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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
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Fibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
Fent types of ISO documents should be noted. This document was drafted in acéordapce with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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nt rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
it rights identified during the development of the document will be(inthe Introductign and/or on
50 list of patent declarations received (see www.iso.org/patents):

frade name used in this document is information given for the'éonvenience of users gnd does not
fitute an endorsement.
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fommittee responsible for this document is ISQ/TC 206, Fine ceramics.
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Introduction

This International Standard describes the chemical analysis of boron nitride powders for use in fine
ceramics applications. Determination methods of both main and trace constituents of interest are fully
covered.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Methods for chemical analysis of boron
nitride powders

1 Scope

This

powdlers used as the raw material for fine ceramics.
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Normative references

International Standard specifies the methods for the chemical analysis of fine th

International Standard stipulates the analysis methods of total boron, free boron, to
inium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manga
5sium, silicon, sodium, titanium, vanadium, zinc, carbon, and oxygen in.boron nitride
eramics. Total boronis determined by using either a fusion-titration method or a fusion

Higestion—-1CP-OES or a methanol extraction-ICP-OES. If necessary,the boron amount y
the hydrolysis ofboronnitride during sample treatmentis corrected using spectrophotqg
gen is determined by using either an acid pressure decompgsition-distillation separati
od or an inert gas fusion-thermal conductivity method./Silicon is determined by usi
ES. Aluminium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium,
1, titanium, vanadium, zinc are determined by using.an acid pressure decomposition|

), flame emission spectrometry (FES), or ICP-QESfollowing acid pressure decompositig
'mined by using a combustion-IR absorptiomwspectrometry or a combustion-thermal
od. Oxygen is determined by using an inert gas fusion-IR absorption spectrometry.

following documents, in whele -or in part, are normatively 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

D698-1:2007, Chemical-analysis of nitride bonded silicon carbide refractories - Part 1: Chem|
696, Water foranalytical laboratory use — Specification and test methods
353-3, Redgents for chemical analysis — Part 3: Specifications — Second series

138, Abrasive grains — Sampling and splitting

1068-2:2008, Chemical analysis of silicon-carbide-containing raw materials and refractor)

bron nitride

fal nitrogen,
nese, nickel,
powders for
-inductively

led plasma-optical emission spectrometry (ICP-OES). Free boron, iS-determined by using either an

which arises
metry. Total

lon-titration

ng a fusion-
manganese,
-ICP-OES or

ion-ICP-OES. Sodium and potassium are determined by using atomic absorption spectrometry

n. Carbonis
ronductivity

ent and are
For undated
es.

ical methods

y products —

< Determindation oj 10SS on ignition, totdl carbon, jree carbon and silicon carbide, total a

and total and free silicon

3 General rules in chemical analysis

d free silica

Chemical analysis shall be performed in accordance with general rules regulated as standards, if

avail

able.

4 Analysis items

Analysis items specified in this International Standard shall be as follows:

a) Total boron (T.B)
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2014 - All rights reserved


https://standardsiso.com/api/?name=e13a506c253490b51afdbe172fb44543

ISO 17942:2014(E)

b) Free boron (F.B)

c) Total nitrogen (T.N)
d) Silicon (Si)

e) Aluminium (Al)

f) Cadmium (Cd)

g) Calcium (Ca)

h) Chromipm{€rs
i) Cobalt (Co)

j)  Copper (Cu)

k) Iron (Fq)
1) Lead (Pp)
m) Magnesjum (Mg)
n) Manganese (Mn)
o) Nickel (Ni)

p) Titanium (Ti)

q) Vanadiym (V)

r) Zinc (Zy)
s) Sodium|(Na)
t) Potassiyim (K)
u) Carbon|C)

v) Oxygen|(0)

5 Sampling, weighing,and drying of sample

The method of preparing samples shall be in accordance with ISO 9138 unless otherwise mutually
agreed uporn between the analyser and customer.

5.1 Sampling

Take the sample in accordance with ISO 9138.

5.2 Weighing

Weigh the sample of the required quantity to the nearest 0,1 mg using an electric balance.

5.3 Drying

Take about 10 g of the sample into a flat-type weighing bottle (60 mm x 30 mm) and spread it uniformly

over the bottom of the bottle. Place the bottle in an air bath at (120 + 5) °C for 2 h without a lid, and then
cool in a desiccator (desiccant: magnesium perchlorate for drying) with a lid for 1 h.

2 © ISO 2014 - All rights reserved
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6 Reporting analytical values

6.1

Number of analyses

Analyse the sample twice on different days.

6.2

Blank test

Upon analysis, perform a blank test to correct the measured values.

6.3
a) \

b) |

q

6.4
The 4

a)

b) 1
c ¢

kvaluation or analytical values

Vhen the difference between two analytical values does not exceed the tolerance'show
he average value shall be reported.

Vhen the difference between two analytical values exceeds the tolerance,shown in Tab]

gdditional two analyses. When the difference does not exceed the tolerance, the av

nin Table 1,

e 1, perform
erage value

hereof shall be reported. If the difference also exceeds the tolerance, the median of four analytical

ralues shall be reported.

Expression of analytical values

inalytical values shall be given in % (mass fraction) in.dryness.

[otal boron and total nitrogen — express the results with two to four figures according to the

method used.

‘ree boron — express the results with two to four figures according to the method us

Dthers — express the results to the third decimal place.

Table 1—<"Tolerance on analytical values

ed.

b

c A

hert gas fusion-thermal conductivity method.

pplicable to the content of less than 0,01 % (mass fraction).

Unit: % (rpass fraction)
Component total-B  |free-B total-N |Si, Al, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, C D
Mn, Ni, Ti, V, Zn,
K, Na
Toletance 0,30 0,302 0,001c 0.005 D,01e
0,40b 0,005d D,05f
a  Acid pressure,decomposition-distillation separation-acidimetric titration method.

da A

g

T Tl ot sl " PR ol ) a0 L £ b hY
PPIHLAUIT LU LIIT CULILTIIL UT TTULITSS LAl U, U 1770 (II1dS55 TT dULIULL).

e Applicable to the content of less than 1,0 % (mass fraction).

f Applicable to the content of not less than 1,0 % (mass fraction).

7 Determination methods of total boron

7.1

Classification of determination methods

Total boron shall be determined by either of the following methods. If analytical results with three or
four figures are required, use method A; whereas if two figures are required, method B can be used.

© ISO
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— Method B, fusion-ICP-OES
7.2 Fusion-acidimetric titration method

7.2.1 Principle

Fuse the sample with sodium carbonate and dissolve the melt in hydrochloric acid. Adjust the solution to
pH 6,4 after removal of carbon dioxide. Add mannitol, and then titrate with sodium hydroxide solution
to pH 6,4.

This method shall be used to obtain the results of three or four figures

7.2.2 Reagents

Reagents off analytical grade shall be used. Reagent solutions shall be preserved inyplastic bqttles
(products made of polyethylene, polypropylene, and tetrafluoroethylene resin aré’available.)| The
standard so|utions being SI traceable shall be used.

7.2.2.1 Water, Grade 1 or superior as specified in ISO 3696.

7.2.2.2 Soldium carbonate, anhydrous, as specified in ISO 6353-3 or-that of higher grade.
7.2.2.3 Hydrochloric acid (1+1), (1+50), prepare from hydrochloric acid, respectively.
7.2.2.4 Sodium hydroxide, more than 97,0 % (mass fraction) of purity.

7.2.2.5 Soldium hydroxide solution (200 g/1), (40.g/1), (20 g/1), prepare from sodium hydrdxide,
respectively.

7.2.2.6 Ethanol (95).

7.2.2.7 Ethanol-Sodium hydroxide {(1+1) mixed solution, prepare by mixing the same volurne of
ethanol (95] and a sodium hydroxidg.solution (200 g/1).

7.2.2.8 Mannitol.
7.2.2.9 Bgric acid, morethan 99,5 % (mass fraction) of purity.

7.2.2.10 Standardberon solution, weigh 1 g of boric acid (7.2.2.9) in a platinum crucible (for example,
30 ml) and Heat if\initially at a low temperature and finally at about 1 100 °C. After cooling in a desic¢ator,
weigh the mlass of boric oxide as B203. Take the product into a 200 ml beaker together with the crycible
and add 108snbefhebwaterHeatand-disselve it-After coslingtransfer the selutioninto+-200 ml

volumetric flask and dilute with water to the mark.

7.2.2.11 Methyl-red indicator solution, prepare by dissolving 0,10 g of methyl-red with 50 ml of
ethanol (95) (7.2.2.6) to make up to 100 ml by adding water.

7.2.2.12 0.2 mol/ 1 Sodium hydroxide solution, weigh 50 g of sodium hydroxide in a polyethylene
bottle and dissolve in 50 ml of water under cooling. Stand for a few days with a cap to precipitate sodium
carbonate. Take 20 ml of the supernatant and dilute with water to 2 000 ml. Preserve it into a polyethylene
bottle equipped with an absorption tube of carbon dioxide. The volume of equivalent to the boron shall
be obtained according to the following. Take exactly 50 ml of the standard boron solution (7.2.2.10) into a
200 ml beaker and add 12 ml of hydrochloric acid (1+1) (7.2.2.3) and a few drops of methyl-red indicator

4 © ISO 2014 - All rights reserved
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solution (7.2.2.11). After neutralization with the sodium hydroxide solution (40 g/1) (7.2.2.5), operate in
accordance with 7.2.5 g). Calculate the factor of this solution according to the following formula:

p(, 0.1748) 50 W
Vo | 200

where
F  isthe factor of boron content of 0,2 mol/l sodium hydroxide solution per 1 ml (g/ml);

G isthe weighed amount of boric acid in 7.2.2.9 (g);

Vo isthe consumed volume of 0,2 mol/I sodium hydroxide solution after addition efimannitol in
7.2.2.12 (ml).

7.2.3 Apparatus

Appdratus shall be as follows:

7.2.3.1 Platinum crucible (30 ml), with a platinum lid.

7.2.3.2 Electric furnace, adjustable to the temperature of (1100 * 25) °C.

7.2.3.3 pH meter, readable to the smallest value of 0, bequipped with a glass electrode.

7.2.4 Amount of sample

The yeighed amount of the sample shall be 0;10 g.

7.2.§ Operation
The ¢peration shall be as follows.

a) Take the sample aliquot inte’a platinum crucible (30 ml) and 2 ml of the ethanol-sodiuin hydroxide
ixed solution (7.2.2.A).

b) Heaton a hot plateyand then evaporate until dry.

c) Add 2,0 g ofSodium carbonate and heat initially at a low temperature. Elevate the femperature
radually tostart fusing (heat carefully to prevent the contents from scattering) by using an electric
urnace or.a Bunsen burner and keep the temperature for 15 min ~ 30 min during fusion. Fuse the
ample-at 950 °C ~ 1 000 °C. Keep the temperature as low as possible.

d) $tand the crucible for cooling with a lid and place the crucible into a 300 ml beaker. Add 50 ml of
water and 10 ml of hydrochloric acid (1+1) (7.2.2.3) and heat it on a hot plate with a watch glass to
dissolve the melt.

e) After dissolving, wash the crucible with small amount of water and add a few drops of the methyl-
red indicator solution (7.2.2.11). Neutralize the solution with a sodium hydroxide solution until its
colour turns yellow, and then add hydrochloric acid (1+50) (7.2.2.3) to return to red again.

f) Remove carbon dioxide in the solution by boiling or by purging nitrogen gas for 5 min with the
watch glass. Cool down to room temperature and wash the watch glass with small amount of water
before removing. Keep the total water volume not more than 150 ml while washing.

g) Stirring with a magnetic stirrer, titrate with 0,2 mol/l sodium hydroxide solution (7.2.2.12), depict
a titration curve around pH 6,4 using a pH meter, and determine the inflection point of the curve.
After removing the electrode, add 25 g of mannitol (7.2.2.8). Titrate again with the sodium hydroxide

© IS0 2014 - All rights reserved 5
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solution (7.2.2.12), depict a titration curve around pH 8,5, and determine the inflection point of the
curve. Calculate the total volume of titrant between two inflection points.

7.2.6 Blank test

Perform operations of 7.2.5 a) to 7.2.5 g) without taking a sample to obtain the blank test value of boron.

