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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO

member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The ICP-OES (inductively coupled plasma - optical emission spectrophotometer) instrument is used to
determine the concentrations of certain elements in materials of interest. The main advantage of ICP-
OES over the AAS (atomic absorption spectroscopy) techniques in general is its multi-element capability,
its longer linear dynamic ranges and fewer condensed phase interferences. In addition, besides the
refractory compound-forming elements, elements such as iodine, phosphorus and sulfur are detected
with more sensitivity by the ICP-OES technique. ICP-OES is also known as ICP-AES (inductively coupled
plasma - atomic emission spectrophotometer).

[CP-QESwasfirstintroduced-asatechniquefortrace-elemental-analysis—Thetechnigque-experiences the
least|interference of any of the commonly used analytical atomic spectrometry techniqué¢s. Chemical
interfferences are largely eliminated by the high temperature of the plasma. Physicalnterferences can
be cqmpensated for by taking advantage of the ICP’s multi-element capability.

In IQP-OES, the light emitted by the excited atoms and ions in the plasmd.is"measurgd to obtain
inforymation about the sample. Because the excited species in the plasma emit-light at sevefral different
wavélengths, the emission from the plasma is polychromatic. This poly¢hromatic radiati¢n has to be
separated into individual wavelengths so the emission from each excited species can be identified and
its inftensity can be measured without interference from emission at-other wavelengths.

An important feature of the ICP that is not common to most otheremission sources is that sinde the sample
aerosol is introduced through the centre of the ICP, it can be surrdunded by the high tempergture plasma
for ajcomparatively long time, approximately 2 ms. It is this long residence time of the analyt¢ particles in
the centre of the plasma that is largely responsible for the Tack of matrix interferences in the [CP.

The dletermination described in this International Standard is important with respect to prpduct safety
and the environment. ICP-OES is a state-of-the artinstrument for accurate detection of the frace metals
in rapv and vulcanized samples of rubber including latex.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD ISO 19050:2015(E)

Rubber, raw, vulcanised — Determination of metal
content by ICP-OES

WARNING 1 — Persons using this International Standard should be familiar with normal
laboratory practice. This International Standard does not purport to address all of the safety
problems, if any, associated with its use. It is the responsibility of the user to establish appropriate

safety and health practices and to ensure compliance with any national regulatory conditions.

WARNING 2 — Certain procedures specified in this International Standard 'mj
the ©ise or generation of substances, or the generation of waste, that could consti
environmental hazard. Reference should be made to appropriate documentati
handling and disposal after use.

1

This|International Standard describes the method of determination<of both major and tr
metdl contents in rubber — raw, vulcanized — by ICP-OES.

2
The

indis
refer|
ISO 1
ISO 1
ISO 1

ISO 1

3 1

An a
indu
are

emis|
are 1
aque

cope

ormative references

following documents, in whole or in part, are nofmatively referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

23, Rubber latex — Sampling
24, Latex, rubber — Determination af,total solids content
795, Rubber, raw natural and raw-sSynthetic — Sampling and further preparative proced

8899:2013, Rubber — Guide'to the calibration of test equipment

Principle

queous sample )iS converted to an aerosol via a nebulizer. The aerosol is transpc
ctively coupled plasma which has a high temperature zone (8 000 °C to 10 000 °C). T
heated (excited) to different (atomic and/or ionic) states and produce character
sions. These emissions are separated based on their respective wavelengths and thei
heasured (spectrometry). The intensities are proportional to the concentrations of an
pGs) sample. The quantification is carried out via an external multipoint linear star

ay involve
fute a local
bn on safe

hce levels of

ent and are
For undated
es.

ures

rted to the
he analytes
stic optical
Ir intensities
hlytes in the
dardization

obta

ned by comparing the emission intensity or an unknown sample with that of a standa

process flow of atomization of sample in ICP-OES is shown in Annex B.

4 Reagents

rd sample. A

Use only reagents of recognized analytical grade, unless otherwise specified, and distilled or deionized

wate

r or water of equivalent purity.

4.1 Ultra-pure grade of concentrated nitric acid, density 1,42 g/ml.
4.2 Ultra-pure grade of concentrated hydrochloric acid, density 1,19 g/ml.
© IS0 2015 - All rights reserved 1
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pure grade of concentrated sulfuric acid, density 1,83 g/ml.

4.4 Multi-element primary standard solution, traceable to NIST (National Institute of Standards

and Technol

ogy) or any national metrological institute (NMI).

4.5 Single-element primary standard solutions, traceable to NIST or any NMI.

4.6 Ammonium oxalate saturated solution.

m solution, 1 000 ug/g.

