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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.

International

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

International Standards have been published which deal with the determination of hydroxyl values of polyols
and surface-active agents using conventional chemistry based on esterification reactions (ISO 14900,
ISO 4326, ISO 4327, ISO 4629, ISO 2554 and ISO 6796). This International Standard provides a method for
the determination of hydroxyl numbers of polyols using NIR spectroscopy. It is based on ASTM D6342 and on
work conducted by laboratories associated with the Japan Urethane Raw Materials Association.

© 1SO 2011 — All rights reserved \%
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INTERNATIONAL STANDARD ISO 15063:2011(E)

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

SAFETY STATEMENT — Persons using this document should be familiar with normal laboratory
practice. This document does not purport to address all of the safety concerns, if any, associated with
its use. It is the responsibility of the user to establish appropriate safety and health practices and to
ensure compliance with any regulatory requirements.

1 $cope

This [International Standard specifies a method for the determination of hydroxyl numbers of polyols using
NIR (near-infrared) spectroscopy. Definitions and calibration techniques are given({Rrocedures|for selecting
calibration materials and for collecting and processing data to develop NIR calibrations are outljned. Criteria
for byilding, evaluating and validating the NIR calibration model are also described. Procedurgs for sample
hand|ing, data gathering and evaluation are included.

Itis necessary to know the hydroxyl number of polyols in order to properlyiformulate polyurethane gystems. This
Internmational Standard is suitable for use in research, quality control;~specification testing and process control.

2 ormative references

The following referenced documents are indispensable ‘for the application of this documenrt. For dated
refergnces, only the edition cited applies. For undated.references, the latest edition of the referenced document
(inclding any amendments) applies.

ISO 14900, Plastics — Polyols for use in the production of polyurethane — Determination of hydfoxyl number

ASTM E1655-05, Standard Practices forinfrared Multivariate Quantitative Analysis

3 Terms and definitions

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

31
hydrpxyl number
OH#
hydrpxyl value
HV
number of milligrams of potassium hydroxide equivalent to the hydroxyl content of 1 g of sample

3.2
polyurethane

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

4 Principle

4.1 General

Multivariate mathematics is applied to correlate the NIR absorbance values for a set of calibration materials to
the respective reference hydroxyl number for each material. The resultant multivariate calibration model is then
applied to the analysis of unknown materials to provide an estimate of their hydroxyl numbers.

© 1SO 2011 — Al rights reserved 1
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Methods of optimizing the performance of calibration models are described in Annex G.

When there is any doubt, the hydroxyl value determined by the standard method specified in ISO 14900
shall be used.

4.2 Proce

4.21

dure employed

(PLS) regression are the mathematical techniques used for the development of the calibration model.

Multilinear regression (MLR) analysis, principal-component regression (PCR) and partial least-squares

4.2.2 Stati
include high-

4.2.3 Valid
materials. TH

hydroxyl number for this set to test for agreement of the model with the reference model.

4.2.4 Stati
reference mdq

4.3 Limitg
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procedure is
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4.3.3 The analytical results are-statistically valid only for the range of hydroxyl numbers used in the calibr
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NOTE R4
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everage samples and materials whose hydroxyl numbers are inconsistent with the model.

ation of the calibration model is performed by using the model to analyse a set, of valig
e hydroxyl number estimates for the validation set are statistically comparegd.to the refe

stical expressions are given for calculating the precision and bias of theN|R method relative
thod.

tions

brs affecting the NIR spectra of the analyte polyols need’to be determined before a calib
started. Chemical structure, interferences, any non-lingarities, the effect of temperature, an
f the analyte with other test sample components, stich as catalyst, water and other polyols,
food in order to properly select calibration material that will model those effects which cann
pntrolled.

rations are generally considered valjd-enly for the specific NIR instrument used to gen

seriously affect the accuracy and ‘precision of the measured hydroxyl number. Procedures
g calibrations between instruments are problematic and shall be utilized with caution when
bse procedures generally require a completely new validation and a statistical analysis of errd
Lument.

to lower or higher‘hydroxyl values can increase the errors and degrade the precision. Like
| results arefenly valid for the same chemical composition as used for the calibration
ange in cemposition or contaminants can also affect the results. Outlier detection, as discuss
, is a toolthat can be used to detect the possibility of problems such as those mentioned ab
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5.1

Instrumentation

General

A complete description of all applicable types of NIR instrument is beyond the scope of this International
Standard. Only a general outline of key factors is given here. Consult the instrument manufacturer’s literature
for details of a specific instrument. The implementation of this International Standard requires that the NIR
spectrometer has been installed in compliance with the manufacturer’s specifications.

