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Foreword

IS0 (the International Organization for Standardization) is a worldwide federation of national standards bodies (150
member bodies}. The work of preparing Intermational Standards is normally carried out through 18C lechnicval
commitiees. Each member bady interested in a subject for which a technical committee has been estahlisted has
the right to ba represented on that committee. International organizations, governmental and non-governmentat, in
ligison with IS0, also take part in the work. iSO collaborates closely with the Intemaltional Electrotechnical
Commission (IEC) on alt matters of electrotechnical standardization.

Draft Intemational Standards adopted by the technical committeas are circulated to the member bodies for voting.
Puklication ae an Intemationa! Standard requires approval by at least 75 % of the member bodies casting a vote,

Intemational Standard 150 13900 was prepared by Technical Committeg 1SQTC 17, Steel, Subcommittas SC 1,
Methods of defermination of chemical composition.

Annexes A to C of this Internationsl Standard are for information only.
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INTERNATIONAL STANDARD IS0 IS0 13900:1997(E)

Steel — Determination of boron content — Curcumin
spectrophotometric method after distillation

1 Scope

This International Standard specifies a methad Ior the delemination of the boren content in steel using & curcumin
spectrophotemetric methad after distillation.

The method is applicable to a boror content of batween 0,000 05 % (mym) and 6,001 0 % {(m/mj.

2 Mormative references

The tallowing standards contain provisions which, through raference in this text, constitwe provisions of thia
intarnational Standard. At the tme of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this Intemational Standard ars encouraged to investigate the
rossibility of appiying the most recent editions of the standards indicated below. Members of IEC and IS0 maintain
registers of currently valid International Standards.

150 385-1:1884, Laboratary glassware — Burettes — Part 1: General requirernents.

150 6481977, Laboratory glassware  One-mark pipeties.

ISO 1042 —1, Laboratory glassware — Cne-mark volurnotric flasks.

IS0 38961987, Watar for analytica! laboratory use — Specification and lest methods.

(30 5725-1:1984, Accuracy (trueness and precision) of measurement methods and rasults — Fart 17 General
pringiplas and definitions.

130 5725-2:1994, Accuracy (trueness and precision) of measurement melhods and resufts — Part 2 Basic mathod
for the determination of repeatability and reproduciblity of a standard measurement method.

150 5725-3.1924, Acouracy {frueness and pracision) of measurerment methods and resulte — Parl 3 Intermediate
measures of the precision of a standard measurement method,

IS0 14284 1996, Stee! and fron — Sampfing and proparation of samples for the detarmination of chemical
compasition.

3 Principle

Uissalulicn of a test portion in hydrochloric and nitric acids.

11 To be published. {(Revision of 150 1042:1985)
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Decomposition of boron compounds {nitides ez} with othophosphoric and sulfunc acids at a temperature of
280 °C.

Cistillation of the solution after the addition of methanol and collection of methylborate in a receiver containing
sodium hyd-oxide salution.

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

Spactrophotometic measurement at & wavelangth of abaut 358 nm.

4 Heagents

During the analysis, unlsss otherwise stated, use only reagents of recognized analytical grade and only grade 2
water as specified in [S0 3696,

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

4.2 Hydrochleric acid, p about 1,18 g/ml.

4.3 Nitrlc acld, p about 1,40 g/ml.

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

4.5 Orthaphosphoric acid, p about 1,71 g/ml, boron content less than 0,02 pg/ml.

4.6 Acetic acid, free from aldehyds, p about 1,05 g/ml.

In arder to test the acetic acid for the presence of aldehyde, pour 20 mil of acetic acid {p aboul 1,05 gaml and 1 mi
of petasgiurn permanganate solution (1 g} into a 50 ml beaker, In the absence of aldehyds, the initial viclet colour
of poeiassium permanganate will persist ; ctherwise the sclution will become an easily identifiable brown colour after
16 min.

4.7 Acid mixture A

Add one voiume of hydrochloric acid (4.2) to two volumes of acetic acid (4.8).

4.8 Acld mixture B

While cooling under water and swirling, 2dd in small podions a volume of sulfuric acid (4.4} to an equal valume of
acetic acid (4.5].

