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Steel — Determination of boron content — Curcumin
spectrophotometric method

1 Scope

This International Standard specifies a curcumin spectrophotometric method for the determination of the boron
content in steel-

The methqd is applicable to a boron content of between 0,000 1 % (m/m) and 0,000 5 % (m/m) only-n linalloyed
steel, and |petween 0,000 5 % (m/m) and 0,012 % (m/m) in steel.

2 Normative references

The followling standards contain provisions which, through reference in this text;constitute provisionp of this
International Standard. At the time of publication, the editions indicated were valid. All standards are s|ibject to
revision, gnd parties to agreements based on this International Standard are encouraged to investigate the
possibility jof applying the most recent editions of the standards indicated®elow. Members of IEC and I$O maintain
registers qf currently valid International Standards.

ISO 385-1|: 1984, Laboratory glassware - Burettes — Part 1:General requirements.
ISO 648 : (1977, Laboratory glassware - One-mark pipettes.

ISO 1042 [—1), Laboratory glassware - One-mark volumettic flasks.

1ISO 3696 (. 1987, Water for analytical laboratory use™= Specification and test methods.

ISO 572511:1994, Accuracy (trueness and ptegision) of measurement methods and results— Part 1: General
principles|and definitions.

ISO 572512:1994, Accuracy (trueness.and precision) of measurement methods and results— Part 2: Basic method
for the determination of repeatability-and reproducibility of a standard measurement method.

ISO 5725{3:1994, Accuracy.(truéness and precision) of measurement methods and results— Part 3: Intermediate
measuresg of the precision-of.a standard measurement method.

ISO 14284t :1997, Steeland iron - Sampling and preparation of samples for the determination of chemigal
compositipn.

3 Principle

Dissolution of a test portion in hydrochloric and nitric acids.

Decomposition of boron compounds (nitrides etc.) with orthophosphoric and sulfuric acids at a temperature of
290 °C.

Formation of a coloured complex between orthoboric acid and curcumin in a buffered acetic medium.

Spectrophotometric measurement at a wavelength of about 543 nm.

1) To be published. (Revision of ISO 1042:1983)
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4 Reagents

©1SO

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and having a very
low boron content and only grade 2 water as specified in 1ISO 3696.

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

4.2
4.3
4.4 Nitric
4.5
4.6

4.7

In order to te
potassium p
potassium p

15 min.

4.8 Mixture of acetic and sulfuric acids.

While coolin
acetic acid (

4.9 Acetid

Dissolve 22

intoa 1 000

4.10 Sodi

Store in a p(

4.11 Bor

4.11.1 Stock solution, ¢erresponding to 0,10 g of B per litre.

Weigh, to the nearest.0,000 1 g, 0,286 0 g of orthoboric acid (H,BO,). Place in a 250 ml beaker and disso
200 ml of water., Transfer the solution quantitatively to a 500 ml one-mark volumetric flask. Dilute to the

water and

Sulfur
Orthoj

Acetic

Sodium hypophosphite monohydrate, NaH,PO,-H,0

Hydochloric acid, p about 1,19 g/ml.

4 o
1

acid; P about-1+460 omt:
¢ acid, p about 1,84 g/ml.
phosphoric acid, p about 1,71 g/ml.

acid, free from aldehyde, p about 1,05 g/ml.

ermanganate solution (1 g/l) into a 50 ml beaker. In the absence of aldehyde, the initial violet
brmanganate will persist ; otherwise the solution will become an-easily identifiable brown colo

j under water and swirling, add in small portions a velume of sulfuric acid (4.5) to an equal vo
1.7).

buffer solution.

ml polypropylene volumetric flask. Dilute to the mark with water and mix.

um fluoride, 40 g/l solution.

lypropylene bottle.

n, standard solution.

ix: Store in a polypropylene bottle.

st the acetic acid for the presence of aldehyde, pour 20 ml of acetic acid(p about 1,05 g/ml) &nd 1 ml of

colour of
ur after

lume of

b g of ammonium acetate in 400 ml of water. Add 300 ml of acetic acid (4.7). Filter the solution obtained

ve in about
mark with

1 ml of this stock solution contains 0,10 mg of B.

4.11.2 Standard solution, corresponding to 0,002 g of B per litre.

Transfer 20,0 ml of the stock solution (4.11.1) to a 1 000 ml one-mark volumetric flask. Dilute to the mark with water
and mix. Store in a polypropylene bottle.

