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Soft soldering fluxes — Test methods —

Part 6:

Det¢rmination and detection of halide (excluding fluoride)

content

1 Scppe

This pgrt of ISO 9455 specifies three quantitative
methods for the determination of the ionic halide (ex-
cluding|fluoride) content of soldering fluxes. Halides
are calgulated as chlorides. A useful qualitative test
method for the detection of ionic halides is also de-
scribed

Method A is a potentiometric titration methodfor the
determ|nation of halide (excluding fluoride).content
and is ppplicable to flux classes 1 and 2,Jdefined in
ISO 9454-1. This method, which is te_be considered
the reference method for these/ fluxes, is suitable
for halide contents generally™ Wwithin the range
0,05 %|(m/m) to 2 % (m/m) in“the non-volatile matter
of the flux.

Method B is a titration. method for the determination
of the|total halide {éxcluding fluoride) content of
water-goluble fluxes. It is applicable to flux classes
2.1.2.Aland 3.4 +A, as defined in ISO 9454-1.

Method C-is' a titration method for the determination

of this part'of ISO 9455. At the time of

bublication, the

editions)indicated were valid. All standdrds are subject
to rewvision, and parties to agreements based on this

pdrt.of ISO 9455 are encouraged to
possibility of applying the most recent
standards indicated below. Members
maintain registers of currently vali
Standards.

ISO 5725-2:1994, Accuracy (trueness

nvestigate the
editions of the
pf IEC and ISO
i International

and precision)

of measurement methods and results + Part 2: Basic
method for the determination of repeatability and
reproducibility of a standard measurenent method.

ISO 9454-1:1990, Soft soldering fluxes — Classifi-

cation and requirements — Part 1:
labelling and packaging.

Classification,

ISO 9455-1:1990, Soft soldering fluxeg — Test meth-
ods — Part 1: Determination of non-olatile matter,

gravimetric method.

ISO 9455-2:1993, Soft soldering fluxeq — Test meth-
ods — Part 2: Determination of non-yolatile matter,

of the Yafrcte (U)\b:udhlg ftooride—content—of—water-
soluble fluxes containing phosphates and is applica-
ble to flux class 3.2.1.A, as defined in ISO 9454-1.

Method D is a qualitative test, using silver chromate
test paper, for the presence of ionic halides. The
technique may be used for all classes of flux.

2 Normative references

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

ebulliometric method.

3 Method A: Potentiometric method

(Reference method)

3.1 Principle

A prepared, weighed sample of the flux is dissolved
in a suitable solvent. The resulting solution is titrated
with standard silver nitrate solution, using a silver
electrode, the mV readings being recorded simul-
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taneously. From the graph of volume of titrant
readings against mV readings, the point of inflexion is
determined and the percentage halide content, ex-
pressed as chloride, is calculated. The method is not
suitable for the determination of fluoride.

This method is applicable to flux classes 1 and 2, as
defined in 1ISO 9454-1.

3.2 Reagents

© |SO

3.3.4 Magnetic or mechanical stirrer, with variable
speed drive, the stirrer bar to be PTFE-coated.

3.4 Procedure

Carry out the following procedure, in triplicate, on the
flux sample.

Weigh, to the nearest 0,001 g, approximately 0,5 g
of the solid flux sample or 2 g of the liquid flux sam-
ple, avoiding loss of volatile matter during the weigh-

3.21 GeneraL

Ing, and transter 1T 10 a Z50 ml low-Torm beaker.

NOTE 3  This procedure is suitable for halidé ion|concen-
the

Only reagents
distilled or dei
than 10 uS/cm

3.2.2 Propan

of recognized analytical quality and
bnized water with a conductivity less
are to be used.

t2-ol.

3.2.3 Silver nitrate solution (0,02 mol/l).

3,4 g of silver

nitrate (AgNO,) are dissolved in water

(see note 1) then transferred to a 1 litre volumetric

flask and diluts
thoroughly.

Alternatively a
used to prepar|
ution.