7.2.7 Calculation

Calculate the content of total boron in the sample according to the following formula:

(V[=Vo)xF
T.B="+4———x100 (2)

m

where

T.B is tIe content of total boron in the sample [% (mass fraction)];

V1 is the total volume of the 0,2 mol/l sodium hydroxide solution after the first addition of man-
nitql in 7.2.5 g) (ml);

Vo is the total volume of the 0,2 mol/l sodium hydroxide solution ofthe blank test after the fifst
addjiition of mannitol in 7.2.6 (ml);

F  isthe factor of the 0,2 mol/l sodium hydroxide solution in%2.2.12 (g);

m is the weighed amount of the sample in 7.2.5 a) (g).

7.3 Fusiagn-ICP-OES

7.3.1 Principle

To prepare 4 test solution, decompose the sample using base, spray into the argon plasma flame of ICP-
OES, and mdasure the emission intensity-at a selected wavelength.

This method can be used to obtajnthe results of two figures.

7.3.2 Reagents

Use only repgents of analytical grade unless stated to the contrary and prepare all solutions fising
distilled or deionized Water and store in polyethylene bottles.

WARNING +— Hydrochloric acid causes burns and has an irritating vapour. Prevent inhalation
and contact with skin and eyes. Proceed as for sulfuric acid, carrying out the dilution in a Iume
cupboard.

7.3.2.1 Hydrochloric acid, concentrated, density 1,095 g/ml.

7.3.2.2 Hydrochloric acid (1+1 solution), carefully add 50 ml of acid to 50 ml of water to a beaker
cooled in a water bath. Stir the mixture continuously. Allow to cool and store.

7.3.2.3 Nitricacid, p 1,42 g/ml.
7.3.2.4 Sodium peroxide (Naz03).

7.3.2.5 Sodium carbonate, anhydrous.

6 © ISO 2014 - All rights reserved
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7.3.2.6 Ethanol.

7.3.2.7 Boron standard solution, containing 1,000 g of boron (B) per litre. Do not dry. Dissolve 5,716 g
of anhydrous H3BO3 (B fraction = 0,174 9), accurately weighed to at least four significant figures, in
reagent water and dilute in a 1 1 volumetric flask with reagent water. Transfer immediately after mixing in
a clean polytetrafluoroethylene (PTFE) bottle to minimize any leaching of boron from the glass container.
The use of a non-glass volumetric flask is recommended to avoid boron contamination from glassware. A
1 ml of this standard solution contains 1,0 mg of boron.

7.3.3 Apparatus

Appdratus are ordinary laboratory apparatus and the following:

7.3.3.1 Glass beaker, with a range of appropriate volumes (100 ml, 250 ml).
7.3.3.2 Volumetric flask, with a range of appropriate volumes (100 ml, 250 ml; 500 ml, arjd 1 000 ml).
7.3.3.3 Burette, with a 0,1 ml scale and a maximum volume of 50 ml.
7.3.3.4 One-mark pipette, suitable for the transfer of each saniple solution or standard s¢lution.
7.3.3.5 Nickel crucibles.

7.3.3.6 Burner, such as a Mecker burner or a Bunsen-burner.
7.3.3.7 Desiccator, containing dried silica gel:ds’the drying agent.

7.3.3.8 Inductively coupled plasma emission spectrometer.

NOTH Refer to the manufacturer’s ifistructions for operation.
7.3.4 Procedure

7.3.4.1 Preparation oftest solution

a) Weigh, to the nearest 0,001 g, approximately 1,0 g of the test sample, and transfer the tgst sample in
4 nickel crucible.

b) Add 2,0 g of anhydrous sodium carbonate and 2,0 g of sodium peroxide and mix intijnately. Heat
over a_ burner slowly at first and gradually raise the temperature to the full heat unftil complete

- So be

c) Cool to ambient temperature and place in a 250 ml beaker. Extract with approximately 150 ml of
water containing 2 ml to 3 ml ethanol, heat to boiling until the melt from the walls of the crucible
has been separated. Remove the crucible and wash it with a small amount of water.

d) Add 10 ml of hydrochloric acid (7.3.2.1) and heat to 100 °C until the melt is completely dissolved.
Pour the dissolved sample into a 250 ml volumetric flask, make up to the mark, and mix.

e) Pipette 25 ml of the solution from the 250 ml volumetric flask into a new 250 ml volumetric flask,
make up to the mark, and mix. This solution is used as the test solution.

© ISO 2014 - All rights reserved 7
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7.3.4.2 Blank test

Carry out the procedure given in 7.3.4.1 without the sample, but omit the fusion of the flux. Designate
the resulting solution as blank solution.

7.3.4.3 Preparation of the calibration curve

a) To aseries of six 100 ml volumetric flasks, add respectively 0 ml, 1 ml, 5 ml, 10 ml, 20 ml, and 50 ml
boron standard solution (7.3.2.7). Add to each flask 5 ml hydrochloric acid 1+1, dilute to mark, and
mix.

b) Spraya
emissioh spectrometer, and measure the emission intensity for boron at 249,677 nm, 249,772 nm,
or 208,809 nm. Interferences may be encountered. Carefully choose the optimum wavelehgth free
from copcomitants.

7.3.5 Caldulation

Determine the concentration of boron in the test solution and in the blank from-the calibration clirve.
Calculate the boron content, B, as total boron, expressed in percent mass fraction, from Formula (3):

T.Bz(—cﬂxm‘* (3)

m

where

T.B is the total boron content in mass fraction (%);
C1 s the concentration, expressed in milligrams pérlitre, of boron in test solution;
C, is the concentration expressed in milligrams’per litre, of boron in blank test;

V  is the volume, in millilitres, of the testsolution described in 7.3.4.1 d);

m is the mass, in grams, of the test'portion.

8 Determination methods of free boron

8.1 Classjfication ofdetermination methods

Boron nitride may semeéwhat tend to receive hydrolysis and yield equivalent of boron oxide and ammjonia;
only the latf
equivalence
boron oxidd
dissolution of boron nitride. Extraction of only boron oxide without dissolving boron nitride is difficult.
However, the contribution of boron generated from boron nitride can be evaluated by the determination
of ammonia whose amount is equivalent to the boron.

Boron oxide shall be determined by any of the following methods. Both method A and method B include
the correction procedure for the boron amount which arises from the hydrolysis of boron nitride during
sample treatment stages. If analytical results with three or four figures are required for the total
boron, method A or C shall be used; whereas if two figures, either method A or C, without the correction
procedure or method B, can be used.

— Method A, Sulfuric acid digestion-ICP-OES and spectrophotometry
— Method B, Nitric acid digestion-ICP-OES

8 © ISO 2014 - All rights reserved
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— Method C, Methanol extraction-borate separation-ICP-OES and spectrophotometry
8.2 Sulfuric acid digestion-ICP-OES and spectrophotometry

8.2.1 Principle

Dissolve the sample in sulfuric acid and filtrate the insoluble. Determine boron by using ICP-OES. If
analytical results of three or four figures for the total boron are determined, the correction procedure
including ammonia determination of 8.2.5 a) and 8.2.5 c) to 8.2.5 f) shall be necessary.

8.2.27—Reagerts

Reagents shall be as follows.

8.2.2.1 Water, as specified in 7.2.2.1.

8.2.2.2 Sulfuric acid, 0,5 mol/], prepare with sulfuric acid.

8.2.2.3 EDTA solution (5 g/100 ml), prepare with EDTA.

8.2.2.4 Sodium hydroxide solution (20 g/100 ml), preparewith sodium hydroxide.
8.2.2.5 Phenol.

8.2.2.6 Acetone.

8.2.2.7 Sodium phenoxide solution, take 55 ml of a sodium hydroxide solution (20 g/100ml) (8.2.2.4)
in a heaker and gradually add 25 g of phenol{8.2.2.5) to the solution cooling in cold water. After cooling,
add ¢ ml of acetone (8.2.2.6) and dilute:with water to 200 ml. Store in a dark room below 10|°C.

8.2.2.8 Sodium hypochlorite solution, [1 % (mass fraction) of available chlorine]. Preparg by diluting
a cotnmercial sodium hypochlgrite solution, 5 % ~ 12 % (mass fraction) of available chloiine content,
with|water. Prepare fresh imfnediately before use.

8.2.2.9 Ammoniumion standard solution (NH4* 1 mg/ml).

NOTH A commereial standard solution being SI traceable is available.

8.2.2.10 Ammonium ion standard solution (NH4* 0.1 mg/ml), take 10 ml of an ammonium ion
standard. Splution (NH4* 1 mg/ml) (8.2.2.9) into a 100 ml plastic volumetric flask and dilut¢ with water
to the mark.

NOTE Products made of polyethylene, polypropylene, and tetrafluoroethylene resin are available for the
plastic volumetric flask.

8.2.2.11 Boron standard solution (B 1 mg/ml).

NOTE A commercial standard solution being SI traceable is available.

8.2.2.12 Boron standard solution (B 0,1 mg/ml), take 10 ml of a boron standard solution (1 mg/ml)
(8.2.2.11)intoa 100 ml plasticvolumetricflask,and dilute with water to the mark. Prepare freshimmediately
before use.

NOTE Products made of polyethylene, polypropylene, and tetrafluoroethylene resin are available for the
plastic volumetric flask.
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8.2.3 Instruments

Instruments shall be as follows.

8.2.3.1 ICP optical emission spectrometer.

8.2.3.2 Spectrophotometer.

8.2.4 Amount of sample

The weighe d-ameountefsample-shal-be-6;52

8.2.5 Opefration

The operatipn shall be as follows.

a)

b)

f)

8.2.6 Blank test

Take the sample into a 200 ml plastic beaker (products made of polyethylene, polypropylene,
and tetrafluoroethylene resin are available), and add 15ml of 0,5 mol/] sulfuric acid (8.2.2.2) and
35 ml of water. While stirring it occasionally at room temperature, let it stafid for 2 h. Wash oyt the
solution into a 100 ml volumetric flask and dilute with water to the mark. After shaking well, filter
the solution with a dried filter paper. This filtrate shall be used as thée sample solution.

Spray a[portion of the solution of 8.2.5 a) into an Ar plasma of IGPZOES and measure the emigsion
intensitly of boron at optimum wavelength, for example, 249,77nm.

NOTE The optimum wavelengths used for the measuremetit depend on the performance of each ICP
spectrorpeter. Select the wavelength at which the measurement is not affected by concomitantg. For
equipment which can be used to measure with higher ordek’spectrum lines, higher wavelength shall bg used
considenjing spectral interference and sensitivity.

Take an|aliquot of the sample solution 8.2.5 a)*(NH4* 5 ug ~ 100 pg) in a 100 ml plastic volunetric
flask (products made of polyethylene, polypropylene, and tetrafluoroethylene resin are available)
and add water to make about 30 ml.

Add 1 ml of the EDTA solution 8.2.2.3'and 10 ml of the sodium phenoxide solution (8.2.2.7) and mix
well.

Add 5m| of the sodium hypochlorite solution (8.2.2.8) and dilute with water to the mark and ghake
well. Kefep the temperatureof the solution at 20 °C ~ 25 °C and let it stand for 30 min.

Take an| aliquot of the‘solution in an absorption cell and measure the absorbance in the vicinjty of
630 nm

Perform opegrations of 8.2.5 a) and 8.2.5 b) without taking a sample to obtain the blank test value of
boron and perform operations of 8.2.5 a) and 8.2.5 c) to 8.2.5 f) to obtain the blank value of ammonia.

8.2.7 Drawing calibration curves

a)

b)

10

Take 15 ml of 0.5 mol/1 sulfuric acid (8.2.2.2) and 35 ml of water into several 100 ml plastic flasks
(products made of polyethylene, polypropylene, and tetrafluoroethylene resin are available), then
add exactly 0 ml ~ 10 ml of the boron standard solution (8.2.2.12) stepwise. Dilute with water to
the mark and mix well. These solutions for the calibration curve shall contain 0 pg ~ 1 000 pug of
boron. Operate the step of 8.2.5 b) and establish the relation between the emission intensity and the
amount of boron to draw a calibration curve.

Take exactly 0 ml to 20 ml of the ammonium ion standard solution (8.2.2.10) stepwise (NHs*
0 ug ~ 200 pg) into several 100 ml plastic flasks (products made of polyethylene, polypropylene,
and tetrafluoroethylene resin are available) and add water to make about 30ml. Operate the steps
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of 8.2.5 c) to 8.2.5 f) and establish the relation between the emission intensity and the amount of
ammonium to draw a calibration curve.

