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Foreword

IS0 {the Intemational Omanization for Standardization) is a worddwicde federation of national standards bodies
IS0 membar bodies). The work of preparing intermational Standards is normally caried out through IS0
technical committees. Each member body interastad in a sublest for which a technical committee has bean
established has the right to be represantad on that comemnittea. International organizations, govarnmeantal and
non-governmental, In liaisch with IS0, ako take part in the work. S0 collaborates closely with the intermational
Electrotechinical Commission {IEC) on all matters of elecirotachnical standardization.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies easting a vote,

Intermational Standard 15C 10153 was prepared by Technical Committes ISOHTC 17, Stesl, Subcommittee
SC 1, Methods of determination of chemical cormposition.

This second edition cancels and replaces the [Irst edilion (IS0 10153:1821), of which it constitutes a technical
revision.

Anhexes A 1o D of this international Standard are for information only.

& 1501997
All rights raserved. Unless cthemwize epectisd, no part of tis publication may ba raproduced or ublized i any korm ar by any means,
slecironic or Mmachanical, ingluding pholocapying and migredilm, withous permissicn In writng rem the pubiisher.
Intermational Organization [or Standardization
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INTERNATIONAL STANDARD @150 150 10153:1997(E)

Steel — Determination of boron content — Curcumin
spectrophotometric method

1 Scope

This Intermaticnal Standard specifies a curcumin spoctrophatometric method for the determination of the boron
content in steel.

The method is applicable to a boron content of between 0,060 1 % {mémj) and 0,000 5 % {r/m) oniy in unalloyed
steel, and between 0,000 & % (mim) and 0.072 % {m'm) in steal.

2 Mormative references

The following standards contain provisions which, through reference in this text, constituts provisions of this
Intarnational Standard. At tre time of publication, the editions indicated were valid. Ali standards are subject 1o
revision, and parties to agreements basad an this International Standard ars encouraged to investigala the

possibility of applying the most recent editions of the standaras indicated balow. Members of IEC and 150 maintain
registers of currently valid Infernational Standards.

tSO 385-1 : 1984, Laboratory giassware - Bursttes — Part 1 ‘Gensral requirarnents.
IS0 648 : 1977, Laboratory glassware - One-mark pipeties,

IS0 1042 .1\, Laboratory glassware - One-mark volumettic Rasks,

150 3696 : 1087, Walar for analyiical faboratory use - Specification and test methods.

150 5725-1:1994, Accuracy flrueness and precision) of measurement methods and results— Part 1- Generat
Princitles and definiions,

150 2725-2:1894, Accuracy (trueness and precision) of measurement methods and resuits— Part 2 Basic method
for the delermination of repeatability and repraduciblity of a standard measurerment method.

ISC 5725-3:1984, Accuracy (trueness and precision) of measurement methods and resuis— Part 3 intermediate
measuras of the precision of a standard measurement method.

IS0 14284 11997, Steel and iron - Sampling and preparation of samples for the determination of chamicaf
COmpesiion.

3 Principle
Dissolution of a test portion in hydrochiorie and nittic acids.

[lecompositior of baran compaunds {ritrides ete.} with orthophospharie and sulfyric acids at a temperature aof
200 *C.

Formation of a coloured comolex between orthoboric acid and curcumin in a nutfered acetic medium,

Spectrophotemetric measurement at a wavelength of about 543 nm.

1) Ta be published. [Pevision of 130 1042: 1583)
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4 Reagenls

Duting 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 spacified in IS0 3698

4.1 Pure iron, fres from boron or with & known residual amount of boron.
4.2 Sodium hypophosphlte monohydrate, NaH PO_-H.O

4.3 Hydochloric acid, p about 1,18 g/ml.

4.4 Nitrie acid, p about 1,40 g/ml.

4.5 Sulfuric acid, p about 1,84 gfml.

4.6 Qrthophoepharic aeid, p about 1,71 g/ml.

4.7 Acetlc acld, free from aldehyde, p about 1,05 g/ml.

In order to test the acetic acid for the presence of aldehyde, pour 20 mi of acetic acid {p about 1,05 g/ml) and 1 ml of
potassium permannanate sclution (1 g) inlo a 50 mil beaker, In the absence of aldehyde, the inilial violet colour of
potassium permanganate will persist ; otherwise the solulion will become an easily idantifiabla browe colour aftar

15 min.

