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INTERNATIONAL STANDARD & 180 IS0 10720:19497(E)

Steel and iron — Determination of nitrogen content — Thermal
conductimetric method after fusion in a current of inert gas

1 Scope

Thig Internaticnal Standard specifies a thermal conductimetric method after fusion under inert gas for the
determiration of nitrogen in steel and iron.

The method is applicabls to nitragen contents between 0,000 8 9 {mfr) and 0.5% (mim).

2 Normative references

Tra fnllowing standards contain provisions which, through refererce in this text, constitute provisions of this
Inlematlonal Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements basad on this Imternational Standard are encouraged o investigate tha
pessibility of applying the mast recent editiens of the standards indicaied below. Membears of IEC and IS0 maintain

regislers of currantly vahid International Standards,

150 385-1:1984, Laboratory glassware — Burettes — Part 1. General requirements.
IS0 64831977, Laboratory glassware — One-mank pipsites,

IS0 1042:—) [ aboratory glassware — One-mark volumetric fasks.

S0 38961287, Waler for analvtical laharatary use — Specification and test mothods.

ESC 5725-1:1984, Accuracy (lruensss and pracision) of measurament methods and resilts — Part 1! Genaral
principles and definitions.

130 S725-2:1884, Accuracy (trueness and precision) of megsurerner melhods and results — Part 2: Basic meihod
for the determination of repeatability and reproducibility of a standard maasurement meihod.,

150 5725-3:1994, Aceuracy {trueness and precisfon} of measurement methods and resufts — Part 3 Intermediate
measures of e precision of a standard measurement method.

150 14284 11998, Stea! and iron — Sampling and praparation of samples for the determination of chermical
composition.
3 Principle

Fugion of a test partion in & single-use graphite crucible under helium gas at a high temperature (e. 9. 2 200 <C)
Extraction of tha nitrogen in the form of malecular nitrogen in the stroam of helium.

Separation from the other gaseaus extracts and measurement by thermal conductimetsic method,

4 Reagenis and materials

Duting the analysis, unless otherwise stated, use only reagents of recognized analytical grade and only grads 2
water as specified in 150 369§.

1% To be published. (Revision of 150 10421683
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4.1 Water, prepare just before use.
4.2 Helium, high purity, total impurity content 0,000 5 % {myrm.

An oxidation reagent or catalyst [copper(ll) oxide or platinum] tube heated to a ternperaiure above 450 °C shall be
used pricr to a purifying unit, when the presence of crganic conlaminants is suspected in the helium,

4.3 Pure Iran, of known low nitrogen contents less than 0,007 2% {rrefrm).
4.4 Copper {ll) oxide, on granuiated support.

4.5 Anhydrous magnesium perchlorate, Mg(CiO,),, particle size from 1.2 mm to 2.0 mm, or anhydrous caleium
sulfate, particle size from 0,60 mmto 0,85 mm.

4.6 Sodium hydroxide, on granulated support.

Parlicle size from 0,7 mmta 1,2 mm.

4.7 Appropriate solvent, suitable for washing greasy or dirly test samples, 2.0, acetone.
4.8 Potassium nitrate, standard salution.

After drying at between 100 °C and 105 “C for 2 h and sllowing to cool in a desiceator, weigh, to the nearest 0,1 mqg,
the masses of potassium nitrate [purity » 98,9 % (mimi] indicated in table 1.

Dissolve the petassium nitrate in about 50 ml of water (4.1), transfer quantitatively 1o a 100 ml one-mark volumetric
flask, dilute to the mark with watar (4.1} and mix.

1 mi of each standard salution contains the mass of nilrogen indicated in table 1.

Table 1 — Standard salutionsg

Name of tha Mass of potasalum Corresponding
standard nitrate used concentration
solutlen of nitradgen

q mpfml
4.8.1 20225 125
462 72142 it
4843 54138 .o
484 36091 5.0
485 T.804 & 2,50
485 0.9¢2 3 1.25
4.0.7 0,360 & 0,30
4.8.8 (4852 1710) " 0,25
4.59 [4.8.6 x 1/10) 4,125
4.8.10 {4.8.7 x 1/10] 0,050
1} a.g. transfar 10,0 ml of the standard solution [4.8.5] iite a 100 ml ane-matk valumetnc flagy,
dilute to the mark with water (4.1} and mix.

5 Apparatus

During the analysis, unless otherwise stated, use only ordinary laboratory apparatus.
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Hlal) ISO 10720:1997E)
All volumetric glasswara shall be class A, in accordance with IS0 385-1, 180 648 or 150 1042 as appropriale.

