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Foreword

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

WARNING — Persons using this document should be familiar with normal laboratory practice.
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Normative references

ocument does not purport to address all of the safety problems, if any, ass

bcope

document specifies methods for the measurement of toluene-2,6-diisocyanate in mix
hnd 2,6-isomers. Two methods based on infrared spectroscopy aresused to give accy
a broad range of isomer concentrations. Method A is applicable-to toluenediisocy
les containing between 5 % and 95 % of the 2,6-isomer. Method'B is applicable to 1
ining 0 % to 5 % of the 2,6-isomer. Both methods are based ow'the quantitative mea|
Fption bands arising from out-of-plane C-H deformation vibrations of the aromatic ring
/82 cm~1 (12,3 pm and 13,8 pm).

following documents are referred to in the text in such a way that some or all of t
[itutes requirements of this document. For“dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

48, Laboratory glassware — Single-valume pipettes

787, Laboratory glassware — Volumetric instruments — Methods for testing of capacity

th practices and to ensure compliance with any national regulatory conditions'pri

ociated with

tures of the
rate results
anate (TDI)
DI samples
surement of
at810 cm-1

heir content
applies. For
hts) applies.

and for use

ISO 6353-2, Reagents for chemicalanalysis — Part 2: Specifications — First series

Terms and definitions

For the purposes of.this document, the following terms and definitions apply.

ISO gnd IEC maintain terminological databases for use in standardization at the following dddresses:

|

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

[S@_Online browsing platform: available at http://www.iso.org/obp

31

isomer

compound having the same percentage composition and molecular mass as another compound, but
differing in chemical structure and properties

3.2
isomer content
amount of an isomer (3.1) expressed as a mass percentage of the total isomer amount

3.3

polyurethane

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

Since organic isocyanates react with atmospheric moisture, take special precautions in sampling. 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 in. Provide adequate ventilation and wear protective gloves and

eyeglasses.
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pd A
L (between 5 % and 95 % 2,6-isomer), the infrared spectrum of a cyclohexane soluti
s recorded in the 770 cm~1 to 840 cm~1 (12 um to 13 pm) region. The absorbance ra

1 and 782 cm-1 bands is measured and converted to % toluene;2,6/diisocyanate fr
stablished calibration curve.

od B

(0% to 5 % 2,6-isomer), the absorbance of the 782 cm=kband is measured from an inft
Fan undiluted sample and then converted to % 2,6%isomer from a previously establ
urve.

nts

de chemicals shall be used in all tests:\Unless otherwise indicated, it is intended tha
i1l conform to the specifications of (SO 6353-2. Other grades may be used, provided t

the determination.
hexane, distilled and stared over silica gel to remove traces of moisture.

f'yanate standards:

s of 2,4-TDLand’ 2,6-TDI are required for calibration. The following criteria can be us

DI:, freezing point = 22,0 °C; n2 = 1,567 81; p2° = 1,218 6;

bn of
Fio of
bm a

ared
shed

t the
hat it

mined that the reagent is of sufficiently high purity to permit its use without lesseninig the

ed to

'DE freezing paint=1872°C; n20 =157111; p20 =12270

The diisocyanates can be prepared by phosgenating the corresponding pure amines and vacuum-
distilling the products. Since these diisocyanates will react with moisture and can discolour in the
presence of air, store them under dry nitrogen.

NOTE Gas chromatography (GC) has also been used to establish purity. [somers determined to be greater

than 99,5 % pure by GC with either thermal conductivity (TCD) or flame ionization (FID) detection have been
found suitable to be standards.
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7 Apparatus

7.1 Spectrophotometer. Any single- or double-beam recording infrared spectrophotometer, or
FTIR spectrophotometer, accurate to 0,2 % transmission and capable of resolving the two peaks of the
2,4-isomer doublet at 810 cm-1.

7.2 Sealed sodium chloride (NaCl) liquid absorption cells, with 0,2 mm (method A) and 0,1 mm
(method B) path lengths. The actual path lengths of the cells shall be known to *+ 0,002 mm.

7.3 Glassware, 25 ml glass-stoppered volumetric flasks, 0,80 ml pipette and an all-glass syringe

confi

7.4

8

Since
hum
plast

9 Method A — Samples containing between 5 ¢, and 95 % of 2,6-TDI

9.1

9.1.1
calib
calib

9.1.2

9.1.2
stopj

9.1.2
cycld
cell
solve

9.1.2

rming to ISO 648 or [SO 4787.

Laboratory balance, capable of weighing to +0,1 mg.

[est conditions

isocyanates react with moisture, keep laboratory humidity low,(preferably under 5
dity. Thoroughly dry all laboratory ware. Store cells (7.2) in a«essicator and use th

Calibration

Weigh the amounts of pure 2,4- and 2;6-TDI given in Table 1, 2 or 3 as approp
ration range desired. Calibration over a narrfow range gives more accurate results than g
Fation.