A.8 Mixture of acetle and sulfurle acids.

While conling under water and swirling, add in small portians a valume of sulfurle acid (4.5) to an equal volume of
acetic acid (4.7).

4.9 Acetle bulfer solution.

Dissalve 225 g of ammenium acetate in 400 ml of water. Add 300 ml of acetic acid {4.7). Fiiter the solution obtained
inta a 1 000 mi polypropylene volumetrc flask, Dilute to the mark with water and mix.

4.10 Sodium fluoride, 40 g solution.

Store in a polypropylens bottie.

4.11 Boron, standard solution.

4.11.1 Stock solution, coresponding ko 0,10 g of B per Iire.

Weigh, {¢ the nearest 0,000 1 g, 0,288 0 g o orthohoric acid (H,BO,). Plagce in a 250 ml beaker and dissolve in about
200 mi of water. Transfer tha solution guantitatively to a 500 ml ohe-mark volumetric flask. Dilute to the mark with
water and mix. Store in & polypropylens bottle.

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

4,11.2 Standard solutlan , 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. Stora in a polypropylene bottle.

Frepare this standard solution immediately bafore usa,

1 ml of this standard solufinn contains 2 ug of B.
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4.12 Curcumin, acetic acid solution, 1,25 @l

Y¥eigh 0,125 g of curcumin, [CHO{OH)C H,CH=CHCO),CH,, in a polypropylene or quartz vessel, add 60 mi of acetic
&cid (4.7) and mix, Heat in a water bath at 40 °C and stir using a magnetic stirrer. After dissolution, coo! and transfer
to a 100 ml polypropylena volumetric flask. Dilute to the mark with acetic acid and mix,

o Apparatus

Glassware containing boren shall not be used and shall be replaced by polyprogylene ar quartz equipment rinsed
wilh acetic acid {4.6) then with water and finally dried. All valumetric glassware shall be grade A, in accordance with
IS0 385-1, 1SO 648 07 IS0 1042, as appropriate.

Ordinary |laboratory apparatus and the following shall be used.

5.1 Quartz beakers with quariz cavers, of capacity 100 ml, external dimensions: 51 mm diameter and 70 mm
height.

5.2 Polypropylene volumettic flazks, of capacities 50 ml and 100 mil,

5.3 Aluminium alloy block, with holes designed to aliow the pasitioning of the 100 ml quartz beakers, heated by
surface contact with & hot plate. Diagrarms of such blocks are shown in annex A,

NOTE | The dimensions of the holas should b adapted to the dimensicns of the quarlz baakers available.

5.4 Spectrophotomater, suitable for measurnng the absobance of the solution at a waveletigth of 543 nm with
2 cm optical cells.

6 Sampling

Carry out 2ampling in accordance with 150 14284 ar appropriate national standards for stesl,

The size of the chip used shall be smalisr than 1 mm.

7 Procedurg
7.1 Test portlan

Weigh, 10 the neaest 0,000 2 g, a test portion of mass 1, 88 4 function of the expected boron cantent as follows:
a) content fram 0,000 1 % {mimm) to 0,006 % (rémy, mis approximately 1,00 g;
b} content from 0,006 % (m/m) to 0,012 % {mim}, mis approximately 0,50 g.

For grades of steel with nickel content Flus cobalt content graatar than 30 % {m'm, use a test portion of
approximately 0,60 g.

7.2 Blank test

Carry oul an analysis on a portion of pure iran {4.1), corresponding to the mass of test pottion used (see 7.1}, in
parallel with the test partion analysis, using identical reagents, condifions, analytical procedure nd dilutions

throughaut. The absorbance of the blank test solytian {A} and that of the blank compensating solution (A _) are thus
cbtained.

Copyrighi by the Mtcrnational Deganization For tam dardization
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7.3 Determination
7.31 Preparation of the test selution

Place the test portion (7.1) in a 100 m guartz beaker (5.1). Add 10m| of hydrochloric acid (4.3) and 5 ml of nitric
acid {4.4), cover fhe baaker with & quartz cover {5.1) and mainlain the solution at the ambient temperature {see note 2).

MOTE 2 Maintaining the ambient temperaturs is most impertant, in order o avoid possible loss of boron at higher
tarmpearateras.