The silver nitr;
method given
factor f;. This i

NOTES

d to the mark with water. It is mixed

commercially available concentrate is
e 0,02 mol/l standard silver nitrate sol-

ite solution is standardized using the
in annex A, to derive the correlation
5 stored in an amber glass bottle.

trations generally within range~ ‘0,1 % (n
1 % (m/m) in the non-volatile content,of the soluti

p/m)  to
n to be

titrated. For flux samples having halide’ ion concemtrations

outside this range, the sample mass$ taken should
justed, as follows:

a) for flux samples having.a“halide ion concentrati
range 0,05 % (m/m}~to 0,1 % (m/m), the 0
sample taken sHould be double; and

b) for flux samples having a halide ion concentrati
range 1% (m/m) to 2 % (m/m), the mass of
taken should be halved.

Add, 190 ml of propan-2-ol (3.2.2), or water, ac
tes“the solubility characteristics of the fly
note 4). Cover with a watch glass and allow
solve with gentle agitation.

NOTE 4  For fluxes of class 1.2, as defined in ISQ
the choice of solvent should be agreed between
manufacturer and the user.

I be ad-

nin the
hass of

nin the
sample

cording
X (see
to dis-

9454-1
the flux

Place the beaker on the stand of the titrafion as-

1 The silver |nitrate (AgNO,) should “be dried at sembly with the electrodes, stirrer and bufette in
110°C £ 5 °C f¢r 16 h and cooled in-a.desiccator before position. Adjust the speed of the stirrer to give vigor-
weighing. ous stirring without splashing. Titrate with the silver
2 1 ml of silvgr nitrate solution43.2.3) is equivalent to nltraf(e solution (3.2.3), addlr.19 1 ml portions and. re-
0,000 709 x f; g fof chloride ian. cording the mV meter readings after each addition.
' As the end-point is approached, reduce the agditions
of titrant to 0,1 ml and continue titrating ppst the

3.3 Apparatus end-point.
i lab 3 Plot-thepotentiat-vatuesagamstthevoturmeof titrant
Ordinary laboratory apparatus an added to obtain the titration curve. The point of in-

3.3.1
3.3.2
3.3.3

dium sulfate
electrode.

Mercury/mercurous sulfate 1 mol/l

Millivolt meter.

Silver electrode.

so-
electrode, or a reversible hydrogen

flexion of the curve corresponds to the end-point of

the titration.

NOTE 5

The point of inflexion of the curve may con-

veniently be determined by using the derivative curve.

Carry out a blank determination, using all reagents, for

comparison purposes.
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3.5 Calculation of results

The halide (excluding fluoride) content, expressed as
the percentage, by mass, of chloride in the flux, is
given by:

0,0709x V
R
where
Vv is the volume, in millilitres, of silver nitrate

ISO 9455-6:1995(E)

The test is applicable to fluxes of classes 2.1.2.A and

3.1.1.A only, as defined in ISO 9454-1.

Some liguid fluxes contain free hydrochloric acid and
the halide content will, consequently, be greater than

the amount equivalent to the zinc and
present.

4.2 Reagents

other chlorides

solution used, less the volume needed to
titrate the blank;

h is the correlation factor for the silver nitrate
solution (see 3.2.3);

m is the mass, in grams, of the sample taken.

The hallde content of the flux sample is given by the
mean qf the three results obtained on the triplicate
test safnples.

The halide content may also be expressed as the
percentage, by mass, of chloride in the non-volatile
matter py:

709 xV
mS h

where

S is the percentage non-volatile matter con-
tent of the sample, determined” as de-
scribed in ISO 9455-1 or 1S0"9455-2. For
solid flux samples, S = 100:

4 Method B: Titration method for halide
(excluding fluoride) content of water-
soluble fluxes

4.1 inciple

4.2.1 General

Only reagents of recognized ‘analytidal quality and
distilled or deionized water.with a conductivity less

than 10 uS/cm are to be uséd.

4.2.2 Silver nitrate)solution (0,1 mo/l).

16,99 g of silver nitrate (AgNO,) ar¢ dissolved in
water (seesnote 1) then transferred td a 1 litre volu-
metric flaskrand diluted to the mark with water. This

is mixéd thoroughly.

Alternatively, a commercially available

concentrate is

Used to prepare 0,1 mol/l standard silver nitrate sol-

ution.

The silver nitrate solution is standardjized using the

method given in annex A, to derive

the correlation

factor f,. This is stored in an amber glass bottle.

NOTES

6 The silver nitrate (AgNO;) should

be dried at

110 °C + 5 °C for 16 h and cooled in a desiccator before

weighing.