Prepare standard solutions and/calibration curves as follows.

.1 Using a pipette, transfer*0,80 ml (0,98 g) of each standard isomer mixture into dry,
pered volumetric flasks (Z)3). Dilute each to volume with cyclohexane (6.1) and mix tho

.2 Fill two 0,2-mm sealed, liquid absorption cells (one for a single-beam instru
hexane and record the spectrum from 770 cm-1 to 840 cm~1 (12 um to 13 pum). Refil
vith a solutionfrom 9.1.2.1 and record the spectrum, superimposing it over the previou
nt spectpuii. Repeat the process for each solution in 9.1.2.1.

.3 A Using the solvent spectrum as the baseline, measure the absorbance of each stand

at 8

| 0-¢m-1 (2,4-TDI) and 782 cm-1 (2,6-TDI) and calculate the 810/782 cm-1 absor

ic gloves while handling. Testing is done at room temperature (typically 18 °C to 27 °C).

D % relative
n rubber or

[iate for the
wide-range

25 ml glass-
roughly.

ment) with
the sample
sly recorded

ard solution
bance ratio.

See Figure A.4 for an illustrative spectrum. Construct a calibration curve (see Figure A.T

absorbance ratio (ordinate) versus mass ratio of 2,4- to 2,6-TDI (abscissa).

by plotting

9.1.2.4 For convenience in narrow-range calibrations, the absorbance ratio may be plotted against the
concentration (expressed in mass %) of each isomer (see Figure A.2 and Figure A.3). This allows direct
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determination of composition without equations. However, the relationship is not linear and the shape of

the calibration curve shall be carefully determined.

Table 1 — Approximate standard mixtures for wide-range 2,4-/2,6-TDI calibration

Ta

Ta

Mass ratio
% 2,4-TDI % 2,6-TDI 2,4/2,6-TDI
5,0 95,0 0,05
10,0 90,0 0,11
20,0 80,0 0,25
30,0 70,0 0,43
40,0 60,0 0,67
50,0 50,0 1,00
60,0 40,0 1,50
70,0 30,0 2,33
80,0 20,0 4,00
90,0 10,0 9,00
95,0 5,0 19,00
ble 2 — Approximate standard mixtures for 80 % 2,4</20 % 2,6-TDI samples
Mass ratio
% 2,4-TDI % 2,6-TDI 2,4/2,6-TDI
75,0 25,0 3,00
78,5 21,5 3,65
79,0 2150 3,76
79,5 20,5 3,88
80,0 20,0 4,00
80,5 19,5 4,13
81,0 19,0 4,26
81,5 18,5 4,40
85,0 15,0 5,67
ble 3 — Approximate standard mixtures for 65 % 2,4-/35 % 2,6-TDI samples
Mass ratio
% 2,4-TDI % 2,6-TDI 2,4/2,6-TDI
60,0 40,0 1,50
63,5 36,5 174
64,0 36,0 1,77
64,5 35,5 1,82
65,0 35,0 1,86
65,5 34,5 1,90
66,0 34,0 1,94
66,5 33,5 1,98
70,0 30,0 2,33

© ISO 2017 - All rights reserved
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9.2 Procedure

Using a pipette (7.3), transfer 0,80 ml (0,98 g) of sample into a dry, glass-stoppered volumetric flask
(7.3). Dilute to volume with cyclohexane (6.1) and mix thoroughly. Fill a 0,2 mm cell with the solution
and record the spectrum from 770 cm-1 to 840 cm-1 (12 pum to 13 pum) and, without changing the
instrument settings, refill the sample cell with pure solvent and record its spectrum superimposed on
the sample spectrum.

9.3 Expression of results

9 3 Lcineth ] at—cia daaa 2 aa0 ol L 18 rotlha ol rlaaia. £l 1aial at 810 Cm—l
[l . UJILLS LIIC OUIVUIIU JPLLLI UIll do UIU UdOUIIIIC, TIITUAOUI U UIICU dUSVUI'UdIIUT Ul UIIv Jclllltllb

(2,4-TDI) and 782 cm-1 (2,6-TDI) and calculate the 810/782 cm-1 absorbance ratio, Repd from the
apprppriate calibration curve the isomer mass ratio (Figure A.1) or percentage compoSition |(Figures A.2
and A.3) that corresponds to the measured absorbance ratio.

9.3.27 When using the isomer mass ratio, calculate the percentage of each isomer using [Formula (1)

and Formula (2):
% 2,6-TDI = 100/(R + 1) (@8]

and

% 2,4-TDI =100 - % 2,6-TDI (2)

whetle R is the isomer mass ratio from Figure A.1.