When dissclution is complete, carefully add 10 ml of orthophosphernic acid (4.8 and & ml of sulfuric acid {1.5).

Heat urtil whita sulfuric acid fumes are generated. Place the reaction beaker in a hele in the aluminium alicy block
{5.3) ard place this on a heal source permitting a temperature of 280 “C {36 note 3) to be obtained in the solution.
Maintain heating for 3D min, taking care to replace the quartz cover after the appearance of white fumes, swiring
from time to time in order o recover any particles attached to the side of 1he beaker,

MOTE 3 The temperature ol (280 2 5) “C Is obtalned by calibrating the heat source with a thermemeder, graduated Irom 4 "C
lo 350 *C, immersed In a test baaker confaining the sama amounts of dissclution reagants.

Rermove the baaker from the heat source and allow to cool. Add 30 ml of waler to the syrupy salution, warm and stir.

CAUTIOHN — It is sesentlal that care ia taken after the addition of 30 ml of water, when the solutlon Is
wanmed. A sudden eruption may accur rasulting in loss of the test solution.

Then, carefully add & ml of hydrochlotic acid {4.3) and bring to the boil. Add 3 g of sodium hypophosphite (4.2} and
allowr to boil very gently for t5 min.

Remove the beaker from the heat source and allow fo cool. Tranafer the solution guantitatively to a 50 ml
polyprogviene volumetric flask (5.2}, dilute to the mark with water and mix

7.3.2 Formation of the coloured complax

7.3.2.1 Take a 1,0 ml aliquot of the test solution {see 7.3.1) and transfer it to a 100 mil polypropylehe volumetic
flagk {52y which has previously been cleaned and dried.

7.4.2.2 Add to the flask, while ewirling to avoid contact with the stepper, the follewing gquantities of reagents.

— 6,0 mil of the mixture of acetic and sulfuric aclds (4.8), avoiding contact of the plpette with the neck and sides of
the flask. Then mix.

— 6,0 ml of curcumin acetic acid solution {4.12). Stopper the flask and mix. Leave to stand for 2 h 30 min tar
eomplete development of the eolour,

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

— 30,0 mi of acelic buffer solution (4.8}, The solution becomes orange. Stopper, shake and allow to stand for
exactly 15 min,

7.2.3 Preparation of the compensating solution

Take a 1,0 ml aliqust of the test solution {see 7.2.1} and transfer it to a 100 ml palypropylene volumetric flask (5.2}
which has previously been cleaned and dried. Add 0,2 mi of sedium flucride solution {4.10} to the bottom of the flask.

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

Frocead ag spacified ih 7.3.2.2.
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7.3.4 Spectrophotometric measuremenis

Adjust the spectiaphotormeter to zero abssrbance by reference to water. Perform the spectropholometrio
measurement {(see note 4) of the calour-developed test solution {ses 7.3.2) and the corresponding compensating
solution [see 7.3.3) at a wavelength of 543 nm using 2 ¢m cells.

The absorbances of the test soiutian (A} and the compensating solution {A,.) are thus obiainad,

NOTE 4 I order to carry out the spectrophatometric maasurements on all the solullons whils: waiting exactly 15 min after
the addition of acetic buffer solutlon {see 7 3.2}, itis advisable 10 divide them inlo serles of six Messuraments, i.e, 12 fiasks,

In fact, for long satles of measuremants where tha waiting time cannot be strictly adhered to, the formalion of a cloudiness in
the selutions can be sbsarvad and consequently arroneous rasults oblainad,

7.4 Establishment of the calibration graph

7.4.1 Preparation of calibration salutlons

Place (1,00 + 0,81)g portions of iron {4.1) in a series of 100 m quartz beakers and add the velumes of boron
standard sclution {4.11.2) as indicated in tattle 1 for a boran content up to 0,000 & % (m'm) and table 2 for a boron
cortent more than 0,000 &5 % (mym).

Proceed as specified in 7.3.1, 7.3.2 and 7.3.3.

7.4.2 Spectrophotometric measurements

Adjust the spectrophotometer 10 zero absorbance by referenze to water, Parform the spectrophotometric
moasurements of the range of calibration sclutions, with and withodt sodium flugtide solution {4.10), ata waveiength
of 543 nm using 2 em ceils.

7.4.3 Plotting the calibration graph

Calculate the differance in absorbance between the solutions with and without sadium flusride and su btract the value
obtained for the zeto member from these calculated values.