Prepare this standard solution immediately before use.

1 mi of this standard solution contains 2 pg of B.
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4.12 Curcumin, acetic acid solution, 1,25 g/I.

Weigh 0,125 g of curcumin, [CH,0(OH)CH,CH=CHCO],CH,, in a polypropylene or quartz vessel, add 60 ml of acetic
acid (4.7) and mix. Heat in a water bath at 40 °C and stir using a magnetic stirrer. After dissolution, cool and transfer
to a 100 ml polypropylene volumetric flask. Dilute to the mark with acetic acid and mix.

5 Apparatus

Glassware containing boron shall not be used and shall be replaced by polypropylene or quartz equipment rinsed
with acetic acid (4.6) then with water and finally dried. All volumetric glassware shall be grade A, in accordance with
ISO 385-1;156-648-0r1SO1042,asappropriate:

Ordinary lpboratory apparatus and the following shall be used.

5.1 Quartz beakers with quartz covers, of capacity 100 mi, external dimensions: 51 mmiameter and 70 mm
height.

5.2 Polypropylene volumetric flasks, of capacities 50 ml and 100 ml.

5.3 Aluninium alloy block, with holes designed to allow the positioning of thé\100 ml quartz beakers, heated by
surface cgntact with a hot plate. Diagrams of such blocks are shown in annex A.

NOTE | The dimensions of the holes should be adapted to the dimensionsof the quartz beakers available.

5.4 Spegtrophotometer, suitable for measuring the absorbance of the solution at a wavelength of 548 nm with
2 cm optigal cells.

6 Sampling

Carry outfsampling in accordance with ISO 14284 '0r appropriate national standards for steel.

The size ¢f the chip used shall be smaller than 1 mm.

7 Procedure
7.1 Test portion

Weigh, to|the nearest_©,000 2 g, a test portion of mass m, as a function of the expected boron content|as follows:

a) contgnt from-0,000 1 % (m/m) to 0,006 % (m/m), mis approximately 1,00 g;

b) contgntfrom 0,006 % (m/m) to 0,012 % (m/m), mis approximately 0,50 g.

For grades of steel with nickel content plus cobalt content greater than 30 % (m/m), use a test portion of
approximately 0,50 g.

7.2 Blank test

Carry out an analysis on a portion of pure iron (4.1), corresponding to the mass of test portion used (see 7.1), in
parallel with the test portion analysis, using identical reagents, conditions, analytical procedure and dilutions
throughout. The absorbance of the blank test solution (A,) and that of the blank compensating solution (A, ) are thus
obtained.
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7.3 Determination
7.3.1 Preparation of the test solution

Place the test portion (7.1) in a 100 ml quartz beaker (5.1). Add 10 ml of hydrochloric acid (4.3) and 5 ml of nitric
acid (4.4), cover the beaker with a quartz cover (5.1) and maintain the solution at the ambient temperature (see note 2).

NOTE 2 Maintaining the ambient temperature is most important, in order to avoid possible loss of boron at higher
temperatures.

When dissolution is complete, carefully add 10 ml of orthophosphoric acid (4.6) and 5 ml of sulfuric acid (4.5).

Heat until whj ; )y block
(5.3) and plage this on a heat source permitting a temperature of 290 °C (see note 3) to be obtained in-the|solution.
Maintain heating for 30 min, taking care to replace the quartz cover after the appearance of white furnes, spirling
from time to time in order to recover any particles attached to the side of the beaker.

NOTE 3 The temperature of (290 + 5) °C is obtained by calibrating the heat source with a thermometer, graduatdd from 0 °C
to 350 °C, [mmersed in a test beaker containing the same amounts of dissolution reagents.

Remove the beaker from the heat source and allow to cool. Add 30 ml of water to the-syrupy solution, warm and stir.

CAUTION — It is essential that care is taken after the addition of 30 ml of water, when the solution|is
warmed. A sudden eruption may occur resulting in loss of the test solution.

Then, carefully add 5 ml of hydrochloric acid (4.3) and bring to the boil. Add 3 g of sodium hypophosphite (4.2) and
allow to boil yery gently for 15 min.

Remove the peaker from the heat source and allow to cool. Transfer the solution quantitatively to a 50 ml
polypropyleng volumetric flask (5.2), dilute to the mark with water and mix.