4.9 Sodium hydroxide, 8 g1 sclution.

4.10 Methanol, minimum assay 99,6 % (WV).

4.11 Boron, standard solufion.

4.11.1 Stock solution, corrazponding to 0,10 g of boron per litre.

Weigh, to the nearest 0,000 1 g, (,286 { g of erthoboric acid (H,BO,). Place in a 250 mi beaker and digsolve in

about 200 ml of water. Transfer the solution quantitatively ko a 500 mi one-mark volumetric flask. Dilute to the
rmark with water and mix. Storein 4 polvpropylene bottle {5.2).

1 ml of thie stock eolution containg 0,10 my of boran,
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4.11.2 Standard solulion, corresponding to 0,001 g of boran per litre.

Transfer 1,0 ml of the stock soiution (4.11.13 to a 100 ml one-mark volumetric flask. Dilute to the rmark with watar
and mix. Stors in & polypropyiene bottle (5.2},

Fropars this scluticn immediately befors use.

1 mil of this standard solulion contains + pg of boron,

4.12 Cureumin, acetic acid solution, 1,25 g/,

Weigh 0,125 g of curcumin, [CH,O(OH)YC H,CH=CHCO),.CH,, in a palypropylene or quartz vessel, add 60 m| of

acetic acid (4.6} ang mix. Heal in & water bath at 40 “C and stir using a magnesic stirrer. After dissolution, eoal and
transfer to a 100 ml polypropylene velurmetric flask. Diluts to the mark with acesic acid and mix,

4,13 Carrler gas, nitrogen, argon or dry air.

5 Apparatus

Glassware, poiyprepylens or quartz equipment rinsed with acetic acid {4.6) then with water and finaily dried. Al
volumetric glassware shall be grade A, in accordance with 180 3851 150 648 or 180 1042, as appropriate.

Ordinary laboratory apparatus ard the following shall be used,

5.1 Volumetric flask, of capacity 100 mi.
5.2 Polypropylene bottles, of capacities 100 m! and 500 m.

5.3 Distillation apparatus (see annex A}, comprising the following equipment.
&) Dislillalion flask, of capacity 200 ml, made of guartz.

b} Reservoir. made of quartz.

¢)  Reflux condenser, made of quartz.

d}  Receiver, 100 m| guartz hoaker marked to indicate a volume of 35 ml.

e] Magretic slirrer, with rotor covered by polytetrafluoreethene fPTFE).

Suitable forms of apparatus are lustrated in annex A.
3.4 Platinum dish or PTFE beaker, of capacity 100 ml.

5.3 Heater, for methanol evaporation,

6 Salﬁpling

Carry out sampling in accordarce with 150 14284 or appropriate national standards for steal,
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7 Procedure

7.1 Test portion

Weigh, o the nearest 0,000 1 ¢, about 0,50 g of the 1est sample.

7.2 Blank test and determination of boron In the pure iron (4.1}
7.2.1 Determinaticn 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 as specified in 7.2.1, 7.3.2, 7.3.3 and 7.3.4.
Convan the absorbance eadibns obtainad imo micrograms of boron by means of the calibration graph (7.4).
The mass (M}, expressed in micograms, of boron in 3,500 g of the pure iron (4.1} is given by:
m, =2xX(m, —mg)
whets
., i the mass, expressed in micrograms, of boron in the 0,500 ¢ test;
m,  is the mass, expressed in micrograms, of boron in the 0,250 g tast.
7.2.2 Blank test and blank value

In paralled with the determination of the conient and following the same procedure, carmy out a blank test using
0,500 g of the pure iron (4.1} and the same quantities of all the reagents.

Cbtain the absorbance of the biank test and convert it ta micrograms of boron by means of the calibration graph

{7.4).

The blank valuels) i cbiained by subtracting the mass of boron{m,) in the pure iron used (4.1} from the mass of
boron in the blank test{m,).

Biank value, m = m, - m,
7.3 Determination
7.3.1 Freparation of the test solutlon

Flace the test portion 7.1} in a distiliation flagk [5.3 a)). Add 10 ml of hydrochloric acid (4.2} and & mil of nitrie arsid
{4.3). Maintain the solution at the ambient ternperaire (see note 1),

NOTE 1 Malinaklning the ambiant temperature is most important, in order to avoid possible loes of boron at higher
temparatures,

Wait until dissolution is complete, or untit the end of effervescence for samplas which ace difficult to dissolve. Then,
carefully agd 10 ml of orthaphosphoric acid (4.5} and 5 m| of sulfuric acid {4.4).

Heat until white sulfuric acid fumes are generated, swiring from time to time in order to recover any particles
attached to the side of tha flask. Place the flask on a heat source permitting a temperature of 200 °C (see note 2) to
ke obtzined in the solution. Maimain heating for 30 min.

