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INTERNATIONAL STANDARD

IS0 10702:1993(E)

Steel and iron — Determination of nitrogen
content — Titrimetric method after distillation

1 Scope

This International Standard specilies 8 method for the
determination of nitrogen in steal and iron, finishing
with & titration.

The methad i3 applicable to hitrogen contents from
0,002 % {m/m) 1o 0.5 % {mim). However, the me-hod
is not applicable to samplas eontaining silicon nitrida.

2 Normative references

The following standards contain provisions which,
thraugh reference in this text, constitute prowvisions
of this International Standard. At the time of publica-
tion, the editions indicated were valid. Al standards
are subjppct to revision, and panies to agreameants
bazed on this International Standard ae ancouraged
1o invesligate the possibility of appling the most re-
cent editions of the standards indicatad below.
Members of IEC and 130 maintain repisters of cur-
rently walid [nternational Standards.

|SC 377-2:1889, Sefection and praparation af samplas
&t test pleces of wrought steelfs — Fart 2: Samples
for the determination of the chemical composition,

ISC 386-1:1884, Laboratory glassware — Burettes —
Fart 1. Genaral requiremeanis,

|SC 84BN977, Leboratory glassware — One-mark
pigettes.

ISC 1042:1983, Laboratory glassware — One-mark
velumealtric flasks.

IS 36881987, Water for analytics! laboratory use —
Spacification and test methods.

|SC 57261886, Pracision of test methods — Detsr-
mination of rapestability and reoroducipiity for g
standard test method by interiaboratory tests.
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3 Principle

Dissolution of a test portion in hydrech oric acid fol-
lowved by oxidation with hydrogen peroxide.

Fuming o the acid-insoluble residue in sulfuric acid
with potassiurm sulfate and copper{ll} sulfate.

Distillation of the sclution made alkaling with sodium
h‘fdrc&gide, and collactior of ammonid in a receiver
containing arthaboric acid sclution,

Titratton of the ammoniurm ion with amidosulfuric
acid.

4 Reagents

Luring the analysis, unless otherwise stated, use only
reagerts of recognized analytical grade and only
freshly prepared grade 2 water as speciiied in
IS0 3698,

4.1 Potassium sulfate,
4.2 Copper{ll} sulfate pentahydrate, Cus0,5H,0.

4.3 Hydrochloric acid, ¢ about 1,19 gimil, diluted
1+1,

4.4 Sulfuric acid. p about 1,84 g/mil.

4.5 Orthaoboric acid, 1 g/l sclution.

Dissolve 1 g of orthoboric acid {H,BO45} in water and
dilute 1o 1 litrs.

4.6 Orthoborle acid, & 5l salution.

Cissolve b g of arthaberic acid (HyBOG in water and
dilute to 1 litre.

4.7 Sgdum hydroxide, 500 g/l solution.

Dissalve 500 g of sodium hvdroxide pellets in water.
Cool and dilute to 1 litre.
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4.E Hydrogen peroxide, 300 g/l solution.

49 Amidosulurl: ecld. standard wvolumetric sol-

utian A,

Keep emidosulfuric acid {HOSO,NH,L, of primary
standard substance grade for volurmetric analysiz, in
an evacuated desiccator containing sulfuric acid for

48 h.

Dissolve 3,466 g of predrsd armidasutfuric acid in
water, transfer the solution to a 1 000 ml ones-rmark
viaumesric flask, dilute to the mark with water and

FrIix,

1ml of this standard selution comresponds o

0,500 mg of nitrogen.

4.10 Amidosulfuric acid, standard volumetric sal-

ution B.

Transfer 2000 ml of the amidosulfuric acid, standard
volumertric solution A (4.9} to & 1 000 m ohe-mark
volumetric flask, dilute to the mark with water and

Filix.

1ml of this standard solution coresponds to

0,100 mg of nitrogean.

4.11 Mixed indicator.

Dissolve 0120g of 4-dmethylamincazobanzens-
2-carbowylic acid imethyl red, CgHisNaO5) and

0,082 g of methy ena blua p-hydrate

{CgH 50N S.eH, 0, 1 = 2, 3 or 41 in 100 ml of ethanc]

[99,5 % (VW]

& Apparatus

COrdinary laboratory apparatus, and

5.1 Valumetrle glassware, of grade A, in accord-
angc with 150 386-1, IS0 848 or 180 1042, as appre-

prigte.

Reserve glassware exclusivaly for this work. Clean it
with chromic aodfsufuric acid solution and wash

tharaughly with water bafore use.

6.2 Steam distlllation apparatus {sge annax A
Suitable forms of apparatua are ilusrated in figures

A and A2

5.3 Burette, of capacity 10 ml with 3,02 ml graduy-

ations.

6 Sampling

Carry out zamphng in accordance with (S0 3772 or

appropriate national standards for steal and iron.