7.3.2 Formation of the coloured complex

7.3.2.1 Take a 1,0 ml aliquot of the test solution (s€e'7.3.1) and transfer it to a 100 ml polypropylene volupetric
flask (5.2) which has previously been cleaned and,dried.

7.3.2.2 Add(to the flask, while swirling to avoid contact with the stopper, the following quantities of reagents.

— 6,0 ml of the mixture of acetic and-sulfuric acids (4.8), avoiding contact of the pipette with the neck and sides of
the flast. Then mix.

— 6,0 ml of curcumin aceticacid solution (4.12). Stopper the flask and mix. Leave to stand for 2 h 30 mih for
complete development of the colour.

— 1,0 ml of orthophesphoric acid (4.6) to stabilize the colour. Shake and allow to stand for 30 min.

— 30,0 mijof’acetic buffer solution (4.9). The solution becomes orange. Stopper, shake and allow to sta||1d for
exactly T5Tmim:

7.3.3 Preparation of the compensating solution

Take a 1,0 ml aliquot of the test solution (see 7.3.1) and transfer it to a 100 ml polypropylene volumetric flask (5.2)
which has previously been cleaned and dried. Add 0,2 ml of sodium fluoride solution (4.10) to the bottom of the flask.

Carefully swirl the small volume of solution. Leave to stand for 1 h.

Proceed as specified in 7.3.2.2.
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7.3.4 Spectrophotometric measurements

Adjust the spectrophotometer to zero absorbance by reference to water. Perform the spectrophotometric
measurement (see note 4) of the colour-developed test solution (see 7.3.2) and the corresponding compensating

solution (see 7.3.3) at a wavelength of 543 nm using 2 cm cells.

The absorbances of the test solution (A) and the compensating solution (A,) are thus obtained.

NOTE 4 In order to carry out the spectrophotometric measurements on all the solutions whilst waiting exactly 15 min after
the addition of acetic buffer solution (see 7.3.2), it is advisable to divide them into series of six measurements, i.e. 12 flasks.
In fact, for long series of measurements where the waiting time cannot be strictly adhered to, the formation of a cloudiness in

the solutions can be observed and consequently erroneous results obtained.

7.4 Estgblishment of the calibration graph

7.4.1 Preparation of calibration solutions

Place (1,00 + 0,01)g portions of iron (4.1) in a series of 100 ml quartz beakers and add the‘volumes of

standard golution (4.11.2) as indicated in table 1 for a boron content up to 0,000 5 % (m(m) and table 2

content mpre than 0,000 5 % (m/m).
Proceed ds specified in 7.3.1, 7.3.2 and 7.3.3.

7.4.2 Spectrophotometric measurements

Adjust thel spectrophotometer to zero absorbance by reference to water. Perform the spectrophotometi

measurements of the range of calibration solutions, with and without-sodium fluoride solution (4.10), at
of 543 nm|using 2 cm cells.

7.4.3 Platting the calibration graph

Calculate fthe difference in absorbance between the selutions with and without sodium fluoride and sub

obtained for the zero member from these calculated values.

Prepare t
against mjcrograms of boron.

8 Expression of results

8.1 Calgulation of the net absorbance

boron
for a boron

c
n wavelength

ract the value

e straight line calibration graph, which passes through the origin, by plotting the net absorbance reading

Calculate [the differencefin absorbance for each solution to be determined and subtract the value for thI blank test

obtained yinder thesame conditions. The net absorbance for the boron content to be determined in giv
equation

A ={A5A,) (A - A)

n by the

where
A, is the net absorbance for the boron content to be determined;
A is the absorbance of the test solution;
A, s the absorbance of the blank test solution;
A

X is the absorbance of the compensating solution for the test solution;

>
g

is the absorbance of the compensating solution for the blank test solution.
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8.2 Calculation of the boron content

©1SO

Convert the net absorbance into the corresponding mass, expressed in micrograms of boron in the test solution, by
using the calibration graph (7.4.3).

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

wg = m,: x—@+w&0 =m+4B+ Who
10 1
where
m, igthe mass, expressed in micrograms, of boron in the test solution;
m ig the mass, in grams, of the test portion (7.1);
w i the boron content, expressed as a percentage by mass, in the pure iron (4.1) ~(ltimay be ne(

when it does not affect the accuracy.)

