the excess dibutylamine using one of the two following procedures:
entiometric titration (recommended)

tents of the)iodine flask into the titration beaker (10.10), rinsing with 25 ml of acetone (9.1)
b magnetic stirrer (10.3) and stir the contents.

electrodes in the reaction mixture and titrate with 1 mol/l hydrochloric acid (9.5) using the pot

hsk (10.5).

10.2). The
until a ho-
he flask.

o) in grams of the product to be analysed shall contain {15 + 5) milliequivalents of isocyanatg or, in the

the proper
Juse some
) min).

and stop-

Place the

Bntiometer

(10.1) to deterrmme theequivaterce point:

11.15.2 Co

lorimetric titration

Place the iodine flask on the magnetic stirrer and stir the reaction mixture.

Using a calib

rated 1 ml pipette (10.8), add 0,8 ml of bromophenol blue solution (9.7).

Titrate using the burette containing 1 mol/l aqueous hydrochloric acid until the indicator changes from blue to yellow,
and remains stable for 15 s. The solution will change from a blue colour at the start of the titration to a bluish-green
intermediate colour and to a yellow colour at the end point. Recognition of the end point is a matter of experience, but
better defined colour changes are obtained when the acid is titrated rapidly into the solution until the first flash of yel-

low colour is

observed. This flash of colour appears within a few tenths of a millilitre of the end point.

© 1SO 2000 - All rights reserved
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11.1.6 Conduct a blank determination under identical conditions, except omit the test portion.

11.2 Expression of results

11.2.1 Calculate the % NCO as follows:

4,202 x (Vi —V,) x ¢

% NCO =
mgo
where
Vi is the volume of HCI required for titration of the test portion, in ml, to the nearest 0,01 ml;
V, is the volume of HCI required for titration of the blank, in ml, to the nearest 0,01 ml;
c is fhe concentration of the HCI, in mol/l;
Mo is the mass of the test portion, in g;
4,202 is f constant combining the equivalent mass of NCO (42,02 mg/mequiV), conversion of g to 1
copversion to 100 %.

11.2.2 The amine equivalent may be calculated as follows:

Ami valent 1000 X myg

minelequivalent = —————
q (Vi — V) x ¢
11.2.3 Fqrisocyanates based on a single isomer or isomer mixture (for example, “pure” TDI or MDI), th
be calculajed, in %, as follows:
(Vi =Vo)xex E
Assay|= X 100
1000 X myg
where
Vi is the volume of HCI required for titration of the test portion, in ml, to the nearest 0,01 mi;
Vs is the volume of HCI-required for titration of the blank, in ml, to the nearest 0,01 ml;
c is fhe concenttation of the HCI, in mol/l;
Mo is fhe mass of the test portion, in g;
E is fhe’equivalent mass of the isocyanate, in mg/mequiv (for pure TDI this is 87,08 mg/mequiv, fd
is 125,13 mg/mequiv);

1 000 is the factor for conversion from g to mg;
100 s the factor for conversion to percent.

11.2.4 The number of equivalents per kilogram (equiv/kg) may be calculated as follows:

equivikg =

(Vi —V,) xe

mo

where Vi, V5, ¢ and mg have the same meaning as in 11.2.3.

© 1SO 2000 — Al rights reserved
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11.2.5 In refined isocyanates, acidic impurities are usually present in such low amounts that they do not affect the
determination. Therefore, an acidity correction is not normally necessary.

11.3 Precision and bias

11.3.1 Prec

ision (for refined TDI)l)

Use the following criteria to judge the acceptability of results:

Repeatabilityf (Single analyst)

Duplicate redults obtained by the same analyst using the same equipment on the same day shall anly’be
suspect if they differ by more than 0,4 % relative (95 % confidence level) using a colorimetric_€nd-point

tion, or by m

Reproducibil

Results, eacl the mean of duplicates run on identical material in separate laborateries, shall only be cons

ferent if they

11.3.2 Bias

Bias is the d

test method has not been determined.