© 1SO 2011 — All rights reserved
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5.2 Light source and detector

Tungsten-halogen lamps with quartz envelopes usually serve as the energy sources for NIR instruments. Most
of the detectors used for NIR are solid-state semiconductors. PbS, PbSe, InGaAs and TGS detectors are most
commonly used.

5.3 Spectrometer

Monochromator instruments, filter-wheel instruments, acousto-optic tuneable filter (AOTF) instruments, light-
emitting diode (LED) instruments and Fourier transform (FT) instruments are used.

NOT

5.4

RefertoAnmex € for further detaitsof suchinstroments:

Sampling system

Cuvettes, flow-through cells, transmission probes, immersion probes and attenuated total refl
probgs can be used in the laboratory or for online instruments, or both.

NOTH Refer to Annex D for further details of suitable sampling systems.

5.5

Software

The goftware used shall have the following capabilities:

ection (ATR)

a) e ability to record all sample identification and spectral data accurately and to access the reference data;

b) e ability to record the date and time of day that all'spectra and files were recorded or created;

C) e ability to move or copy spectra, or both, fromfile to file;

d) e ability to add or subtract spectral data, and to average spectra;

e) e ability to perform transformations.of log(1/R) optical data (where R is the reflectance) into derivatives or

other forms of mathematical treatment, and to reverse the transformation;

f)  the ability to compute multilinearregressions (MLRs), principal-component regressions (PCRs) or partial

lpast-squares (PLS) regressions;

g) the ability to store PCR)or PLS regression loadings, weights, scores and other desirable [data, and to

display these data for’subsequent examination and interpretation;

h) the ability to enable the operator to evaluate the calibration model by computing the standard error of
alidation (SEY.), the coefficient of regression and the root mean square deviation (RMSD), gnd to display
arious plots;

i) e ability to perform cross-validation automatically;

j) ro-ability to-identify gutliers:

k) the ability to develop and save regression equations and analyse a test sample to calculate a hydroxyl number.

NOTE Most NIR instruments provide necessary software for collecting and modelling data. Several non-instrumental

companies also supply chemometric software packages that can be used to analyse NIR data.

6 Developing a calibration model

6.1

Selection of calibration materials

Materials selected for the calibration set shall comply with the following requirements.

NOTE Refer to Annex E for guidance on the selection of calibration materials.

© 1SO 2011 — All rights reserved
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The materials chosen shall include, and ideally exceed, the expected hydroxyl number range.

as to provide a “boxcar” distribution (evenly distributed throughout the range of interest).

variables and the hydroxyl numbers to be modelled.

The materials chosen shall include all components which are expected to be present in the samples of interest.

The calibration material hydroxyl numbers shall be evenly distributed throughout the calibration range so

The number of materials chosen shall be large enough to define statistically the relationship between the

Since the appropriate number of materials might vary, depending on the properties of samples, it shall be
verified by means of a statistical method.

a)
b)
c)
d)
spectral
e) The spe

shall be yised for all materials, and the baseline, peak maxima and peak minima shall be similar (se€.also E

6.2 Reference method and reference values

Determine re

a) The hydroxyl numbers in the calibration set shall be determined by a standard analytical m
(ISO 14900 or another suitable standard method). The precision of the primaty analytical method sh
well characterized in order to define realistic accuracy limits for NIR calibration.

b) Referenge analyses shall be performed in replicate (see E.1.4 for guidance). Also undertake blind repli
to ascerfain the true accuracy of the method. Use the average of the'replicates as the calibration val
each tegt sample.

c) Itisimpgrtant to perform both the reference analysis and the NIR spectral analysis within as short g
period as possible.

6.3 Determining wavelength regions and pathlength

6.3.1 Wavdlength regions

For hydroxyl humber determination, two pfimary wavelength regions may be used: the R-OH combination

(2 000 nm to|2 300 nm) and R-OH first-overtone band (1 380 nm to 1 500 nm). Additional spectral regions

be added to the model to correct forinterfering absorption.

6.3.2 Pathlength

Before deve
perform the
To determing
test sample

ctra of all materials shall be similar to avoid erroneous modelling. For example, the same pathli

ference values as follows:

oping a calibtation model, it is necessary to determine the optimum pathlength at whi
hnalysis.The optimum pathlength is dependent upon the wavelength(s) chosen for the ang
the optimium pathlength, the highest hydroxyl number spectrum in the sample set (that i

ength
E1.7).

bthod
all be

cates
e for

time

band
may

ch to
lysis.
5, the

that<will have the highest maximum absorbance value) is compared for cuvettes with different

ance

pathlengths,

and the cuvette with a pathlength which gives a maximum absorbance of 1,0 to 1,5 absorh

units is sele

ted.

