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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 1SO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are circulated to the member bodies for|voting.
Publication ag an International Standard requires approval by at least 75 % of the member bodies casting & vote.

International $tandard ISO 13900 was prepared by Technical Committee ISO/TC 17, Steel, Subcommittee|SC 1,
Methods of determination of chemical composition.

Annexes A to|C of this International Standard are for information only.
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Steel
spect

1 Scope

This Interpational Standard specifies a method for the determination of the boron content’in steel using
spectrophptometric method after distillation.

The methpd is applicable to a boron content of between 0,000 05 % (m/m) andc0,001 0 % (m/m).

2 Nornjative references

The following standards contain provisions which, through reference in this text, constitute provision

Internatio

revision, 3

registers

ISO 385-1
ISO 648:1

SO 1042
ISO 3696

ISO 5725
principles

1ISO 5725
for the de

ISO 5725

— Determination of boron content — Curcumin
rophotometric method after distillation

nal Standard. At the time of publication, the editions.indicated were valid. All standards are s

bf currently valid International Standards.

:1984, Laboratory glassware — Burettes.— Part 1: General requirements.
977, Laboratory glassware — Oné-mark pipettes.

—1), Laboratory glassware —=One-mark volumetric flasks.

1987, Water for analytical laboratory use — Specification and test methods.

£1:1994, Accuracy (trdeness and precision) of measurement methods and results — Part 1:
and definitions,

termination)of repeatability and reproducibility of a standard measurement method.

measureq

6Fthe precision of a standard measurement method.

s of this
ubject to

nd parties to agreements based on this International*Standard are encouraged to investigat¢ the
possibility| of applying the most recent editions of the standards indicated below. Members of IEC and |

BO maintain

beneral

12:1994, Aceuracy (trueness and precision) of measurement methods and results — Part 2: Basic method

£3:1994, Accuracy (trueness and precision) of measurement methods and results — Part 3: Intermediate

ISO 14284 :1996, Steel and iron — Sampling and preparation of samples for the determination of chemical
composition.

3 Principle

Dissolution of a test portion in hydrochloric and nitric acids.

1) To be published. (Revision of ISO 1042:1983)
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Decomposition of boron compounds (nitrides etc.) with orthophosphoric and sulfuric acids at a temperature of
290 °C.

Distillation of the solution after the addition of methanol and collection of methylborate in a receiver containing
sodium hydroxide solution.

Evaporation of the solution to dryness. Formation of a coloured complex between orthoboric acid and curcumin in a
methanol medium.

Spectrophotometric measurement at a wavelength of about 550 nm.

4 Reagents

During the ahalysis, unless otherwise stated, use only reagents of recognized analytical grade and only grade 2
water as spqgcified in ISO 3696.

4.1 Pure iron, free from boron or with a known residual amount of boron.

4.2 Hydroghloric acid, p about 1,19 g/ml.

4.3 Nitric pcid, p about 1,40 g/ml.

4.4 Sulfutfic acid, p about 1,84 g/ml.

4.5 Orthophosphoric acid, p about 1,71 g/ml, boron contentless than 0,02 pg/mi.

4.6 Acetig acid, free from aldehyde, p about 1,05 g/mi,

In order to tést the acetic acid for the presence of aldehyde, pour 20 ml of acetic acid (p about 1,05 g/ml) pnd 1 ml
of potassiui permanganate solution (1 g/l) into a 50 ml:beaker. In the absence of aldehyde, the initial violet colour
of potassiunm) permanganate will persist ; otherwisethe solution will become an easily identifiabie brown cplour after

15 min.
4.7 Acid mixture A

Add one volume of hydrochloric acid (4.2) to two volumes of acetic acid (4.6).

4.8 Acid mixture B

While coolinlg under watef.and swirling, add in small portions a volume of sulfuric acid (4.4) to an equal vglume of
acetic acid (4.6).

4.9 Sodiym hydroxide, 8 g/l solution.

4.10 Methanol, minimum assay 99 6 % (V/V)

4.11 Boron, standard solution.
4.11.1 Stock solution, corresponding to 0,10 g of boron per litre.

Weigh, to the nearest 2,000 1 g, 0,286 0 g of orthoboric acid (H,BO,). Place in a 250 ml beaker and dissolve in
about 200 ml of water. Transfer the solution quantitatively to a 500 ml one-mark volumetric flask. Dilute to the
mark with water and mix. Store in a polypropylene bottle (5.2).

