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rd

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve t}tre1
patent(s). I$O takes no position concerning the evidence, validity or applicability of, any clai

rights in regpect thereof. As of the date of publication of this document, ISO had not\received

patent(s)

ich may be required to implement this document. However, implementers are cay
this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ
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hnation of the voluntary nature of standards, the meaning of ISO specific terms and

conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢
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Introduction

Plastic is an essential component used in making many types of products. Plastic formulations consist of
polymeric or resin material and additives for affecting specific functions, such as plasticizers, foaming
agents for low density parts, UV absorbers or colorants.

As aresult, plastic and polymer identification and characterization is increasingly becoming more important
in several distinct areas including, but not limited to, identification of unknown substances, product
development, multi-layer materials, microplastics and environmental impact, including the ability to recycle
and to allow informed decisions to be made.

Raman spectroscopy is an inelastic light scattering analysis technique, and is used to provide a structural
fingerprint i i i ifi ic li i ser source,
interacts with molecular vibrations, resulting in an energy shift. This energy shiftis displayed as p spectrum.
Raman speftra provide information about the vibrational modes in the sample, allowing~materials to be
identified. For example, different types of plastics have unique Raman spectral fingerprint. According to
this principle, it is possible to identify unknown plastics by comparing them to known\thaterials| The role of
Raman spe¢troscopy is to identify the chemical composition of unknown plastics.

© IS0 2024 - All rights reserved
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Plastics — Plastics identification using Raman
spectrometric methods

1 Scope

This document is applicable to the qualitative analysis of plastic materials in their original form by Raman

s and multi-

Spectroscony It describes prnhnﬂnrnc todetermine the rnmpncifinn of unknaown gnnnra] p]:\cfir‘

layer film p

2 Norm

The followi
requiremen

the latest edlition of the referenced document (including any amendments) applies.

ISO 472, Pla

3 Terms

For the pur

[SO and [EC

— IS0 Online browsing platform: available at https://www.iso.org/obp

IEC Ele

31
general plg
wide range

have a coloyirant added

3.2
multi-layel
material ha

3.3

Z stack

set of confd
same but th

ing two or mote thermoplastic polymer layers

astics.

ptive references
hg documents are referred to in the text in such a way that some or all oftheir content
ts of this document. For dated references, only the edition cited applies. For undated

stics — Vocabulary

and definitions
boses of this document, the terms and definitions-given in ISO 472 and the following

maintain terminology databases for use in standardization at the following address

Ctropedia: available at https://www:electropedia.org/

stics

constitutes
references,

hpply.

ES:

of synthetic or semi-synthétic materials that use polymers as a main ingredient, which may also

film plastic

caldniages taken from the sample so that the image area along the x- and y-axes 1

emains the

eldistance from the objective z-axis is different for each image

3.4

pseudo-colour
colour added during the processing of spectra acquired through mapping to aid interpretation of the
spectrum in pictorial form

4 Principle

In order to identify unknown plastics the sample is subjected to monochromatic light, such as laser light,
which upon interaction with molecular vibrations or other excitations results in a shift of photons creating
a characteristic fingerprint, the Raman spectrum. This fingerprint can be matched to reference spectra

© IS0 2024 - All rights reserved
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allowing for rapid identification of the unknown plastic. The method is non-destructive and does not require
sample preparation for most materials, allowing for use of the plastic directly after identification.

5 Apparatus
5.1 Raman spectrometer,of atleast one highly stable monochromaticlaser source used to excite the sample.

5.1.1 Several laser wavelengths are suitable for plastics identification such as 532 nm, 638 nm, 785 nm
and 1 064 nm. Infrared excitation is recommended to reduce unwanted background fluorescence signal that

can obscure the Raman spectrum.

