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INTERNATIONAL STANDARD © 150

ISO 10700:1994E)

Steel and iron — Determination of manganese
content — Flame atomic absorption spectrometric

method

1 Scope

Thiz riermaticnal Standard specifies a flame atemic
absorption spectrometnic method  for the  deter-
rrunatian of the manganese content in steel and ron.

T2 methoa is applicable to manganese contents be-
sevizen 0,002 Y lmAnl and 2,0 % (md.

2 DNormative references

Tae following standards contan prowvsions which,
*hrough reterence in this text, constitute provisions
of ths Intarnatanal Standard. At the time of publi-
pation, the editions indicated were valid. All stancards
are subject to revision, and parties 1o agreements
basad on this ntarnaticnal Stardard are encouraged
0 investigate the pesswility of applying the maost re-
cant editions aof the standards indicated below.
“eambars of [EC and 150 maintain registers of our-
ranthy valid Intermaticnal Standards.

IS0 377-2:1889, Selection and preparation of sampias
and test piaces of wrought stoels Part 20 Ramples
far the determination of the chernizal composition,

IS0 38E-1:1884, Laboratory glassware — Burettes —
Fart 1. Gengral requirsments.

|50 BAB:1977, Laboratory glassware — Ohne-miark
fprattas,

IS0 10421983, Laboratory glassware — Ona-mark
vollretne Tlasks,

IS0 3686:1887 Water for analitical laboratory use —
Specification and test methods,

|50 57251988, Precision of test methoas — Dstar-
mination of repastability and reproducihility for g
standard test methad by interdaboratery tests.

2 Principle

Dizselution of 8 tast potion ir hydrechloric and ritric
acids followeod by ovaparatian with perchlone aowd
untl white fumes appear.

Spraying of the zolution inte an airacetylens flame,

Spectrometric measuremeant of the atomic absorgtion
af the 2785 nm spactral line ermitted by a manganese
hollow: cathode lamp.

4 Reagents
Ciuring the analysis, unless otherwise stated, use only

reagents of recognized anahytical grade and anly graca
2 wete ag specifed n 150 3696

4.1 Pure Iron, free from manganesa oo with a3
krown low manganese content.

4.2 Hydrochloric acld, 5 sbout * 19 g/ml.
4.3 Hydrofluoric acid, 2 about 1,15 g/l
4.4 Nitric acid, p about 1,40 gfml,

4.5 Perchloric acid, p atout 1,54 gl [s8e nate ).

MOTE 1 Perchwric acid [p abaut 1,67 gymll may elso be
used. 100 ml of perctloric acid ip sbout 1,54 gim!) is
ggLivalant 1o 73 ml of perchloric acid (p about 1,67 gimll.
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46 Background solution.

WARNING — See clause 7.

Wimigh, to the nearsst 001 5. 12,00 g of the pure iron
(4.1}, Place v a 1 litre beaker. Add 2Z00ml of
bydrochloric acid {4.2), caver the beaker with a watch
glass and fieat gently untid the iron is dissclved. Than
owidize by adding 50 ml of nitric acid (4.4) in grmall
porions. Add 150 mb of perchlorc acid 4.5;. Heat
strangly and evapo-ate untl dense white fumes of
perchloric acid appear. Continua feming for 15 min at
g temaestu-e that maintains a steady reflux of white
perchloric acid fumes on the walls of the beaker, Al-
lowe to coo, add 300 mit of water and heat gertly to
dissolve the salts.

Traester quantitatively to a8 1000 ml  one-rnark
volumnetric flask. Diuta to the mark with water and
Frix,

1 ml of this background soluticn containg 0,010 g of

Fe.
47 Manganess, standard solution.

471 Manganesa stock splution, corresponding to
1,00 g ¢° Mn per litre,

Weigh, 1o the nearest 0.1 mg T00g of pure
manganese metai [purity 2 53,9 % (mw}. Place in s
250 ml beaker and add 40 ml of hydrochloric acid
{4.2). Cower with a watch glass and heat gently unti
the manganese has dissolved, Coal, transfer the sol-
utier quantitativaly toa 1 000 mil ana-mark velumeatric
flask, dilute to the mark with water and mix.

1 ml of this standerd solutizn centains 1,00 mg of
M.

472 Manganese standard solution, correspond-
ing to 0,02 g of Mn per litre.

Transter 20,0 ml of the stock solution 4.7.1) <0 a
1000 Ml ane-mark volurmetric flask, dilute 1o the mark
with water and mix.