The apparatus required for fusion of the test portion, separaticn and measurerment of the nitragen extracted may be

abtained commercially from a number of manufacturers. Follow the manufacturer's ingtructions for tha oparalion of
the instniment.

Features of commercial instruments are given in annex A.

5.1 Graphlte crucible, single-use.

Use high purity crucibles suitable for use with the apparatus.

9.2 Micropipette, 100 ul and 200 pl, limit of error shall be |ess than 1 ul.,

5.3 Mickel capaule.

For example, about B mim in diameter: 8 mm in height; 0.2 g in mass and 0,22 ml in volume, or about 8 mm in

diameter; 12,5 mm in height; 0.5 g in mass and 0,35 ml in volume. In any cagea, tha nitrogen content shall be less
than 0,000 2 % {mim).

9.4 Crueible tongs, for handling the crucibles used.

5.5 Glass-wool filters,

6 Sampling

Carry out sampling in aceordance with 150 14284 ar appropriate nativnal standards for steel and iron.

¥ Procedure

WARNING — The risks involved when using an apparatus for fusing the test portion are mainty risks of
burns. It is therefore essential to use crucible tongs {5.4) and appropriate containers for the used crucibles.

7.1 General instructions

Keep the glass-waol filters (5.5} clean. Using a certified reference material, wetify the effectivensss of the installed
reagents (4.4, 4.5 and 4.8) and change them if necessary.

I certain instniments, it is necessary to clean the sample introduction pipg in the turace after each analysis in

order to eliminate carbon depesits. 1f the slectricity supply has been switched off for a long time, allow time for the
instriment to stabilize as recommencied by the manufacturer.

After changing the filters (5.5} and/or reagents (4.4, 4.5 and 4.8), or when the apsaraius has been inoperative for a

period, stabilize the instrument by sarrving out trial analyses, the results of which are to be distegarded, then
proceed with calibration as Indicated in 7.5 before analysing the sample.

It the instrument used provides a direct reading in percentage of nitrogen, adjust the instrument reading for each
calibration range as fallows.

Road the content of a certified reference material of high nitrogen content at various power settings. The required
heating power far the defermination of test sarmples is that at which the reading levels off,

In order 1o determine a high alloy test sample a high alloy certfiad reference material shall be used to know the
required heating power.
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7.2 Test portlon

Degrease the tast sample by washing in a suitable sclvent {4.7). Evaporate the last traces of the washing liquid by
heating.

Weigh, to the nearest 1 mq, approximaiely 1.0 g of the test sample for nitrogen contents up to 0,1 % (mim) and
approximately 0,50 g for nitrogen contents greater than 0,1 % (mm) {sea nota 1).

NOTE 1 The mass of the test partion may be dependent on the type of instrument used.
7.3 Blank test

Friar 1o the determination, carry qut tha following blank tests in duplicate.

7.3.1 Sample with nitrogen contents up to 0,10 % {mém)

7.3.1.1  Using the micropipstte (5.2}, transfer 200 pl of water (4.1) to a nickel capsule (5.3) and dry at 90 °C to

85 °C for 2 h. Treat the nickel capsule as specified in 7.4.1, and add the same quantity of the pure iran (4.3) in place
of the test partion.

7.3.1.2 Obtain the reading of the blank tests and convert it to micragrams of nirogen by means of the calibration
graph {see 7.5}

The blank value is chiained by subtracting the mass of nitrogen in the pure iron used {4.3) from the mass of
nitrogan in the: blank tests.

The mean blank value {m,) is calculated from the twe blank values {see note 2.

NOTE 2 itis essential thal neilher the mean blank value nor the difference between the two blank values excesd 10 pg of
nitrogen. H these valueg arg abnormally high, the sourca of confamination sheuld be investigated snd sliminated.

7.3.2 Sample with nitregen contents betwoen 0,10 % {mm) and 0,50 % {m/m)

Using the micropipette (5.2), transfer 200 W of water (4.1} to a degassed graphite crusible (5.1} and dry at 90 *C to
95 *C for 2 h. Add the same guanlity of the pure iron {4.2) instead of the test portion and proceed as specified in
7312

7.4 Determination

74.1 Sample with nitrogen contents up to 0,10 % (avm)

7.4.1.1 Flace a graphite crugible (5.1} in the furmace (see annex A) and then degas by heating at greater than
2200 °C.

7.4.1.2 Flatten 2 nickel capsule (5.3) by pressing, insert it and add the test portion (see 7.2) to the degassed
graphite ernucible,

7413 Operale the furnece in accordance with the manufacturar's instructions.

At the end of tha fusion and measuring cycle, remove and discard the crucible, and record the analyser raading.
7.4.2 Sample with nitrogen contents between 9,10 % (m/m) and 0,50 % {m/m)

Place a graphite crucible (5.1} in the lumace (see annex A) and then degas by heating at greater than 2 200 °C.