5.1.2 Opt
be controlle

5.1.3 The
such as obj
of the optig
exchangeal

5.1.4 The
filter to blo
light to be d

51.5 Ah

Cal power attenuation of the (aser {3 TequiTed to Prevent photodamage to the sam
d via adjustment of laser current or with neutral density filters.

excitation light should be focussed on to the sample using high quality‘optical
fective lenses and fibre probes. The working distance, numerical aperture and m

le by the user.

scattered light shall then be collected by the same optics and. filtered using an ed

etected and analysed.

s can vary between instrument types, with some systems allowing‘these compo

ck the Rayleigh scattered light at the laser wavelength, this.allows the weaker Ram4

le, this can

fomponents
hgnification
hents to be

e or notch
n scattered

gh throughput spectrometer with spectral resolution of at least 2 cm is required to analyse

bw accurate

the scatterdd light to be able to resolve and distinguish fine;detail in the Raman spectrum to all
identificatign. Spectral resolution is defined as the full width half maximum (FWHM) of the line width of
a gas emisgion line measured on the spectrograph with the highest groove density grating. Typically, the
pixel resol al length of
the spectro diffraction
grating. Th L however a
wider spect be correctly
identified.

ion should be at least 0,8 cm1/pixel. The-spectral resolution will depend on the fo(
oraph, the entrance slit width, the deteetor pixel size and the groove density of the
b Raman spectrometer should at leasthave a spectral range of 500 cm™ to 1 800 cm|
ral range of 100 cm! to 3 500 cpris recommended to ensure that the material will |

5.1.6 The
the waveler]

detector, matching the-chesen laser source and with an appropriate spectral respohse to cover

gth range required.

Several typgs of detectors are'stditable for these measurements such as:

5.1.6.1 frpntor back illuminated charge coupled detectors (CCD),

5.1.6.2 electren'multiplied charge coupled detectors (EM-CCD), and

5.1.6.3

All detectors shall have high sensitivity and low noise to be able to detect the Raman signal. Detectors
should be cooled to manufacturers recommendations, most require air cooling down to -60 °C, but some
detectors require further cooling with water or liquid nitrogen. The system should have comprehensive
software to allow hardware control and acquisition of spectra along with file export options compatible
with the spectral library.

5.1.7 Use of a microscope-based system is recommended due to the versatility it offers when studying
plastic materials that come in many formats, shapes and sizes. Portable devices can successfully be used to
acquire spectra from bulk materials but have limited use determine composition of micrometre thick layers
in the case of multilayer plastics.

© IS0 2024 - All rights reserved
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5.1.8 A truly confocal Raman system with the ability to change pinhole size to allow accurate analysis
of multi-layers of plastic material is also applicable and recommended. Additionally, it is recommended that
the confocal Raman system has a motorised microscope stage, so that multi-layer plastics can be analysed
by regularly taking measurements at set distances, through appropriate software, allowing the layer
thickness to be determined. Multiple excitation wavelengths are recommended as plastics can give different
background effects with different sources, and these can obscure relevant peaks. It is recommended to start
analysis of unknown materials with 785 nm excitation as this usually gives a good balance between Raman

signal strength and low background fluorescence.

6 Specimen

This method is suita

layer and

Generally, t
for identifig
sample hold
for testing

need to be
the sample
of material
multilayer

appropriated

7 Testin

7.1 Calib

The Raman)|
calibration
run daily wj
grating.

The wavele
lines from 3
accuracy ap
grating ang
wavelength
cross refersg
instrument

[ . B0 parer d opaque pIE DE 1dET ed.
ne sample does not need to be pre-processed, it can be directly presented to the Rama
ation. Depending on the requirements of the apparatus, the sample may needto be
er or on to a microscope stage for testing. The maximum size and thickness'ofthe sam
Will be specified by the manufacturer of the apparatus, for very largesamples a sp
repared by cutting the sample to suitable dimensions. For powdered-samples, a vessq
will be required, such as a microscope slide, vial or dish. If the pewder can contai
microscopy investigation is recommended. Other plastics, especially reinforced m
film materials can be sliced and then their cross-sections,caw’ be tested. Microscg

for identification of specimens containing micrometre thicklayers.