8.2.8 Calculation

Obtain the amount of boron by 8.2.5 a) to 8.2.5 b) and 8.2.6 referring to the calibration curve drawn
in 8.2.7 a); whereas obtain the amount of ammonia by 8.2.5 c) to 8.2.5 f) and 8.2.6 according to the
calibration curve drawn in 8.2.7 b). Calculate the content of free boron (boron oxide) in the sample
according to the following formula:

[(A;—Ay)x3,220 |-[ (A4, — Ay )x1,930]

whel

8.3

8.3.1

Nitri
areo

by inductively coupled plasma-atomic emission spectroscopy.

8.3.2

Duri

3,220 is the conversion factor of boron (B) into boron oxide (B203);

1,930 is the conversion factor of ammefium ion into the equivalent boron oxide (B203

Uy
m

B is the content of free boron as boron oxide in the sample [% (mass fraction)];

o is the amount of boron in the blank test solution obtained by 8.2.6 and 8.2.7 a) (

Lo is the amount of ammonim ions in the sample solutionobtained by 8.2.5 f) and

1 is the amount of boron in the sample solution obtained by 8.2.5.b)'and 8.2.7 a) (g

(“4)
)’);
2);
B.2.7 b) (g);

oo is the amount of ammonium ions in the blank test Solution obtained by 8.2.6 an

(8);
n is the weighed amount of the sample in 8.2.573) (g);

Nitric acid digestion-ICP-OES

Principle

C acid digestion-ICP-OES is a method in which the soluble compounds in the boron nit
btained by treatmerit with diluted nitricacid. After filtration, the free boronin filtrate is

Reagents

hg the@nalysis, use only reagents of recognized analytical grade and only water of equivj

18.2.7 b)

L

ride powder
determined

alent purity.

8.3.2.1 Water, use water purified in accordance with ISO 3696.

8.3.2.2 Nitric acid, p 1,42 g/ml.

8.3.2.3 Nitric acid, (1+9), Nitric acid (8.3.2.2) diluted 1+9.

8.3.2.4 Boron standard solution, containing 100 mg of boron (B) per litre. Transfer 10 ml
standard solution (7.3.2.7) to 100 ml volumetric flask up to mark with water and mix.

8.3.3 Apparatus

Apparatus are ordinary laboratory apparatus and the following.

© ISO

2014 - All rights reserved
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8.3.3.1 Glass beaker, with a range of appropriate volumes (250 ml).

8.3.3.2 Volumetric flask, with a range of appropriate volumes (100 ml, 250 ml).

8.3.4 Procedure

8.3.4.1 Preparation of test solution

Weigh, to the nearest 0,001 g, approximately 3,0 g of the test sample, and transfer to a 250 ml glass
beaker. Add 100 ml of the nitric acid (1+9) and heat to boiling for approximately 3 h. Cool the solution

and then fil
water. Tran{
is used as th

8.3.4.2 BI

Carry out tH
the resultin

8.3.4.3 Pr

To a series @
solution (7.3

solutions into the inductively coupled plasma-atomic emissioni spectrometer (7.3.3.8). Measur

emission int

8.3.5 Cald

Determine t
Calculate th

rp-'

where

FB i
C1
C2
ist

ist

erthrougita 15 Tt paper of Medium porosity: RINSe the beaker and wasi the residue
fer the filtrate to 250 ml volumetric flask make up to mark with water and mix. This.sel
e test solution.

hnk test

e procedure given in 8.3.4.1 without the sample, but omit the fusion-of the flux. Desig
b solution as blank solution.

eparation of the calibration solution and calibration curve

f four 100 ml volumetric flasks, add respectively 0 ml, 1 tl»5 ml, and 10 ml boron stan
.2.7). Add to each flask 5 ml nitric acid (1+9), dilute to mark, and mix. Aspirate the calibr

ensities for boron at 249,677 nm, 249,772 nm, or, 208,809 nm.

ulation

he concentration of boron in the test sglution and in the blank from the calibration ¢
e boron content, F.B, as free boron, expressed in milligrams per kilogram, from Formul

l_CZ)XV

m

e content of free borpn as boron oxide in mg/kg (mass fraction);
e concentration) expressed in milligrams per litre, of boron in test solution;
e concentration expressed in milligrams per litre, of boron in blank test;

e velume, in millilitres, of the test solution;

with

ition

rate

dard
htion
b the

hrve.

b (5):

(5)

emassin grams, ofthe test pnrfinn

8.4 Methanol extraction-borate separation-ICP-OES and spectrophotometry

8.4.1 Principle

Convert boron oxide in the sample into a volatile borate by heating with methanol, trap into a calcium
hydroxide solution and determine the boron in the solution using ICP-OES. If analytical results of
three or four figures for the total boron are determined, the correction procedure including ammonia

determinati

12

on of 8.4.5 b) shall be necessary.
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8.4.2 Reagents

Reagents shall be as follows.
8.4.2.1 Water, as specified in 7.2.2.1.
8.4.2.2 Methanol.

8.4.2.3 Calcium hydroxide saturated solution, add 500 ml of water to 5 g of calcium hydroxide and
seal with an airtight stopper. After shaking vigorously, use the supernatant. Prepare fresh immediately
beforeuse:

8.4.2.4 Hydrochloric acid (1+1), prepare from hydrochloric acid by diluting with the’sanie volume of
watef.

8.4.2.5 Nitrogen gas, more than 99,99 % (volume fraction) of purity.
8.4.2.6 Sulfuric acid (25 mmol/1), prepare from sulfuric acid.

8.4.24.7 EDTA solution (5 g/100 ml), as specified in 8.2.2.3.

8.4.2.8 Sodium hydroxide solution (20 g/100 ml), as specified in 8.2.2.4.
8.4.2.9 Pheno], as specified in 8.2.2.5.

8.4.2.10 Acetone, as specified in 8.2.2.6.

8.4.2.11 Sodium phenoxide solution, as!specified in 8.2.2.7.

8.4.2.12 Sodium hypochlorite solution (1 % (mass fraction) of effective chlorine), as|specified in
8.2.2{8.

8.4.2.13 Ammonium ionrstandard solution (NH4* 1 mg /ml), as specified in 8.2.2.9.
8.4.2.14 Ammonium’ion standard solution (NH4* 0.1 mg/ml), as specified in 8.2.2.10.
8.4.2.15 Boronstandard solution (B 1 mg/ml), as specified in 8.2.2.11.

8.4.2.16¢ Boron standard solution (B 0.1 mg/ml), as specified in 8.2.2.12.

8.4.3 Apparatus and instruments

Apparatus and instruments shall be as follows.

8.4.3.1 Separator of boron, Figure 1 shows an example of a separator consisting of two parts, a reactor
and a receiver. Connect two 200 ml Erlenmeyer flasks (one for a reactor and another for a receiver) by a
quarts tube with a nitrogen gas inlet and an exhaust outlet. The flask for a reactor should be dried prior
to use.

© ISO 2014 - All rights reserved 13
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4 8
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e iz
5 9
Key
1 Nzgas
2 silicone fubber cap
3 reactor fpr borate generation
4 water bath at the temperature of 70 °C
5 sample With methanol
6  quartz tybe
7  receiver for borate collection
8  iced water cooling reservoir
9  absorbef of calcium oxide solution

10 exhaust

Figure 1— Example of a separator for boron

8.4.3.2 Water bath, adjustable to 70 °C.

8.4.3.3 Iced water cooling reservoir, capable to cool the receiver.

8.4.3.4 ICPoptical emission spectrometer.

8.4.3.5 Spectrophotometer.

8.4.4 Amount of sample

The weighed amount of sample shall be 0,5 g.
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8.4.5 Operation

The operation shall be as follows.

a)
1)

2)

ICP-OES for the determination of boron

Take a sample into a 200 ml Erlenmeyer flask (8.4.3.1) as a reactor and add 20 ml of methanol
(8.4.2.2). Add 50 ml of the calcium hydroxide saturated solution (8.4.2.3) into another 200 ml
Erlenmeyer flask (8.4.3.1) as a receiver and assemble a separator.

Place the Erlenmeyer flask (8.4.3.1) as a reactor in a water bath at 70 °C and flow nitrogen gas
(8.4.2.5) into the flask at 400 ml/min for 30 min. Receive the generated borate in the receiver

b) $pectrophotometry for the determination of ammonia

iy

If analytical results of three or four figures for the total\boron are required, this proced
Mecessary.

which is placed in an iced water cooling reservoir (8.4.3.3).

Wash out the solution in the receiver into a 200 ml plastic volumetric flask-(pra
of polyethylene, polypropylene, and tetrafluoroethylene resin are available] and
hydrochloric acid (1+1) (8.4.2.4). Dilute with water to the mark and shake well to
sample solution for boron determination.

Spray a portion of the solution 8.4.5 a) 3) into an Ar plasma of ICP-OES and measure {
intensity of boron at the wavelength, at which the measurement.is not affected by cd
for example, 249,77 nm.

Take a sample in a 200 ml Erlenmeyer flask(8.4.3.1) as a reactor and add 20 ml
(8.4.2.2). Add 20 ml of 25 mmol/] sulfuric-acid (8.4.2.6) into another 200 ml Erlen
(8.4.3.1) as areceiver and assemble a seéparator.

Place the Erlenmeyer flask (8.4.3.1) as a reactor in a water bath at 70 °C and flow
(8.4.2.5) into the flask at 400 nil//nin for 30 min. Receive the generated ammonia in
which is placed in an iced water cooling reservoir (8.4.3.3).

Wash out the solution jiifithe receiver into a 100 ml plastic volumetric flask. Dilute w

the mark and shake wel to prepare the sample solution for ammonia determination.

Take an aliquotefthe sample solution (NH4+ 5 pg ~ 100 pg) into a 100 ml plastic voly
(products made-of polyethylene, polypropylene, and tetrafluoroethylene resin ai
and add water'to make about 30 ml.

Add 1.mt-of the EDTA solution (8.4.2.7) and 10ml of the sodium phenoxide soluti
and thix well.

ducts made
add 5 ml of
prepare the

he emission

ncomitants,

lure shall be

of methanol
meyer flask

nitrogen gas
the receiver

ith water to

metric flask
e available)

bn (8.4.2.11)

Add 5ml of the sodium hypochlorite solution (8.4.2.12) and dilute with water to tll\e mark and
shake well. Keep the solution at 20 °C to 25 °C for 30 min.

7)

Take an aliquot of the solution 8.4.5 b) 6) in an absorption cell and measure the absorbance in
the vicinity of 630 nm. Correct the boron amount resulting from the hydrolysis of boron nitride.

8.4.6 Blank test

a)

ICP-OES for boron — perform operations of 8.4.5 a) 1) to 8.4.5 a) 4) without taking a sample to

obtain the blank test value of boron.

b)

Spectrophotometry for ammonia — perform operations of 8.4.5 b) 1) to 8.4.5 b) 7) without taking

a sample to obtain the blank value of ammonia.

© IS0 2014 - All rights reserved
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8.4.7 Drawing calibration curves

a) ICP-OES for boron — Take 10 ml of methanol (8.4.2.2), 25 ml of the calcium hydroxide saturated
solution 8.4.2.3) and 2,5 ml of hydrochloric acid (1+1) (8.4.2.4) into several 100 ml plastic volumetric
flasks (products made of polyethylene, polypropylene, and tetrafluoroethylene resin are available),
then add exactly 0 ml to 10 ml of the boron standard solution 8.4.2.16 stepwise. Dilute with water to
the mark and mix well. These solutions for calibration curve shall contain 0 ug to 1 000 pg of boron.
Operate as 8.4.5 a) 4) and establish the relation between the emission intensity and the amount of
boron to draw the calibration curve.

b) Spectrg

phnfnmnfry forammonia — Tale 10 ml of methanol (Q 4.2 7) and 10 ml of sulfuric

25 mmg

the amrmonium ion standard solution (8.4.2.13) stepwise (NH4* 0 pg ~ 200 pg). Dilute with,waf
make alhbout 30ml and perform 8.4.5 b) 5) to 8.4.5 b) 7). Establish the relation between the emi
intensitly and the amount of ammonia to draw the calibration curve.