Prepare the straight line calibration graph, which passas through the origin, by plotting the nat abscrbance reading
agamst micregrams of boron.
8 Expression of results

8.1 Calcuiation of the net absorbance

Galculate the difference in absorbanee for sach solution to be determinod and subtract 1he vaile for the blank test

obtained under the same condilions. The net absorbance far the boron content to be determinad in given by the
equation

A= (A-A]-{A - A}
where
A.  Istha net absorbance for the boron content to be determined;
A is the absorbance of the test solution:
A, s the absorbarce of the blank test solution;
A isthe absorbance of the compensating solution for the test solution;
Ay

is the absorbance of the wampensating solution for the blank test solution,
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8.2 Calculation of the boraon content

Convert the net absorbance inte the cormezpanding mass, expressed inmicrograms of boron in the test solution, by
using the calibration graph (7.4.3).

The boron content, w,, exprassed as a percentage by mass, 15 given by the equation

o = e G M
3 mﬁ " B 0% m H.

where
m, is the mass, expressed in micrograms, of boron in the test solution;
m is the mass, in grams, of the test partion {7.1):

w_, isthe boron contert, expressed as a percentage by mass, in the pure iron (4.1}, (It may be neglected
when it does not affect the accuracy.)

Table 1 — Callbration solution for boron contert between 0,000 1 % (m/m)

and 0,000 5 % (mfrm)
VYolume of boran standand Corresponding mass of boron Boron contant of the test
solutinn {4.11.28) sample
ml Hg
%o (IR
o ] a
Q.5 1.0 0,00 1
1.0 2.0 0,000 2
2,0 4.0 0,000 4
2.5 A 0,000 5
1) Zeno mesrkser

Table 2 — Calibratlon solutlon for boeron content betwesn 0,000 & % (mm)
and 0,012 0 % (n¥m)

VYolume of boron Corresponding mass of Beron content of ihe test sample
standard soluion baron
4.11.2) % (i)
il Ly Test portion of 1,00 g Test porion of 0,50 g
g Q g 0
25 5 0005 00014
50 LY oMo 0,002 0
100 24 00020 0,004 4
20,0 40 0,004 0 0,008 0
a0 & 0,006 0 00120
1) Zerg mambar
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8.3 Precision

Planned trials of this method were carmried cut by 14 laboratories in six countries, at five lavels of boran in the lower
range of unalloyed steels, and by 21 labarataties in eight countries, at eight tevels of botan in the higher range of
steels, each {aboratory mak:ng three determinations {see notes 5 and 6} of boron content at sach level,

NOTES

5 Two of the three delerminations ware carsied oyl Under repealabilty conditions as del ned in IS0 5725-1: |.&. one
operator, same apparalus, idenlical operating condions, same ealibraticn, and a minirmum perled of time,

& The third deteminalion was carrled out at a differant time (an a differenl day) by Ihe same opemtor as in note 5. using the
same apparabus wilh 2 new calibration,

The test samplas used are listed in tahle B.1 and table B.2.

The results obtained were trealed statistically in accordance with 1SQ 5725, Parts 1, 2 and 3, using thie data ohtained
frarn tre samples containing four lavels of baron in the lower range of unalloyed steel and six levels of boron in the
highet range of steels, respectively within the application range.

The data obtained showsd a logarithmic elationship between boron content and repeatability limit () and

reproducibitity fimits (7 and R} of the test resuits (see note 7), as summarized in table 3 and table 4. The graphical
representations of the figures are given in annex .

NOTE 7 From the rasults ablainad on day 1, the repaatability limit (r and the repraducibility limit (7) were calculated uzing
lhe procedure spacified in 130 57252, From tha first result obtained an day 1 and the result obtained on day 2, the within-
laberatory reprodueibitiy himil {F_} was caleulated using the procedyre specifisd in S0 5725-2,

The same method was lested by 14 laboratoriss in seven countries belenging to ECISSTC 20 using samples
eontaining eight levels of baron. The results of these precision tests are listed in table D1 for informatian,

Tabie 3 — Pracision data for boron content between 0,000 § % (m'm) and 6,000 § % )

Boron content Repeatahility limit Reproduciblilty limits
W { Yy Iy ] &,
0,000 | 0,000 04 0.000 09 0.000 05
0,000 2 0,000 06 0,000 14 0,000 08
0.000 & 0,00 10 0,000 25 G000 14