g procedure

ration and parameter settings

spectrometer should have, at a minimum, two forms of calibration: an underlying
that does not need to be repeated by thé.user and a Raman wavenumber calibration t
hen the system is in use, as well as after any apparatus change such as change of las

ngth calibration of the spectrometer is performed by the manufacturer using atom
mercury, argon or neon discharge lamp. The wavelength of emission lines are knoy
d precision. Measuring(the position of these emission lines on the detector for each
le available on the spectrometer, allows for the detector pixels to be calibrated to
. This is requiredte’acquire accurate spectra that can be compared to other system
enced to spectral’databases. The calibration record for the system can be requestt
manufacturer’"The Raman wavenumber calibration uses a suitable reference matej

silicon, whi

system. This referefncg will take into account any environmental changes that can cause small

calibration [of the,system. This reference material is generally provided by the manufacture
apparatus, ft can'also be presented to the apparatus externally by the user. The silicon peak
vary with skress in the material and, therefore, each manufacturer recommends the exact peaKk

h has a kitewn peak at approximately 520,7 cm™ to offset the wavelength calibr

ble for general plastics including bulk plastics, particles, liquids, coloured plastics, single

h apparatus
placed in a
ple suitable
bcimen may
] to contain
h a mixture
hterials and
py is more

wavelength
hat shall be
br source or

ic emission
vn to a high
grating and
the correct
s as well as
bd from the
rial, such as
htion of the
Hrifts in the
" inside the
osition can

position to

use for the wavenumber calibration.

7.2 Measurement of Raman spectrum

7.2.1 Method 1 — General method

The test ste

ps for analysing general use plastics on a Raman spectrometer are as follows.

a) Choose the appropriate excitation wavelength. If available, it is recommended that 785 nm is chosen
as the starting wavelength for any sample. If the instrument contains fully integrated lasers and is
completely software controlled, go to step c).

© IS0 2024 - All rights reserved
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If the Raman instrument has external lasers or manually exchangeable optical components, follow

the set-up procedure given by the manufacturer for the chosen laser wavelength. This alignment and
calibration shall be checked before sample analysis begins.

the system is stable.

Turn on the Raman spectrometer and selected laser. Allow the system to warm up for 30 minutes until

Place the sample on a stage or sample holder as recommended by the manufacturer. If not using a

microscope go to step f). If using a microscope select a suitable magnification objective, such as x10,

x50.

Switch on the microscope lamp to illuminate the sample. Focus on the sample using the microscope

camera or eyepieces. Use the fine focus knob to precisely focus on the surface of the material.

The numerical aperture, N.A, of the objective lens or fibre probe should be provided by the mj

It is important to adjust the laser power density on the sample, starting at a lower pow

ing generally starting from 1 mW/um2. The approximate area of the excitation §

fed using Formula (1):
)2

s the area;

D,61A
N.A

s the wavelength;

s the numerical aperture.

egration time generally should be set to less than 60 s to avoid the sample being
ed by the laser.

spectral range from 100 cm™! to 3 5007cm. The full extended range is recommended

ommended to select at least'3 points on the sample for testing to ensure uniformit)
surface. The focal spot size'will vary depending on the apparatus used. Line illum
used, which will samplé.from a larger region of the sample than a gaussian focussed

peaks should be clearly observed to allow appropriate analysis of the sample to t3
Cence backgroundprevents good quality spectra being acquired, try steps j) to n).

isurement)This often will require increasing the exposure time to maintain good sig

uorescence background is still too high and reducing the quality of the Raman spe

sible on the apparatus, record the spectral range at least from 500 cm to 1 800 cm.

br and then
pot can be

1)

inufacturer.
heated and

, however if

y across the
ination can
laser spot.

ke place. If

hble, close thé. confocal pinhole to reject the out of focus background signal from conftributing to

hal to noise.

ctrum, then

tlie fluorescence signal by illuminating the sample with the laser for a set time bg

fore taking

measurenent—T e time Tequired witt depend o the sampte Tanging fromr 66—

to 60 min.

Increasing the power density on the sample can improve the effectiveness of photobleaching.

Check that the sample has not been burned by the laser during this time, by checking the microscope

image of the sample after each measurement. If burning has been observed, move to a new location on
the sample, reduce laser power and repeat sample bleaching step.

wavelength source and repeating the procedure can improve results.

b)

)

d)
x20, or

€)

f)
increas
calcula
Azn(

where
A i
A i
NA i
The int
damagg

g) Setthe
not pos

h) Itis reg
sample
also be

i) Raman
fluores

j) Ifavail
the med

k) Ifthe f
bleach
anothe

1)

m)

n)

background signal.
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7.2.2 Method 2 — Test method for multi-layer film plastics

7.2.2.1 General

It is advisable to use a microscope-based Raman system with a motorised stage, controllable through
software to analyse multi-layer film plastics. For thick multilayer films, manual analysis of a cross section
using method 2.2 (see 7.2.2.3) without a microscope is possible when the probe excitation spot is smaller
than the layer thickness and can be positioned accurately to measure each layer distinctly. Annex E provides
further information on the identification of multilayer plastics. The test steps for analysing these materials
are as follows.