8.4.8 Caldulation

Obtain the 4
whereas obf

1/1 (8.4.2.6) into several 100 ml plastic volumetric flasks, then add exactly 0 ml ~ 20

mount of boron by 8.4.5 a) and 8.4.6 a) referring to the calibrationcurve drawn in 8.4
ain the amount of ammonia by 8.4.5 b) and 8.4.6 b) referring to the calibration curve d

in 8.4.7 b). (alculate the content of free boron (boron oxide) in the saniple according to the follo
formula:

F.B:{[ A3—49)x3,220] [(44 —Aoo)x1,930]}x100

my m;

where

F.B s the content of free boron as boron oxide in the sample [% (mass fraction)];

A3 ils the amount of boron in the sample-solution obtained by 8.4.5 a) and 8.4.7 a) (g);

Ao i's the amount of boron in the blank test solution obtained by 8.4.6 a) and 8.4.7 a) (g);

Ag ils the amount of ammoniuim)ions in the sample solution obtained by 8.4.5 b) and 8.4.7

Apop  is the amount of animonim ions in the blank test solution obtained by 8.4.6 b) and 8.4.7,

mq iis the weighed amount of the sample in 8.4.5 a) 1) (g);

my i

g);

acid
ml of
erto
5sion

.7 a);
fawn
wing

(6)

b)

g);

s the weighed amount of the sample in 8.4.5 b) 1) (g);

3,220 i

s€he'conversion factor of boron (B) into boron oxide (B203);

1,930 i

s the conversion factor of ammonia into the equivalent boron oxide (B203).

9 Determination methods of total nitrogen

9.1 C(lassification of determination methods

Total nitrogen shall be determined by either of the following methods. If analytical results with three or

four figures

are required, use method A or B; whereas if two figures, method C may be used.

— Method A, Acid pressure decomposition-distillation separation-acidimetric titration method

16
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— Method B, Fusion-distillation separation-acidimetric titration method

— Method C, Inert gas fusion-thermal conductivity method
9.2 Acid pressure decomposition-distillation separation-acidimetric titration method

9.2.1 Principle

Decompose the sample in a pressure decomposition vessel with a mixture of hydrofluoric acid and
sulfuric acid to convert nitrogen into ammonium salt. Add boric acid and transfer the solution into a
disti]lation flask. Add sodium hydroxide and perform steam distillation. l.et the distilled ammonia react
withfa known amount of amidosulfuric acid and titrate the excess amidosulfuric acid with astandardized
sodigim hydroxide solution.

9.2.21 Reagents

9.2.2.1 Water, as specified in 7.2.2.1.

9.2.2.2 Hydrofluoric acid.

9.2.2.3 Sulfuric acid.

9.2.2.4 Sodium hydroxide, more than 97,0 % (mass fraction) of purity.

9.2.2.5 Sodium hydroxide solution (500 g/1), dissolve 500 g of sodium hydroxide (9.2.2.4]) in 1 000 ml
of water.

9.2.2.6 Amidosulfuric acid, more than 99,0'% (mass fraction) of purity.

9.2.2.7 0.1mol/1 amidosulfuric acid"'solution, weigh 10,0 g of amidosulfuric acid to thle nearest to
0,1 mg and dissolve in water. Dilute exactly with water to 1 000 ml. Calculate the factor of this solution
according to the following formuila:

P

By =Gx———— £ 7
1777(9,7093x100) 2

where
F1 is thefactor of the 0,1 mol/l amidosulfuric acid solution;

¢ isithe weighed amount of the amidosulfuric acid (g);

P_“4s the purity of the amidosulfuric acid in 9.2.2.6 [% (mass fraction)].

9.2.2.8 0.1 mol/l sodium hydroxide solution, dissolve 4,0 g of sodium hydroxide (9.2.2.4) in 1 000 ml
of water. Take exactly 50 ml of the 0,1 mol/l amidosulfuric acid solution (9.2.2.7) in a beaker (200 ml) and
dilute with water to about 100 ml. Titrate this solution with 0,1 mol/l sodium hydroxide solution using a
pH meter. Take the end point as pH 5,5 and obtain the volume of the 0,1 mol/l sodium hydroxide solution
consumed. Calculate the factor of this solution according to the following formula:
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FZ =F1X

where

:2014(E)

50,00

(8)

F, is the factor of the 0,1 mol/l sodium hydroxide solution;

F1 s the factor of the 0,1 mol/l amidosulfuric acid solution in 9.2.2.7;

V' is the titration volume of the 0,1 mol/I sodium hydroxide solution (ml).

9.2.2.9 Bqd
9.2.2.10 An

9.2.3 App

Apparatus s

9.2.3.1 Pl
9.2.3.2 Pr
be used. An

NOTE W
be obtained.

ric acid, as specified in 7.2.2.9.
hmonium sulfate, more than 99,9 % (mass fraction) of purity.

aratus

hall be as follows.
htinum crucible (20 ml).

essure decomposition vessel, in general, a commercialipressure decomposition vesse| may
example is shown in Figure 2.

hen using a PTFE inner vessel which had contact with nitric acid, the lower values of nitrogen may
[herefore, use the vessels for the exclusive use in:this analysis.

18
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Dimensions in mm
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Key
1 dentre screw
2 dcrew cap
3  fop plate
4  KTFE cap
5 (gylinder
6  FTFE bottle
7  Bbottom plate

Figure 2 — Example of pressure decomposition vessel

9.2.3.3 Air bath, adjustable temperature to (180 + 5) °C.

9.2.3.4 Steamddistillation apparatus, in general, the following instruments shall be couplied as shown
in Figure 3.<Each component shall be made of hard glass coupled by common ground joints and fixed by
springs er'\élamps.
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trap (500 ml)
sphere and tube
distillation flask (750 ml)

Graham condenser

receiver

Figure 3 — Example of steam distillation apparatus
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d)
e)
f)

9.2.

9.2,
The

9.2.

b)

d)

ISO 17942:2014(E)

Steam generation flask (2,5 1), equipped with a funnel with a stopcock, a throw-in
1 KW Nichrome wire) and a steam outlet tube.

Trap, the bottom of a bulb shall be connected to a rubber tube with a pinchcock for a d
of steam leading-out tube shall have several small holes.

heater (with

rain. The tip

Bulb, equipped with a steam leading-in tube, a funnel with a stopcock, a splash-proof trap, etc. The
steam leading-in tube shall be cut in the middle enabling the exchange of the tip by connecting to a

rubber tube.

Distillation flask (750 ml).

iled condenser.

o
ieceiver, a tall beaker (300 ml) shall be used.

3.5 pH meter, as specified in 7.2.3.3.

4 Amount of sample

yeighed amount of sample shall be 0,1 g.

§ Operation

peration shall be as follows.

cid pressure decomposition of sample. Weigh-the sample in a platinum crucible

essel and close the pressure vessel accordiftg to the manufacturer’s instructions. Pla
into an air bath and heat at (180 + 5) °C for 16 h.

OTE Acid pressure decomposition'under micro wave irradiation can be performed if aval

ell.

OTE Products made of polyethylene, polypropylene, and tetrafluoroethylene resin are av
lastic beaker.

into a distillatien flask, assemble a distillation apparatus and add exactly 50 ml of t
midosulfuric acid solution (9.2.2.7) to the receiver. Fix the coiled condenser so th

he funnel of the flask by washing the funnel with water, make the solution volume abou
lgse'the funnel cock.

dd 5 ml of sulfuric acid (1+1) and 5 ml of hydrofluoric acid. Position the crucible into 3

reparation of sample solution! After cooling, disassemble the pressure vessel. ']
olution in the PTFE inner vessel into a 100 ml plastic beaker. Add 5 g of boric acid (9.2.]

reparation of'steam distillation apparatus. After transferring the sample soluf

mersedin the solution. Pour 50 ml of the sodium hydroxide solution (500 g/1) (9.2.’

(20 ml) and
PTFE inner
e the vessel

flable.

'ransfer the
2.9) and mix

hilable for the

ion 9.2.5 b)
he 0,1 mol/]
ht the tip is
.5) through
[t 150 ml and

Steam distillation. Water in the steam generation flask shall be kept boiling by

opening the

pinchcock at the bottom of the trap. When sending steam, close the pinchcock. Control the heater
to produce steam at the flow rate of 4,5 ml to 5,0 ml per min. Perform the steam distillation. When

the distillate reaches about 170 ml, lower the receiver to expose the tip of the condens

er above the

liquid surface and continue distillation until the distillate reaches about 200 ml. Wash the outside

of the tip with a small amount of water.

NOTE
perform preliminary distillation for washing inside of it for 2 h to 3 h.

Titration. Titrate the distillate with the 0,1 mol/] sodium hydroxide solution (9.2.2.8

When using a new distillation apparatus or an apparatus which has not been used for a long time,

) using a pH

meter. Take the end pointas pH 5,5 and obtain the volume of the 0,1 mol/] sodium hydroxide solution

consumed.
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9.2.6 Recovery measurement

Weigh 0,280 g of ammonium sulfate (9.2.2.10) to the nearest 0,1 mg in the platinum crucible (20 ml),
perform operations of 9.2.5 and calculate the recovery according to the following formula:

0,0014007
R:{[(SO,OOxFl)—(VxFZ )]{m}xmo 9)
where

R istherecovery (%);

F1 is the factor of the 0,1 mol/l amidosulfuric acid solution in 9.2.2.7;
V  isthe consumed volume of the 0,1 mol/l sodium hydroxide solution in 9.2.5 h) (ml);
F7 is the factor of the 0,1 mol/l sodium hydroxide solution in 9.2.2.8;

G is the weighed amount of the ammonium sulfate (g).

9.2.7 Caldulation

Calculate the content of total nitrogen in the sample according to the'following formula:

T.Nz{ 50,00><F1)—(Vsz)]x[0,0014007x(100/R)]}x100
m

| —

(10)

where
T.N is the content of total nitrogen in the sample [% (mass fraction)];
F1  isthe factor of the 0,1 mol/l amidosulfuric acid solution in 9.2.2.7;
V' isthe consumed volume of the.0;1 mol/l sodium hydroxide solution in 9.2.5 h) (ml);
Fy  is the factor of the 0,1 mol/l sodium hydroxide solution in 9.2.2.8;
R  istherecoveryin 9.2%(%);

m  is the weighed amount of the sample in 9.2.5 a) (g).

9.3 Fusign-anynonia separation-acidimetric titration method

The proceduyréshall be in accordance with EN 12698-1, 7.2.

9.4 Inert gas fusion-thermal conductivity method

9.4.1 Principle

Fuse the sample together with a flux in a graphite crucible under inert gas flow to extract nitrogen
and other gases from the sample. The elemental nitrogen is determined using a thermal conductivity
detector after the removal of concomitants such as carbon monoxide, carbon dioxide, other gases, and
moisture.

9.4.2 Reagents

Reagents shall be as follows.
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9.4.2.1 Helium, more than 99,99 % (volume fraction) of purity.

9.4.2.2 Flux, shot or basket form made of tin or nickel. For bath metal, use a combination of metals
which is different from a capsule.

9.4.3 Apparatus
9.4.3.1 Capsule, made of nickel or tin. It is used for taking a sample.

9.4.3.2 _Graphite crucible, suitable for impulse furnace. An example is shown in Figure 4 a) and
Figure 4 b).

Dimensions in mm

$12.6 o 14
$10.0 d)1.1.6
| !
| |
| |
()] Yo}
% | 2| - o | ol o
-~ . -~ ~ N
| & |
N |
AN |/
| 3 ‘ -
| ~ |
6.7 ¢5
a) b)

Figure 4 — Example of graphite crucible

9.4.4 Instrument

A cojmmercial\itrogen analyser is available. It consists of an inert gas refiner, a gas extractor, a gas
sepafatorsa-gas detector, etc. The block diagram is shown in Figure 5.
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igure 5 — Block diagram of inert gas fusion-thermal conductivity method

prt gas refiner, consisting of a deoxidationstube (filled with reduced copper) wit
ace, a carbon dioxide absorption tube (filledéwith sodium hydroxide shots for gas anal
n tube (filled with magnesium perchlorate for drying), etc. A denitrification tube (filled
ium) is attached in some instruments,

s extractor, consisting of a sample feeder, an impulse furnace, etc. The sample feede
hmple-embedded capsule inte_the graphite crucible in the impulse furnace under inef
pulse furnace shall be capable of attaining about 3 000 °C. The upper water-cooled cd
fixed; whereas the lower, €lectrode moves vertically. The graphite crucible is sandw
h electrodes.

s separator, consisting of a dust collecting tube filled with glass wool, a carbon di
fube with sediwm hydroxide shots for gas analysis, a dehydration tube with magne
for drying, ete.

s detector, consisting of a thermal conductivity detector and an integration meter.

h an

ysis),
with

I can
t gas

pper
ched

bxide
sium

9.4.5 Amount of sample

The weighed amount of sample shall be 0,02 g to 0,04 g. If complete extraction of nitrogen can be
achieved, take a sample up to 0,1 g.