Prepare this standard solutien immediately beforg
use,

1 ml of this standard sclution contains ©,02 mg of
%1y}

5 Apparatus

All valumetric g-assware shall be clgss A, in sccord-
ance with 150 385-1, |50 648 ar S0 1042, as appro-
priate.

2

o el

Ordinary laboratory apparatus, and

5.1 Atomic absorption speectrometer. eguipped
wih & narganess hollow cathods lamp and supplhed
wth air and acetylene sufficiently pure to give a
gteady clear fusHean flame, free from water and gil,
ard free from manganess,

The atom c absorption spectromaar used will be zat-
isfactory if, aftor optirmization accarding 1o 7.2.5, tho
limit of detaction anc charactaristic concentraticn are
in reasenable agreerment with the values given by the
manufacturer and it Mes™s the precision criterna given
inB1.710 4913

[t is also cesirable that the instrurmert should contaorm
to the additional performance requirements given in
14,

5.1.1 Minimum precision [see A1}

Calculate the standard devigtion of 10 measurements
af the ahsornance of the most concentraed cali-
Bration sclution. The standard devistion shall not ex-
cead 1.5 % of tha mean absorbance of this soluticr,

Calculate the standard deviation of 10 reasuraments
of the absgrbancs of the least concentrated calibration
sofytion (excliding the zera member). The standard
deviation shall not exceed 05 % of the rosan
abzprbance of the most concentrated calibration sol-
Ltion.

5.1.2 Limit of detectiaon {sea A 2]

Thiz 15 defined as twice the standard deviation of 10
measuremants of the aksorbance of a so'utior con-
taimmg the asproprate element at a concentratior
levei selacted to give an absarbance just above that
of the zerm mambear.

The limit of detection of manganese in a matrix sirmilar
to the final tast partian solution shall be eas than
0,02 pg of Mn per millifitre.

£.1.32 Graph linearity (568 A.3)

The walue of the slops of the calibration grapn caver-
ing the top 20 % of tke concentration range [ex-
craseed g3 a changs in absorbance) shall not be less
than 0,7 timses the value of the slape for the battorm
20% of the concentration range lexpressed asg a
changs in abserbancel determined in the same way.

For instrumerts with avtormatic calibration uaing twe
or mote stardards, it shall be established pror to the
analysis, by chtaining abeorbance readings, that the
above Tequirements for graph Kneanty are fulfilled.

__
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h.1.4 Characteristic concentration (see &.4)

“he characteristic concenttation of manganess n a
rratrix sirilar to the final 1257 porticn solytion shall be
netter then 0,1 pg of M ner millilitre,

£.2 Andlllary aquipment

A strip chart recarder andjor digital readeut device is
recommended o avaluate the citeria in5.1.1 to 5.1.3
and for all subsequent maasuremen;s.

Scale expansion can bs usad unti the noise chaerved
is greater than the read-out errar and is always rec-
orrrendad for absorhances below 0,1, If scale ex-
pansion has to b uysed and the Mstrument doss 4a7
hawve the means to read the valug of the scale expan-
sion factor, the walue can be caleulated by maasuring
the absorbances of a suitable sclution with and with-
out seale expansion and using the ratia of the signals
whtained.

6 Sampling

Carry out sarrpling 0 accordance with 150 377-2 or
appropriate national standards for stzel and iron,

7 Procedure

WARNIMNG — Perchlaric acid vapour may cause
explosions in the presenca of ammonia, nitrous
fumes or organic matter in general. All evap-
orations must ba carried out in fume cupboards
suitable for use with parchloric agid.

Ersuce tat the spray systcm and drainage system
are washed free fram perch oric acid after use.

7.1 Test portion

Weigh, to the rearest 1 ma, approximately 1,0 g of
tha tast sample.