7.2.2.2 Method 2.1 — Setup protocol

a)
b)

)

7.2.2.3 Method 2.2 — For multilayer films with very thin layers or forthick partially opac

a)

b)

d)

g)

h)

Follow pteps a-c of method 1 to set up the instrument.

Depending on the thickness and transparency of the sample, additional sample preparatio
need tqg be taken before placing the sample on the microscope.

If non-dlestructive sample preparation is required go to method 2.3 (see 7.2.2A4) If destrugd
prepardtion is required continue to method 2.2 (see 7.2.2.3).

If layer$ thinner than 3 pm are expected to be in the sample, ther\iDis recommended to star
section
investigation. If layers are more than 1 mm then a non-micrescope-based system could b
excitaton spot is smaller than the layer thickness.

Place the specimen on the stage of the Raman spectrometer. To analyse thin layers s¢
numeriral aperture objective, such as x50/0,8 N.&: or x100/ 0,9 N.A. this will give suit
resolutjon to identify layers thinner than 3 pm.

h steps may

tive sample

Jue films

t with cross

ng the film. This will allow for inspection of individual layer thickness before spectroscopy

used if the

lect a high
hble spatial

If availgble, switch on the microscope lamp té-illuminate the specimen. Focus using camera ¢r eyepieces

or by eye until the objective or fibre is justhe correct position for analysis. Use the fine focu
precisely focus on the surface of the specimen. In the case of a portable or probe system

e, then view the specrimen with the eyepieces. A graticule eyepiece can be used to €
layer thickness.

If the 1gyers are thicker than 3 pm then continue analysis with 785 nm laser.

If layerfs thinner*than 3 pm are observed it is recommended to use a shorter wavelengt
source,|as this'will improve the spatial resolution of the system ensuring very thin layers

s control to
osition, the

b visualised
0 camera is
stimate the

N excitation
will not be

missed|during analysis. If the specimen has high fluorescence, then this may prevent ary

alysis with

shorterexeitation:

After changing the laser source, it is important to adjust the laser power density on the specimen. The

approximate area of the excitation spot can be recalculated using Formula (1).

If a motorised stage is available, generate a 2D line map across the full width of the cross-section. Set-up
the stage coordinates for mapping in the software, use small step sizes of at least 1 pm for automated

analysis. Proceed to step j).

If only manual sample positioning is available, then translate the sample stage to the first layer. Position
the stage such that the known location of the Raman laser is overlayed with the location on the specimen

and focus on the layer selected. Go to step j) and then repeat for each layer. This step can al
motorised stage control when automated analysis is not suitable.

© IS0 2024 - All rights reserved
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i) Acquire spectra following steps g) to i) from method 1.

7.2.2.4 Method 2.3 — For thin and thick transparent multilayer films

on the microscope stage and held in place with tape.

To analyse thin films within the thickness of the intact multilayer film. The film should be secured flat

Select a high magnification objective, such as x50/0,8 Numerical aperture or x100/ 0,9 N.A. Note that

higher N.A objective lenses will have limited penetration depth into the specimen due to refractive
index mis-match and limited working distance. Lower magnification objective lenses would be better
suited for analysis of thick transparent films greater than 1 mm in thickness.

Switch on the microscope lamp to illuminate the specimen. Focus on the specimen using the microscope

range aft least from 500 cm™ to 1 800 cr's,

a)
b)
9]
camer
d) Usethe
for the
e) Once tH
depth g
the sta
sample
f) For thig
area of
g) Closet
combi
small a
the opt
and spa
h) Acquirg
The ful
8 Analy
8.1 Gene

To identify
Raman spe
can either b
should alsa
databases d
improves a

oreyepieces. Use the fime focuscomntrotfor precise focussing througihrtayers:

microscope image of the specimen or the Raman signal intensity to determine the/fo
Lop layer and bottom layer of the film and note the stage co-ordinates for these.