9.4.6 Ope

ration

The operation shall be as follows.

a) Starting up of the instrument. Switch on the instrument and set the controls to the specified
values. Wait until it becomes stable.

NOTE

24

Refer to the manufacturer’s instruction for operation.
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b) Preliminary heating. Set a new graphite crucible to the specified position of the impulse furnace.

Flow the inert gas, and then turn on the furnace. Heat the graphite crucible at th
temperature for the specified period, and then heat it at the gas extraction temperatu

e degassing
re. Read the

integration meter (thereafter referred to as “integral value”). Repeat the steps of the degassing and

the gas extraction until a stable integral value is obtained.

c) Degassing of the graphite crucible. Put the specified amount of bath metal into a new graphite
crucible and place it at the specified position of the impulse furnace. Weigh the sample in a capsule
and enclose by using a jig. Place the capsule at the specified position of sample blower. Feed the inert
gas and put electricity through the graphite crucible. Heat it at the degassing temperature for the
specified period and degas the graphite crucible and the bath metal.

INOTE1  The optimum volume of charging the bath metal and the sample depends on the,instrument used.
Jo itis intended to be preliminarily acquired using a sample whose nitrogen content is kniown.

INOTE 2  The temperature of graphite crucible depends on the current or power supplied [to itself. The
¢orrelation is intended to be predetermined. If an apparatus has a bath metal, thrower, it is preferable to
throw the bath metal after degassing the graphite crucible, and then degas it. The degassing tfmperature is
I;tended to be set higher than the gas extraction temperature.

d) easuring. Throw the sample-embedded capsule into the graphite.crucible. Put electrifity through
the crucible, and heat the sample at the gas extraction temperaturg for the specified perjod and read
the integral value.

INOTE Since the optimum gas extraction temperature depénds on the instrument used, prgdetermine it
Using a sample whose nitrogen content is known.

9.4.7 Blank test

Perfgrm the operations of 9.4.6 without taking.@’sample to obtain the blank test value. Repeat these

operptions two to five times and obtain an ayerage value.

9.4.8 Calculation of calibration coefficient

Use the nitride sample whose nitrogen content is known for calibration (the silicon nifride whose

amount of nitrogen is obtained deeording to the measurement in 9.2 may be used.). However, the nitride

sample whose oxygen content'is'greatly different from the sample for measurement shall not be taken

as thie sample for calibratien;because errors may arise. Perform the operations of 9.4.6 c)[and 9.4.6 d)

with|taking the samplefor-calibration. Average the values by repeating these operations sgveral times

and ¢alculate the calibration coefficient according to the following formula:
o309
K=< (11
(Ap=4o)
wherre
K s the calibration coefficient (g/integral value);
G is the weighed amount of the sample for calibration (g);
P isthe nitrogen content in the sample for calibration [% (mass fraction)];
A; isthe integral value of the sample for calibration in 9.4.6 d);
Ap is the integral value of the blank testin 9.4.7.
NOTE Some of commercial instruments can calculate the blank test value, the calibration coefficient, and the

nitrogen content automatically.
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ulation

Calculate the content of total nitrogen in the sample according to the following formula:

T.N{

where

(AZ—AO)XK

}xlOO
m

T.N is the content of total nitrogen in the sample [% (mass fraction)];

ist
ist
is t]

is t}

10 Determination method of silicon

10.1 Detel

The silicon {

10.2 Prind

e integral value of the blank test in 9.4.7;

e calibration coefficient in 9.4.8 (g/integral value);

e weighed amount of the sample in 9.4.5 (g).

'mination method

hall be determined by using fusion-ICP-OES.

iple

Fuse the sa
to a consta
emission inf

10.3 Reag

Reagents sh

rochloric acid (1+100), prepare from hydrochloric acid.

ple with sodium carbonate, dissolve the melt in hydrochloric acid, and dilute with yj
t volume. Spray a portion of the solutioh into an Ar plasma of ICP-OES and measur
ensity.
bnts

11l be as follows.

er, as specified in 722,21, shall be preserved in a plastic bottle.

oducts made of polyethylene, polypropylene, and tetrafluoroethylene resin are available fd

(12)

vater
e the

r the

um hydroxide solution (200g/1), as specified in 7.2.2.5.

10.3.1 Wat
NOTE Py
plastic bottle]
10.3.2 Hyd
10.3.3 Sod
10.3.4
10.3.5
10.3.6
10.3.7
NOTE A
10.3.8

26

Ethanol (95), as specified in 7.2.2.6.
Ethanol- Sodium hydroxide (1+1) mixed solution, as specified in 7.2.2.7.
Sodium carbonate, anhydrous, as specified in 7.2.2.2.

Standard silicon solution (Si 1 mg/ml).

commercial standard solution being SI traceable is available.

Standard silicon solution (Si 50 pg/ml).
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10.3.9 Sodium chloride solution (NaCl 25 g/100 ml).

10.4 Apparatus and instrument

Apparatus and instrument shall be as follows.

10.4.1 Platinum crucible, as specified in 7.2.3.1.

10.4.2 Electric furnace.

10.4{3 ICP optical emission spectrometer.

10.5 Amount of sample

The

10.4 Operation

The
a)

b)

d)

f)
g)

10.7 Blank test

Perform the operations of 10.6 a) to 10.6 gJ without taking a sample to obtain the blank

weighed amount of sample shall be 0,50 g.

pperation shall be as follows.

1+1) mixed solution (10.3.5).
Heat it on a hot plate, and then evaporate it until dry.

Add 2,0 g of sodium carbonate and heat initially ata low temperature. Then, elevate the t
gradually to fuse and keep that temperature for' 15 min ~ 30 min during fusion. Fuse t
950 °Cto 1 000 °C. Keep the temperature aslow as possible.

$tand the crucible for cooling with a lidvand place the crucible into a 200 ml beaker. A
yvater and 10 ml of hydrochloric acid(1+1) (7.2.2.3) and heat it with a watch glass on theg
dlissolve the melt.

Transfer the solution into a 400 ml plastic volumetric flask.

INOTE Products madelofipolyethylene, polypropylene, and tetrafluoroethylene resin are av.
plastic volumetric flask.

Dilute with watetup to the mark and mix well.

$pray a portiemnof the solution into an Ar plasma of ICP-OES and measure the emission
tthe wavelength of 251,612 nm, for example.

Weigh the sample into a platinum crucible (30 ml) and ad@"2 ml of an ethanol-sodium hydroxide

emperature
he sample at

\dd 50 ml of
hot plate to

hilable for the

intensity at

silicon.

10.8 Drawing calibration curves

test value of

Take 10 ml of the sodium chloride solution (10.3.9) in several 100 ml plastic volumetric flasks (products
made of polyethylene, polypropylene, and tetrafluoroethylene resin are available) and add exactly
0 ml ~ 8 ml (0 mg ~ 0,4 mg) of a standard silicon solution stepwise. Add 3 ml of hydrochloric acid (1+1)
(7.3.2.2) and dilute with water up to the mark. Perform the operation of 10.6 g) using these solutions and
construct the relation between the emission intensity and the amount of silicon.
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10.9 Calculation

Obtain the amount of silicon by 10.6 and 10.7 referring to the calibration curve drawn in 10.8 and
calculate the content of silicon in the sample according to the following formula:

o

where
Si
A1
Ao

m ist

11 Determination methods of aluminium, cadmium, calcium; chromium, cobal

copper, ir

11.1 Class

Aluminium,
titanium, va
will give bet

Ap—4y)

is the amount of silicon in the sample obtained by 10.6 and 10.8 (g);

is the amount of silicon in the blank test obtained by 10.7 and 10.8 (g);

}xlOO
m

is the content of silicon in the sample [% (mass fraction)];

(13)

e weighed amount of the sample in 10.6 a) (g).

pn, lead, magnesium, manganese, nickel, titanium, vanadium, and zin

ification of determination methods

cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, n
nadium, and zinc shall be determined by using-either of the following methods. Meth
ter determination sensitivities for most elements because of fewer salt concomitants.

Met

Met
11.2 Acid

11.2.1 Prin

Decompose
until dry an|
solution int
nitride can
acid, and hy
hydrofluori
acid, and nif
For examplg

I

od A, acid pressure decomposition-ICP-OES

od B, fusion-ICP-OES
pressure decomposition-ICP-OES

ciple

the sample in a pressur'e decomposition vessel with an acid mixture. Evaporate the prd
d dissolve the saltin hydrochloric acid. Dilute with water to a constant volume. Spray
b an Ar plasmia)of ICP-OES and measure the emission intensity of each element. B

|C

ckel,
od A

duct
r this
oron

be decomposéd with a variety of mixture of acids (hydrofluoric acid, sulfuric acid,
drochloricyacid), however, hydrofluoric acid is indispensable. A mixture of nitric aci

itric
and

" acid, that of hydrochloric acid and hydrofluoric acid and that of hydrofluoric acid, sulfuric
ricacid can be used. Select a suitable mixture of acids to achieve complete decomposjtion.
,either a mixture of 7 ml of nitric acid (1+1) and 3 ml of hydrofluoric acid or a mixtyre of

10 ml of hy

rofrfuoric acid, > ml of sulturic acid (I+1), and 1 ml of nItric acid (1+1] 1s orten used.

11.2.2 Reagents

Reagents shall be as follows. Solutions shall be preserved in plastic bottles (products made of
polyethylene, polypropylene, and tetrafluoroethylene resin are available). The standard solutions being

SI traceable

shall be used.

11.2.2.1 Water, as specified in 7.2.2.1.

11.2.2.2 Hydrofluoric acid.

11.2.2.3 Su

28

Ifuric acid (1+1).
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11.2.2.4 Nitric acid (1+1).
11.2.2.5 Hydrochloric acid (1+1).
11.2.2.6 Ammonium sulfate, more than 99,9 % (mass fraction) of purity.

11.2.2.7 Ammonium sulfate solution [(NH4)2S04 250 g/1], dissolve 250 g of ammonium sulfate
(11.2.2.6) in 1 000 ml of water.

11.2.2.8 Standard aluminium solution (Al 1,0 mg/ml).

NOTH A commercial standard solution being SI traceable is available.

11.2{2.9 Standard cadmium solution (Cd 1,0 mg/ml).

NOTH A commercial standard solution being SI traceable is available.

11.2{2.10 Standard calcium solution (Ca 1,0 mg/ml).

NOTH A commercial standard solution being SI traceable is available.

11.2(2.11 Standard chromium solution (Cr 1,0 mg/ml}).

NOTH A commercial standard solution being SI traceable is-available.

11.2|12.12 Standard cobalt solution (Co 1,0 nig/ml).

NOTH A commercial standard solution being Sktraceable is available.

11.2|12.13 Standard copper solutien‘(Cu 1,0 mg/ml).

NOTH A commercial standard solution being SI traceable is available.

11.2{2.14 Standard iron'selution (Fe 1,0 mg/ml).

NOTH A commercial standard solution being SI traceable is available.

11.2{2.15 Standard lead solution (Pb 1,0 mg/ml).

NOTH A commercial standard solution being SI traceable is available.

11.2{2.16 Standard magnesium solution (Mg 1,0 mg/ml).

NOTT A i . . h h Ql 4 h R P lalol
IV A CUITIICT CIAT S TATTU AT U S UTULTUTT DTS ST N AL TAUTT IS " d vV aITdUTT

11.2.2.17 Standard manganese solution (Mn 1,0 mg/ml).

NOTE A commercial standard solution being SI traceable is available.

11.2.2.18 Standard nickel solution (Ni 1,0 mg/ml).

NOTE A commercial standard solution being SI traceable is available.

11.2.2.19 Standard titanium solution (Ti 1,0 mg/ml).

NOTE A commercial standard solution being SI traceable is available.
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11.2.2.20

NOTE

11.2.2.21

NOTE

11.2.2.22

Standard vanadium solution (V 1,0 mg/ml).

A commercial standard solution being SI traceable is available.

Standard zinc solution (Zn 1,0 mg/ml).

A commercial standard solution being SI traceable is available.

Mixed standard solution (each element 50 mg/1), Take and mix 5 ml each of 11.2.2.8

to 11.2.2.21 in a 100 ml plastic volumetric flask (products made of polyethylene, polypropylene, and
tetrafluoroethylene resin are available). Dilute with water to the mark and mix well. Attention shall be
paid to whether any precipitation is not formed by the mixing. Prepare fresh immediately before usg.

11.2.3 Appfaratus and instrument

Apparatus and instrument shall be as follows.