7 1 ml of silver nitrate solution (4.2.2)
0,003 545 x f, grams of chloride ion.

is equivalent to

4.2.3 Ammonium thiocyanate sollition (approxi-

mately 0,17 mol/l).

8 g of ammonium thiocyanate (NH,CN$) are dissolved
in water then transferred to a 1 litre olumetric flask

A prepared sample of the flux is diluted to a known
volume with water and a specified volume of sulfuric
acid of known concentration. The solution is then
treated with a known quantity of silver nitrate solution
and the excess silver nitrate is titrated with am-
monium thiocyanate. A blank determination using
water in place of the flux is carried out simultaneously
and the percentage halide content, expressed as
chloride, is calculated. The method is not suitable for
the determination of fluoride.

and—ditutedto—theTark—with—water:
thoroughly.

Alternatively, a commercially available

This is mixed

concentrate is

used to prepare 0,1 mol/l standard ammonium thio-

cyanate solution.

4.2.4 Sulfuric acid solution [20 %
of sulfuric acid (density 1,84 g/ml) is ca

(Viv)]. 200 ml
utiously added,

with stirring, to 400 ml of water. It is then mixed,
cooled, diluted to 1 litre and mixed thoroughly.
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4.25 Ammonium ferric sulfate indicator

solution.

10 g of ammon

ium ferric sulfate

[NH,Fe(SO,),-12H,07 are dissolved in 100 ml water.

4.2.6 Nitrobenzene

WARNING —

Care should be exercised in the

handling and disposal of this hazardous reagent.

© ISO

ammonium ferric sulfate indicator solution (4.2.5) and
titrate with the ammonium thiocyanate solution
(4.2.3), as in the procedure given in 4.4.

Calculate the correlation factor f; for the ammonium
thiocyanate, as follows:

25 x f,

fs= volume of NH,CNS

4.6 Calculation of results

4.2.7 Nitric a¢

4.3 Apparat

Ordinary laboraf

4.4 Procedu

Carry out the fa
flux sample.

By means of a
to a 500 ml vg
acid solution (4.
mix.

By means of a
to a glass-stop
50 ml of water,

To a similar flas
nitric acid (4.2
blank determin
and using the s
the flux sample

tid (density 1,42 g/ml).

LIS

ory apparatus.

Fe

llowing procedure, in triplicate, on the

pipette, transfer 25 ml of the sample
lumetric flask. Add 10 ml of sulfuric
P.4), dilute to the mark with water and

pipette, transfer 10 mi of this solution
pered 500 ml conical flask and add
followed by 5 ml of nitric acid (4.2.7).

k transfer 60 ml of water and 5 ml of
7) and carry out, simultaneously, a
ation following the same procedure
bme quantities of reagents‘as used for

By means of a burette or a pipettesadd 50 ml of silver

nitrate solution

NOTE8 2 ml
assist coagulatior]

Re-stopper the

(4.2.2) to the contents of the flask.

pf nitrobenzépe" (4.2.6) may be added to
of the precipitate.

flaskt and shake it vigorously. Add

5 ml of ammo

hidin ferric sulfate indicator solution

The halide (excluding fluoride) content, expfesksed as

the percentage by mass of chloride ih the flux, is
given by the following formula:
(titrepjank — titregymple) % 0,008°645 x f; 100
0,5d

which simplifies to:

0,709 x V

—d__. fé
where:

1% is the volume, in millilitres, of ammonium

thiocyanate solution (4.2.3) used [in the
titration of the blank, minus the VYolume
used in the titration of the flux sample:

d is the density, in grams per millilitre| of the
original flux sample, at 20 °C, detefmined
by the use of a hydrometer;

5 is the correlation factor for the ammjonium
thiocyanate obtained in 4.5.

The halide content of the flux sample is given by the
mean of the three results obtained on the triplicate
test samples.

NOTE 9 As an alternative practice the original 25 ml
sample may be weighed and the final calculation adjusted
accordingly.

(4.2.5) and titrate with ammonium thiocyanate sol-
ution (4.2.3), shaking the flask vigorously between
additions of the titrant. The end-point is indicated
when a faint orange-red colour first persists through-
out the solution in the flask.