e Z coordinates have been determined and selected, using software, sét a'Z stack
f the film, with steps of at least 1 um between each layer. In this case,the’X and Y co-
be can be kept constant to generate a depth spectral series or a small-volume in XY a
.

the excitation spot can be recalculated using Formula (1)

e confocal pinhole so that it is set between 25 to 100 . The small laser spot from t

d with an appropriate confocal pinhole, will allow,specimen information to be collg
rea which can be a small as 1 um in X/Y and 2 jifirin Z, dependent on excitation lase
cs. Control of the confocal pinhole size can be used to optimise the trade-off between
tial resolution.

spectra following steps g)-i) from methad 1. Set the spectral range from 100 cm™! tg
extended range is recommended, however if not possible on the apparatus, record

5is of Raman spectrum

ral

unknown plastic-samples using Raman spectrometer, the characteristic peaks in tl
Ctrum are compared with spectra of a known plastics using a Raman spectral dat
e a commercially available database or can be created by the laboratory. Commerciz
be supplemented with spectra taken of reference materials in the laboratory.
ome With a spectral matching and search tool, which automates the identification |
curacy of results. The spectral database search should match both relative peak int

Cus position

ver the full
brdinates of
nd Z can be

k samples >200 um the laser power density on the specimenshall be increased. The approximate

he objective
cted from a
r and NA of
throughput

3500 cmlL.
he spectral

he collected
abase. This
| databases
Commercial
brocess and
bnsities and

peak positi

ns’to find the correct match. Functional group nna]ycic can also prnvir‘p additional

nformation

to the user to make an informed decision on the composition of the unknown plastic. The Raman spectra
can also be processed by baseline correction, differentiation, integration and normalization to improve the

accuracy of

identification.

For multi-layer film plastics, the spectrum for each layer can be given a pseudo-colour. By doing this, and
giving each layer a different colour, a 3D representation of the specimen can be visualised. As the stage co-
ordinates have also been logged, the analysis of these materials can give information on layer thickness as
well as the chemical composition of the materials used present in the specimen.

© IS0 2024 - All rights reserved
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8.2 Plastic identification

a) Post process spectra to remove cosmic rays and unwanted background signal using data processing
tools in the Raman system control software.

b) Compare the spectrum with a suitable library. Manually inspect the top 10 entries to determine the best
match. Annex A provides examples of Raman shifts of characteristic peaks of some plastics as well as
functional groups.

¢) The best match will be determined by comparing the peak position and relative intensities of the
characteristic peaks of the measured sample matches the library spectrum closely over the full spectral
range. Annex B provides additional examples of use of spectral libraries to identify unknown plastics.

7 be present
nt material.

e) Once verified, record the compound with the best match to the unknown spectrum, you jmay export
a repoift showing the spectral overlay of the match a table of the peaks of the ‘measurefl spectrum
compatfed to the reference spectrum can be included in the report. For commeficial databage the score
of the match result can also be recorded.

9 Testreport
The test refort of Raman spectrum shall include at least the following contents:

a) afull d¢gscription of the sample and sample preparation if any, areference to the document us¢d including
its yeai| of publication;

b) the testinstrument:
1) thginstrument model;

2) tesf conditions including spectral range,laser wavelength, laser power and its attenuption value,
exjjosure time, slit, pinhole and objectivelens;

¢) Raman|spectrum correction process as background correction and smoothing;
d) the idenptification results to showthe best match to the library reference spectrum;

e) any deyiations from the precedure, noting any additional peaks or peaks that are shifted from the
referenice spectrum;

f) any unysual features©bseérved;
g) the datg of the test;

Example te$t reperts are shown in Annex C and D.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Raman shift characteristic peaks of some plastics and functional groups

Table A.1 summarises some characteristic Raman peaks for common plastics. This information alone is not
sufficient for plastic identification, the full spectrum should be analysed, and the relative peak intensities
compared to the reference before an identification can be made. The peak positions of the key functional

groups are

given in Table A.2 and can also be used to identify the plastic.