11.2.3.1 Platinum crucible, as specified in 7.2.3.1.

11.2.3.2 Platinum dish, for example, 75 ml.

11.2.3.3 Priessure decomposition vessel, as specified in 9.2.3.2.
11.2.3.4 Air bath, adjustable temperature to (180 + 5) °C.
11.2.3.5 ICP optical emission spectrometer.

11.2.4 Aqunt of sample

The weighed amount of sample shall be 0,2 g ~1,0 g.

11.2.5 Operation
The operatipn shall be as follows.

a) Weigh the sample in a platinuj crucible (30 ml) and add up to 16 ml of a suitable mixture of acids. Put
the crugible into a PTFEdnner vessel and close the pressure vessel according to the manufactyrer’s
instructions. Place thé.yvessel in an air bath and heat at (180 + 5) °C for 16 h.

NOTE Acid pressure decomposition under micro wave irradiation can be performed if available.

b) After cqoling;disassemble the pressure vessel. Transfer the solution in the PTFE inner vessel into a

platinum,dish’(11.2.3.2) when washing the crucible and the vessel, and then heat on a hot plate|until
dryl SulTqullpnf]}l heatthe dish on a hot p]nfp at 330 °C ~ 340 °Ctoremove the acids

c) Continue heating to reach dryness. After cooling, add 5 ml of hydrochloric acid (1+1) (11.2.2.5) and
5 ml of water to dissolve the salt on a hot plate. Transfer the solution into a 50 ml plastic volumetric
flask (products made of polyethylene, polypropylene, and tetrafluoroethylene resin are available)
and dilute with water to the mark.

d) Spray a portion of the solution 11.2.5 c) into an Ar plasma of ICP-OES and measure the emission
intensity at the wavelengths shown in Table 2, for example.

Table 2 — Example of analytical wavelength of each element in nm

Al: 394,401
Co: 228,616

Cd: 228,802
Cu: 327,396

Ca: 317,933
Fe: 238,204

Cr: 267,716
Pb: 220,353
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Table 2 (continued)

Mg: 285,213 Mn: 257,610 Ni: 231,604 Ti: 334,941
V: 309,311 Zn: 206,200
NOTE Carefully choose the optimum analytical wavelengths free from concomitants because they depend on

the performance of an ICP-OES instrument. Considering spectral interference and sensitivity, choose higher order
spectral lines if available.

11.2.6 Blank test

Perfgrm the operations of 11.2.5 aJ to 11.2.5 dJ without taking a sampie to obtain the biank test value
of earh element.

11.2}7 Drawing calibration curves

Take[ 10 ml of the ammonium sulfate solution (11.2.2.7) and 5 ml of hydrochloric acid (1+) (11.2.2.5)
in sgveral 50 ml of plastic volumetric flasks (products made of polyethylene, polyprdpylene, and
tetrafluoroethylene resin are available). Add exactly 0 ml ~ 10 ml of'the mixed standard solution
(11.2.2.22) stepwise to each flask and dilute with water to the mark.{Perform the operation of 11.2.5 d)
using these solutions and establish the relation between the emissién intensity and the ampunt of each
elemgnt.

11.2|8 Calculation

Obtajin the amount of each element by (11.2.5) and (11<2.6) referring to the calibration cyrves drawn
in (1].2.7) and calculate the content of each element in'the sample according to the followirg formula:

iz{w}xloo (14)
m

where

jwal

E; is the content of each element in the sample [% (mass fraction)];

Ai is the amount of eachr element in the sample obtained by 11.2.5 and 11.2.7 (g);

Ao is the amount of.each element in the blank test obtained by 11.2.6 and 11.2.7 (g);

m is the weighed’amount of the sample in 11.2.5 a) (g).

11.3 Fusion-ICP-OES

11.31-Principle

Fuse the sample with sodium carbonate, dissolve the melt in hydrochloric acid and dilute to a constant
volume. Spray a portion of the solution into an Ar plasma of ICP-OES and measure the emission intensity.

11.3.2 Reagents

Reagents of analytical grade shall be used. Reagent solutions shall be preserved in plastic bottles
(products made of polyethylene, polypropylene, and tetrafluoroethylene resin are available). The
standard solutions being SI traceable shall be used.

11.3.2.1 Water, Grade 1 or superior specified in ISO 3696.
11.3.2.2 Sodium carbonate, anhydrous, as specified in 7.2.2.2.
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11.3.2.4 Sodium hydroxide solution (200 g/1), prepare from sodium hydroxide.

11.3.2.5 Ethanol (95).

11.3.2.6 Ethanol-Sodium hydroxide (1+1) mixed solution, prepare by mixing the same volume of
ethanol (95) and a sodium hydroxide solution (200 g/1).

11.3.2.7 B

ric acid, as specified in 7.2.2.9

11.3.2.8 Bd
100 ml of w.

11.3.2.9 Sodium chloride, more than 99,5 % (mass fraction) of purity.

11.3.2.10
i) in 100 ml

11.3.2.11

NOTE A

11.3.2.12

NOTE A

11.3.2.13

NOTE A

11.3.2.14

NOTE A

11.3.2.15

NOTE A

11.3.2.16

NOTE A

hter.

of water.

Standard aluminium solution (Al 1,0 mg/ml).

Standard cadmium solution (Cd 1,0 mg/ml).

Standard calcium solution (Ca 1,0'mg/ml).

Standard chromium salution (Cr 1,0 mg/ml).

Standard cobalt solution (Co 1,0 mg/ml).

Standard copper solution (Cu 1,0 mg/ml).

Sodium solution for matrix (NaCl 25 g/100 ml), dissolve 25 g 6fsodium chloride 1,

commercial standard solution being SI traceable is available:

commercial standard solution being SI traceabléis available.

commercial standard solution being SI'traceable is available.

commercial standard solution being SI traceable is available.

commercial standard solution being SI traceable is available.

camniercial standard solution being SI traceable is available.

ron solution for matrix (H3BO3 12,5 g/100 ml), dissolve 12,5 g of boric acid 14.3.2(g) in

=3
N

11.3.2.17

NOTE A

11.3.2.18

NOTE A

11.3.2.19

NOTE A

32

Standard iron solution (Fe 1,0 mg/ml).

commercial standard solution being SI traceable is available.

Standard lead solution (Pb 1,0 mg/ml).

commercial standard solution being SI traceable is available.

Standard magnesium solution (Mg 1,0 mg/ml).

commercial standard solution being SI traceable is available.
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11.3.2.20 Standard manganese solution (Mn 1,0 mg/ml).

NOTE A commercial standard solution being SI traceable is available.

11.3.2.21 Standard nickel solution (Ni 1,0 mg/ml).

NOTE A commercial standard solution being SI traceable is available.

11.3.2.22 Standard titanium solution (Ti 1,0 mg/ml).

NOTE A commercial standard solution being SI traceable is available.

11.3|2.23 Standard vanadium solution (V 1,0 mg/ml)

NOTH A commercial standard solution being SI traceable is available.

11.3{2.24 Standard zinc solution (Zn 1,0 mg/ml).

NOTH A commercial standard solution being SI traceable is available.

11.3}2.25 Mixed standard solution (each element 50 mg/H, take 5 ml each of [11.3.2.11 to
11.32.24 in a 100 ml plastic volumetric flask (products made ‘of polyethylene, polyprdpylene, and
tetrafluoroethylene resin are available) and mix. Dilute with water to the mark and mix w¢ll. Attention
shall|be paid to whether any precipitation is not formed by the mixing. Prepare fresh immedjately before

use.
11.3|3 Apparatus and instrument

11.3{3.1 Platinum crucible, as specified in, 7:2.3.1
11.3}3.2 Electric furnace.

11.3{3.3 ICP optical emission spectrometer.

11.3{4 Amount of sample

The weighed amount®fsample shall be 0,50 g.

11.3|{5 Operation
The

a)

b)

d)

Letermination operation shall be according to the following procedure.

gigh the sample into a platinum crucible (30 ml) and add 2 ml of an ethanol—sodimln hydroxide

4. x | h £44 23 123
171 HITATU SUTULIUIT (1 1.0.4.0.])

Heat it on a hot plate, and then evaporate it until dry.

Add 2,0 g of sodium carbonate and heat initially at alow temperature. Then, elevate the temperature
gradually to fuse by using an electric furnace or a Bunsen burner and keep that temperature for
15 min ~ 30 min during fusion.

NOTE Fuse the sample at 950 °C to 1 000°C. Keep the temperature as low as possible.

Stand the crucible for cooling with a lid and place the crucible into a 200 ml beaker. Add 50 ml of
water and 10 ml of hydrochloric acid (1+1) (11.3.2.3) and heat it with a watch glass on a hot plate to
dissolve the melt.
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Remove carbon dioxide in the solution by boiling or by purging nitrogen gas for 5 min with the

watch glass. Cool down to room temperature and wash the watch glass with small amount of water

e)

beforer
f)

NOTE
g)

each ele

11.3.6 Blapktest

Perform the|
each elemen

11.3.7 Dray

Take each o
(11.3.2.10) 4
made of po
0ml~ 8 ml
of 11.3.5 g)
amount of e

11.3.8 Cald

Obtain the {
11.3.7 and c

5

E.:

1

where

emoving.

Transfer the solution into a 100 ml plastic volumetric flask and dilute with water to the mark.

Products made of polyethylene, polypropylene, and tetrafluoroethylene resin are available.

ment

Spray a portion of the solution into an Ar plasma of ICP-OES and measure the emission intensity of

t.

ing calibration curves

f 10 ml of the boron solution for matrix (11.3.2.8), 10 ml of the sodium solution for m|

yethylene, polypropylene, and tetrafluoroethylene resin are-available) and add ex
(0 mg ~ 0,4 mg) of the mixed standard solution (11.3.2.25) stepwise. Perform the oper
using these solutions and construct the relation betweeh the emission intensity an
hch element.

ulation

mount of each element by 11.3.5 and 11.3.6 referring to the calibration curves dray
hlculate the content of each element in the sarple according to the following formula:

._AO)

m

}(100

Ei ist
Aj

Ao

is the amount of each element in the sample obtained by 11.3.5 and 11.3.7 (g);
is the amount of each-élement in the blank test obtained by 11.3.6 and 11.3.7 (g);

is the weighedtamount of the sample in 11.3.5 a) (g).

e content of each element.in the sample [% (mass fraction)];

operations of 11.3.5 a) to 11.3.5 g) without taking a sample to obtain the blank test value of

atrix

nd 10 ml of hydrochloric acid (1+1) in several 100 ml plastic volumetric flasks (products

actly
htion
1 the

vn in

(15)

12 Determination methods of sodium and potassium

12.1 Class

Sodium and

34

ification of determination methods

potassium shall be determined by using any of the following methods:

Method A, Acid pressure decomposition-AAS;
Method B, Acid pressure decomposition-FES;

Method C, Acid pressure decomposition-ICP-OES.
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Acid pressure decomposition-AAS

12.2.1 Principle

Decompose the sample in a pressure decomposition vessel with a mixture of hydrofluoric acid, sulfuric
acid, and nitric acid. Evaporate the product until dry and dissolve the salt in hydrochloric acid. Dilute
with water to a constant volume. Spray the solution into an air-acetylene flame of AAS and record the
absorbance of sodium or potassium.

12.2.2 Reagents

Reag
polyz
ST trd
12.2
12.2
12.2
12.2
12.2

12.2

12.2
(12.2

12.2

NOTH

12.2

NOTH

12.2
and
tetra

12.2.2.971n a 100 ml plastic volumetric flask (products made of polyethylene, polyprg

ents shall be as follows. Solutions shall be preserved in plastic bottles (produg
tthylene, polypropylene, and tetrafluoroethylene resin are available). The standard sol
iceable shall be used.

2.1 Water, as specified in 7.2.2.1.
2.2 Hydrofluoric acid.

2.3 Sulfuric acid (1+1).

2.4 Nitric acid (1+1).

2.5 Hydrochloric acid (1+1).

2.6 Ammonium sulfate, more than 99,9 %{fmass fraction) of purity.

.2.6) in 1 000 ml of water.

2.8 Standard sodium solution (Na 1,0 mg/ml).

A commercial standard.solution being SI traceable is available.

2.9 Standard potassium solution (K 1,0 mg/ml).

A commercial standard solution being SI traceable is available.