4.7 Yttri

4.8 Dilute
4.9 Dilute
5 Appar

Usual labord

5.1 ICP-O
mirror. This
device such
an electrical
then display

in Figure 1. |

5.1.1 Test
basic parts {

5.1.1.1 Pe

5.1.1.2 Ne

d nitric acid.

d HCL

atus

tory apparatus and glassware and, in particular, the following,

ES system. A portion of the photons emitted by the ICP isycollected with a lens or a co

\ description of the different components is given in 5.1.1 to 5.1.4.

solution introduction, to produce a steady aerosol of very fine droplets. There are
0 the sample introduction system aslisted in 5.1.1.1 to 5.1.1.3.

ristaltic pump, to draw up the-test solution and deliver it to the nebulizer.

bulizer, to convert the solution to an aerosol that is sent to the spray chamber.

5.1.1.3 S

ray chamber, to filter out the large, uneven droplets from the aerosol.

5.1.2 Enlergy source to’ get atoms sufficiently energized such that they emit light. There are

basic parts

5.1.2.1 Rddiofrequency generator, to generate an oscillating electro-magnetic field at a frequen
27,12 MHz. This radiation is directed to the load coil. Equipment are also available with electro-mag

the energysource as listed in 5.1.2.1 to 5.1.2.3.

Ccave

focusing optic forms an image of the ICP on the entrance aperture of a wavelength selection
as a monochromator. The particular wavelength exiting the monochromator is converted to
signal by a photodetector. The signal is amplified afid processed by the detector electrgnics,
ed and stored by a personal computer. Different\components of the instruments are shown

three

three

cy of

netic

field at a frequency of 40,68 MHZ

5.1.2.2 Load coil, to deliver the radiation to the torch.

5.1.2.3 Torch, having argon flowing through it which will form a plasma in the RF field.

5.1.3 Spectrometer, to diffract the white light from the plasma into wavelengths. There are several
types of spectrometers used for ICP. Regardless of type, all of them use a diffraction grating.

5.1.4 Detector, to measure the intensity of the wavelengths. The detector is a silicon chip that is
composed of many individual photo-active sections called “picture elements”. These picture elements, or
pixels, will build up charge as photons impinge on them. Individual pixels are of a size such that they can
be used to measure individual wavelengths.

2
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5.2 Analytical balance, capable of weighing to the nearest + 0,1 mg.
5.3 Micro syringe, calibrated.

5.4 Hot plate.

5.5 Pipettes, of different capacities i.e. 10 ml, 20 ml.

5.6 Micro-Kjeldahl digestion flask.

5.7 | Muffle furnace.

5.8 | TFM (tetrafluoroethylene modified) vessel.
5.9 | Microwave digestion system.

5.10| Sample rack of autosampler.

5.11| Filter paper, Whatman No. 44.

5.12| Silica or platinum dish.

_ Transfer Optics

Radio 4 Q
Frequency Spectrometer
Generator
PMT
Argon Nebulizer —__ |

aumn, Spray Mlcruprocfsnr
< Chamber and Electronics

To Waste

Computer

Figure 1 — Different components of a typical ICP-OES instrument

6 Calibration

The instrument shall be calibrated in accordance with the schedule given in Annex A.

© IS0 2015 - All rights reserved 3
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e preparation

7.1 General

There are four major steps involved in the analysis of metal contents.

obtaining a representative laboratory sample from the bulk received for testing;

osition of organic matter;

separation and concentration of the element of interest;

a)
b) decomp
c)
d) determi
7.2 Samp

For solid rul
specified in

For latex, ta
specified in

7.3 Deco

The commo

a) wet oxidlation (see 7.3.1);

b) dryash

C) microw
7.3.1 Wet
7.3.11 Tr

7.3.1.2 Ad
reduce the Y
Add further
of nitric aciq
fumes are ey

7.3.1.3 At
again boil

nation.
ling

pber, take the laboratory sample and prepare the test piece in accordance:with the mq
[SO 1795.

ke the laboratory sample in accordance with ISO 123 and prepare.the dry latex test pig
[SO 124.

mposition of organic matter

nly used methods of destruction of organic matter are;

ng (see 7.3.2);

pve digestion (see 7.3.3).
oxidation
hnsfer 0,5 g to 1,0 g of the testipiece into a micro-Kjeldahl digestion flask.

d 20 ml concentratedynitric acid and up to 20 ml water. Boil the contents of the fla
rolume to 20 ml. Coelthe solution, add 10 ml of concentrated sulfuric acid and boil 4
small quantitiesCef nitric acid whenever the contents begin to blacken. When the add
| is no longer-negessary (i.e. when the liquid no longer blackens) continue heating till
rolved.

this stage, cool the solution and add 10 ml of saturated ammonium oxalate solutior]
ntil\white fumes are again produced. The oxalate treatment assists in removing y

coloration d

thod

ce as

sk to
gain.
ition
white

and
pllow

ue-to nitro compounds, so that the final solution is colourless. Make the final volume of

H0ml

in a polypropylene bottle using deionized water.