NOTEZ The temperature of (280 + 5) °C is obtained by cafibrating the heat sourse with & thermometer, gradualed from
0 °Cto 350 "C, immetsed it a test flask containing the same amounts of dlasolution reagents.
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Remove the flask from the heat source and allow to cool.

7.3.2 Distllation

Flace a rotar [5.3 )] in the distillation flask contzining the test sclution {see 7.3.1). Assemble the apparalus for
distillation [5.3) as shown in tigure A1, Close-fitting graund-glass joints shall be used.

NOTE 3 When the apparatus is used for the first time, or alter a long pertod of disuse, it is sssential tha! blank lasts are
carfied out repetilively until stable low biank values aro obtained,

Add 5 mil of sodium hydrexide solution (4.9) to & receiver 5.3 d)]. Place it under the reflux conderser [5.3 ) and
raise untl the condenser tip is 'mmersed in sodium hydroxide soluticn. Maintain the temperature of the refux
cancensar at less than 10 ¥C for distillation. Carefully, while mixing, pour 50 m| of methznol {4.10) through the
reservolr [5.3 b}]. Carefully adjust the carrier gas (4,13} flow rate from the yas inlet ube 0 akout 5O mil per min and
distil at a rate of 30 ml per 20 min by heating and collect about 3% ml of the distiflate. Switeh off the heat source to
the distillation flask. Rinse down the condenser tip with a small Quartity of methancl (410}

T.3.3 Formation of the coloured complex

Colleet the distillate and washings {see 7.3.2). Tranafer the soluticn ko a platinum dish or PTEE beaker (3.4) and

wash he receiver with a small quantity of matha<el (4,10, Heat gently untit methanal in the solulion has been
evaperated and continue heating to dryness,

Add 1,0 ml of acid mixture A (4,7} to the platinum dish or PTFE beaker conkaining the residus and mix the residus
well using a PTFE bar. Add 6,9 ml of curcumin acetic acid solution (4.12), washing the PTFE bar and mix, Add

1.0 ml of acid mixture B (4.8), mix well and allow to stand for 20 min, Add sbout 50 mi of methanal {4.10) to dissolve
the colovred complex, transfer it to & 100 ml one-mark glass valurnetric flask using nethanol, dilute to e mark with
methanal and mix. Leave to stand for 10 min, then filter by decantation throu gh a dry fiter 10 remove any residue.
Collect the tiltrate in a dry quartz beaker, discarding the firat fractions of the filtrate.

7.3.4 Spectrophotometric measurements

After adjusting the spectrophotorneter 1o zera absoshares by reference 1o methano! (4,103, carry out the

spectrophotometric measurement of the colour-deve oped test solution isee 7.3.3} at a wavelength of 550 nmwith a
1cm cell.

7.4 Establishment of the calibration graph
7.4.1 Preparation of calibration solutions

Place the same quantities of pure iron {4.1) as the test portion (see 7.1} in a se-ies of seven distillation flasks and
add the valumes of boran standard solution (4.11.2} given in table 1,

Proceed as specified in 7.3.1, 7.3.2 and 7.3.3.
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Table 1 — Callbratlon solutions

Volume of boron Correspending mass Boron content of the B

standard solution of beron test sampie
(4112

ml Mg B [rrym
ot o 0
0,5 0.5 {1,000 1
1.0 1.0 Go0a02
20 20 0,000 4
30 3.0 0006
40 4,0 0,000 8
a0 ; 5.0 4010
1} Zewo member

7.4.2 Spectrophotometric measurementa

Afte adjusting the spectrophotometer to zero absorhance by refaranne tn methans! (4.10), carry cut the
spectrophotometric measurements of the range of esiibration salutions, at a wavelength of 550 nm with 1 cm ealls.
7.4.3 Plotting the calibration graph

Calculate the differance in absorbance between the solutions and the value gbtainad far the 2erg memkber,

Prepare the straight line calibration graph, which passes through the origin, by plotling the nal absorbsance resding
against micrograms of barn,

8 Expression of resulis
8.1 Method of calculation

Convert the absorbances of the test solution and of the blank test solution to micrograms of boron by means of the
calibration graph {7.4),

The blank valve {m,) is abtained by subtracting the micrograms of horan {rm,} in 0,500 g of the purs iron (4.1} fram
the micrograms of boron in the blank test (m,) (s=e 7.2.2),

The horan content, w,, expréssed as a percentage by mass, is given by the aguation

_mg — )

& =100
o 1d

HE

{tg — 11y

mx 104
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where

mp  is the mass, expressed in rmicrograms of boron, in the test portion;
my is the mass, exprassed in micrograms of boron, of the Blank vaiueg;

i is the mass, in prams, of the test partion {7.1.