6.4 Reduction of sources of spectral variation

6.4.1

Test samples may be scanned in duplicate or triplicate in order to assess and reduce sources of spectral

variation. If there is poor agreement between reference and NIR results, or if there are significant differences
between duplicate NIR scans, the source of the error shall be identified. Multiple NIR scans and multiple

replicates by

the reference method will help to identify the cause of a poor fit.

6.4.2 Analysing duplicate test samples (as opposed to replicate measurement of the same test sample)
reveals sampling problems due to heterogeneity. To avoid the possibility of systematic errors, test samples shall

be scanned i

n a random order.
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6.4.3 NIR spectra of polyols are affected by temperature. The physical constraints present at the instrument
location shall be taken into account when deciding how to deal with these effects when developing the calibration.
If the analysis is to be performed in a temperature-controlled laboratory, scan test samples at the standard room
temperature after allowing the test sample to come to temperature equilibrium. If room temperature is not stable,
a temperature-controlled cell shall be considered. If the hydroxyl number will be analysed at a temperature other
than room temperature, it is important to ensure that the temperature of the test sample has stabilized prior to
performing an analysis. The time needed to reach temperature equilibrium might vary from sample to sample
and is dependent on the temperature and pathlength at which the analysis is to be performed. If the analysis is
to be done in a less controlled environment, for example in a warehouse, temperature variations can be built into
the calibration model by scanning calibration materials over the range of expected temperatures and including
these data in the calibration set. Depending on how tight the production specifications are and how accurate the
lab njethod is, tThe Time to reach an acceptable temperaiure might be critical. [T is necessary 10 determine the
optimum equilibration time for the various products in order to reduce total analysis time or to tight¢n production
specifications.

6.5 | Multivariate mathematical treatments

6.5.1| Multivariate mathematics is used to relate the spectra measured for a et of calibration miterials to the
hydraxyl numbers obtained for this set of materials from a reference test. Theresultant multivarigte calibration
modal is then applied to the analysis of unknown materials to provide anestimate of their hydroxyl number.

NOTH Refer to Annex F for a discussion of multivariate analysis.

6.5.2| Three types of regression are commonly used in developihg the calibration model: multilinepr regression
(MLR), principal-component regression (PCR) and partialleast-squares (PLS) regression. Generally, if the
sample matrices are simple and only one or two analyticalwavelengths are needed, MLR is used| If the matrix
is complex, or if more than two wavelengths are required for the desired accuracy, PCR or PLS [regression is
used| All mathematical treatments of multivariate calibration can be found in Section 12 of ASTM E1655-05.

6.6 |Evaluating calibration models

Varigus statistical tools can be used to ‘evaluate and optimize the performance of calibration models.

NOTH Refer to Annex G for details\of such tools.

7 Validation of a multivariate calibration model

7.1 | Amultivariate €alibration model shall be validated by predicting analyte concentrations for anfindependent
set of materials with known analyte levels and statistically analysing the model’s response.

7.2 | Thealidation set shall be chosen using the same criteria as those specified for calibration npaterials (see
Clause 6). In addition, the following criteria shall be satisfied:

a) he materials chosen shall span the range of hydroxyl numbers in the calibration set. Any materials which
do not fall within the range of the model shall be excluded.

b) The materials shall be evenly distributed throughout the range of hydroxyl numbers to ensure a boxcar
distribution.

c) The materials chosen shall have spectra similar to those in the calibration set and shall span the images
of all spectral variables. For example, the variability normally encountered during the manufacturing
operation, sampling and analysis shall be incorporated.

7.3  Validation spectra shall be collected using the same procedures as were used for the calibration set. The
developed model can then be used to predict the analyte concentrations and perform the statistical calculations
described in 18.4 to 18.10 of ASTM E1655-05.

© 1SO 2011 — Al rights reserved 5
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NOTE 1

The standard error of validation (SEV) can be calculated as indicated in 18.6 of ASTM E1655-05. The SEV

is the standard deviation in the difference between the reference value and the NIR method value for the materials in the

validation set.

NOTE 2

Refer to Annex H for details of sources of calibration and analysis error.

8 Calibration transfer

8.1

spectrometer is used for the analysis of spectra produced on a second spectrometer.