Add the test portion (see 7.2} to the degassad graphite crucible {5.1) and continue as specified in 7.4.1.2.
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7.5 Establishment of the calibration graph
751 Preparation of the callbration serles

7.51.1 Sample with nltrogen contents up ta 0,10 % ()

Using the micropipette (5.2, transfer 200 ul of each of the potassium nirate standard solutions {4.8) indicated in
lable 2, to the respectiva nickel capsule (5.3), ard dry at 80 “C o 95 “Gfor2 h,

7.51.2 Sample with nitrogen contents between 0,10 % {nmym) and 0,50 % (mfm)

Using the micrepipette (5.2), fransler 200 p of each of the potassium nitrate standard solutions {4.8) indicated in
table 3, ta the respective degassed graphite crucible(s. 1), and dry at 90*Cto 85 °C for 2 h.

7.3.2 Measurements
7.5.21 BSample with nitrogen contents up 1o 0,10 % {m/mij

Treat the nicket capsule {5.3) containing potassiumn ntrate as specified in 7.4.1. Add the same quantity of the pure
won (4.3} in place of the test portion.

7.5.2.2 Sample with nitrogen contents between 0,10 % (m'm) and 0,50 % {(m/m)

Add, to each dried graphite erucible, the same quantizy of the pure iron (4.3} as that of the test portion used, and
cohtfnue as specified in 7.4.1.3

7.5.3 Plotting the calibraticn graph

Obtain the net reading by sub:racting the raading of the zero membear (6ee tables 2 and 3} from that of sach
member of the calibration series.

Prepare a calibration graph by plctting the ret reading against micrograms of nitregen for each member of the
calibration series,

Tahle 2 — Calibration solutlons, nitrpgen contents up to 0,10 % {mim)
Test poriion: 1,0 g— Standard solytions added: 200 wu

Standard solution Concentration of Mass of nitrogen taken | Nitrogen content In
(4.8) uged nitreyen in the nickel capsule or the test portion
the graphite crucible
mofml Lig % (i
water{4,1} o 0 K
4.8.10 0,ChO 10 0001 0
4.5, 0125 25 0,002 6
453 0,250 ab 00050
487 0,506 100 0,010
4.8.6 1,28 254 0,085
4850 2,50 500 0,050
4.B.4 5,00 | 0 0,100
1} Zaro member
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Tabla 3 — Callbration zolutions, nitrogen contents batwean 0,10 % (m/mm} and 0,50 % {m/m)

Test portion: 0,5 g — Standard solutions added: 200 4

l;:almlarcl solution Concentration of Mass of nitrogan taken | Mitrogen content in
(4.8) used nltrogen [n the hickel capsule ar the test portlon
the graphite crucible
mg'mil Hg % (e
water{4.1) o a o
185 25 500 o100
484 5.0 1 000 02040
4.8.3 7.5 1 500 0,300
482 10,0 2 {00 0,400
4.8.1 13.5 2500 0,500
14 Zore mearrdsor

8 Expression of results

8.1 Methad of calculation

@130

Convert the analyser reading for the test portion to microgrems of nitrogen (m)} by means of the calibration graph

[sea 7.3),

The nitregen content, wy, expressed as a percentage by mass, is given by the equation:

(mp —my)
= e 3 100
YN = T h 108
_ {_mu - J'n-‘}
104 m
where

m, is the mass, expressed in micrograms, of nitregen in the test portion;

m, is the mass, expressed in micrograms, of nitrogen in the blank test {see 7.3);

mis the mass, in grams, of the tast portion (see 7.2).

8.2 Precision

A plannad trial of this method was camied out by 14 laboratories, at eleven levels of nitrogen, sach laboratory

making three determinations {see notes 3 and 4) of nitrogen at each level.

NOTES

31 Two of the three delerminations were carried out undar repsatahility cenditions as dafined in IS0 5795-1; L.e. one operator,
same apparabuz, identical operating conditions, same calibration, and & minlmum period of time,

4 The third detarmination was caried out at a diffsrent time {un a different day) by the same operatar as in nete 3, using the
same apparaius with a new calibralion,

Tha test samples used are lisied in annax B.1.