11.4 Test feport

The test repd
a) areferen

b) all details
bers, dat

c) the meth
d) the resulf
e) any incid

f) the date

re than 0,2 % relative (95 % confidence level) using a potentiometric autotitratar.

ty (multilaboratory)

differ by more than 0,8 % relative (95 % confidence level).

fference between the expectation of the test results\and an accepted reference value. The b

rt shall include the following information:
Ce to this International Standard;

necessary to identify the-preduct analysed (such as manufacturer, product type, lot or note
b of manufacture, as required);

bd of titration used, ‘if-other than potentiometric autotitrator;
s obtained, including the units in which the results are expressed;
ent or detail not stipulated in this International Standard which may have influenced the resul

Df the'\analysis.

onsidered
letermina-

idered dif-

ias for this

book num-

»

12 Metho

d B — Toluene/TCB/DBA with methanolic HCI

12.1 Procedure

12.1.1 Introduce 25 ml of TCB (9.8) into a 250 ml wide-mouth conical flask (10.6) that has been rinsed successively
with water, alcohol and high-purity acetone, dried at 100 °C, and allowed to cool. Pipette 20 ml of dibutylamine solu-
tion (9.4) into the flask. Swirl to mix the contents.

1) Supporting data are available from the Polyurethane Raw Materials Analysis Committee (PURMAC) of the American Plastics

Council.

© 1SO 2000 - All rights reserved
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12.1.2 Transfer the approximate amount of sample required, weighed to the nearest 0,001 g, to the flask. The ap-

proximate

Amount of sample =

amount of sample required is calculated, in g, from the following equation:

84
expected % NCO

For TDI this is about 1,8 g, for MDlI it is about 2,5 g.

12.1.3 Cover the flask and swirl the contents until the solution is homogeneous. The reaction mixture will warm to
approximately 40 °C.

12.1.4 Le
anol (9.9).

12.15 Ti
4,0.

t the reaction mixture stand until it reaches room temperature (20 min to 25 min), then add.10

rate potentiometrically with 1 mol/l methanolic HCI (9.6) to the break that occurs-n€ar an af

12.1.6 Prepare a blank exactly as described above, but without adding the test-pertion. Titrate pote

with 1 mol

12.1.7 If
(10.11) an

Using a c3
titrated.

Titrate the
will chang
at the end
tained whe
colour app

12.2 EXx

12.2.1 As
outlined in

12.2.2 In
determina
pounds, it

Determine

I methanolic HCI to the break that occurs near an apparent pH of 4,0,

A potentiometric titrator is not available, the titration can be perfefmed using a conventional
d bromophenol blue indicator.

librated 1,0 ml pipette (10.8), add 0,8 ml of bromophenoltlue indicator solution (9.7) to each

blank and test solutions to the first appearance©f a stable yellow colour that persists for 15 s
b from a blue colour at the start of the titration-1o a bluish-green intermediate colour and to a
point. Recognition of the end point is a niatter of experience, but better defined colour cha
N the acid is titrated rapidly into the saolution until the first flash of yellow colour is observed,
ears within a few tenths of a millilitre.ef-the end point.

pression of results

required, calculate thie'% NCO, amine equivalent, or equivalents per kilogram following th
11.2.

refined isocyanates, acidic impurities are usually present in such low amounts that they do
ion. However;'since some crude or modified isocyanates may contain significant amounts g
s necesSary to specify whether the value reported for the NCO content has been corrected

the\ acidity of the isocyanate sample using ISO 14898:1999, method A, for sample]

0 ml of meth-

parent pH of

htiometrically

50 ml burette

solution to be

The solution
yellow colour
nges are ob-
This flash of

b procedures

hot affect the
f acidic com-
or acidity.

S containing

> 100 g
% HCI.

HCI, or ISO 14898:1999, method B, for samples containing < 100 pug/g HCI. This acidity is

Calculate the value for % NCO, corrected for acidity, as follows:

% NCO (corrected for acidity) = % NCO (uncorrected) — (1,152 X % HCI)

where
1,152

% NCO (

© ISO 2000 -

is the equivalent mass of NCO divided by the equivalent mass of HCI;

uncorrected) is the % NCO from 12.2.1.
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