2.10 Mixed standard solution (Na and K each 50 pg/1), take and mix 5 ml eac

fluetoethylene resin are available). Dilute with water to the mark and mix well. P

ts made of
itions being

2.7 Ammonium sulfate solution [(NH4)2S04 250 g/1], dissolve 250 g of ammonium sulfate

h of 12.2.2.8
pylene, and
'epare fresh

mm

pdiately before use.

12.2

.3 Apparatus and instrument

Apparatus and instrument shall be as follows.

12.2

12.2

12.2

© ISO

.3.1 Platinum crucible, as specified in 7.2.3.1.
.3.2 Platinum dish, for example, 75 ml.

.3.3 Atomic absorption spectrometer.
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12.2.4 Amount of sample

The weighed amount of sample shallbe 0,2 g~ 1,0 g.

12.2.5 Ope

ration

The operation shall be as follows.

a) Weighthesampleina platinum crucible (30 ml) and add up to 16 ml of a suitable mixture of acids. Put
the crucible into a PTFE inner vessel and close the pressure vessel according to the manufacturer’s
instructions. Place the vessel in an air bath and heat at (180 + 5) °C for 16 h.

NOTE

b) After cd

Acid pressure decomposition under micro wave irradiation can be performed if available|

platinum dish (11.2.3.2) when washing the crucible and the vessel, and then heat on a‘hot plate

dry. Sub

sequently, heat the dish on a hot plate at 330 °C ~ 340 °C to remove the acids.

c) Continue heating to reach dryness. After cooling, add 5 ml of hydrochloric agid (1+1) (11.2.2.5

5 ml of ¥
flask (p
and dily

d) Spray 4
spectro
or 766,

te with water to the mark.

portion of the solution of 12.2.5 ¢) into an air-acetyléne flame of atomic absor
meter and measure the absorbance of sodium or potassium at the wavelengths of 589,
nm, respectively.

12.2.6 Blank test

Perform the
of sodium o]

12.2.7 Dray

Take 10 ml
in several §
tetrafluorod
(12.2.2.10)
using these
potassium.

" potassium.

ving calibration curves

0 ml of plastic volumetri¢-flasks (products made of polyethylene, polypropylene
thylene resin are available). Add exactly 0 ml ~ 10 ml of the mixed standard sol

oling, disassemble the pressure vessel. Transfer the solution in the PTFE inner ¥/gssel into a

until

) and

vater to dissolve the salt on a hot plate. Transfer the solution into a’50-ml plastic volumnietric
roducts made of polyethylene, polypropylene, and tetrafluoroethylene resin are available)

btion
D nm

operations of 12.2.5 a) to 12.2.5 d) withouttaking a sample to obtain the blank test yalue

pf the ammonium sulfate solution (12.2.2.7) and 5 ml of hydrochloric acid (1+1) (12.4.2.5)

and
1tion

tepwise to each flask'and dilute with water to the mark. Perform the operation of 12.4.5 d)
solutions and establish the relation between the absorbance and the amount of sodiuym or

36
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12.2.8 Calculation

Obtain the amount of sodium or potassium by 12.2.5 and 12.2.6 referring to the calibration curves drawn
in 12.2.7 and calculate the content of sodium or potassium in the sample according to the following
formula:

(16)

12.3

12.3

Deco
acid

with
emis|

12.3

Reag

polysé
ST trd

12.3
12.3
12.3

12.3

T 1S The cContent of SOdIumT oT POtasSSIuNT 1T the sampie {9 (ass fraction);

l; is the amount of sodium or potassium in the sample obtained by 12.2.5 and 12:2.7

lp is the amount of sodium or potassium in the blank test obtained by 12.216 and 12.7

n is the weighed amount of the sample in 12.2.5 a) (g).

Acid pressure decomposition-FES

1 Principle

mpose the sample in a pressure decomposition vesselwith a mixture of hydrofluoric 3
and nitric acid. Evaporate the product until dry afid dissolve the salt in hydrochlorid
water to a constant volume. Spray the solution‘into an air-acetylene flame of FES an
sion intensity of sodium or potassium.

2 Reagents

ents shall be as follows. Solutiens’ shall be preserved in plastic bottles (produg
bthylene, polypropylene, and tetrafluoroethylene resin are available). The standard sol
iceable shall be used.

2.1 Water, as specifiediin 7.2.2.1.
2.2 Hydrofluoricacid.
2.3 Sulfurictacid (1+1).

2.4 Nitric acid (1+1).

cid, sulfuric
acid. Dilute
 record the

ts made of
utions being

12.3

12.3.2.6 Ammonium sulfate, more than 99,9 % (mass fraction) of purity.

12.3.2.7 Ammonium sulfate solution [(NH4)2S04 250 g/1], dissolve 250 g of ammonium sulfate
(12.3.2.6) in 1 000 ml of water.

12.3.2.8 Standard sodium solution (Na 1,0 mg/ml).

NOTE A commercial standard solution being SI traceable is available.

12.3.2.9 Standard potassium solution (K 1,0 mg/ml).

© ISO
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NOTE A commercial standard solution being SI traceable is available.

12.3.2.10 Mixed standard solution (Na and K each 50 pg/1), take and mix 5 ml each of 12.3.2.8
and 12.3.2.9 in a 100 ml plastic volumetric flask. Dilute with water to the mark and mix well. Prepare fresh
immediately before use.

NOTE Products made of polyethylene, polypropylene, and tetrafluoroethylene resin are available for the
plastic volumetric flask.

12.3.2.11 Mixed solution for adjusting wavelength (Na 5 pg/ml, K 5 pg/ml), prepare by diluting
the mixed standard solution of sodium and potassium (12.3.2.10) with water by a factor of 10.

12.3.3 Appfaratus and instrument

Apparatus and instrument shall be as follows.
12.3.3.1 Platinum crucible, as specified in 7.2.3.1.
12.3.3.2 Platinum dish, as 11.2.3.2.

12.3.3.3 Flame emission spectrometer

12.3.4 Aqunt of sample

The weighed amount of sample shallbe 0,2g~ 1,0 g.

12.3.5 Operation
The operatipn shall be as follows.

a) Weighthesampleina platinum crucible (30:ml) and add up to 16 ml of a suitable mixture of acids. Put
the crugible into a PTFE inner vessel and-close the pressure vessel according to the manufactyrer’s
instructions. Place the vessel in an air.bath and heat at (180 * 5) °C for 16 h.

NOTE Acid pressure decompdsition under micro wave irradiation can be performed if available.

b) After cdoling, disassemblecthe pressure vessel. Transfer the solution in the PTFE inner vesse] into
a platinum dish when washing the crucible and the vessel, and then heat on a hot plate unti} dry.
Subsequently, heat thé.dish on a hot plate at 330 °C ~ 340 °C to remove the acids.

c) Continue heatingtoreach dryness. After cooling, add 5 ml of hydrochloric acid (1+1) (12.3.2.5) and
5 ml of yvater to:dissolve the salt on a hot plate. Transfer the solution into a 50 ml plastic volumnetric
flask and dilute with water to the mark.

NOTE Prod m r the

plastic volumetric flask.

d) Sprayaportion ofthe mixed solution for adjusting wavelength (12.3.2.11) into an air-acetylene flame
of FES. Adjust the spectrometer to give the maximum emission intensity of sodium or potassium in
the vicinity of 589,0 nm or 766,5 nm, respectively. Finally, adjust the spectrometer reading to zero
while spraying water.

e) Sprayaportion ofthe solution of 12.3.5 c¢) into an air-acetylene flame of flame emission spectrometer
and measure the absorbance of sodium or potassium at the wavelengths of 589,0 nm or 766,5 nm,
respectively.
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12.3.6 Blank test

Perform the operations of 12.3.5 a) to 12.3.5 e) without taking a sample to obtain the blank test value of
sodium or potassium.

12.3.7 Drawing calibration curves

Take 10 ml of the ammonium sulfate solution (12.3.2.7) and 5 ml of hydrochloric acid (1+1) (12.3.2.5)
in several 50 ml of plastic volumetric flasks (products made of polyethylene, polypropylene, and
tetrafluoroethylene resin are available). Add exactly 0 ml ~ 10 ml of the mixed standard solution
(12.3.2.10) stepwise to each flask and dilute with water to the mark. Perform the operation of 12.3.5
e) using these solutions and establish the relation between the emission intensity and the amount of
sodiym or potassium.

12.3{8 Calculation

Obtajin the amount of sodium or potassium by 12.3.5 and 12.3.6 referring to the calibration cyirves drawn
in 14.3.7 and calculate the content of sodium or potassium in the sample according to the following
formpula:

(4)-40)

Iy
I

%100 (17)

where

k; is the content of sodium or potassium in the saimple [% (mass fraction)];

4 is the amount of sodium or potassium in¢he sample obtained by 12.3.5 and 12.3.7 [ g);

Ao is the amount of sodium or potassiufidin the blank test obtained by 12.3.6 and 12.3.7 (g);

m is the weighed amount of the sample in 12.3.5 a) (g).

12.4 Acid pressure decomposition-ICP-OES

12.4{1 Principle

Decompose the sample’in a pressure decomposition vessel with a mixture of hydrofluoric 4cid, sulfuric
acid,|and nitric acid-"Evaporate the product until dry and dissolve the salt in hydrochlorid acid. Dilute
withfwater to,a.¢onstant volume. Spray the solution into an Ar plasma of ICP-OES and record the emission
intersity of Sedium or potassium.

12.4{2°Reagents

Reagents shall be as follows. Solutions shall be preserved in plastic bottles (products made of
polyethylene, polypropylene, and tetrafluoroethylene resin are available). The standard solutions being
SI traceable shall be used.

12.4.2.1 Water, as specified in 7.2.2.1.
12.4.2.2 Hydrofluoric acid.
12.4.2.3 Sulfuric acid (1+1).

12.4.2.4 Nitric acid (1+1).
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12.4.2.5 Hydrochloric acid (1+1).

12.4.2.6 Ammonium sulfate, more than 99,9 % (mass fraction) of purity.

12.4.2.7 Ammonium sulfate solution [(NH4)2S04 250 g/1], dissolve 250 g of ammonium sulfate

(12.4.2.6) in

1 000 ml of water.

12.4.2.8 Standard sodium solution (Na 1,0 mg/ml).

NOTE A commercial standard solution being SI traceable is available.

12.4.2.9 Stdeard potassium solution (K 1,0 mg/ml).

NOTE A

12.4.2.10
and 12.3.2.9
immediately

NOTE P
plastic volum

commercial standard solution being SI traceable is available.

Mixed standard solution (Na and K each 50 pg/1). Take and mix 5 ml each of 12|
in a 100 ml plastic volumetric flask. Dilute with water to the mark andmix well. Prepare
before use.

oducts made of polyethylene, polypropylene, and tetrafluoroethylén€e resin are available fd
etric flasks.

12.4.3 Appfaratus and instrument

Apparatus a
12.4.3.1 Pl
12.4.3.2 Pl

12.4.3.3 IC

nd instrument shall be as follows.
htinum crucible, as specified in 7.2.3.1.
htinum dish, for example, 75 ml.

P optical emission spectrometer;as 7.3.3.8.

12.4.4 Aqunt of sample

The weighe

12.4.5 Ope
The operati

a) Weight
the crug

amount of sample shall'be 0,2 g~ 1,0 g.

ration
bn shall be asfollows.

he samplein a platinum crucible (30 ml) and add up to 16 ml of a suitable mixture of acid
ible into a PTFE inner vessel and close the pressure vessel according to the manufacty

3.2.8
fresh

r the

5. Put
rer’s

instruct

ions. Place the vessel in an air bath and heat at (180 + 5) °C for 16 h.

NOTE

Acid pressure decomposition under micro wave irradiation can be performed if available.

b)

40

After cooling, disassemble the pressure vessel. Transfer the solution in the PTFE inner vessel into a
platinum dish (12.4.3.2) with washing the crucible and the vessel, and then heat on a hot plate until
dry. Subsequently heat the dish on a hot plate at 330 °C ~ 340 °C to remove the acids.

Continue heating to reach dryness. After cooling, add 5 ml of hydrochloric acid (1+1) (12.3.2.5) and
5 ml of water to dissolve the salt on a hot plate. Transfer the solution into a 50 ml plastic volumetric
flask and dilute with water to the mark.

NOTE Products made of polyethylene, polypropylene, and tetrafluoroethylene resin are available for the
plastic volumetric flask.
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d) Sprayaportion ofthe solution of 12.3.5 ¢} into an air-acetylene flame of flame emission spectrometer
and measure the absorbance of sodium or potassium at the wavelengths of 589,0 nm or 766,5 nm,

respectively.