Table A.1 — Raman shift characteristic peak of some plastics

No. Plastics Raman shift 1 Raman shift 2 Raman shift 3 Rama3n shift 4
cm'l cm'l cm'l tm1
1 PMMA 602 813 1184 1729
2 PC 637 887 1176 1230
3 PE 1062 1125 1418 14440
4 PP 841 1157 1322 1451
5 PET 857 1283 1602 1716
6 PS 621 1001 1032 1602
7 PVAc 632 1351 1441 1733
8 ABS 622 1003 1668 4237
9 POM 921 1093 1492 2925
10 PA6 933 1128 1309 1638
11 PA66 953 1130 1443 1653
12 PVC 636 694 1427 4939

Table A.2 — Raman shift range of key functional groups

Functional group Mode Raman shift range
(cm™)

C-C Aliphatic chain vibrations 600 -1 300

C-0 Symmetric stretching 820 -1 050

C-0 Antisymmetric stretching 1070-1130
CH, Deformation - twisting 1230-1280
CN Stretching 1250-1290
CH, Deformation-wagging 1330-1370
CH, Bending 1440-1480
C=0 Amide I ,Stretching 1640-1690
C=0 Stretching 1715-1735
CH Stretching 2880-2890
CH, Symmetric stretching 2850-2900
CH, Antisymmetric stretching 2910-2960

© IS0 2024 - All rights reserved
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Annex B
(informative)

Spectral database identification

For accurate identification of plastics, it is important to take into account the relative peak intensities as
well as peak positions. This can be done by using a spectral database which matches the complete spectral
profile to identify unknown samples. Built in spectral database search tools automate this process and show
overlays of the measured unknown spectrum with the best match in the database.

A typical erltry for a common plastic in the database is shown in Figure B.1. All peak positiong are clearly

labelled ang

The databa

Pos (cm™)
621.87 0.24
747.22 0.0986
1002.75 1

1032.64 0.29
1080.85 0.11
1157.02 0.15
1183.06 0.19
1200.42 0.21
1276.59 0.29
1304.56 0.37
1438.59 0.38
1584.19 0.18
1603.47 0.35
1641.08 0.23
1668.08 0.61
2237.95 0.14
2845.43 042
2908.10 071
3001.63 0.34
3054.67 0.39

Height

Figure B.1 — A typicalientry for a common plastic in a spectral database

| the relative peak intensities can be tabulated allowing for manual verification'of regults.
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Figure B.2 — Functional group analysis
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TableB.1 provides the functional group analysis of a heat resistant polypropylene carried out using
KnowlItAll®Y spectral library, shown with the functional group peak position overlayed on the spectrum.

Table B.1 — Functional group analysis

Bond Range Intensity Mode
CH 2900-2 880 weak stretching
CH 1350-1320 weak deformation
CH2 2960-2910 medium antisymmetric stretching
CH2 2900-2850 medium symmetric stretching
CH2 1480-1440 medium deformation/bending
€2 1+376—1336 et deformation/wagging
CH2 1280-1230 medium deformation/twisting
C-0 1130-1070 strong antisymmetric stretching
C-0 1050 -820 medium-weak symmetric stretching

1) KnowlItAll® is a registered trademark of Wiley & Sons, Inc. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of the product named. Equivalent products may be used if
they can be shown to lead to the same results.
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Annex C
(informative)

Example test measurement 1

Figure C.1 presents the measurement conditions and results for the identification of a general use plastics.
This is a single point measurement on the surface of a sample. KnowItAll® Raman Database was used to
identify the sample.

© IS0 2024 - All rights reserved
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PLASTIC IDENTIFICATION TEST REPORT

SAMPLE ID GU_ 1 _ 2

SAMPLE TYPE X GENERAL USE | O COLOURED | O MULTILAYER

SAMPLE Opaque white-coloured pellets were placed on a glass slide on the
PREPARATION microscope stage,

DEVICE RMS | MANUFACTURER EDINBURGH INSTRUMENTS

Wavelength | Objective| Grating |Pinhole | Slit Laser Exposure | Accumulations
(nm) lens |(lines/mm) (um) power time

(%) (s)

785 10x/0,25 600 100 um | 70 100 20 3
RAMAN SPECTRUM

1,00
0,95
0,90
0,85
0,80
0,75
0,70
0,65
0,60
0,55
0,50
0,45
0,40
0,35
0,30
0,25
0,20
0,15