4.5 Standardization of the ammonium
thiocyanate solution (4.2.3)

Transfer 70 ml of water and 5 ml of nitric acid {4.2.7)
to a 500 ml conical flask. By means of a pipette, add
25 ml of silver nitrate solution (4.2.2). Add 5 ml of

5—Method € Titration method for the
determination of halide (excluding
fluoride) content of water-soluble fluxes
containing phosphates

5.1 Principle

Oxalic acid is added to complex any copper which
may be present in the flux and then ferric nitrate is
added to complex the phosphate. The halide content
of the flux, calculated as chloride, is then determined
volumetrically using silver nitrate and ammonium
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thiocyanate. The method is not suitable for the deter-

mination of fluoride.

This method is applicable to fluxes of class 3.2.1.A as
defined in ISO 9454-1.

5.2 Reagents

5.2.1 General

Only reagents of recognized analytical quality and

ISO 9455-6:1995(E)

5.2.7 Nitrobenzene.

WARNING — Care should be exercised in the
handling and disposal of this hazardous reagent.

5.3 Apparatus

5.4 Procedure

distilled or deionized water with a conductivity less
than 1Q uS/cm are to be used.

Siiver nitrate soiution (0,02 moiji).

3,4 g of silver nitrate (AgNO,) are dissolved in water
e n

pte 1) then transferred to a 1 litre volumetric

flask and diluted to the mark with water. This is mixed
thoroughly.

Alternatively, a commercially available concentrate is
used t¢ prepare 0,02 mol/l standard silver nitrate sol-
ution.

The silver nitrate solution is standardized using the
method given in annex A, to derive the correlation
factor . This is stored in an amber glass bottle.

NOTES

10 The¢ silver nitrate (AgNOjz) should be dried at
110 °C | 5 °C for 16 h and cooled in a desiccator before
weighing.

17 1 mpl of silver nitrate solution (5.2.2)\is equivalent to
0,000 7pP9 x f, grams of chloride ion.

5.2.3 |[Ammonium thiocyanate solution, (approxi-
mately|0,02 mol/l).

1,6 g ¢f ammoniumythiocyanate (NH,CNS) are dis-
solved in water thentransferred to a 1 litre volumetric
flask and diluted’ to the mark. This is mixed
thoroughly. «his solution is standardized with
0,02 mpl/Vsilver nitrate solution (5.2.2), as described
in 5.5.

Carry out the following procedure, iyt
flux sample.

Weigh, to the nearest 0,001'g, approx
the flux sample.

it to a 100_mbvolumetric fi:
mately 70 ml of water, stopper the fla
oxalic acid (5.2:5Y in increments of
0,2 g and mixywell, until the blue cop
disappears¢ Dilute to the mark and 1
Allow sovstand for approximately 10
throughva dry filter paper.

1~ -
a3y
las

By ‘means of a pipette, transfer 50 m
into a glass-stoppered 250 ml conical
of ferric nitrate (5.2.6) and, by pipette,
ver nitrate solution (5.2.2). Stopper
shake it well.

NOTE 12 2 ml of nitrobenzene (5.2.7)
assist coagulation of the precipitate.

Titrate the excess silver nitrate with a
cyanate solution (5.2.3) to a faint pern
red end-point.

Carry out a blank determination follo
procedure, using the same quantities d
omitting the flux sample.

5.5 Standardization of the amm
thiocyanate solution (5.2.3)

= A

iplicate, on the

mately 10 g of

k and mix. Add
approximately
per colour just
hix thoroughly.
min and filter

| of the filtrate
lask. Add 15 g
5 ml of the sil-
the flask and

hay be added to

Mmonium thio-
panent orange-

ving the same
f reagents, but

onium

5.2.4 Nitric acid solution (10 % V/V).

100 ml of nitric acid (density 1,42 g/ml) are diluted to
1 litre and mixed thoroughly.

5.2.5 Oxalic acid.

WARNING — Care should be exercised in the
handling and disposal of this toxic reagent.

5.2.6 Ferric nitrate.

Dissotve 159 of—ferrc—itrate—t5-28) and approxi—

mately half the quantity of oxalic acid (5.2.5) used in
5.4, in 70 ml of 10 % (V/V) nitric acid solution (5.2.4)
in a 260 ml conical flask. Add, by pipette, 5 mi of sil-
ver nitrate solution (5.2.2) and titrate with ammonium
thiocyanate solution (6.2.3) to a faint permanent
orange-red end-point.