1 ml of this stock solution contains 0,10 mg of boron.
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4.11.2 Standard solution, corresponding to 0,001 g of boron per litre.

Transfer 1,0 ml of the stock solution (4.11.1) to a 100 ml one-mark volumetric flask. Dilute to the mark with water
and mix. Store in a polypropylene bottle (5.2).

Prepare this solution immediately before use.

1 mi of this standard solution contains 1 ug of boron.

4.12 Curcumin, acetic acid solution, 1,25 g/I.

Weigh 0,1 rape ;- add|60 ml of
acetic acif (4.6) and mix. Heat |n a water bath at 40 °C and stlr using a magnetlc stirrer. After disselutign, cool and
transfer tg a 100 ml polypropylene volumetric flask. Dilute to the mark with acetic acid and mix.

4.13 Cayrrier gas, nitrogen, argon or dry air.

5 Appdratus

Glasswarp, polypropylene or quartz equipment rinsed with acetic acid (4.6)then with water and finally ¢ried. All
volumetri¢ glassware shall be grade A, in accordance with 1ISO 385-1, ISO)648 or ISO 1042, as approgriate.

Ordinary |aboratory apparatus and the following shall be used.
5.1 Volumetric flask, of capacity 100 ml.
5.2 Polypropylene bottles, of capacities 100 mt-and 500 ml.

5.3 Distillation apparatus (see annex A),‘comprising the following equipment.
a) Distillation flask, of capacity 200 ml,smade of quartz.

b) Resqrvoir, made of quartz.

¢) Reflyx condenser, made of-guartz.

d) Recdiver, 100 ml quartz beaker marked to indicate a volume of 35 ml.

e) Magnetic stirrer;\with rotor covered by polytetrafluoroethene (PTFE).

Suitable fprms of-apparatus are illustrated in annex A.

5.4 Platinum dish or PTFE beaker, of capacity 100 ml.

5.5 Heater, for methanol evaporation.

6 Safnpling

Carry out sampling in accordance with 1SO 14284 or appropriate national standards for steel.
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7 Procedure

7.1 Test portion

Weigh, to the nearest 0,000 1 g, about 0,50 g of the test sample.

7.2 Blank test and determination of boron in the pure iron (4.1)
7.2.1 Determination of boron in the pure iron (4.1)

Prepare two distillation flasks [5.3 a)]. Add 0,250 g of the pure iron (4.1) to one distillation flask and 0,500 g to the
other.

Treat both gs specified in 7.3.1, 7.3.2, 7.3.3 and 7.3.4.

Convert the|absorbance readings obtained into micrograms of boron by means of the calibration graph (7.4).

The mass (fn,), expressed in micrograms, of boron in 0,500 g of the pure iron (4.1) is given by:
my =2K(mg —m;)

where

m, s the mass, expressed in micrograms, of boron in the 0,500:g test;

Y
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m E the mass, expressed
7.2.2 Blank test and blank value

In parallel with the determination of the content and following the same procedure, carry out a blank test|using
0,500 g of the pure iron (4.1) and the same quantities of all the reagents.

Obtain the absorbance of the blank test and conyert it to micrograms of boron by means of the calibration graph
(7.4).

The blank Jalue(my) is obtained by subtracting the mass of boron(mg) in the pure iron used (4.1) from thg mass of
boron in the blank test(m,).

Blank valug, m,=m, - m
7.3 Determination

7.3.1 Preparation of-the test solution

Place the tg¢st-portion (7.1) in a distillation flask [5.3 a)]. Add 10 ml of hydrochloric acid (4.2) and 5 ml of pitric acid
(4.3). Mairiah—ﬁae—seluﬁen—aﬂhe—ambiennempera&ﬁe-ésee—nete%.i

NOTE 1 Maintaining the ambient temperature is most important, in order to avoid possible loss of boron at higher
temperatures.

Wait until dissolution is complete, or until the end of effervescence for samples which are difficult to dissolve. Then,
carefully add 10 ml of orthophosphoric acid (4.5) and 5 ml of sulfuric acid (4.4).