Table 4 — Precision data far boron egntent between 0,000 5 % (rvr) and 0,012 0 % (m/m)

Boren content Repeatability Nmit Reproducibilily lintits

%, (I r R A,

0,000 & 0,000 14 0,000 28 0,000 17
0,00 o 0,000 20 0,000 24 0,000 25
0,002 0 0,000 28 0,000 55 0,000 37
30050 0,000 43 0.000 89 0,000 g2
nmoog 0,000 5 0,001 25 0,000 92
1Mz o 0,000 85 0,001 37 0,00 00
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9 Test report

The test report shall include the fallowing information:

a) all information necessary for the identification of the sample, the laboratory and he data of analysis;
by the method used by reference to this Internationai Standard;

&) the resylts, and the form in which they are expressed;

d)  any unusual features noled during the determination;

a)  any operation not specified in this Intemational Stancard, or any oplionat operation which may have influernced
the resulis.
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Annex A
{informative)

Examples of aluminium alloy blocks

Dimenzions i1 milimat-es

A-X
" . B [ -
: / L T L i
+ [ g , ] I
T T T T R =
]

@ T

o219

1} Adapt the diameter of Lhe holes according to the diamster of the beakers usod.

2] Holas having the same height as the sudare of the solulion in the beaker can be used if Ihis is prelerable,

Figure A.1 - Example of an aluminium alloy block

Comyrighl by th;:- mternational m*gﬁﬁimtinn For Silandardizstion
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Dimensiens in milimaires

X=X
| o7 77 g =
= ; /// " L M
L % '-/" ,-":/ "f ﬂ"I
t = ] o i r

OO

250 -

160

w53 "

1} - Adapt the diameter-ot the holes according to the diameter of the beakers used.

21 Holas having the same height a5 the surfaca of the solution in the beaker can be used if this is preferable.

Figure A_2 — Example of an aluminlum alloy block

10
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Annhex B
(informative)
Additional information on international cooperative tests

Table 3 was derived from the results of intarnational aralytical trials carried cut in 1993 on live unallayed stee|
samples in six countries involving 14 laboratories.

The results of the trials were raported in document 1SQ/TO 17/30 1 M 1031, March 1504,
The precision dala are presented in graphical torm in annex C {figure C.13.

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

Table B.1 — Detailed results obtained in interlaboratory tests

Boron content, % (m'm) Freclslan data
Sample Certified Founr Repaatahility Reproducihility
limit limits
“g 4 wha r A R,
JSS 0033 0.000C3" | 0,000 06 00006  |o0.00005 0,000 4 0.000 10
{Pure iron)" .
MIST 385 000012 . 00013 000013 | 0,000 05 0,000 10 0,000 CB
{Electraliic iron) :
ECRM B 0497-1 0,000 3 0,000 25 0,000 24 0,000 Q7 3,000 15 €000 0g
{Pure iron)
CGMSl 1135 0,000 6 0,000 58 000058 | 0,00012 4,000 3 G000 14
{Pure Iron)
JBS 36141 0,000 9 0,000 87 000085 | 0,00013 0,000 34 €000 22
(Unaltoyed steal)
g 17 general mean within a day
g o gencral mean betwaa days
13 Tre data for gample JS5 009-3 has been omitted from the calculation of precision besausza the berom content of Bis
sample lies outsida the mnge of application of the methad.
21 Non-rerified value.

Table 4 was derived from 1he results of internationa) analytical trials carried out in 1986 on eight steel samples in
eight countries invatving 21 laboratories,

The rosults of the trials were reported in document ISOMS 17/SC 1 N 755, January 1985 {revized).
The precision data are presentad in graphical form in annex C {figure C.2).