7.3.1.4 Blanks shall be prepared with the same quantities of the reagents as are used in the test but

omitting the

test portion.

Precaution should be taken during the wet oxidation procedure in case of titanium and tin.

7.3.2 Dry

7.3.2.1

ashing

Weigh accurately 0,5 g to 1,0 g of the test piece in a tared silica or platinum dish.

© ISO 2015 - All rights reserved
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7.3.2.2 Heat the dish firstly by means of a soft flame or hot plate to volatilise as much organic matter as
possible, then transfer it to a temperature controlled muffle furnace held at about 300 °C.

7.3.2.3 Once the material has dried and charred, increase the temperature to 550 °C and ash at this
temperature till no carbon remains. If it is suspected that all carbon has not been removed, cool the ash, add
about 1 ml to 2 ml of concentrated nitric acid, evaporate to dryness and heat again in the muffle furnace.

7.3.2.4 After ashing is complete, remove the dish from the muffle furnace, cool, cover the dish with
a watch glass, and gently add 40 ml to 50 ml of hydrochloric acid (1+1). Rinse down the watch glass
with water and heat on a steam bath for 30 min, remove the cover and rinse. Continue heating for

anot

7.3.4.5 Add 10 ml of hydrochloric acid (1+1) and water to dissolve the salts.

7.3.2.6 Filter into a 100 ml volumetric flask using Whatman No. 44 filter papef. Wash the r'
using dilute HCl. Make up to volume with deionized water using a microsyringe:

[tisjecessary to use reagents and distilled water of suitably low metal gontént taking into ¢

that

NOTH
(volu
(1+2)

7.3.2
omit

7.3.2
desc

7.3.3

7.3.3

7.3.3

7.3.3

7.3.3

220 .
ICT OU IIIIII.

ne/mass) of (liquid/solid) reagent and the second numeral indicates volume of water. For
means reagent prepared by mixing one volume of HCI with two volumes of water.

.7 Blanks shall be prepared with the same quantities of the reagents as are used in
[ing the test portion.

.8 Alternatively dissolution of the igorganic residue using nitric acid can be cai
ribed in ISO 6101.

Microwave digestion
.1 Place a TFM vessel©nthe balance plate, tare and weigh the test piece of 0,5 gto 1,
.2 Add 5 ml of ceniéentrated HNO3 to each vessel.
.3 Assemble-the vessel according to the manufacturer’s instructions.

.4 Place assembled vessels into the microwave oven according to the manufacturer’s

7.3.3

bsidue twice

nsideration

the concentrated mineral acids are generally used in amounts séyeral times more than the sample.
Even|when suitable reagents are used, reagent blank determinatien'is still necessary.

In expressions like (1+2), (1+3) etc. used with the namevof a reagent, the first numgral indicates

example HCI

the test but

Tied out as

nstructions.

.5~ Program the oven with parameters that are known to digest the material safely an

d effectively

(producing a clear digest when diluted). Recommended parameters are listed in Table 1. It may be
necessary to adjust these parameters to accommodate variations between individual instruments.

© ISO

Table 1 — Typical parameters for microwave digestion

Power 1200 Wa

Ramp time 10 min

Final temperature 180 °C

Temperature hold time 10 min

Cool down time 10 min

a  [fthere are less than eight vessels in the microwave the wattage can be lowered.

2015 - All rights reserved
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Initiate oven program and digest samples.

7.3.3.7 Allow vessels to cool, then transfer to a fume hood and allow vessels to equilibrate to room
temperature.

7.3.3.8 Slowly open the vent fittings and vent to atmospheric pressure, then disassemble vessels.

7.3.3.9 Place vessel liners into the evaporation carousel and assemble according to the manufacturer’s

instructions

7.3.3.10 PI4

7.3.3.11 Pr
parameters

7.3.3.12 In

7.3.3.13 On
oven and di
50 ml polyp

ice the evaporation assembly into the microwave.

pgram the oven to reduce solution volumes to approximately 1 ml. Typical pro
are listed in Table 2.