Heat until white sulfuric acid fumes are generated, swirling from time to time in order to recover any particles
attached to the side of the flask. Place the flask on a heat source permitting a temperature of 290 °C (see note 2) to
be obtained in the solution. Maintain heating for 30 min.

NOTE 2 The temperature of (290 + 5) °C is obtained by calibrating the heat source with a thermometer, graduated from
0 °C to 350 °C, immersed in a test flask containing the same amounts of dissolution reagents.
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Remove the flask from the heat source and allow to cool.

7.3.2 Distillation

Place a rotor [5.3 e)] in the distillation flask containing the test solution (see 7.3.1). Assemble the apparatus for
distillation (5.3) as shown in figure A.1. Close-fitting ground-glass joints shall be used.

NOTE 3 When the apparatus is used for the first time, or after a long period of disuse, it is essential that blank tests are
carried out repetitively until stable low blank values are obtained.

Add 5 ml

raise untij the condenser tip is immersed in sodium hydroxide solution. Maintain the temperature of thg
condensgr at less than 10 °C for distillation. Carefully, while mixing, pour 50 ml of methanol (4.10)thro

of sodium hydroxide solution (4.9) to a receiver [5.3 d)]. Place it under the reflux condenser

5.3 ¢)] and

reservoir (5.3 b)]. Carefully adjust the carrier gas (4.13) flow rate from the gas inlet tube to abolt.50 m

distil at a|rate of 30 ml per 20 min by heating and collect about 30 ml of the distillate. Switch-off the hea

the distillation flask. Rinse down the condenser tip with a small quantity of methanol (4.10)!

7.3.3 Fdrmation of the coloured complex

Collect th

wash the
evaporat

Add 1,0 1
well usin
4,0 mi of
the colo
methano
Collect tH

7.3.4 Sq
After adjy

spectrop
1 cm cell

bd and continue heating to dryness.

ni of acid mixture A (4.7) to the platinum dish or PTFE beaker containing the residue and mix
a PTFE bar. Add 6,0 ml of curcumin acetic acid solution (4.12), washing the PTFE bar and

e filtrate in a dry quartz beaker, discarding the first fractions of the filtrate.
ectrophotometric measurements

hotometric measurement Of the colour-developed test solution (see 7.3.3) at a wavelength of

7.4 Est

blishment.of.the calibration graph

7.4.1 Prpparation of calibration solutions

Place thg safme quantities of pure iron (4.1) as the test portion (see 7.1) in a series of seven distillation

add the Vfoldmes of boron standard solution (4.11.2) given in table 1.

e distillate and washings (see 7.3.2). Transfer the solution to a platindm dish or PTFE beakef
receiver with a small quantity of methanol (4.10). Heat gently untibmethanol in the solution has been

%cid mixture B (4.8), mix well and allow to stand for 20 min. Add about 50 ml of methanol (4.1
ured complex, transfer it to a 100 ml one-mark glass volumetric flask using methanol, dilute to
and mix. Leave to stand for 10 min, then filtek by decantation through a dry filter to remove 4

sting the spectrophotometerto zero absorbance by reference to methanol (4.10), carry out tf

reflux

ugh the

per min and
it source to

(5.4) and

the residue
mix. Add

0) to dissolve
the mark with
ny residue.

e
b50 nm with a

flasks and

Proceed as specified in 7.3.1, 7.3.2 and 7.3.3.
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Table 1 — Calibration solutions
Volume of boron Corresponding mass Boron content of the
standard solution of boron test sample
(4.11.2)
mil ug % (m/m)

0" 0 0

0,5 0,5 0,000 1

1,0 1,0 0,000 2

2,0 2,0 0,000 4

3,0 3,0 0,000 6

4,0 4,0 0,000 8

5,0 5,0 0,0010
1) Zero membgr
7.4.2 Spedtrophotometric measurements
After adjusting the spectrophotometer to zero absorbance by reference to methanol (4.10), carry out the
spectrophotfpometric measurements of the range of calibration solutions, at a wavelength of 550 nm with 1[cm cells.
7.4.3 Plottjng the calibration graph
Calculate the difference in absorbance between-the solutions and the value obtained for the zero membdfr.
Prepare the straight line calibration graph, which passes through the origin, by plotting the net absorbance reading
against mictograms of boron.
8 Expression of resuits
8.1 Method of caleulation
Convert the absorbances of the test solution and of the blank test solution to micrograms of boron by mepns of the
calibration graph(7.4).