7.2 Blank test
In pzrallal with the determ nation and fallowing the
same procecdures, carry out a blank test usng the same

guantities of all the reagents, including the pure iran
(4.1,

7.3 Determination

7.3.1 Preparation of the test solution

Place the tes: portion (.10 in a 250 mil beaker. Add
20 ml of hydrachlonic acd (4.2), covar the baaker with
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a watch glass and heat gemly until salvent action
cosses, Add B ml of nitric acid {4.4L and bail for
1 min 1o remove oxides of nitregen. Add 15 ml of
parchlotio acd 14.58), and heat strangly without a caver
until fuming commences. Cover with a watch g.ass
and continue heatirg at a temperature at which a
steady reflux of white perchloric acid furres is mmain-
tained on the walls of the beaker, Continue heating
until thers are no percrloric acid furmes visible inside
the beake-,

For samples not r2adily scllble in hydrochloric acid
and nitric acid, add 2 ml of hydreflucre acid (4.3} be-
fore the addition of 16 ml of perchlaris acid and con-
tinue a5 described above,

7.3.2 Treatment of the salutlon

7.3.2.1 Manganese contents up to 8,10 % (#m)

Alew to cool, add 285 ml of water and heat gently 1o
dissolve the  salts. Cool ag3in  and  transfer
quantitativaly ta a 260 ml cne-mark valumetric flask.
Dilute to the rrark with water and msx.

Filter by decantation through a dry, medium-texture
filter paper to rermove any residue or precipitate, and
collect the fitrate in & dry beaker after discarding the
first portions,

The filirate 1@ the test soution for determining
manganese contents up 1o 010 % (el

7.3.2.2 Manganesa contents between
0,10 % [min) and 0,40 % {min)

Transfer 50,0 ml of the filtrate 17.3.2.1) to a 200 ml
one-mark valumetric flask, dlute to the mark with
water and mix.

7.3.2.3 Manganese contents between
040 % (mem) and 2,0 % (nd'm)

Transfer 10,0 ml of the filtrate 17.3.2.1) to & 200 ml
ora-rmark volumetrc flask, dilute ta the mark with
water and mix.

7.3.2 Preparation of the calibration solutions

7.3.3.1 Manganese contents up to 0,10 % {mm)

lotocuce 40,0 ml of the background souton (4.6
into a serigg ot z2ight 100 ml cne-mark valurnstric
flacks. Using a buratta or pipette, acd the volumes of
menganese standard solution 14.7.2} indicatad in
tabie 1. Dilute to the mark with water and mix.
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Tahle 1
Volume of
Corresponding
":::g:::je Mass of content of
golufion manganese manganasa in
[4.7.2} test sample
i g % o)
pu 0 0
0.4 0,008 0.007
20 0,04 0.010
4.0 (.09 0,020
8.0 0,16 0,040
12,0 0 2d 0,080
16.0 32 0,080
20,0 0,47 0,100
11 ferome~ber.

1.3.3.2 Manganess contants hetwean
0.10 % {mAn) and 0,40 % {min}

introduce (0,0 ml of the background sclutien (4.6
irtey 8 serias of six 100 mi one-mark volumatric flasks.
Using a busette or pipeite, add lhe yolumes of
manganese Sstandard solution 472 indicated in
tabile 2. Dilute to the mark with water and mix.

oy

Table 2
Yaluma of
Corresponding
manganoce Mass of contant of
solution AN ganese ! n;nn:;annnl in
.72 : est sample
ml g O (e
Bl 1] 0]
40 0,08 C.nd
&0 016 L, 6
12.0 0,24 C.24
16,0 032 ' c.az
20,0 0,40 | C.40
1 Zeramermbe:.

7.3.3.3 Manganasa contents between
0,40 % |m/m) and 2,0 % (i}

Introduce 2.0 ml of the background solution (4.8) into
g series of six 100 ml one-mark volurmetric flasks.
Lsing a burette or pipette, add the wclumes of
rmanzansss standard solution (4,72 mdicated in
table 3. Ciluts to the mark with water and mix.
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Table 2
Valume of
Corresponding
"':;:g::::a Mazga of cantant of
alutlon manganese manganese In
4.7.2} test sampla
i mg P % )
13t 0 0
40 0,08 0,40
gC 0,16 £ Al
12,0 0,24 120
164 0.32 1,60
20,0 0.44 200
11 Zero member,

7.3.4 Adjustment of atamlc absorptlan
spactromatear

Sea tanled.
Tahle 4
Elermeart Characteristic

Type of lamp Fangarasa hallow cathooe

Wavglangth 2795 am

Flarmea Ar-acety.ene fuel-lear flame ad-
justad for maxirtur mangaiese
resporse

Lamp currant Foilow rmanufacturar's recomnan-
detions

Bandhwidth Fallow manufaciurer's racomimean-
dslions

WARNING — The manufacturer's recommendations
ghould be closely followsd and particular attention
is drawn 1o the followling safety points:

a) tha ewplosive neture of scetylene, and ragu-
latlons concerning itz use;

4} the need to shield the eyes of tha operator from
ultraviglet radiation by means of tinted glass;

¢l the need to kwap the burner head claar of de-
posits because a badly cloggad burnar may calusa a
flashhack;

dl the need to ensure that the liguid trap B filled
with water;

e] the need always to spray water between the test
golutions, Blank soluticn and;or calibratlon solutlons.
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7.5 Optimizing the atomic absorption
spactrometer settings

Fallews the manutacture's instructions for preparing
zhe instrument “or use.