Calibration transfer refers to a process by which a calibration model developed using data from one

8.2 When
of the model
once by perf

8.3
NOTE C
a system with
9 Calibrd

When multiv
the instrume
instrument a

NOTE R4

10 Proced

10.1 Genel

CaIibrI

a calibration transfer procedure is developed, it is necessary to demonstrate that the perfornj
is not degraded during the transfer. Each calibration transfer procedure shall be tested at
brming a full validation of the transferred model.

tion transfer shall be limited to instruments having the same sampling system

libration transfer is simpler if limited to the same type of NIR instrument having the same optical syst
lower resolution.

tion quality control

ariate NIR analysis is used to estimate the hydroxyl nutmber of polyols, it is desirable tg
ht and calibration model periodically with control samples to ensure that the performance
nd model is unchanged.

efer to Annex | for guidance on monitoring the performance of the instrument and calibration model.

ure

al

The following procedure is based on thé“conditions used in laboratory studies carried out by a major {

producer in |
precautions

10.2 Calibr

10.2.1 Sele
numbers coVi

apan. Other proceduresbased on the principles described in earlier clauses might be suita
bre taken to verify that(the results obtained meet the requirements of the analysis.

ation curve

ct 10 or_more calibration materials which have similar molecular structures but whose hyq
er the range of interest. Determine the hydroxyl numbers in advance by titration.

ance
least

em or

test
of the

olyol
ble if

roxyl

10.2.2 Pour

one of the materials selected in 10.2.1 into the sample cell. Bring the cell to the desired tempefature

(about 10 min).

10.2.3 Place the cell in the NIR instrument and record the absorbance across the wavelength region as
described in 6.3. Carry out duplicate or triplicate scans as described in 6.4.

10.2.4 Repeat 10.2.2 and 10.2.3 for all samples in the calibration set selected in 10.2.1.

10.2.5 Generate a working curve using the instrument software.
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Measurement

For each test sample, repeat steps 10.2.2 and 10.2.3. The hydroxyl number should be calculated and displayed
automatically.

10.4

Illustrative results

Figures A1 to A.6 in Annex A give illustrative examples of results obtained with six different polyol types.

11 Precision of NIR estimated values

Sectipn 19 of ASTM E1655-05 describes a procedure for the measurement of the precision of hydr

of po

12 Test report

a)

b) all details necessary to identify the product analysed (such _as” manufacturer, product ty

The rst report shall include the following information:

yols estimated by this method.

reference to this International Standard;

otebook number, date of manufacture, as required);

e result obtained, expressed as the hydroxyl number (QH#) to the nearest whole number fo

DXyl numbers

pe, batch or

OH#-values

bove 100 and to the nearest 0,1 for values less than 100 (the actual precision will depend on|the accuracy
nd precision of the referee method used as well as,the results determined by the calibration model used);

e date of the analysis;

ny incident or detail not stipulated in this,Ifiternational Standard which might have influenced the result.

c)
d)
e) 4
©1S0

2011 — All rights reserved


https://standardsiso.com/api/?name=d61c71791189b0e85b5583cc62c94037

ISO 15063:2011(E)

Annex A
(informative)

lllustrative results

Figures A.1 to A.6 show the correlation between hydroxyl values obtained by titration and hydroxyl values
obtained by NIR for six different polyol types over a range of hydroxyl numbers for each product. An FT-NIR

H pu | bkl als lal 1 TV LaY L f 1 H ol N PUAN AA - ~
instrument was—used-wittra atSposSavre grass Cen (z Mmoo M, asmatcatea)vreasurements—weremaade at

either (110 £[1) °C or (70 £ 1) °C.

The products
Figure A
Figure A
Figure A
Figure A
Figure A
Figure A

The coefficig

tested were as follows:

.1 Glycerine-based propylene oxide polyol

.2 Bisphenol-A-based propylene oxide polyol

.3 Polymer polyol

.4 Pluronic polyol

.5 Propylene-glycol-based propylene oxide polyol
.6 Sucrose-based propylene oxide polyol

nt of determination R? is given in each figure.
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Figure A.1'>=-Correlation between titration method and NIR method — Glycerine-bjased
propylene oxide polyol

Table A.1 — Data for Figure A1

Sample No. 1 2 3 4 5
OH# (av.), mg KOH/g 163 55,8 56 55,2 42,1
Number of replicates 5 4 7 11 2

NOTE 1 All 29 data points plotted in Figure A.1.
NOTE 2 Titration method used: JIS K 1557-1 (pyridine method).

NIR method: FT-NIR apparatus, model MB160 (ABB Bomem Inc., Canada), using a
disposable glass cell (ca. 5 ml) at a temperature of (70 + 1) °C.