The blank value (m,) is obtained by subtracting the micrograms of boron (m,) in 0,500 g of the pure iron (4.1) from
the micrograms of boron in the blank test (m,) (see 7.2.2).

The boron content, w,, expressed as a percentage by mass, is given by the equation

_ (mg —my)

2%
mx108

x100

_ (mo—my)
mx10*
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mo

my
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is the mass, expressed in micrograms of boron, in the test portion;
is the mass, expressed in micrograms of boron, of the blank value;

is the mass, in grams, of the test portion (7.1).

8.2 Precision

A planne
unalloye

NOTH

4

Two of the three determinations were carried out under repeatability conditions as defined\in 1ISO 5725
operator, same apparatus, identical operating conditions, same calibration, and a minimum period of time.

( Mmeinoa Wa

 steels, each laboratory making three determinations (see notes 4 and 5) of boron content\a

S

5  The third determination was carried out at a different time (on a different day) by.the)same operator as
the sgme apparatus with a new calibration.
The test[samples used and mean/precision results obtained are listed in table’B.1.
The resylts obtained were treated statistically in accordance with ISO‘5725, Parts 1, 2 and 3.
The datg obtained showed a logarithmic relationship between borer content and repeatability limit (r)
reprodugibility limits (R and Ry,) of the test results (see note 6);.@s summarized in table 2. The graphig
represerjtations of the figures are given in annex C.
Table 2 — Results for repeatability limit and reproducibility limits
Borpn content Repeatability limit Reproducibility limits
o (M/m) r R Ry
0,p00 05 0,000°001 0,000 068 0,000 039
0,p00 1 0,000 003 0,000 075 0,000 050
0,p00 2 0,000 008 0,000 082 0,000 063
0,p00 5 0,000 031 0,000 093 0,000 086
0,p01,0 0,000 085 0,000 101 0,000 109

bgron of

each level.

t1; i.e. one

in note 4, using

and
al

NOTE 6 From the two values obtained on day 1, the repeatability limit (r) and the reproducibility limit (/) were calculated
using the procedure specified in ISO 5725-2. From the first value obtained on day 1 and the value obtained on day 2, the
within-laboratory reproducibility limit (R,,) was calculated using the procedure specified in ISO 5725-3.
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9 Test report

The test report shall include the following information:

a)

all information necessary for the identification of the sample, the laboratory and the data of analysis;
the method used by reference to this International Standard;
the results, and the form in which they are expressed;

any unusual features noted during the determination;

any opefation not specified in this International Standard, or any optional operation which may have\in
the resuljts.

©1SO

fluenced
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Annex A
(informative)

Distillation apparatus for boron determination

*.'__r_ﬂ Dimensions in millimetres
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Figure A.1 — Distillation apparatus for boron determination
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Annex B
(informative)

Additional information on international cooperative tests

©1SO

Table 2 was derived from the results of international analytical trials carried out in 1993 on five unalloyed steel
samples in four countries involving nine laboratories.

The results of the trials were reported in document ISO/TC 17/SC 1 N 1031, March 1994.

The precisiorﬁ data are presented in graphical form in annex C.

The test sam

ples used are listed in table B.1.

Table B.1 — Detailed results obtained in interlaboratory tests

Boron content . .
% (mim) Precision data
Samplq Certified Found Repe'ata'blllty Reprosiu.clblllty
limit limit
WB, 1 wB,2 r R R,
JSS 003-3 0,000 033" | 0,000 032 0,000 033 0,000019 0,000 069 0,000 023
(Pure iron)
NIST 365 (Hlectro-| 0,000 12 0,000 125 0,000 135 0,000 001 0,000 068 0,000 051
litic iron)
ECRM.B 09f-1 0,000 3" 0,000 201 0,000:204 0,000 037 0,000 121 0,000 069
(Pureiron)
CMSI 1135 0,000 6 0,000 55 0,000 56 0,000 045 0,000 050 0,000 088
(Pure iron)
JSS 361-1 0,000 9 0,000796 0,000 95 0,000 048 0,000 144 0,000 105
(Unalloyed $teel)

wg,1 : geneffal mean within aday

wa,2 : genefal mean betWeen days

1) Non-certified value

10
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