7 Procedure

CAUTION — Carry out oparatlons in a wall-
vantilated room away frormn all sources of nitrogen
compounds.

7.1 Test portien

Weigh, ta the nearast 1 mg. the mass given below
g% a function of the sxpactad nitrogen contant:

g nitrogen contents  from 0007 % m/m} 10
0,015 9% {mfm), mass of test portian approximatehy
5009,

bi nittogen contents  fram 0015 % (mm) to
3,03 % (mAnd, mass of test portion approximately
25q;

cl nitrogen  contents  from 0,03 % imdm)  to
0,5 % {mm), mass of test portior approximately
1.0 5.

7.2 Blank tast

I;n paralled with the detarmination and following the
same procedure, camy out duplicate blank tests using
the same quantities of all the reagents in the deter-
mination, as specified in 7.4, but replacing the test
portieon with 2,5 g and 3.0 g respectivaly of a stesl of
low mitrogan content fabout 0002 % [mdml].

Let x ml and y ml be the titration values of the 2.5 g
and 5,0 g portions respectively. The blank value W, 18

given by (22— mi.

[t is essantial that blank valles be controlled a con
sisently low and reproducible levels. Y is rec-
smmended that duplicate blanks be run with each
batch of tasts and that the mean valus ba used as the
basis for calculation. High ar divergant blank values
are unacceptable and steps shoudld be taken 10 trace
the scu-ce of contamination by checking the cleanli-
ness of the stmospheric air n the lest reom, the
glasswara and tha steam distillation apparatus and the
guality of the water and individual reagents before
proceeding further. In particular, hydrogen pearoxide
regquires careful selection,

It iz recormmanded that the mean valua of duplicate
blank velues and the differance betwsasn therm do not
avweaed 1,3 ml and 0.2 i, which are equivalent to
1,15 mg and 0,02 rng of nitrager, respectively.

7.3 Preparation of steam distiliation
apparatus [see figure A1 or AZ)

Piace Z litres ol water in the steam generator (&), Add
120 ml of godium hydroxide solution (4.7} to the dis-
tillation flask (B} through funnel {f} and rAnss with wa-
ter. With taps 1 and 3 open and tep 2 closed, heat the
water in the stearm generator la) to boiling and allow
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steam to escape through the inlet ie). Close tap 1 anal
allow stearn t2 escape from the open drainape tube
of a trag {g) for about 1 min.

Place a 300 ml conical beaker containmg 20 ml of
orthoboric acid sclution (4.6) undar the condenser (g
and raise i until the condansar tip is immersed in the
orthobone acid solution. Cloge taps 1, 2 and 3, and
allowe steam to pass through a distillation flask (b and
tha condanser (2} until abeut 100 ml of the distillate
has beer collactad.

Lower the beaker urtil the condanssr tip is up-
cavered, than collect a further 10 mi of distillz=e,
Rinse the condenser tip with water and titrate with
amidosulfuric acid standard golution B (4.100 in the
apresence of 3 drops of mixed indicator (4115 If the
titration value is greater than that recormmended in
7.2, distill and titrate a further 110 ml of the distillata,
If this tHration velue is sttt above that recommendsad
in 7.2, a souree of comtamination is probabls and de.
termingtions should nat be carfed eut umntil this has
besn ascertained and eliminatad.

Switch off the heat source 1o the steam generator (a}.
When the solution in the distillation flask {b} has sk
phoned into the trap (gh, open tep 3 and dischargs into
the wiaste receivar.

7.4 Determination

7.41 Dissolution of tha test portion

Flaca the test portion (7.1) in a 500 ml conical flask.
Add 7O ml of hydrochiorie asid {4.3), cover with a
funnel and heat until solvent action has apparently
ceased. Carafully add 5 ml of hydragan seroxide sol-
ution (48] and continue heating until solvent actior
has ceased,

Filter the sclution thraugh a filter paper (sea rote 1)
and collect the filtrate in & 200 m! beaker. Rinse the
flask with water, remove adherent particles with a
rubber-tipped rod, ang filter the rinsings through the
same filter papar. Wash the filter papar with & mini-
murm guantity of water. Keep the filtrats znd the
washings in the besksr. {This is test solution 5,.)

NOTE 1 A rmediur-testure fiter oaper is suitabte for
samdes which do not contain fing nitrides, Howaver, a
close-texture filter papar is recommended # the sizes of ni-
trides are unknown, Wacuum filt'ation, usng a nuclepcre
filtar with pore size less than 0,2 am, is necessary for sam-
ples which are known to eontain fine mtrides such as boron
nitride.