NOTE 3 Samples selected randomly and tested in one laboratory by three analysts.

© 1SO 2011 — Al rights reserved 9
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Y
400
R?=0,9995
300 /
200
100
0 I I I I I I I
0 50 100 180 200 250 300 350 400 X
Key
X OH# detefmined by titration (mg KOH/g)
Y OH# detefmined by NIR (mg KOH/g)
Figurg A.2 — Correlation between titration method and NIR method — Bisphenol-A-based
propylene oxide polyol
Table A.2 — Data for Figure A.2
Sample No. 1 2 3
OH# (av.), mg KOH/g 347 274 227
Number of replicates 5 5 7
NOTE 1 All 17 data points were calculated and plotted in Figure A.2.
NOTE 2 Titration method used: JIS K 1557-1 (pyridine method).
NIR method: FT-NIR apparatus, model MB160 (ABB Bomem Inc., Canada), using a
disposable glass cell (ca. 2 ml) at a temperature of (110 + 1) °C.
NOTE 3 Samples selected randomly and tested in one laboratory by three analysts.
10 © IS0 2011 — Al rights reserved
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Y
35
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34,5
s
.
34 .
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*
.
32,5 |2
32 | | |
32,5 33 33,5 34 34,5
Key
X gH# determined by titration<(mig KOH/g)
Y (JH# determined by NIR {nig KOH/g)
Figure A3)=< Correlation between titration method and NIR method — Polymer po¢lyol
Table A.3 — Data for Figure A.3
Sample No. 1
OH# (av.), mg KOH/g 33,2
Number of replicates 30

NOTE 1 All 30 data points were calculated and plotted in Figure A.3.
NOTE 2 Titration method used: JIS K 1557-1 (pyridine method).

disposable glass cell (ca. 2 ml) at a temperature of (70 + 1) °C.

NIR method: FT-NIR apparatus, model MB160 (ABB Bomem Inc., Canada), using a

NOTE 3 Samples selected randomly and tested in one laboratory by three analysts.

© 1SO 2011 — All rights reserved
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Figyre A.4 — Correlation between titration method and NIR method — Pluronic polyol
Table A.4 — Data for Figure A.4
Sample No. T Z 3
OH# (av.), mg KOH/g 56,5 46,3 35,9
Number of replicates 8 8 8

NOTE 1 All 24 data points were calculated and plotted in Figure A.4.
NOTE 2 Titration method used: JIS K 1557-1 (pyridine method).

NIR method: FT-NIR apparatus, model MB160 (ABB Bomem Inc., Canada), using a
disposable glass cell (ca. 2 ml) at a temperature of (70 + 1) °C.

NOTE 3 Samples selected randomly and tested in one laboratory by three analysts.

12 © 1SO 2011 — Al rights reserved
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Fijgure A.5 — Correlation between titration method and NIR method — Propylene-glycpl-based
propylene oxide polyol

Table A.5 — Data for Figure A.5

Sample No., 1 2 3 4 5 6 7 8
OH# (av>), mg KOH/g 287.4 278 271 112 55,1 35 34,5 27,4
Number of replicates 13 4 4 5 4 6 4 6

NOTE 1 All 46 data points were calculated and plotted in Figure A.5.
NOTE 2  Titration method used: JIS K 1557-1 (pyridine method).

NIR method: FT-NIR apparatus, model MB160 (ABB Bomem Inc., Canada), using a disposable glass cell (ca. 2 ml) ata
temperature of (70 + 1) °C.

NOTE 3  Samples selected randomly and tested in one laboratory by three analysts.

© 1SO 2011 — Al rights reserved 13
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Figyre A.6 —Correlation between titration method and NIR method — Sucrose-based
propylene oxide polyol

Table A.6 — Data for Figure A.6

Sample No. 1
OH# (av.), mg KOH/g 456,3
Number of replicates 15

NOTE 1 All 15 data points were calculated and plotted in Figure A.6.
NOTE 2 Titration method used: JIS K 1557-1 (pyridine method).

NIR method: FT-NIR apparatus, model MB160 (ABB Bomem Inc., Canada), using a
disposable glass cell (ca. 2 ml) at a temperature of (70 + 1) °C.

NOTE 3 Samples selected randomly and tested in one laboratory by three analysts.