When the curent to the lamp, the wavelength and
the floww of gas have been adjusted and the bumner it
spray water until the indication has stagilized.

Set the absarbance value at 2erg us ng water.

Choosse 2 daimping setling o ategration time to give
a signal steady encugh to fulfil the precigion criteria
gvenin B1.1105.1.3,

Adjust tna flame to be fuellear and the burner height
ta az3ut 10 mm balaw the light path. Spraving, alter
nataly, the calbration soluton of the highest sarcan-
tration and the zere member {2ee tables 1 to 3), adjust
the gas “low and tusner pasition {horizontaly, verti-
cally and  rotationallyl  untd  the  diference  in
absorbance between the calibiation solulions iz at a
maximur.

Check that the specrometer is se; socwrately on the
reclirad wavelength

Evaluate the criter:a of B1.1 10 B1.3 and the ad-
ditonal perfcrrrance requirerment of 5,.1.4, to ensura
that the instrument is suitable “or the determination
af mangenese,

7.3.6 Spactromaetric measurements

Set the scals expans on so that the calibration seiution
of the hignest ¢oncentration gwes nearly full scale
deflaction, Speay tne calibration solutions in aseending
order repeatadly until sach givas tha specified pre-
cigan, this showing that the nstrumeant has acheved
swability, Select two calibration zolutians, one having
an gbscroance just lower than the test portion sol
ution ard one yust higher. Spray these first in as-
canding order, than in dascanding ardar, wilh the test
solution as the middle sclution, in each cass measur-
ing the absarption in relaton 1o water. Sprey the
carmplete range o calibration solutions, including the
zera membes, again in ascending and descanding or-
der. The mears of the las{ ascending and descending
series of calbrasion solutions sre used fo- the cali-
Lratigr graph,

U UV T IRlC)

It iz recognized that these procedures cannot be fok
lowvead with automatic instrurnants which accept twed
calizrat on solutions only. In this case, it is suggested
thas the two “sandwiching” solutiona should nos be
used for the prroany calibration but should be ana-
lysed aternately with the test soluton.

Snray calibration salutions at frequent tntervals during
the m=asurement of a tatch of deterrmenatizns. Clean
the burqer 1 the results show loss of precision caused
by clogg ng.

Obtain the mean abscrbance of each calibration sol-
uion.

Obtain the mean absorbarce of the test solution and
thea mean shsarbance of the Blank test saluticn.

7.4 Plotting the calibration graph

It is nasessary to prepare a new calibration graph for
each series of determinations, and far the range of
manganess santerts expectad.

Usually thé zarm member has & neplghly small
abzorbance, but if the zere merrber has a significant
absorbance, a more complicated procedure 15 re-
guired. In this case, the concentration of manganess
Prar 2 1IN ANE c80 member can be calculated using the
forruls

A

Phinz = Ppact ¥ 54—
"d‘l'ﬂn.l:1 - '%

ware

fhin 1 48 the concentration of manganese, ex-
prassed in micrograms per millilit-e, adcec
to t1e first calibration selutian;

A; iz the absorbance of the zero member;

Ay, o1 15 the absorbance of the first calibration
solution,

The denved value pyp. % then added to sach of the
nomminsl calibraticr corcentrations in ardar to abtan
a mean calibration graph passing through the crigin.

Fafor the absorbances of tha bwa adjacant calibration
solutions to the graph. |If these two calibration
readings do net deviate fram the graph by more then
the permitted precision critéria, then the tast aolution
readings are als¢ aceepizble.
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8 Expression of results

8.1 Method of calculation

Conwer: the absorbances of the test sclution and the
blank so'utian 1o mizrograms of manganese per milli-
litre by mesns of the calibration graph (7.4).