7.4.2 Treatment of the insoluble residus

Transfer the fiter papar and the insoluble residue to
the arigiral 500 ml conical flagk and add 10 g of pot-
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assium  sulfate {41}, 19 of copperlll sulfate
pentabiydrate 4.2) and 20 ml of sulfunc acid (4.4},

Heat gently until the water in the flask has evapor-
ated, cover the flask with a funnel and continue
furning fat 335 *C 1o 360 C) for 60 min to decompose
the residue. Cool to room temperature, add 50 mi of
water and boil thoroughly fer 5 min to remove sulfur
dioxide from the solution. {This is test solution §,.)

7.4.3 Steam distillation {see figure A1 or A2)

With tap 2 open, add 120 rmil of sodium hydraxide
salution 4.7 10 the distillation flask (h) through the
funnel fl and rnse witk a minimom quantity of water.
Transfer 20 ml of grthobosic acid solution (4.5 or 4.8,
depanding on the expected nitrogen content of the
test sample as shown in table 1, to a 300 mi sonical
bieaker.

Table 1
MNitrogen Amidosulfuric
LOMtants Orthobowlc aeld a¢id standard
solution uzad volumetrle
% (el solutlon used
0,002 ta 0,1 1 gl selution (4.5) | Solution B (4.10
01t 0B E g/l selution (4.8) | Sciution A {4.8)

Place the beaker undar the condenser ich and raise it
until the cangdenser tip is immersed in orthoboric acid
solution. Add iest solutions 5; and S, isee 7.4.1 and
7.4.2} to the distillation flask {b) through the funnal {f}
and ringa the fiask with 2 minimum guantity of water.

With taps 1, 2 and 3 closed, allow atzam to pass
threugh the distillation flask {6} and condenser {2 untif
about 124 ml of the distillate has coliected.

Lower the beaker umtil the condenzer tiz is un-
covarss, then collzet a further 10 mil o tha distillata.
Hinse the condenser tip with water,

Switch off tha heat source to the steamr genarcgtar La).
¥When the solution in the distillaton flask {b} has s
phoned into the trap (g, opan tap 2 and discharge into
the waste racaiver. The apparatus ic now ready for
the rext determination,

1.4.4 Titration

Acd 3 drops of mixed indicator [4.11) to the beaker
containing the distillats, Titrate with amidosulfuric acid
solution A or B 4.9 or 4.10), depending on tha ax-
pectad aitrogan canten: of the test sample as shown
in tabla 1, to a red-purple ead pont of the mixed in-
dicator.
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8 Expression of results

8.1 Moathod of calculation

The nitrogen content, wy,, expressed as a percentage
by mass, is given by the equation
_ (81 X Vi) — gy 2 % Vol
mx 10°

_ (g1 = ¥ih =gy 2 % ¥y}
B 10m

w100

whara

ey1 18 he nitrogen squivalent, in milligrams per
mililitre, of the amidosulfuric acid standard
valumetric salution used in the titration;

&y2 i3 The nitrogen equivalent, in milligrams per
rmillilitre, of the amidosulfuric acid standard
yolumetric selution used in the blank test
{7.2);

v, is the wolume in milllitres, of tha
amidosulfuric acid standard  volurmatnc
solution consumed in the titration;

v, is the wvolume, in milllitres, of the
amidosulfuric  scid  standard  volurmetric
solution consuUmed in the blank test;

) is the masg, in gramsg, of tha fest porton
(7.1,

8.2 Precision

A planned trial of this method was carmed out by ten
laboratones in five countrigs, at eight levels of nitro-
aen, each laboratory making three determinations
{sea notas 2 and 3) of nitrogan contant st each level.

The test samples used are isted n tableB.1, and tha
results obtained are listed in table B.2.

The results obtained were treatso statistically in ac-
cordarce with (SO B726, using the data obtaingd from
the sarmples containing =ight levels of nitrogen.

The data obtained showed a logarithmic relationship
betwesn nitrogen content and repeatability (v} and
reproducibility IR and £,) of the test resclts (ses
rnate 4, as summarized in tasle 2. The graprical rep-
resentation of the data is shown in figure C.1.

NOTES

2 Two of the three determingtiors were cerried out under
rapeatabiity conditions as defined in 150 5725, i e one op-

arator, same apparatus, inentical operating condit ons, same
calibration, and & mirimunn period of tima.

A The third determination was caried oJat at 8 different
time fon g differant dayl by the same operator as in
note 2, using the same apparatus wilh 8 new calibration.

4 Fram the results obtaned on day 1, tha repeatability ()
angd the raproducibility (R wete caleulated using the pro-
cedure spacifiad in 150 6725, From the first result abtained
on day 1 and tha result chtanad on day 2 the within
lasoratery reproducibility () was calculatad.