Table 2 — Typical parameters for microwave evaporation

Power 600 W

Ramp time 5 min

Final temperature 120<C

Temperature hold time 3,5 min a

Cool down time 10 min

a  Typical value required when 8 vessels are used. Holdtimes required to achieve a final
volume of 1 mL for any given number of vessels shall be determined experimentally.

tiate the oven program and evaporate solutions.

smantle. Flush the evaporation ‘manifold with deionized water. Transfer the material
fopylene bottle. Make up the volume with deionized water.

7.4 Preparation of standard solution and test solution

WARNING -

polypropyl
acid and dd
immediate

7.4.1 Prej

— Metals might be“leached from glass by nitric acid. Store all standard solutio
ene or other inert containers. If glassware is used, it should be cleaned with 1
dicated for/trace metals analyses. Standards prepared in glassware should be
y or transferred to suitable containers for storage.

are the-multi-element standard solution as per manufacturer’s instruction.

bram

ce the vessels have cooled to roomi:temperature, remove the evaporation assembly fromn the

into

s in
itric
nsed

7.4.2 A solution of 3 % to o % (V/V) Nitric acid prepared from the concentrated nitric acid, shall be
used as a calibration blank.

7.4.3 Working standards, as required, are made by diluting 5 ml of multi-element primary standard to

500 ml with

3 % to 5 % nitric acid.

7.4.4 Prepare test solutions depending on the sample matrix or analyte concentrations.

NOTE

Low-volume or “over concentrated” test solutions are diluted before analysis. Turbid solutions are left

to stand overnight so that particles settle down to the bottom, or the samples are centrifuged. Yttrium (Y) may
be used as an internal reference standard.

© ISO 2015 - All rights reserved
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8 Procedure

8.1 Five working standard solutions or as applicable for analysis, are prepared from independent
primary standard solutions.

8.2 Turn on the power to the instrument as per the manufacturer’s instructions.

8.3 The solution introduction system is checked and the wavelengths are tuned. Typical instrument
conditions are given in Table 3. Instrumental conditions can be adjusted as per the manufacturer’s
instructions.

Table 3 — Typical example of ICP-OES instrument conditions
ICP-QES parameters Condition
Plasina forward power 1150 W
Coolant gas flow rate Instrument default
Auxifiary gas flow rate Low
Nebylizer pressure 16 psi
Pump rate 100 rpm
Sample uptake rate 1 ml/min to 2 ml/min
Sample uptake time 30s
Acquisition 30 s low wavelengthwange, 10 s high wavelength range. Twice
Wash solution Deionized water orwery dilute acid (<15 v/v)
WasI time 15s

8.4 | Equipment check

8.4.1 Check the liquid nitrogen and the liquid argon.
8.4.21 Check the CID temperatture (-90 °C).

8.4.3 Confirm that the'exhaust fan is on.

8.4.4 Lock peristaltic pump platens down.

8.4.3 Drainrthe spray chamber if needed.

8.4.6__gnite the plasma. Confirm that the waste is being pumped out

If the plasma does not light, the most likely cause is either that there is a leak of air into the solution
introduction system, or the purge was insufficient. Find the leak or increase the purge time.

8.4.7 Warm up for at least 30 min.

8.5 Preparation of Calibration Curve

Calibrate the ICP-OES. Then read the emission for the blank solution and for a series of respective metal
solutions of working range in the ICP-OES. For optimum accuracy use the best emission line (given by
the equipment supplier). Plot the absorbance against concentration of metal solutions [0 mg/] (sample
blank), 0,1 mg/l, 0,2 mg/1, 0,5 mg/], 1 mg/l and 2 mg/l1].

© IS0 2015 - All rights reserved 7
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8.6 Test Run

8.6.1 Aspirea1 000 pg/g yttrium solution to the system, check and confirm that the yttrium bullet is half
way between the coil top and the torch top. The bullet position is adjusted by setting the nebulizer pressure.

NOTE Use of yttrium as an internal standard is for drift correction, accuracy improvement and repeatability

improvement. An internal standard is used to correct between sample variations - such as the differences in
sample matrix.

8.6.2 Using an in-house tune solution (containing 1 ug/g to 50 pg/g of multi-elements), carry out “Auto

peak adjustment.”

8.6.3 Aspire 10 % to 30 % nitric acid for 1 min to 2 min to clean the system. Set up the ICP-OES working
standards, measure, and carry out the standardization. Check and confirm the standardization result by
checking th¢ slopes, intercepts, and correlation coefficients.

8.6.4 Meakure a 3 % to 5 % nitric acid solution for two times as the measurement blanks.

8.6.5 Setthe sample rack(s) into place when using an autosampler. Start the whole acquisition sequgnce.
8.6.6 The|concentration is determined from the measured absorbance)using the prepared calibrption
curve. If the|absorbance is going out of the calibration range, then dilGte the solution further to brjng it
back into the calibration range.