0,10 k

0,05

Counts

200 400 600 800 1000 1200 1400 .1600 1800 2000 2200 2400 2600 2800 3000 3200

PROCESSING Cosmic ray removal [ %|\Background correction [J Other:

DATABASE SEARCH KnowltAll, Wiley

- QRX #843; ACRYLONITRILE/BUTADIENE/STYRBNE,,,
1,254 -GU-1 S

<
N
S,
)
-

0,75

~91199,72

82 907,68
83 004,12
-83 058,13

~——-u2 238,39

T T T T T T T T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Raman Shift !cm 1)

MATERIAL(S) IDENTIFIED QUA{;}? OF
ACRYLONITRILE-BUTADIENE-STYRENE RESINS 94,91 %

Figure C.1 — Measurement conditions and results for the identification of a general use plastics
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Annex D
(informative)

Example test measurement 2

In Figure D.1, the measurement conditions and results for the identification of a coloured plastic are
presented. This is a single point measurement on the surface of a sample. KnowlItAll® Raman Database was
used to identify the sample. In this example, two components were identified one for the plastic and the
other the colourant.

© IS0 2024 - All rights reserved
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PLASTIC IDENTIFICATION TEST REPORT

SAMPLE ID C _ 7

SAMPLE TYPE |[J GENERAL USE X COLOURED | 00 MULTILAYER

SAMPLE
PREPARATION

Dark green pellets, placed on a glass microscope slide,

DAL
| |
DEVICE RS [ MANUGFACT URER [ EDINBURGHINSTRUMENTS

Wavelength | Objective| Grating | Pinhole | Slit Laser Exposure| Accumulations
(nm) lens |(lines/mm) (nm) [ power time

(%) (s)
785 10x/0,25 600 300 pum | 70 20 2 5

RAMAN SPECTRUM

1,00
0,95
0,90
0,85
0,80
0,75
0,70
0,65
0,60
0,55
0,50
0,45
0,40
0,35
0,30
0,25
0,20
0,15
0,10
0,05

Counts

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200

Raman Shift cm -1

PROCESSING Cosmic ray removal [0 | Background correction | Other: Cropped range from
= 850 cm!

DATABASE SEARCH KnowltAll, Wiley (with manual assignment)

- QRX #1594; PPOLY(ETHYLRNE)*pH STABLE ANIONIC, EMULSION (Corrected)
15000 -C7 (Corrected) =

-
9
cn
~
-

10 000

1439,86

5000

——————=21 418,64
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- C7 (Corrected)

1537,67

20000

——a

——=1210,69

1280,13

15000

==681,14
———*=701,39

10 000 —

773’7:1'739,01

—-2976,30
=-21083,36

5000

464352
——————=1505.84

T T T T T T T
1800 2000 2200 2400 2600 2800 3000

cm -1

T T T T T T T T
200 400 600 800 1000 1200 1400 1600

MATERIAL(S) IDENTIFIED SCORE
Hostasol Green G-K 61,64 %
POLY(ETHYLENE)*pH STABLE ANIONIC EMULSION 60,59 %

Figure

The databa
can be achig

to 92,90 when restricted to the peaks shown in Figure D.2.

0,16
0,14
0,12
0,1
0,08
0,06
0,04
0,02
0

be scores were only 60 % for each component. In cases like this improvement in datd

D.1 — Measurement conditions and results for the identification of a coloured

ved by restricting the spectral region. For the same sample the scores.of Poly(ethylen

ADODOLAAONAAA AN

plastic

base match
L) improved

Key
1
2

databas
measur

Fig

Then for th

1400 | 1800 2200 | 2600
00 1600 2000 2 400 2

e spectrum
bd spectrum

ire D.2 — Seores of Poly(ethylene) improved to 92,90 when restricted to the pe

e colouring agent the match to Hostasol Green G-K increased to 94,05 when res

spectral ramgeas shown in Figure D.3.

[=)

aks

tricting the
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Key
1  databasp spectrum
2 measur¢d spectrum

Figure D.3 — Colouring agent the match to Hostasol Green G-K increased to 94,05 when rjestricting
the spectral range

This requirs more expertise and prior knowledge from the analyst to identify the regions to|restrict the
search to. However, the identification results are the same, only.the database match scores improve giving
more confidence in the result.
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