Tabla 2
Nitragen Repeatakility Raproducibliiity
content
o G r R R,
0,002 0 0.000 2 0,000 7 2,000 5
0,005 0 0L0HKD 4 n.0m 2 00008
Q01049 0,000 5 LN 9 2,001 2
0020 0 QHN 9 0,002 9 2,007 7
0,060 0 0,000 6 (3,006 1 0,002 %
01290 0,002 4 0007 8 0,004 2
0,200 0,003 5 30320 0,00& O
0,500 0,006 O 0021 2 0,039 5

9 Test report

Tne test report shall include the following infarmation;
a) all ‘mforrmation necessary for the identification of
tha sample, the laboratary and the cate of analysis;

bt the method used by referenge to this Internatianal
Standard,

r the results, and the form in which they are ax-
pressad;

di any unusual featurss noted during the determi-
nat'on,

8] any operation not specified in this international
Standard, or any gptional pperation which may
have influenced the results.
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Annex A
fnormative)

Examples of distillation apparatus

2

Stesm generator, of sapacity 2 litres
Dustillation flask

Condenzear

Inlet for stearm ganeratcr

Funral

Trap

Resistance heater

Taps

~7a E g

M
L

Figure A.1 — First axample of a distillatian apparatus
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Steam ganerator, of capacity 2 litres
[hmtillaticn tlagsk

Cardansar

Iplat far steam generator

Funnel

Trep

Razistance haatar, 220 V B0 W
Taps

r-—x}+unn'ﬂ=§

L
L

Figure A.2 — Second example of a distillation apparatus
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Annex B
{informative)

Additional information on the international cooperative tests

Table 2 was derived from tha results of international analytical trials carriad out in 1988 on seven steel samples
and one pig iron sample in five countries, involving ten laborateries.

The results o the trials wers reporteq in docurnent ISOFTC 17/SC 1N 841, March 1990. The precisicn data are
presented in graphical form in 2nnex .

The test samples used are listed n table B.1, and the rasults obtained are listed in table B.2.

Table B
Chamical .
Sample {CAM or ical composition, % (s}
athar Mo} ] ] i
M C 5 Mn Mi cr Ti Others

High purity irgn 0000 & 0,002 0,002 0,02 — — — —

{ECHM D2B-1)

Unalioyesd stesl Q.02 2 003 — 0,2% .01 — — -—

tECAM 083-1)

Unaflayed steel Q.04 0 0.18 0,26 072 _ — — —

(JS5 D30-8)

Pig iron for casting 0008 3 41 1,7 0,58 0.0 0,02 0,05 —

S5 110-8)

Unalloyed ztosl 10186 nAaT 0,06 0,54 — — _— —

(ECRM 057-11

High soeed steel 0,054 8 086 a7 0,30 13 40 — Ma: 2.8

[JSS 6118 W B2
Vo139
Co: 04

Heat-resistirg stesl (0.23M 0.2 0.1 1 11 | .01 —

iNgne)

Heat-resisting steal (0,451 05 0,1 9 4 21 0.0 —

TNare)

11 Mencanified value
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Table B2
Sampla ”““’9'“%‘-‘“{?:::]“* found ":g-i‘m' Raproducibiilty
Wy 1 W2 r R R,
High purity iron (ECRW 0BB8-1) 0,001 1 0.0811 G000 2 0,000 & 0,000 4
Unalieved stesl (ECRM 083-1} 0,002 3 002 3 0,000 2 0,000 8 2,000 8
Unalisyed s.esl (S5 030-6) Dod3 8 0,603 8 0,066 4 o.co1 1 0,000 5
Fig iron for casting §J53 110-8) 0,006 1 0,006 0 3,000 5 Qo0 2 0,000 2
Linatlloved steel (ECRM 087-11 0,016 1 0% 4 0,000 3 0.0m 7 .00 o
High spead stasl (355 61181 0.063 1 0.0831 20D 0,005 2 0,002 2
Heat-resisting steel (None) 02351 0,235 4 0005 & 0014 8 00086
Heat-rasisting steal (Mona] G450 2 0,448 5 G005 1 Do g 4,00 &

Wiy, © genersl mean within a day
iz | general mean betwesn days
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Annex C
(informative)

Graphical representation of precision data

0,05 —

0oz
c/
-

('Rl

. / -~
2,005
P

I]Il

[
5
8 nooz
Z
a8
4.0m
G O} 5
0,000 2
£.030 1 NI ENER] o el Lol
2.0 2,005 004 $0s 01 a5 1

Nlrregen content [% (mimi]

Figure C.1 — Logarithmic relationship between nltrogen content (v} and repeatability () and
reproducibility (R and &)

lg r=>057931gm,,-2.0459
Ig R, =05337Ig W, ,-1.642 2
Ig £ = 0,820 4 lg Wy, = 1,187 4
whsrs
wy, IS the average nitrogen content, expressed as a percantage by mass, obtained wthin a day;

Wys I8 the average mitrogen content, expressed az a parcartage by mass, obtained between days.
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