The results obtained were traated statistically in accordance with 130 5725, Parts 1, 2 and 3.
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The data obiained showed a logarithmic relatiansh
reproducitility {R and A} of the test results (seen

the data iz shown in annex G

Table 4 — Results for rapeatability and reproducibility limits

ISO 10720:1997(E)

Ip between nitrogen content and repaatability (4 and
ate 5) as summarized in tabla 4. The draphicai representation of

Nitrogen content Repeatability Reproducibillty
limit limita

8% {rmtery ¥ ) Ay
00008 {0,000 24 0,000 39 0.000 27
o001 0 0.000 27 0,000 45 01, 00 30
00020 0,0ue 36 0,000 71 0,000 44
0.005 0 2,000 54 DC01 30 0,000 71
0.010 0 0,000 73 0,002 07 G001 03
Q.020 0,000 98 0,003 28 0,001 49
0,020 0 0001 45 0,004 03 0,00k 42
0,100 2,001 97 0009 56 0 033 50 ]
B20n 0,003 07 0,014 4 0,008 28
0,500 0,005 54 0.024 3 gMas

MOTES  From the twe valucs obbain
the procedure speciiad in IS0 5725

9 Test report

The test report shall includs the following information:

ed oh day 1, the repeatability limit {
2. From the first value obtained on
labaratory reproducibility limit (A ) was calculated using

1y and reproducikility it {F) were caleulated uslng
day 1 and the vaiug obtained on day 2, the within-
hz procedura given in 150 57353,

a) all information necessary for the identification of the sampie, the {aboratory and the date of analysis:

b) the method used by reference to this International Standard:

c) the results, and the form in which they are exproszed
d} any unusual features noted during the detarrnination:

©) any operatioh not specified

the results.

in this fnternational Standard, or any optional oparation which may have influgnced
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Annex A
(informative)
Features of commercial resistive electrode furnaces and nitrogen analysers
A1 The nelium source is fitkad with a fine adjustmant valve and a pressure gauge. The pressure control valve is
used o check the helium inlet pressure in the fumaces in accordance with the manufacturer's instructions; this is

usually 28 kM/mz,

A.2 The purifying apparatus contains sedium hydroxide-impregnated attapalgite, and magnesium perchlorate in a
dehydration tube.

A3 Flowmeter for measurng the flow of helium in the range O to 4 Fmin,

A4 Resistve slectrode furnace, as follows:

A.4.1 The furnace used for fusion of the test portion by the Joule effact is composad of two solid copper or copper
alloy etectrodes which fit together tightly while providing an adequate volume to accommodate a graphits crucible.
The graphite erucible is used as an slectrical connection between the two electrodes,

Tighiness iz generally ensured by an O-ring.

The elecirodes are generally cooled down by water circulation s0 that the D-rings are not damaged during the
fusion of the test portion.

Ad2 A transformar supplies the necessary amperage for fusion to be performed satisfactarily.

A.4.3 The graphite crucible containing 1he test partion, and & nicke! capsule, if required, is placed on the lower
electrode to ensure a good electneal cannection.

A.4.4 The electrode diameter, the geometrical form of the furnace and the transformer output are detenvined by
the apparalus rmanulaciures.

. A4S The temperature reached duning fusion is dependent partly on the parameters in A.4 4 and partly cn the
metal properties, cn the test portion shape and mass, and sometimes on the crucible gaomatry.

A5 Thermal conductiviiy gas analyser {catharometer), aa follows:

AS5.1 Inmest current apparatls, the gassous fusion emissions are tranaferred into the analyser by a continuous
heliung flow,

An apparatus, after an oxidation fumace, in which reagents {4.4, 4.5 and 4.8} are installed makes it possible to
eohwvert carbon menoxide and hydragen into carbon dioxide and water and abzorb them.

The helium-nitrogen stream flow is led to the catharomester, The difference in themnal conductivily of the pure gas
and of the mixture is recordad and irnagrated over & pre-programmed time interval.

Signal amplification and convarsion with digital display make it possibie to obtain the percentage nitrogen
concentration.

A5.2 Electronic controls are used to set the instrument to zers, to compensate for the blank velue, to adjust tha
calitiration curve slope, andto correct non-linear responses,

Provigion is generaily inearporated in the analyser to take inte account the mass of the reference sample or test
portion, and to aulomatically correct readings.