9.3.3 Use of Figure A.2 or A.3 gives mass % of'2;4-TDI directly from the calibration curve.[The 2,6-TDI
content is calculated using Formula (3):

% 2,6-TDI by mass = 100 - % 2,4-TDI 3)

9.3.4 Record the results to onédecimal place.
9.4 | Precision and bids

9.4.1 Precision

Use the followingeriteria to judge the acceptability of results. Values were obtained in an intgrlaboratory
test involving'two samples (80:20 and 65:35 TDI) tested by eight laboratories. Each laborat¢ry obtained
10 test results for each material on a given day.

Repe¢atability: Duplicate results obtained by the same analyst using the same equipment jon the same
day shall only be considered suspect if they differ by more than +0,23 % of isomer (narrow-range
calibration).

Reproducibility (multilaboratory): Results, each the mean of duplicates, obtained on identical
material in separate laboratories shall only be considered different if they differ by more than +0,39 %
of isomer (narrow-range calibration).

9.4.2 Bias

Bias is the difference between the expectation of the test results and an accepted reference value. The
bias for this test method has not been determined.

© IS0 2017 - All rights reserved 5
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9.5 Testreport

The test report shall include the following information:

a) areference to this document, i.e. ISO 15064;

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

c) theresults obtained, expressed as % isomer to the nearest 0,1 %);

d) the date of the analysis;

e) any incildent or detail not stipulated in this document which might have influenced the result.

10 Method B — Samples containing 0 % to 5 % of 2,6-TDI

10.1 Calibration

10.1.1 Using pure isomers, prepare the series of calibration mixtures given in Table 4.

Table 4 — Approximate standard mixtures for 2,4-TDI samples

Mass of 2,4-TDI Mass of 2,6-TDI 2,6-TDI
g g %
5,000 0,000 0,00
4,975 0,025 0,50
4,950 0,050 1,00
4,900 0,100 2,00
4,850 0,150 3,00
4,800 0,200 4,00
4,750 0,250 5,00

10.1.2 Usinga 0,1 mm sealed liquid-absorption cell (7.2), record the spectrum of each of the above s

mixtures frdm 770 cm-1 to 840Ceni~1.

10.1.3 For ¢ach of the calibration samples, measure the absorbance of the 2,6-isomer band at 782
from a baseline-drawn'tahgent to the band shoulders. Draw a calibration curve by plotting absorh

versus conc¢ntration of the 2,6-isomer.

10.2 Procedure

even

cm-1
ance

10.2.1 Filla 0,1 mm cell (7.2) with the sample and obtain the spectrum from 770 cm-1 to 840 cm~1.

10.2.2 Measure the absorbance of the 2,6-isomer band at 782 cm~1 and read the % 2,6-isomer content

from the calibration curve.

10.3 Expression of results

10.3.1 The 2,6-isomer content, expressed as mass % 2,6-TD], is read directly from the calibration curve

and reported to the nearest 0,1 % 2,6-TDI.

© ISO 2017 - All rights reserved
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10.3.2 The 2,4-TDI isomer content can be calculated using Formula (4):

% 2,4-TDI by mass = 100 - % 2,6-TDI

where

% 2,6-TDI is the 2,6-isomer content (defined in 10.3.1).

10.4 Precision and bias

10.4{1 Precision
Use the following criteria to judge the acceptability of results.

Repeatability: Duplicate results obtained by the same analyst using the same equipr
samg day shall only be considered suspect if they differ by more than +0,15%2,6-TDI (n3
calibjration).

Reproducibility (multilaboratory): Results, each the mean of duplicates, obtained
matdrial in separate laboratories shall only be considered differentdfithey differ by more tl
2,6-TDI (narrow-range calibration).

10.4{2 Bias

Bias
bias

10.5 Test report

The

a)
b)

‘)
d)

e)

is the difference between the expectation of the tést results and an accepted referend
For this test method has not been determined.

test report shall include the followinglinformation:
g reference to this document, i.e.\ISO 15064;

4ll details necessary to identify the product analysed (such as manufacturer, product
notebook numbers, date.of.manufacture, as required);

the results obtained, expressed as % isomer to the nearest 0,1 %;
the date of the andlysis;

gny incident.,0r detail not stipulated in this document which might have influenced the

4)

nent on the
\rrow-range

bn identical
nan +0,25 %

e value. The

type, lot or

result.

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=d98c1bb4118c4b4766848b8d4d51c6ee

ISO 15064:2017(E)

Y i
1,8

Annex A
(normative)

Calibration curves

1,7

1,6

1,5

1,4

1,3

1,2

1,1

1

0,9

Key

X  massrat

Y

2 34 36 38 4 42 44.(46 48 5

o (2,4-TDI/2,6-TDI)

absorbaijice ratio (810 cm-1/782 cm-1)

Figure A.1 —Calibration curve for 80:20 toluenediisocyanate
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