Calculate the correlation factor f; for the ammonium
thiocyanate, as follows:

5 x f;
volume of NH,CNS

ﬁ:
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5.6 Calculation of results

The halide (excluding fluoride) content, expressed as
the percentage, by mass, of chloride in the flux, is

© SO

6.2.3 Silver nitrate solution (0,01 mol/l).

1.7 g of silver nitrate (AgNO,) are dissolved in water
then transferred to a 1 litre volumetric flask and

given by the following formula: diluted to the mark with water. This is mixed
. _ thoroughly.
(titrepiank — titrégampie) x 0,000 709 x f,
0.5 m x 100 Alternatively, a commercially available concentrate is
used to prepare 0,01 mol/l silver nitrate solution.
which simplifies to: The silver nitrate solution is kept in an amber glass
0,141 8 x4 bottle-
—m | /s
where: 6.2.4 Standard chloride solution.

1% is the volume, in millilitres, of ammonium 0,31 g+ 0,005 g of diethylamine,-hydrochlorjde are
thidcyanate solution (5.2.3) used in the dissolved in propan-2-ol (6.2.5) ina 100 ml volumetric
titretion of the blank minus the Vo|ume ﬂaSk and made up to the mark Wwith propan-z-)l.
used in the titration of the flux sample; ) \ ) o

NOTE 14 1 ml of this sqlution contains 1 mg chldride ion.

m is the mass, in grams, of the flux sample
originally taken; 6.2.5 Propan-2-ol.

fa is the correlation factor for the ammonium
thidcyanate obtained in 5.5. 6.2.6 Acetone.

The halide conjtent of the flux sample is given by the
mean of the three results obtained on the triplicate

test samples.

6 Method
presence of

6.1 Principle

lonic halides, {
soldering fluxg
0,000 7 g/ml a
test using silv
qualitative test|
residues, flux-g

NOTE 13  The
flux will adverse

D: Qualitative test for the
ionic halides in flux

rimarily chloride and fromide in liquid
s, are detected ata~level of about
hd above, by perfosming a simple spot
er chromate-impregnated paper. This
can be usedfor all types of flux, flux
ored soldeh wire and solder pastes.

preserice of phenols and/or amines in the
y(affect the test results.

6.3, ‘Apparatus

Ordinary laboratory apparatus, and

6.3.1 Silver chromate paper.

Silver chromate paper is available commercially but it
can also be prepared by the following method. Strips
(20 mm to 50 mm wide) or sheets of chfomato-
graphic paper are immersed in potassium cHromate
solution (6.2.2) then drained and dried. The¢ dried
papers are immersed in the silver nitrate $olution
(6.2.3) then removed and washed with watgr. The
uniform orange-brown coloured paper is then fried in
a dark place and cut into 50 mm x 20 mm rectangular
test papers. The test papers are stored in an| amber
glass bottle and kept away from light. The silver
chromate papers should be used within four|weeks

6.2 Reagents

6.2.1 General

Only reagents

of recognized analytical quality and

distilled or deionized water are to be used.

6.2.2 Potassium chromate solution.

2 g potassium
litre of water.

chromate (K,CrO,) are dissolved in 1

of preparation.

6.3.2 Soxhlet extraction apparatus.

6.4 Procedure

6.4.1 Preparation of flux test solution

6.4.1.1 For liquid flux sample

Use the flux, as supplied, as the flux test solution.
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6.4.1.2 For flux-cored solder

Cut a length of the flux-cored solder weighing ap-
proximately 150 g and seal the ends by crimping.
Wipe the surface clean with a cloth moistened with
acetone (6.2.6). Place the sample in a beaker, add
sufficient water to cover the sample and boil for
5 min to 6 min. Remove the sample, rinse it with
acetone (6.2.6) and allow to dry.

Protecting the solder surface from contamination, cut
the san i }
scalpel o as not to crimp the cut ends. Place the cut
segmer|ts in the extraction tube of a clean Soxhlet
extractipn apparatus (6.3.2) and extract the flux with
propan-2-ol (6.2.5) or other suitable solvent (see
note 15) until the return condensate is clear.

Adjust the non-volatile matter content of the extract
to 25 %4 by mass, by evaporation or by dilution with
the solMent used during the extraction stage, to prod-
uce the|flux test solution.