Tablle 1 — Calibration solution for boron content between 0,000 1 %(m/m)
and 0,000 5 % (m/m)

Volume of boron standard

Corresponding mass of boron

Boron ¢ontent of the test

solution (4.11.2) sample
mi ug
% (m/m)
0" 0 0
0,5 1,0 0,000 1
1,0 2,0 0,000 2
2,0 4,0 0,000 4
2,5 5,0 0,000 5

1) Zero member

Table 2 — Calibration solution for boron content between 0,000 5 % (m/m)
and 0,012 0 % (m/m)

Volume ¢f boron Corresponding mass of Boron content of the test sample
standard|solution boron
(4.11.2) % (m/m)
! ug Test portion of 1,00 g Test portion of 0,50 g
0" 0 0 0
2,5 5 0,000 5 0,001 0
5,0 10 0,001 0 0,002 0
10,0 20 0,002 0 0,004 0
20,0 40 0,004 0 0,008 0
30,0 60 0,006 0 0,0120
1) Zero member

lected
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8.3 Precision

Planned trials of this method were carried out by 14 laboratories in six countries, at five levels of boron in the lower
range of unalloyed steels, and by 21 laboratories in eight countries, at eight levels of boron in the higher range of
steels, each laboratory making three determinations (see notes 5 and 6) of boron content at each level.

NOTES

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

6 The third determination was carried out at a different time (on a different day) by the same operator as in note 5, using the

ration
oM

obtained were treated statistically in accordance with ISO 5725, Parts 1, 2 and 3,.Using the
mples containing four levels of boron in the lower range of unalloyed steel and 'six’levels of |
e of steels, respectively within the application range.

btained showed a logarithmic relationship between boron content and.fepeatability limit (r) a

data obtained
boron in the

nd
he graphical

culated using
P, the within-

n.

reproducibility limits (R and R,) of the test results (see note 7), as summarized in table 3 and table 4. T
representations of the figures are given in annex C.
NOTE T From the results obtained on day 1, the repeatability limit (r) and{hefeproducibility limit (R) were ca
the progedure specified in ISO 5725-2. From the first result obtained on\day 1 and the result obtained on day
laboratory reproducibility limit (R,) was calculated using the procedure specified in ISO 5725-3.
The same method was tested by 14 laboratories in seven countries belonging to ECISS/TC 20 using samples
containing eight levels of boron. The results of these precision tests are listed in table D.1 for informatic
Table 3 + Precision data for boron content between 0,000 1 % (m/m) and 0,000 5 % (m/m)
Boroh content Repeatability limit Reproducibility limits
%l (m/m) r R R,
0,p00 1 0,000 04 0,000 09 0,000 05
0,000 2 0,000 06 0,000 14 0,000 08
0,000 5 0,000 10 0,000 25 0,000 14
Table 4 +— Precision data for boron content between 0,000 5 % (m/m) and 0,012 0 % (m/m)
Boroh content Repeatability limit Reproducibility limits
% (m/m) r R R,
0j000 5 0,000 14 0,000 28 0,000 17
0,0010 0,000 20 0,000 39 0,000 25
0,002 0 0,000 28 0,000 55 0,000 37
0,005 0 0,000 43 0,000 89 0,000 62
0,0100 0,000 50 0,001 25 0,000 92
0,0120 0,000 65 0,001 37 0,001 00
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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;
b) the method used by reference to this International Standard;

c) the results, and the form in which they are expressed;

d) any unusual features noted during the determination;

e) any opdration not specified in this International Standard, or any optional operation which may have ipfluenced
the results.
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Annex A
(informative)

Examples of aluminium alloy blocks

Dimensions in millimetres

6,35

44,452
r._

@ 131
53"

@ 219

1) Adapt the diameter ofithe holes according to the diameter of the beakers used.

2) Holes hgving thé'same height as the surface of the solution in the beaker can be used if this is preferable.

Figure A.1 — Example of an aluminium alloy block
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Dimensions in millimetres

512
6.35

1000}
OO

230 -

160

®53"

1) Adapt the diameter of the holes according to the diameter of the beakers used.

2) Holes having the same height as)the surface of the solution in the beaker can be used if this is preferable.

Figure A.2 — Example of an aluminium alloy block

10
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Table 3 was derived from the results of international analytical trials carried out in 1993 on five unalloyed steel

Additional information on international cooperative tests

Annex B
(informative)

samples in six countries involving 14 laboratories.

ISO 10153:1997(E)

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

The precisig

The test sar

Aat PP los £ : raSw’H o
nmuala aic proocincu i BIG'JIIIL;GI o nralritica o \Ilgulc .

nples used are listed in table B.1.