8.6.7 Aftel the analysis has been completed, thoroughly*tinse the solution introduction system by

aspiring dei
8.6.8 Shut
8.6.9 Relg

8.6.10 Dow

bnized water for 5 min to 10 min.
down the instrument (extinguish the plasma and shut down the RF generator).
se the peristaltic pump.

nload all of the concentration‘data.

8.6.11 If applicable, the results are corrected based on yttrium, an internal reference standard.

8.6.12 The
of the other

8.6.13 Che

results of the measurement blanks are averaged. This averaged blank is subtracted from all

samples.

k the analyte results against their respective detection limits.

8.6.14 App

y-dilution factors if appropriate.

8.6.15 Generate out-going reports.

8.6.16 In order to check the efficiency of the procedure, prepare a spiked laboratory sample by adding
a known concentration of metals to the laboratory sample and follow the solution preparation technique
as applicable. Analyse the resulting solution. Subtract the result from the laboratory sample from this
result and calculate the recovery factor from the known added amount.

NOTE1 Percentrecovery (%R) of spiked samples = 100 x (xs - xy)/K, where Xs is the measured concentration
of the spiked sample, x, is the measured concentration of the unspiked sample, and K is the known
concentration of spike.

NOTE 2  Percent recovery (%R) for standard reference materials = 100 x x/Kj, where x is the measured
concentration of the NIST standard, and K; is the known concentration of NIST standard.

8 © IS0 2015 - All rights reserved
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8.6.17 Calculate the analyte concentration in digested samples, using Formula (1):

_Ce x Ve xD
m

Cs (1)

where
Cs 1isthe analyte concentration in digested samples (pg/g);

Ce isthe analyte concentration (ug/1);

H £l £3 1 1 4 £ 1 L 1
C IS5 LIIT TI1Idl oalupxc CALIdUU VUIUILIIT \1111),
D isthe dilution factor (I/ml*mg/g), if secondary dilution was made;

m is the sample mass (mg).

9 Test Report

The test report shall include the following information:

a) gample details:

1) full description of the sample and its origin,

2) method of preparation of test piece from the sample,
3) type of digestion method used;

b) test method:

1) afullreference to the test methodused, i.e. the number of this International Standard|(ISO 19050),
2) the test procedure used,

3) the type of test piece used;

c) {est details of any procedures not specified in this International Standard;
d) f{estresults:

1) the numbef oftest pieces used,

2) theindividual test results,

3) themean results,

4)-"the recovery factor;

e) date(s) of test.

© IS0 2015 - All rights reserved 9
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Annex A
(normative)

Calibration schedule

A.1 Inspection

Before any (
inspection
ismadeint

It shall be
parameters

formally caliibrated. If such parameters are liable to change, then the need for,periodic checks sh{

written into

A.2 Sche

Verification
frequency o
individual 13

The calibraf]
in the test
the main teq

For each p
publication
or detailed ¢

The verifica
The code let
R Use
U Inuj

hscertained that the apparatus is generally fit for the intended purpose, including

tion frequency for each parameter is given by a code-letter.

alibration is undertaken, the condition of the items to be calibrated shall be ascertain
nd recorded on any calibration report or certificate. It shall be reported whethercalibr
e ‘as-received’ condition or after rectification of any abnormality or fault.

specified as approximate and for which the apparatus does not therefore need {

the detailed calibration procedures.

dule

calibration of the test apparatus is a normative part of this International Standard
[ calibration and the procedures used are, unless otherwise stated, at the discretion d
boratory using ISO 18899 for guidance.

ion schedule given in Table A.1 has been compiled by listing all of the parameters speg
ethod, together with the specified requireiment. A parameter and requirement can rels
t apparatus, part of that apparatus or td.an ancillary apparatus necessary for the test.

hrameter, a calibration procedurel’is indicated by reference to ISO 18899, to an
br to a procedure particular to the/test method which is detailed (whenever a more sp
alibration procedure than inilSO 18899 is available, it shall be used in preference).

ters used in the calibration schedule are:
bf certified referénce material

e

Table A.1 — Calibration frequency schedule

ed by
htion

any
o be
111 be

The
f the

ified
te to

bther
beific

Verification

C

el 133
SHperatsein

Parameter

frequency Notes

guide

Requirement 1SO 18899:2013

Mass

Accurate to = 0,01 mg 22.2 R

Calibrated weight

Reference materials

Different analytical stand-

ards u

analysis

Every time during

In addition to the items listed in Table A.1, use of the following is implied, which needs calibrating in
accordance with ISO 18899:

— athermometer for monitoring the conditioning and test temperatures.
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