Tre manganess content wy,, expressed as a per-
centage by mass, is given by the egquation

_ I:IDMH," _PMI..I'D: x 250 y 100 w D
10° g

n

(F‘Mnj .ﬂh-'ln.EIJ x 26D
10

wheare

Pranp 5 the concentration, expressad in micro-
grams per mililitre, of manganese in tha
olank tast {7.2};

P A the cencentration, axprassad in micro-
g-ams ger millilitre, of manganzse in the
tast solutizn desived from the calicraticn

g-apk 7.4,

i) is the mass, i grarmns, of the test portion
{710,

o is the dilution factor

b =1 for manganese contents up o
0,770 % 1w,

[ = 4 for manganese contents he-
twean 0,70 % (sm) and 0,40 % {min),
& = 20 for mangarese contents be-
tween 0,40 % {mdm) and 2,0 % vl

8.2 Precision

A planned <rial of thiz method was czeried out by 20
laborateres using 10 levels of manganese contents,
gach leboratory making three determanations [see
notes & and 3 of mangenese at sach lavel.

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

Thne -asults obtzined were treated statistically in ac-
cordancea with 150 5 /25,

The data abtained showed a logarithwric refationship
hatween manganese content snd repaatabtity (r) and
repreducibaity (R and £,) of the test results (see nota
4}, a3 summarized in taale b, The graphizal represen-
tation of the data is shown n figure C.1.

D [=()

Takle 5
Manganese

content Repeatability Reproducibility

% ) r R R
0,02 0200 28 0,000 62 0,000 30
0025 0,000 52 0.0m 2 0,000 B4
n4o10 0,000 81 0,001 8 0,000 949
0,020 0,001 3 0,002 3 o,a01 7
0,050 0,002 3 0,006 3 0003 5
0,100 0,003 & 0,008 4 n.00s 5
020 00068 & 0.ma3 0,009 2
0.5Q 0.010 0.024 oA
1.00 0,016 0.033 0,030
240 0,024 0,061 0051

NOTES

2 Two of the three determrirations we-= caned out under
repeatakility coiditions as defired in 130 5725, e a7e co-
erator, same anperatus, ident'ca. cperating condit'ons, same
calibration anet 8 micimem period of tirme.

3 The third determination was carried ou at a oifferent
time [on a different day]l by the same operater as i1 note
2, using the samre spoaratus with a naw calbration.

4 From the results abtained on day 1, the repeataa lity i
and reprogusibinty (7] were caloulated using the procedu-e
specified in 150 5¥25, From the first result obizired o- day
1 and the resclt obtained or day 2, the wikinlaberstory
reproducibi ity (2,1 was celculated.

9 Test report
The tast repart shall include the follawing infermation:

al &l iTforrmation necassary for the identification of
the sample, the leboratory and the data of analy-
Sis;

bi  the method used oy refersnse to this Internaticnal
Standard;

cl the results, aad the fonm in which they are ex-
prassed;

d! any wnusual features noted durning the deter-
mingtion;

&) any operation not specified in this International
Standard or any optioral oparation which mey
have influenced the results,
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Annex A
(normative)

Procedures for the detarmination of instrumental criteria

Far the preparation of standard methods of anatyss
using farma atomric absopton spactromeatry, 112 wel-
uas for the instrumenta criteriz should be decided
from interlaboratory test results, by the waorking group
i1 zharge.

A.1 Determination of minimum
precision

Spray the most concentratad calibraticn sclution 10
times to outin 10 indwvidual absorbance readings Ay
and ca'cu ate the mean va.ug A,

Spray the least concantrazed caibration solution fex-
ghading the zero rmomber] 10 tmes to obtain 10 indi-
vdual absorbance readings Ay, ard calculate the mean
valug Ag.

The standard dewviazions s, and s of the most ard
lzast concerrates calibration soutons respectively
aine obtaired from the euations

z (A — Al :
2]

Tma minimarn gracisicns of the most and 8ast con-
eentrated  zalibeztion salitione are ohtained fram
ypow 10004, and sp o= 10074, respectivey,

A.? Determination of limit of detection,
Pranmr

Prepare twio solutions each containing the sars ma-
trx soncentration as the samsle seigtion, byt with the
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element of interest at the folowing known cancen-
trationsg,

— plyn bgirl to give an absorbacce AT of approx
matefy 0,01,

— matrix Slank to give an absorbance A;.

Spray the 'y, solution and blans solation 10 tires
each, recording each reading for sbout 10 5, and using
sufHficient scele expansion to make the fluctuations in
= gnal £ early visiole.