B.2 Precision

A plznred trial of this method was carried out by rine laborataries in four countries, at five kevels of boron of
unalloyed steels, each laboratory making three determinations {see notes 4 and 5} of boror content at each leval,

MOTES

4 Two of tha three determinations were caried out Lder repeatability conditions as delinad in 1503 5725-1; i.e. one
operatar, same apparatus, idantical operating conditions, same calibration, and a minimum peticd of tme.

5 The third detenmination was carried out 2t a different tirre {on a different day) by the same operalar as in rgle 4, using
the same apparatus with a now calibratian.

The test samples used and meanfpracision results obtained are listed in table B.1.
The resuts attained were treated statistically in accardance with IS0 5725, Parts 1, 2 and 3.
The data obtained showed & |logarit-mic refationship between boran content and repeatability limit () ang

reproducibility imits {4 and £,,} of the teat results (see note 8}, as summarized in lable 2. The graphical
representations of the figures are given in annex C.

Table 2 — Results 1or repeatability limit and reproducibility limits

Boron content Repeatabliity iimit Reproduckbility limits
A% [mim) ¢ ) Ay
0,000 05 0,000 001 0,000 068 0,000 034
£,000 1 0,000 003 0.000% 075 0,000 150
0,000 2 0,000 O0E 0,000 082 9,000 063
0,000 5 0,000 031 0,000 093 0,000 086
0,Co1a 0,000 085 3,003 101 0,000 104

NOTE €  from the bwo valies cbtained on day 1, the repeatability limt (¢} and tne reproducibility limit (5 were caloulated
using 1he procedure specified in 150 57252, From the first value obtalned on day 1 and the value ohtained on day 2, the
within-laboratory reproducititity limit {5,,) was calculated using the procedure specified in 150 5725-3.
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B Test repori

The lest repart shall include the following inferrnation:

a} all irformation necessary for the identification of the sample, the laboratory and the data of analysis;
o the method used by raferance to this Interational Standard;

) the resulis, and the form in which they are expressed:

d} any unusual features noted during the determinalion;

2} any operation not specified in this International Standard. or any optional operation which may have inflian:er
the resulis,
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Annex A
{informative)

Distillation apparatus for boron determination

| P25 Bimensions in millimetres
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Figure A.1 — Distillation apparatus for boron determination
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Additional information on international cooperative tests

Annex B
(informative)

@ |50

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

The rasults of the trials were reported in document (SOTC 174506 1 N 1031, March 1894,

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

The test samples used are Hsted in table B.1.

Table B.1 — Detailed results obtained in interlaharatory tests

Baron cantent

Precision data

R4 { v
- Repeatabitity Reproducibility
Sample Certified Founed - firmit
;5.1 EE,E r A A
JES003-3 0,000 033" | 0,000 032 0,000 033 0,000 ortd 0.000 059 1,000 023
[Fure iromy
“WIST 365 {Elactrn-| 0,000 12 0,000 125 000 139 0,000 001 .000 068 0,000 051
litie: irgm)
ECRMIB BY7-1 0,000 3% 0,000 201 0,000 204 0,007 037 01,000 121 0,000 058
{Pureg iron}
CME| 1135 0,000 6 0,000 55 0,000 58 0000 Q45 0,000 G50 0,000 DEA
{Pure iremi)
JE3 3611 00009 0,000 36 0,003 95 0,000 D48 0,000 144 0,000 105
{Unallcyed stoal)

wig,1: general mean within a day

wg,2 . general mean betwesn days

1 None-cetifiad vatue

10
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Annex C
(informative)
Graphical representation of precision data
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lgr = 0,1441 giwg,; + 0,249
lgA . 0,130 lgWay - 3,605
g Ay = 0341 lgwg, - 2,943

where

¥ga s the average boren content, expressed as a percenlags by inass, obtained within a day;

is the Bverage boren content, expressed as o percentage by mass, obtained batween days.

Flgure C.1 — Logarithinlc relationship batween boron eontent ( iv5 ), and rapeatability limit {r), and
reproducibllity limits {7 and R,)
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