6.4.1.3 | For solder paste samples

Place 200 mi propan-2-ol (6.2.5) or other suitable sol-
vent (s¢e note 15) in a clean Erlenmeyer flask. Add
40 g + P g of the solder paste to the flask, cover with
a watch|glass and boil for 10 min to 15 min. Allow the
powder|to settle for 2 min to 3 min and decant thé
hot soldtion into a funnel containing filter paper,ccol-
lecting the flux extract in a clean vessel. Add 50 ml
propan-2-ol (6.2.5) to the Erlenmayer flask.céntaining
the resifdue and heat to boiling. Allow the_powder to
settle for a short time and decant the -hot solution
through|the same filter paper, combining the extracts.
The sol:rtion may not necessarily bg’clear.

Adjust fhe non-volatile matter-content of the filtered
solution| to 25 % (m/m) @s~described in 6.4.1.2, to
produce the flux test solution.

6.4.1.4 | For solidflux samples

Producqg a /lux" test solution having a non-volatile

ISO 9455-6:1995(E)

(6.2.4) a minimum of 20 mm apart on to a silver
chromate test paper (6.3.1) and wait for 15 s. Rinse
the paper with propan-2-ol (6.2.5) or with the solvent
used in 6.4.1 for preparing the flux test solution. The
appearance of an off-white, or white, spot on the
orange-brown or chocolate-brown background of the
paper indicates the presence of ionic halides. The
sample passes the test for halide if the test solution
causes no greater change in the paper than does the
standard chloride solution.

loride solution
produces an off-white or white, spet’|If it does not,

repeat the test using fresh silver chromate paper
(6.3.1).

NOTES

16 Colophony-based fluxes normally pro
darker spot on the test/paper, which does

Huce a uniform
not constitute a

positive halide test\A/smaller white spot within a darker one

is typical of ionie halide activated rosin fluxe

17 The following components in the flux W
the restlts obtained from this test — free
iodides; cyanides and thiocyanates.

7 Precision

7.1 General

Methods A, B and C of this part of |

S.

ill interfere with
amines (bases),

S50 9455 have

been subjected to a limited interlaboratory test pro-

gramme. The repeatability and repr
these methods were calculated accord
ciples of ISO 5725-2 and the results a
to 7.4.

No precision data is given for metho
considered to be a qualitative method.

7.2 Method A

pducibility for
ng to the prin-
e given in 7.2

d D, which is

based fluxes,

tontents

from

he tests, with

matter | content of 25 % (m/m) by solution in Tests were carried out on eight rosin

propan-2-ot—6-2-5—or—other—suitabte—sotvert—tsee covering—a—range —of—tatide

note 15). 0,1 % (m/m) to 1 % (m/m) chloride in the non-volatile
matter. Five laboratories took part in t

NOTE 15 If, when preparing the flux test solution, it is the following results.

found that the flux is not soluble in propan-2-ol, then use
another suitable water-miscible solvent and give details of
this solvent in the test report 8 f).

6.4.2 Test procedure

Place one drop of the flux test solution as described
in 6.4.1 and one drop of standard chloride solution

Standard deviation

— within laboratory

— between laboratories
Repeatability:
Reproducibility:

s, 0,003
s, 0,012
r 0,01
R 0,03
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7.3 Method

Tests were carried out on four zinc chloride fluxes,
covering a range of halide levels from 5 % (m/m) to

8

© |SO

Test report

The test report shall include the following information:

20 % (m[m) chloride in the flux. Five laboratories took a) the identification of the test sample;
part in the tests, with the following results:
b) the test method used (i.e. reference to
Mean method A, method B, method C or method D
Level halide Repezz’:;\bllltv Repm?;)clbllltv of this part of ISO 9455);
content .
c) the results obtained;
% [} o)
A 4.4B 0,38 0,63 d) any unusual features noted during the,-determi-
nation or test;
B 8,58 0,25 1,10
C 15,45 0,23 0,84 e) details of any operation not ingladed in this part
D 1845 0,32 2,94 of ISO 9455 or regarded asoptional;
f) for method D, details 6f)the solvent used| in the
7.4 Method|C preparation of the fluxCtest solution (6.4.1), if not

Tests were d
fluxes, coverin
0,05 % (m/m) t
tories took part

— Repe
— Repr

arried out on phosphate-containing
g a range of halide contents from
b 0,1 % (m/m), in the flux. Five labora-

in the test with the following results.

atability r 0,008

ducibility R 0,04

propan-2-ol.
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