12.4.6 Blank test

Perform the operations of 12.4.5 a) to 12.4.5 d) without taking a sample to obtain the blank test value of
sodium or potassium.

12.4.7 Drawing calibration curves

Take| 10 ml of the ammonium sulfate solution (12.4.2.7) and 5 ml of hydrochloric acid (i+
in sgveral 50 ml of plastic volumetric flasks (products made of polyethylene, polypro
tetrafluoroethylene resin are available). Add exactly 0 ml ~ 10 ml of the mixed stand
(12.4.2.10) stepwise to each flask and dilute with water to the mark. Perform the operati
d) uj

12.4{8 Calculation
Obta

where

13 Determination methods of carbon

13.1 Classification of determination methods

Carbpn shall be determined by any of the following methods:

wel
x~
Il
1
—_
oS
=~
|
.S
(e}
N
| |
X
—_
(]
o

Fx isthe content of sodium or potassiufw’in the sample [% (mass fraction)];
Ak is the amount of sodium or petassium in the sample obtained by 12.4.5 and 12.4.7

Ao is the amount of sodium or potassium in the blank test obtained by 12.4.6 and 12.4

1) (12.4.2.5)
pylene, and
hrd solution
on of 12.4.5

ing these solutions and establish the relation between the emission intensity and thie amount of
sodiym or potassium.

fin the amount of sodium or potassium by 12.4.5 and 12.4.6 referring to the calibration clirves drawn
in 14.4.7 and calculate the content of sodium or potassium in the sample according to tl
formjula:

e following

(18)

g);
7 (8);

m is the weighed amount-of the sample in 12.4.5 a) (g).

Method A, Combustiom {resistarnce furmacej=tRabsorptiomspectrometry;
Method B, Combustion (RF furnace)-conductometry;

Method C, Combustion (RF furnace)-IR absorption spectrometry;
Method D, Combustion (resistance furnace)-coulometry;

Method E, Combustion (resistance furnace)-gravimetry;

Method F, Combustion (resistance furnace)-conductometry.
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13.2 Combustion (resistance furnace)-IR absorption spectrometry

13.2.1 Principle

Burn the sample under oxygen flow by a resistance furnace with an accelerator. The generated carbon
dioxide and carbon monoxide are analysed by an IR spectrometer.

13.2.2 Reagents

Reagents shall be as follows.

13.2.2.1 Oxygen, more than 99,9 % (volume fraction) of purity.

13.2.2.2 Adcelerator, tin of powder form. Any other materials, other than tin, may be used“if thely are
confirmed ap suitable accelerators.

13.2.2.3 Callcium carbonate, more than 99,9 % (mass fraction) of purity. It shallbe heated at 500(°C to
550 °C for 2|h and cooled in a desiccator.

13.2.3 Apjaratus

In general, gpparatus shall be as follows.
13.2.3.1 Cgmbustion tube, for example, 0.d. 25 mm x i.d. 20 mm™x 700 mm long.

13.2.3.2 Cgmbustion boat, for example, 0.d. 13,5 mm x i:d* 10 mm x 80 mm long.

13.2.4 Instrument

A commercipl carbon analyser is available. It con5sists of an oxygen refiner, a furnace, a combustion gas
purifier, a gas detector, etc. The block diagram’is shown in Figure 6.
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dust collector

dulfur dioxide trap
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Y

Y

[R spectrometer

Figure 6 — Block diagram of carbon analyser for combustion (resistance furnag
absorptionspectrometry

4.1 Oxygen refiner, consisting of @n oxidation tube with a resistance furnace (copj
n dioxide absorption tube (sodiunyhydroxide shots for gas analysis), a dehydration tube

4.2 Furnace, consisting jof a tubular resistance furnace, a porcelain combustion tu
ar resistance furnace'shall be capable of keeping the middle part of the combustion tubg

4.3 Combustion gas purifier, consisting of a dust collecting tube (glass wool), a des
(manganese'dioxide), an oxidation tube (copper oxide) with a resistance furnace, a dehy
nesium‘petrchlorate for drying), etc.

44, Gas detector, consisting of an IR spectrometer for carbon dioxide and other comyj

re)-IR

er oxide), a
(magnesium

be, etc. The
, 150 mm or

ulfurization
dration tube

onents. The

€0 Spectrometer Measures the difference of IR abSOTption DetWeen a Samplie cell an

a reference

one and converts it into the carbon content in the sample. Some instruments measure IR absorption of
carbon dioxide and carbon monoxide separately and convert the sum into the carbon content.

13.2.5 Amount of sample

The weighed amount of sample shall be 0,3 gto 0,5 g.
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13.2.6 Operation
The operation shall be as follows.

a) Starting up of the instrument. Switch on the instrument and set the controls to the specified
values according to the manufacturer’s instruction. Raise the temperature of combustion tube to
1 350 °C and wait until the instrument becomes stable.

NOTE The temperature of graphite crucible depends on the current or power supplied to itself. The
correlation is intended be predetermined. If an apparatus has a bath metal thrower, it is preferable to throw
the bath metal after degassing the graphite crucible, and then degas it. The degassing temperature is intended
to be set higher than the gas extraction temperature.

b) Mixing|of the sample and accelerator. Take the sample on the combustion boat and spread‘itjover
uniformly. Cover the sample uniformly with 2 g of tin, or sandwich the sample by 1 g each-of tin.

c¢) Combustion of the sample. Open the cock at the entrance of combustion tube. Insert the(boat
loaded yith both the sample and the accelerator to the middle of combustion tube! Close the|cock
immediptely and flow oxygen. Read the integration meter after the specified time.

13.2.7 Blank test

Perform theloperations of 13.2.6 a) to 13.2.6 c) without taking a sample %0 obtain the blank test vajue.

13.2.8 Caldulation of calibration coefficient

Use 0,250 g|of calcium carbonate (13.2.2.3) or 0,500 g of sample whose total carbon content is known
(sample for calibration). Perform the operations of 13.2.6 bj\and 13.2.6 c) and calculate the calibration
coefficient Hy the following formulae:

a) When calcium carbonate is used,

_ 6x0,1200

: (A1[-4p)

(19)

where

K is the calibration coefficient.(g/integral value);
G isthe weighed amount©f calcium carbonate (g);
A1 isthe integral value/of calcium carbonate in 13.2.6 c);

Ao isthe integralvalue of the blank testin 13.2.7.

b) When sample for calibration is used,
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GxP)/100
K= —[( ) / ] (20)
(42-4)
where
K isthe calibration coefficient (g/integral value);

G is the weighed amount of the sample for calibration (g);

P isthe total carbon content in the sample for calibration [% (mass fraction)];

A2 is the integral value of the sample for calibration in 13.2.6 c);

Ao is the integral value of the blank testin 13.2.7;

13.2|9 Calculation

Calcuylate the content of carbon in the sample according to the followingformula:

DN

:{(A3 —Ao)xﬂxloo (21)

where
¢ isthe content of carbon in the sample [% (mass/Araction)];
A3 isthe integral value of the sample in 13.2.6);

Ao is the integral value of the blank testin'13.2.7;

K is the calibration coefficient in 13:2.8 (g/integral value);

m is the weighed amount of the'sample in 13.2.6 b) (g);

13.3 Combustion (RF furnace)-conductometry

13.3{1 Principle

Burn the sample ufider oxygen flow by an RF furnace with an accelerator. The generated carbon dioxide
is anplysed byusing a conductometric detector.

13.3|2 Reagent

Reagent shall be in accordance with 13.2.2. COpper of shot form, tungsten of snot form, or iron of chip
form shall be used as an accelerator referred to the manufacturer’s instruction of the instrument used.

13.3.3 Apparatus

Apparatus fitting to the instrument shall be used according to the manufacturer’s instruction.
13.3.3.1 RF combustion crucible, suitable for the instrument used.

13.3.3.2 Pedestal, recommended in the instruction of the instrument used.
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13.3.4 Instrument

A commercial carbon analyser is available. It consists of an oxygen refiner, a furnace, a combustion gas
refiner, a gas detector, etc. The block diagram is shown in Figure 7.

|—6—7—2—4

A
(o)
<

oxygen Homb
oxidation tube with electric heater
carbon (;Izoxide trap

dehydration tube

furnace
dust collpctor
sulfur dipxide trap
flow pa:I\ selector

carbon

O 0 N O U1 W N -

ioxide trap
10 conductg¢metric detector

Figure 7|— Block diagram of carbon' analyser for combustion (RF furnace)-conductometry

13.3.4.1 Oxygen refiner, as specified in 13.2.4.1.

13.3.4.2 Furnace, consisting of an RF furnace, an RF transmitter, etc.

13.3.4.3 Cambustion'gas purifier, as specified in 13.2.4.3.

13.3.4.4 Gds‘detector, consisting of a flow path converter, a carbon dioxide trap (synthetic zeolite), a
conductometric detector, etc.

13.3.5 Amount of sample

The weighed amount of sample shall be 0,3 gto 0,5 g.

13.3.6 Operation
The operation shall be as follows. Some instruments automatically perform the steps of c) and d) below.

a) Starting up of the instrument. Switch on the instrument and set the controls to the specified
values according to the manufacturer’s instruction. Wait until the instrument becomes stable.

NOTE Refer to the manufacturer’s instructions for operation.
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b) Mixing of the sample and accelerator. Take the sample in the RF combustion crucible and spread
it over uniformly. Cover the sample uniformly with 1 g of copper and 1 g of iron, or 1 g of copper and
1 g of tungsten.

c) Combustion and adsorption. Set the crucible into the furnace and activate the instrument. The
carbon dioxide generated is trapped in an absorption tube.

d) Release and measurement. Heat the absorption tube to release the absorbed carbon dioxide and
introduce it to the detector. Read the integration meter.

13.3.7 Blank test

Perfq

13.3

Calcylation shall be in accordance with 13.2.8.

13.3

Calcylation shall be in accordance with 13.2.9.

13.4

13.4

Burn
and (

13.4

Reagent shall be in accordance with®3.2.2. Copper of shot form, tungsten of shot form or

form|
used

13.4
Apps3
13.4

Instry

rm the operations of 13.3.6 a) to 13.3.6 d) without taking a sample to obtain the blani

8 Calculation of calibration coefficient

9 Calculation

Combustion (RF furnace)-IR absorption spectromeétry

1 Principle

the sample under oxygen flow by an RF furnace with an accelerator. The generated cal
arbon monoxide are detected by an IR spectrometer.

2 Reagents

shall be used as an accelerator as referred to in the manufacturer’s instruction of the

3 Apparatus

ratus shall be in-accordance with 13.3.3.

4 Instruments

uments-shall be in accordance with 13.3.4. The block diagram is shown in Figure 8.

test value.

'bon dioxide

iron of chip
instrument
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oxygen b
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ioxide trap

1

2

3
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5 furnace
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7
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oxidatio tube with electric heater

sulfur tri
IR specty

Figure § — Block diagram of carbon analyser for combustion (RF furnace)-IR absorptio

13.4.4.1 Oy

carbon dioxjde absorption tube (sodium hydroxide shots for gas:analysis), a dehydration tube (magne

perchlorate
13.4.4.2 Fu

13.4.4.3 Co
a dust collec
oxide) with

13.4.4.4 Ga

ion tube
pctor

oxide trap
ometer

spectrometry

'ygen refiner, consisting of an oxidation tube with a Tresistance furnace (copper oxig

for drying), etc.
rnace, as 13.3.4.2.

mbustion gas purifier, consistingiefa dehydration tube (magnesium perchlorate for dry
ting tube (glass wool), a desulfurization tube (manganese dioxide), an oxidation tube (cd
hn electric furnace, etc.

s detector, as 13.3.4.4.

13.4.5 Aqunt of sample

The weighe

13.4.6 Ope|

The operati

amount of santple shall be 0,3 gto 0,5 g.

ration

birshall be as follows.

=]

le), a
sium

ring),
pper

a) Starting up of the instrument. Switch on the instrument and set the controls to the specified
values according to the manufacturer’s instruction. Wait until the instrument becomes stable.

NOTE

Refer to the manufacturer’s instructions for operation.

b) Mixing of the sample and accelerator Take the sample in the RF combustion crucible and spread
it over uniformly. Cover the sample uniformly with 1 g of copper and 1 g of iron, or 1 g of copper and
1 g of tungsten.

c) Measuring. Set the crucible into the furnace and activate the instrument.

13.4.7 Blank test

Perform the operations of 13.4.6 a) to 13.4.6 c) without taking a sample to obtain the blank test value.
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