Table B.1 — Detailed results obtained in interlaboratory tests

Wg o : genera

mean between days

Boron content, % (m/m) Precision data
Sample Certified Found Repeatability Reproducibility
limit limits

Wa 1 WwB 2 r R R,
JSS 003-3 0,000 03 0,000 06 0,000 06 |0,000 05 0,000 14 0,000 10
(Pure iron)
NIST 365 0,000 12 0,000 13 0,000 13 0,000.05 0,000 10 0,000 06
(Electroliticliron)
ECRM B 097-1 0,000 3 0,000 25 0,000 24:.'<p0,000 07 0,000 15 0,000 09
(Pure iron)
CMSI 1135 0,000 6 0,000 56 0,00056 |0,000 12 0,000 31 0,000 14
(Pure iron)
JSS 361-1 0,000 9 0,000 97 0,00096 |0,000 13 0,000 34 0,000 22
(Unalloyed|steel)

wg 1: general mean within a day

1) The data f
sample lie

2) Non-certifi

ed value,

br sample JSS 003=3 has been omitted from the calculation of precision because the boron content of this
5 outside the-range of application of the method.

Table 4 was derived from the results of international analytical trials carried out in 1986 on eight steel samples in

eight countries involving 21 laboratories.

The results of the trials were reported in document ISO/TC 17/SC 1 N 755, January 1989 (revised).

The precision data are presented in graphical form in annex C (figure C.2).

The test samples used are listed in table B.2.

11
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Table B.2 — Detailed results obtained in interlaboratory tests

Boron content, % (m/m) Precision data
Sample Certified Found Repeatability Reproducibility
limit
WB 1 wB 2 r R R,
ECRM 283-1" 0,000 3 0,000 26 0,000 27 0,000 13 0,000 23 0,000 22
(High speed steel)
ECRM 097-1" 0,000 3 0,000 23 0,000 23 0,000 22 0,000 28 0,000 22
(High purity fror)
BAN 187-1 0,000 4 0,000 46 0,000 48 0,000 18 0,000 29 0,000 21
(Low alloyedi steel)
BCS 456/1 0,001 5 0,001 36 0,001 35 0,000 20 0,000 56 0,000 25
(Mild steel)
BAM 284-1 0,003 8 0,003 62 0,003 62 0,000 28 0,00060 0,000 42
(Stainless sjeel)
BAM 178-1 0,004 1 0,004 32 0,004 31 0,000 40 0,000 54 0,000 55
(Low alloyedl steel)
JSS 175-5 0,009 0 0,009 04 0,009 09 0,000:49 0,001 4 0,000 95
(Mild steel)
BCS 459/1 0,0118 0,011 4 0,0115 0,000 93 0,001 8 0,001 1
(Carbon stgel)

wg 1- genergl mean within a day

Wga! gener:fl mean between days

1) The datalfor samples ECRM 283-1 and ECRM.097-1 has been omitted from the calculation of precision because the boron

content of thpse samples lies outside the rangé of application of the method.

12
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Annex C
(informative)

Graphical representation of precision data

0,001 -
F ———O—-—e= R
=R
- —e—
2
= o
S
© 0,0001 X
@ [
& X
= °
0,000 01 A i I T N | i A A S A |
0,000 01 0,000,1 0,001
Boron content [% (m /m)]
lgr = 0,903Ig WBJ - 2,346
IgR = 0,856lg WB,1 - 1,446
|g HW = 0,625 |g WB,Z -1,792
where
Wg 1 is the average boron content, expressed as a percentage by mass, obtained within a day;
wgo |is the average boron content, expressed as a percentage by mass, obtained between days.

FigTre C.1 — Logarithmic relationships between boron content (g ) and repeatability Iimir N
: \ucibility limits (R and R.)
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0,0001
0.000 01 i A il i Ld il i A4 44 il
0,0001 0,001 0,01 0.1

Boron content [% (m¢/m)]

lgr = (4741g WB,1 -2,275
IgR = (,5011Ig WBJ - 1,898
Ig Rw = 0,563 1g WB,z -1,909
where

wg 4 is the average boron content;-expressed as a percentage by mass, obtained within a day;

wgo | is the average boronrcontent, expressed as a percentage by mass, obtained between days.

Figure C.2 — Kogarithmic relationships between boron content (wg) and repeatability limit (r)
and reproducibility limits (Rand R,)
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