14 © 1SO 2011 — Al rights reserved
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Annex B
(informative)

NIR spectral measurements

NIR spectral measurements are based on Beer’s law, according to which the absorbance of ahomogeneous
sample containing an absorbing substance is linearly proportional to the concentration of the absorbing species.
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an empty space, an empty cell or a backgroupnd material in the cell. The particular backgroun
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B.3
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an of
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which
need

bsorbance of a sample is defined as the logarithm to the base ten of the reciprocal of the tra

b 7'is the ratio of the radiant power transmitted by the test sample to the radiant pewer incident o

For most types of instrument, the radiant power incident on the test sample cannot be measg
hd, a reference (background) measurement of the radiant power is made without the test §
nt in the light beam. A measurement is then conducted with the test sample present, and
lated. The background measurement may be conducted in a variety of ways, depending on th
he instrument. The test sample and its holder may be physically removed from the light
pround measurement made on the “empty” beam. The.sample holder (cell) may be em

hal absorption in the spectral range of interest, and the background measurement taken on this.
jht beam may be split and one half passed through.the test sample and the other half throu
ally occupied by the test sample and holder (i.efan “empty” space), through an empty cell
pround material in the cell, or the beam may bé’passed alternately through the test sample]

me that is used might vary among instruments and among applications. It is important, how
sample background-referencing schéme be employed for the measurement of all spectra
rials, validation materials, and unknown test samples. Any differences between the instrumen
for referencing and measurement.should be minimized.

Traditionally, a test sample)is brought to the instrument manually and placed in a suitable opt
I, vial or cuvette with windows that transmit in the region of interest). Alternatively, transfer
to pass liquid contifrdously through an optical cell in the instrument for continuous analysis
, the test sample‘can be analysed remotely from the instrument. Light is sent to the test sa
tical fibre or fibres and returned to the instrument by means of another fibre or group of fibres
been developed that use a single fibre to transmit and receive the light, in addition to tho

hsmittance T:

h the sample.

ured directly.
ample being
the ratio T is
e application
beam and a
ptied, and a

pround measurement may be taken for the empty cell. Thercell may also be filled with a matgrial that has

Alternatively,
gh the space
or through a
and through
j-referencing
bver, that the
of calibration
tal conditions

cal container
pipes can be
With optical
mple through
| Instruments
e which use

es of fibres for this purpose. Detectors and light sources external to the instrument can als
case.only one fibre or bundle is needed. The appropriate grade of optical fibre for use in t

b be used, in
e NIR range

5 to'he specified. Generally, these are fibres with low water content (low OH). Total fibre Ieng}h should not

exceedihe manufacturer’s recommendations.

B.4 For most NIR instruments, a variety of adjustable parameters is available to control the collection and
computation of the spectral data. These parameters control the optical and digital resolution and the rate of data
acquisition (scan speed). Other important programme parameters include the number of wavelengths, number
of scans and number of data points. Additional instrumental considerations for multivariate calibrations include
temperature control and compensation, cell pathlength uniformity, and wavelength stability. It is essential that all
adjustable parameters, and other factors not included in the model, that control the collection and computation
of spectral data be maintained constant while collecting spectra of calibration materials, validation materials and
test samples.

B.5 For definitions and further description of general infrared techniques, refer to ASTM E168.
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Spectrometers

eral

rs can be classified on the basis of the procedure by which the instrument accompl
election.

ochromator instrument

ss applications. In a holographic grating system, the grating is rotated So,that only a narrow
hs is transmitted to a single detector at any given time.

r-wheel instrument
velengths are presented to a single detector sequentially.

usto-optic tuneable filter (AOTF) instrument

bectrometer is a continuous variant of thefixed-filter photometer, with no moving optical parn
belection. A birefringent TeO, crystals-used in a non-colinear configuration in which acg
aves move through the crystal at different angles. Variations in the acoustic frequency caug
b spacing to change. That in turn causes the crystal to act as a variable-transmission diffrg
e wavelength. The main advantage of using AOTF instruments is the speed. A wavelength
wavelengths can be changéd)hundreds of times per second under computer control.

t-emitting diode(LED) instrument

nstrument, eaehwavelength band is produced by a different diode. The major advantages of the sy

rier transform (FT) instrument

ize and compactness, stability of construction with no moving parts, and low power consumption.

shes

bchromator instruments, often called “dispersive” instruments, are commonly used in the laboratory

band

f NIR instrument, one or several narrow-band filters ate_mounted on a turret wheel so that the

ts for
ustic
e the
ction
or an

stem

H + 4 41 TE [ERC I D BT S ¥ 1 L Lk 4 el L £
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ving

optical element. The beams are recombined to produce an interference pattern that contains all of the wavelengths
of interest. The interference pattern is converted mathematically into spectral data using FT techniques. FT
interferometer optics provide complete spectra with very high wavelength resolution. FT signal averaging also
provides higher signal-to-noise ratios than can be achieved, in general, with other types of instrument.
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Depgnding upon the application, several different sampling systems can be used in the laboratory
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Annex D
(informative)

Sampling systems

General

ments, or for both.