Obt3in the rrean abscrbance readings A’ and A,

Tha standard deviation s,. is given 2y fhe equation

IIr_ZI:Ar_. _ F:Iz
e 2T

3
where
Ay is the ndwidual measuceo absorcance
reading;
A" s the mean value of 47,

The lirmit of detection g, 18 given by the equation

o Flaan g % K
M, ~in F _ "1':|

iz narmally taken as 2)

A.3 Criterion for graph linearity

Having estabiished the celigraton  graph  isee
figure A4.7), hefore the spglication of any  curve-
straightaning devics, oatain the net absorbance value
A, soresponding to the top 20 % of the concentration
rarge and tha net sheorbance A correspanding to the
Batwar 20 % of tne concentrat'on range, Zalcllate
Autdg. This rmust nat be less than 3,7
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A.4 Determination of characteristic
concentration, g,

Prepare a zolutior contamning the same matrix con-
centration as the sample solution, but with the ale-

Rl L W

M hofml to give an absorbance A of approxi-
rratsly & 7.

Spray the o, and tha alank solution withaut scale
expansion and measure the absorbances 4 and Ag
The chargcteristic cancentration gy, . is givan by the

n i ointz h followyin k nonaen
ment o ) mtarest &t the Qg |#] cquat on
concantratian:
B = 0,004 4
PFun k= A——Aﬂ
2.5%
x
hd
L]
o
5 !
=] i
B
£
n
L
<
| | 1
Q 24l LI (4] B oo
ok Cartentrd tion scole L % .
Bottom 20 % af -he Tap 20 % of the
Zohcettrotion Fange concentration ronge
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Annex B
{(informative)

Additional information on the international co-operative tests

Tahle 5 was derved from the results of intermational
analytical trals carried ou in 1987 and 19971 on eigkt
steel samples and twa iron samples ir nng countries
invalving 20 lsboratones.

The resulis of the trialts were reported in docemant
[SOYTC V77SC 1 W 814, January 1882 The graghcal
representation of the orecision data s given in
annex C.

The tast sarmpias used are listed in tabla B.1.

Tabla B.1
Manganase contant
Pracizien data
B )
Eample
Cartified Found Repaatahility Raproducibility
TR e 2 ¥ # R,
JE5E 0031 thigh-owity iron) 02,001 8 0001 &2 0.0M 88 0,200 72 0.0m 08 0,000 47
ECRM 027-1 (high-purity i1on) 0,006 4 0,006 2C 0.005 B4 £,200 &1 0,001 268 U.Coo 4
ECRM 2851 (18h, S, 9Co slesi) 0,013 0z 2 oMz 2 0.0G0 a3 0,001 54 0.000 74
ECEM 1741 48] stoel 9.066 B 0,066 4 0,056 4 0,201 A0 0,003 B1 0,002 B8
FCARM D01 (10 0,24 steel) 2,226 0,225 0,226 C.004 3 0.014 7 0008 4
J53 BOB-E £Cr 1V, 300, "7V steel] 0,33 0,33 0,331 DOCds B 12,0781 TR
ZORW 081-1 funelloyed steel) 0.e03 0,608 0,808 0.Cae 3 0,027 0 Qoo C
ECRM 051-1 (0,15 stesl: 1.18 1,150 1.191 0C204 0,045 1 G043
ECAM 2771 1Ch., 18Cr, 0.2Mo steal) 1 B35 1,546 1,544 QC33o 0.0EC B 0,045 &
FORM1SB-T (0307 0,15 stasl, 1,817 1.8C8 18 0,034 3 LU/E U062 %
Wi, - L OENEE mMean witnin a day
Muens © H218°8 Mean betwee” days
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Annex C
(informative)

Graphical representation of precision data

2.1

—-*--H\.

L4
—— >

i|IIF[|
:l:-

0,20%

PreCision

LRI

250

0,200 5

0.000 2 ' Ll Lo il L bl |
goo1 Doz nons ool 0oz .05 0.1 0.2 &S 1 2

Monparass cantent [% {mam ]
Ig r = 0,641 8 Ig Wy, — 1,806 3
ig R, = 0,742 0 Ig Wy, — 1,619 5
Ig & = 0,861 7 1y Wy, = 1,415 7
whera
Wt 18 the average manganese content, expressed as a geqcentage by mass, abtained within a day;

Wyna 5 the average mangancse content, exprassed as a percertage by mass, obtained between days,

Flgure C.1 — Logarithmle ralationship betwean manganess content {4, ) and repeatabllity [+) or
reproducitility {7 and &)}

0
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