Some equipment may also be fitted with integratad automatic scales to weigh the test portion and 1o transfer the
corresponding value into the analyser.

|
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{informative)
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Additional information on the international cooperative tests

Table 4 wasg denived from the results of two infernational analytical trials. The first one was carried out in 1991 on
three stesl samples in three coyntries invalving 10 laborateries and the second one was carried out in 1993 on six

steel samples and two iron samples in tour ecuntries involving 14 |aboratories,

The results of the trials ware reported in documant ISQTC 17/SC1 N 828, 1992-02-14 and N 1018, 1584-03-20.

The graphical represeniation of the pracision data is given in annax .

The test samples usad and the results obtained are listed in tables B.1 and B .2.

Table B.1 — Test samples used in the interlaboratory tests

Sample Chemical composition, % (i)
M G Si Mn Hi or Ti Others
ECRM 0571 0,003 7 OE4 100025 (00016
tPure iran}
ECHM 235-1 0,002 3 0003 0,013 18,48 0,034 0,74 Mo 507
tHigh alley ateel}
NIST g 0,004 260 241 0,612 0120 0,048
[Castiren}
EGAM 077-2 0,005 4 0,151 2,283 T.28
(Mild stes()
ECEM 1821 Qo2 0,78 0,368 0,380 G152 0291
{Unalloyad slee!)
ECRM 2B1-1 noz2a 0,048 0,829 G, 786 337 18,17 02156
{High alloy slee/)
ECRM 2271 3,020 0,850 0272 0,236 4,114 4,25 Me 2 54
{High alloy stesi) V==
W 3,03
JI GF Q015 1,038 0,474 1,552 11,02 16,91 Mo 2775
{High allay sl=el] Co 0125
Bak 230-1 Q1598 0.a77 0,524 245 BB 18.05
{AMlloyod stael)
HIST 346a 0415 0,502 0,219 916 3,432 21.08
{Heat rosisting
stenl) |
DAIDG 0,450 0.5 0,1 9 4 ' 91
f{Heat resisting
steel} :

Comyrighi h*.r the mternational Eh*gﬁnimtinn For Slandardizstion
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Table B.2 — The resulta obtained in interlaboratory tests

Nitrogen content Precision data
Sample Cerilfled Found Aepeat- Reproduclbility
ability Imits
fimit

;NJ Eh.l.z ! A Flue
ECRM 097-1 0,000 7 0,000 78 0,000 75 C, 00 23 0,000 44 0,003 3D
{Pure irom)
ECRM 285-1 0,002 3 0,002 3 00023 0,000 46 0,000 81 Q,000 53
(High alloy sleel)
MNISET Ty 0,004 0,005 & 0,005 O C,000 63 00015 0,000 A
[Cast iram)
ECRHM 077-2 0,005 4 0,005 4 0,005 5 G000 47 0,00C 98 0,000 397
[Milci sleet)
ECRM 182-1 00102 00097 0.003 8 C.000 56 00017 0,000 63
(Unelloyed stesl)
ECRM 2811 0.023 0.022 Q.022 0,001 4 0.003 5 0,002 1
tHigh alloy steel)
ECAM 2271 0,040 0,039 0,038 C.000 7 0,005 3 0003 5
(High alloy s1eal)
JK BF 0.071 5 0,080 0,083 0,026 0,008 6 00021
{High alloy steel}
BAM 230-1 0.16% 8 01533 0154 0 0,002 3 Q0080 D003 7
{Alloyed steal)
MIST A48a 0,415 0,413 0,413 02,005 3 0,035 0.011
{Heat resisting
steel]
DAIDC 0,450 0,454 0,495 0,009 3 0,038 0,021
{Heat raslstng
sleeai)
W e general average on one day
W, general average over several days

10
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Annex C
(informative)

Graphical representation of precision data
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Hitrogan canten- [% (m/m1]

Mifrogen contents up to 0,1 % (mim} Milrogen corlems botween 0,1 % {mim) and 0.5 % {mmi)

lgr =043341g w, -22714 lgr =0684241g w,, —2,083 1

lg A=D,88531g w,, —1,354 0 fgR =059481g w, —1,4247

3 Ry =053261g w,, 19229 9 Ry, = 0.83881g v — 1,617 1
whers

Wy, s the average nitragen content, expressed 25 a percentage by mass, obtalned within = day,

EN o I8 Ihe average nitrogan contanl, expressed as a percentage by mass, obtalned between deys.

Flgure C.1 — Logarithmie relatienship between nltrogen content {wy }and repastability limit {r)ar
reproducibility limits (R and A,)
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