Cuvette

tz or glass cuvettes with fixed or adjustable pathlengths can be used in the laboratory.

Flow-through cell

ype cell can be used for continuous or intermittent monitoring*of liquid samples.

Probes

Transmission probe

mission probes combined with optical fibres are ideal for analysing clear liquids, slurries, sus
high-viscosity samples. Low absorptivity in"the NIR region permits sampling pathlengths of

P Immersion probe

mmersion system uses a bi-direetional optical-fibre bundle and variable-pathlength probe foj
urements. Radiation from. the source is transmitted to the test sample by the inner ring ¢
e transmitted radiation_is‘collected by the outer ring of fibres for detection.

3 Attenuated total reflection (ATR) probe

uated total reflection occurs when an absorbing medium (the test sample) is in close cor
ce of a crystal material of higher refractive index. At an optimized angle, the NIR beam reflg
the crystal faces, penetrating a few microns into the sample surface, where selective absor
esultig-spectrum is very close to the conventional transmission spectrum for the sample. Th
ns Of ATR plate and rod for specific applications. Single- and multiple-reflection units are a

samyp

Iing accessories are available for the Iahnrafnry and in the form of fihre r\pfir‘ prnhnc caq
Iy H

or for online

bensions and
up to 10 cm.

r test sample
f fibres, and

tact with the
cts internally
ption occurs.
ere are many
ailable. ATR

be used for

online analysis. This is an advantage when handling viscous liquids and highly absorbing materials.
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Selection of calibration materials

Feasibility calibration

E.1.1 For lach type of polyol or new process to produce the polyol, it is necessary to perform a ffeas
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for the desird
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(preferably fi

he relationship between NIR spectra and hydroxyl number is generally evaluated during a-feag
vill identify the possible interferences and determine whether an adequate model can'be constr

[ of calibration materials having all of the characteristics of the samplgsyof interest shou
e calibration materials chosen should include the expected hydroxyl ‘aumber range and g
rferences in the sample matrix. In addition, interrelations between*components in the sar
pided unless these interactions are expected in the routine samples-being analysed. The nu
materials should be large (preferably 30 to 50 materials, esp€cially if PLS regression is us
calibration model), and they should be evenly distributed thtreughout the hydroxyl number r:
the calibration material set should cover at least three times; but preferably at least five time
iation of the reference method. An independent set of materials, known as the validation mg
e identified and set aside to evaluate the calibrationnmodel for feasibility. The size of the valig
nd on the number of materials used to evaluate the“calibration model, generally one mater

pcessary to perform spiking experiments to expand the range and to optimize the regressior
erials to achieve varying hydroxyl numbers-is preferred over spiking. If spiking is utilized, ca
ken to avoid changes that might affect'the matrix and, ultimately, compatibility with the speg
h set.

ration materials should be collected in a manner which reflects the actual process condition
ling techniques which are-expected to be used during routine collection for analysis. Calib
ttra should be collected.in-a manner which reflects the actual conditions, techniques and sa
edures which are expected to be employed. If these and other such variations cannot be contri
variation should be included in the calibration material set.

Calibration material set should be analysed at least in duplicate by the primary or reference mg
f materials)is less than five times the standard deviation of the reference method, then r rep
uld be“performed such that 12 times the range of the calibration set is greater than three
e tilmes) the standard deviation of the reference method.

ibility
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Lcted

d precision. Following successful feasibility study, the calibration can be expanded.and validated.
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E.1.5 A calibration model is developed using one of several available methods, for example MLR, PCR or
PLS regression. The quality of the calibration curve can be tested by any of several statistical tools described in
Annex G. The calibration model can be tested using cross-validation procedures (see G.2.5). Other statistical
tools can also be used to judge the overall quality of the calibration.

E.1.6 Ifthe statistical analysis of the calibration and validation sets suggests the method is capable of providing
adequate precision, the model can be tuned by adding additional materials to ensure a boxcar distribution (an
even distribution of values over a defined interval of the hydroxyl number range). A final model can be developed
and validated as described in Clause 7.

E.1.7 If the calibration set consists of a range of different types of polyol, and reliable calibration cannot be
obtained, it might be necessary to group materials by chemical type and develop a separate calibration model
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for each chemical grouping. Examples of possible groups are polyether, polyester, segregation based on the
manufacturing technique (that is, the EO/PO ratio), or the functionality.