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

Lk
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Tehies B.2 — Detailad rasults attaines in interlabaratory tests

Boran content, % (mim Precision data
Sample Certifled Faund Rapaatability Repraducibility
limit limits
g t “g2 d R A,
ECRM 283-1" 00003 0,C00 26 0,000 27 Q.000 13 0,000 23 0,000 22
(High zpead steel)
ECRM Og7-1" 0000 3 0000 23 0,000 23 0000 22 0,000 28 0,000 22
(High purity iron)
BAMN 187-1 0,000 4 0,004 a6 0,000 48 0000 13 0,000 29 0,000 21
(Low alloyed stesl)
BLE 458N 0,001 5 0,00t 38 0,001 35 0,000 20 0,008 55 0,000 25
(MWl steel)
BAM 284-1 .oo3 e 0,003 62 0,003 g2 0,000 28 0,000 60 0,000 42
(Stainless steel)
BAM 178-1 0.004 1 0,004 32 0,004 31 0,000 40 1,000 54 0,000 55
(Low allgyed steal)
JES 1755 0.00a 0 0,008 04 0,004 09 0,000 49 0,001 4 0,000 95
(Mild slaal) )
BCE 459/ agi1s 001t 4 0011 € 0,000 593 0,001 8 0,001 1
(Carbon stesl)
wg g+ ganaral maan within a day
Wig o - gEnaral mean betwean dayy
11 The data for sarmpdes ECPM 283-1 and EGAM G87-1 hea been omitted from the calculatlon of preclsion bacause the boman
content of those samples lisg cutside the rangs ol application of the mathed,

12
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Annex C
(informative}

Graphical representation of precision data

0,001 -
[ e F
- o —— o T,
- ———
&
= o
3
B N LT H I I ol
o -
P =
< C
o -
0O O 1 1 "I I i 1 P T A A |
0,050 01 CAgen &.ocom
Borar cortent [ (m im i
Igr = 0803l wgy - 2,348
InF = D061 EBJ — 1,446
I3 Aw = 06251 I'B.E — 1. 7az
whera
g | is the aversge boron content, expressed as a percentage by mass, ablained within a day:

Wpo s the average boron conent, expressed as a percantage by mass, oblained between days.

Flgure €.1 — Logarithinic relationships between horon content (wg ) and repeatability limit ()
and reproduciblifty limits (2 and A}

13
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LINLELELE LI |

¢,0C1

Precisian (%l
T FITTENY

LRV

LINL R LR A |

0.900 51 L Lo 1yl L " AN L T |
' A0 1 0,001 £.0 &1

Boran content % {m sml]

lgr = Q474lg wgqy 2275
IgR = 05010y wgy—1,898
Ig Ay = T.5G6310 ;B.E ~ 1,809
where

wgy i3 the averaga haron content, expressed as a percentage by mass, obtained wilkin & day;

Wwg o 16 the average horon confent, expressed as a percentage by mass, obtained between days.

Figure C.2 — Logarithmic relationships between baron content { g } and repeatability limit (1
and reproducibility limits (R and R,)
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Annex D
(informative)

Additional precision tests conducted by European countries
The results of precision fests canducted by European countres are given in table 0.1,

The data obtaired showed a legarithmic relationship between boron content and repeatability imit (4, and
reproducibility limits {R and R,) of the test results, as summarized in fable D.2.,

Table D1

'i'yp-.-. of test sampie Boron content Repeatabllity limit Reproducibility llmits

o (i) ¢ A A,
Unalloyed staal! 0,000 23 OO0 10 0,000 16 0,000 17
Linalloyed stasf 4,001 a8 0,030 15 C.0C0 28 Q000 22
Linalleyed staal 0,002 75 0,000 29 C,0C0 38 0,000 34
Linzlleyad stogl 0,003 15 0,000 25 C,000 36 0.000 35
Linalloyed stes 0.003 78 Q000 20 0,000 72 0,000 25
Unalloyed steal 0,008 69 Q.000 37 0,001 32 G000 73
Alleyed steel Q000 45 000013 ' 0,060 42 0,000 18
Allyyed stael 0,004 32 Q000 27 ; 0,000 45 0,000 42

1] Ercluded fram calculalions of the ralanong of statictinal paramaians with barcn aontent,

Table D.2
Baron content Repeatab:llity limit Repmducibillty lmits
5% (mimi) r ~ A,
0000 5 G000 13 0,000 28 0,00 19
oo o 0,000 17 0,000 36 0,000 24
0Loo2 9 0,000 22 0,000 A5 0.0 A
0.0050 0,003 31 0,000 63 0.000 43
24040 0,000 41 0,000 &0 0,000 56
20129 0,000 44 0,000 85 0,000 60
or  =D3821y wg, - 2623
Ig R =0352hy Wy — 2,362
I3 Aw = 036210 Wgp — 2,520 .
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