E.2

E.21

Potential sources of variation in calibration materials

The model should exclude all potential sources of variation that can be excluded in the actual

applications.

If these sources cannot be eliminated, they should be included in the calibration set, if possible. Sources of
variation can include the following:

— chemical composition;

—

JR— q

J

E.2.2
sam
have
defin
which
toen
(wav
30m
in ML
the e

hysical characteristics;

ample handling, temperature and humidity.

The number of materials required to calibrate the NIR model is dependefnten the com
les being analysed. Simple models which contain only a few components that vary in cong
only a small number of spectral variables and typically do not require,a\large calibration m
e the relationships between them. On the other hand, complex systems’/containing several
vary in concentration will require a large number of calibration materials to define the relaf
sure that model development is adequate. If a multivariate model.is developed with five or fe
blengths in MLR, or factors in PCR or PLS regression), the\calibration should contain a
bterials after elimination of outliers. If a multivariable model.is developed with & (> 5) variables

imination of outliers.

blexity of the
entration will
aterial set to
components
ionships and
ver variables
minimum of
wavelengths

R, or factors in PCR or PLS regression), the calibration set)should include a minimum of 64 materials after
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Multivariate analysis

Data pretreatment

F.1.1 Varid
of a calibratiq
International

F.1.2 Gengrally, the calibration performance of NIR spectra is improved by a derivative mathem
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There is no 4
number dete
to determine

F.2 Mullf
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F.2.3 The

the development of the model.

F.2.4 Refe
F.3 Prin
F.3.1 ltisg

the absorben

us types of data-preprocessing algorithm can be applied to the spectral data prior to the develof
n model. A complete description of all possible preprocessing methods is beyond the(scope
Standard.

hseline shifts are reduced and the peak shape and resolution of peakpesitions are impr
ingle best treatment, but use of the second derivative has proved to Be most useful for hyg
rminations. When validating a method, several different mathematical treatments should be
which one produces the best calibration.

ilinear regression (MLR)

simplest algorithm used in NIR spectroscopy is multilinear regression. It provides a solution to B
, which correlates changes in absorbance with changes in the hydroxyl number of the polyol.

Choice of the number of wavelengths to use in MLR is a critical factor in the development
few wavelengths are used, a less precise'model will be developed. If too many wavelength
rity among the absorption values at.thieése wavelengths can lead to an unstable model.

Choice of specific wavelengths te include in a multilinear regression model is also a critical fag

I to ASTM E1655 for.the)detailed mathematics of MLR.

cipal-component regression (PCR)

ossible-te'create a set of a few eigenvectors (principal components) that represent the chang
ces that'are common to all samples.

ment
f this

atical
bved.
roxyl
used

eer's

of the
s are

tor in

esin

F3.2 Asw

th wavelength selection In multiiinear regression, the choice of the number ot principal compo

nents

to use in the regression is a critical factor in the development of the model. If too few principal components
are used, a less precise model will be developed. If too many principal components are used, noise from the
calibration samples will be incorporated into the model, leading to unstable estimations.

F.3.3 The optimum number of principal components for a model is related to the number of spectrally
distinguishable components in the calibration spectra.

F.3.4 Refe

20

r to ASTM E1655 for the detailed mathematics of PCR.
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F.4 Partial least-squares (PLS) regression

F.4.1 PLS regression is the method most commonly used as an alternative to MLR and PCR. PLS regression
is another spectral-decomposition technique that is closely related to PCR. Instead of first decomposing the
spectral matrix into a set of eigenvectors and scores, and regressing the scores of the calibration set against
their concentrations as a separate step, PLS regression actually uses the concentration information during the
decomposition process.

F.4.2 The PLS regression method should only be used when there are at least 30 individual calibration
materials. When fewer materials are analysed and modelled by the PLS regression algorithm, over-fitting
typicatty-ocetrs—histimits-therobustressof-the-calibrati

F.4.3| During the calculation, the PLS regression algorithm develops factors rather than the slopes and
intergepts seen in the MLR algorithm. Each factor will describe a combination of variations, rather than the
singlé variations of interest.

F.4.4) Generally, the total number of factors that are calculated correspondsyapproximately tq the number
of copstituents which vary in the sample population. If the polyol samplesito be analysed diffdr in hydroxyl
number, moisture and temperature, three to four factors should provide sufficient correlation for hydroxyl number
determination.

F.4.5| Referto ASTM E1655 for the detailed mathematics of PLS{regression.
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