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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Soft soldering fluxes — Test methods —

Part 6:
Determination and detection of halide (excluding fluoride)
content

1

This
fluof

Met
cont
the

0,05

Scope

document specifies three quantitative methods for the determination of the iofic halid
ide) content of soldering fluxes. Halides are calculated as chlorides. A useful qua

metIod for the detection of ionic halides is also described.

od A is a potentiometric titration method for the determination‘of halide (excludi
ent and is applicable to flux classes 1 and 2, defined in ISO 9454-1.“This method, which if
reference method for these fluxes, is suitable for halide contents generally within t
% mass fraction to 2 % mass fraction in the non-volatile matter of the flux.

Method B is a titration method for the determination of theltotal halide (excluding fluor

of w|

pater-soluble fluxes. It is applicable to flux classes 2122 to 2124, 3112 to 3114 and 3217

Met
solu

defi]:ed in ISO 9454-1.

od Cis a titration method for the determination of the halide (excluding fluoride) conte
ble fluxes containing phosphates and is applicable to flux class 331, as defined in ISO 94

e (excluding
itative test

hg fluoride)
considered
he range of

de) content
to 3214, as

nt of water-
54-1.

Metlod D is a qualitative test, using silver.Chromate test paper, for the presence of ionic halides. The

tech

The

No t

ISO

hique can be used for all classes of flux.

Normative references

e are no normative references in this document.

Terms and definitions
brms and definitions are listed in this document.

ind [EC fnaintain terminology databases for use in standardization at the following add

SOOnline browsing platform: available at https://www.iso.org/obp

resses:

=1

E€ Etectropediaavaitabte at ittps//wwwetettropediaorg/

4 Method A: Potentiometric method (Reference method)

4.1

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
simultaneously. From the graph of volume of titrant readings against mV readings, the point of inflexion
is determined and the percentage halide content, expressed 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 ISO 9454-1.
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4.2 Reagents

Only reagents of recognized analytical quality and distilled or deionized water with a conductivity less
than 10 uS/cm are to be used.

4.2.1 Propan-2-ol

4.2.2 Silver nitrate solution (0,02 mol/1).

3,4 g of silver mtrate (AgNO ) 1s dlssolved in water then transferred toal- lvolumetrlc flask and diluted
to the markmw h h er | e h e 5) °C
for 16 h and cooled ina de51ccator before welghmg.

Alternatively, a commercially available concentrate is used to prepare 0,02 mol/l standard silyer nifrate
solution.

Standardiz¢ the silver nitrate solution using the method given in Annex A to derive’the correldtion
factor f;.This is stored in an amber glass bottle.

NOTE 1|ml of silver nitrate solution is equivalent to 0,000 709 x f; g of chloridejoh.

4.3 App4dratus

The usual ldboratory apparatus and, in particular, the following shallbe used:
4.3.1 Millivolt meter.
4.3.2 Silvier electrode.

4.3.3 Mergcury/mercurous sulfate 1 mol/l sodium sulfate electrode, or a reversible hydrpgen
electrode.

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

4.4 Procedure
Carry out the following proceddre, 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 sarhple,
avoiding logs of volatile.thatter during the weighing, and transfer it to a 250-ml low-form beaker.

fraction to | %<mass fraction in the non-volatile content of the solution to be titrated. For flux samples
having halidé-ion concentrations outside this range, the sample mass taken should be adjusteql, as

This proceEure iscsuitable for halide ion concentrations generally within the range of 0,1 % mnass
follows:

a) for flux samples having a halide ion concentration in the range of 0,05 % mass fraction to 0,1 %
mass fraction, the mass of sample taken should be double; and

b) for flux samples having a halide ion concentration in the range of 1 % mass fraction to 2 % mass
fraction, the mass of sample taken should be halved.

Add 100 ml of propan-2-ol (4.2.1), or water, according to the solubility characteristics of the flux. Cover
with a watch glass and allow to dissolve with gentle agitation.

For fluxes of class 12, as defined in ISO 9454-1, the choice of solvent should be agreed between the flux
manufacturer and the user.

2 © IS0 2022 - All rights reserved
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Place the beaker on the stand of the titration assembly with the electrodes, stirrer and burette in
position. Adjust the speed of the stirrer to give vigorous stirring without splashing. Titrate with the
silver nitrate solution (4.2.2), adding 1-ml portions and recording the mV meter readings after each
addition. As the end point is approached, reduce the additions of titrant to 0,1 ml and continue titrating
past the end point.

Plot the potential values against the volume of titrant added to obtain the titration curve. The point of
inflexion of the curve corresponds to the end point of the titration.

The point of inflexion of the curve may conveniently be determined by using the derivative curve.

Carr" arntablanl dotnsrnin bty ot g Al snagnmtc Fon Ao oy Ao
_y UUL A UVIAdITINV UULUT IIITIIIALIvVIIL, udllls allrxr busbllba’ 1TUT \fUllll,l(—ll 1TOVUIT l,lul lJUJ\aO-

4.5 | Calculation of results

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

giveh by Formula (1):

P,070 9xV
m

f 1)
whefe

/ is the volume, in ml, of silver nitrate solution used, less the volume needed to titrate the blank;
f1  is the correlation factor for the silver nitrate solition (see 4.2.2);
m is the mass, in g, of the sample taken.

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

The [halide content may also be expressed as the percentage by mass of chloride in the hon-volatile

matfer using Formula (2):

7,09xV
mS

f (2)

where S is the percentage non-volatile matter content of the sample, determined as described in
ISO 9455-1 or ISO 9455-2. For solid flux samples, S = 100.

5 ethod B: Titration method for halide (excluding fluoride) content ofjwater-
solyble fluxes

5.1 | ‘Principle

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 ammonium 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.

The test is applicable to fluxes of classes 2122 to 2124, 3112 to 3114 and 3212 to 3214 only, as defined
in ISO 9454-1.

Some liquid fluxes contain free hydrochloric acid and the halide content will consequently be greater
than the amount equivalent to the zinc and other chlorides present.

©1S0 2022 - All rights reserved 3
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5.2 Reagents

Only reagents of recognized analytical quality and distilled or deionized water with a conductivity less
than 10 uS/cm are to be used.

5.2.1 Silver nitrate solution (0,1 mol/1).

16,99 g of silver nitrate (AgNO;) is dissolved in water (see 4.2.2) then transferred to a 1-1 volumetric
flask and diluted to the mark with water. This is mixed thoroughly. The silver nitrate (AgNO3) should be
dried at (110 £ 5) °C for 16 h and cooled in a desiccator before weighing.

Alternatively, a commercially available concentrate is used to prepare 0,1 mol/I standard silver aitrate
solution.

Standardiz¢ the silver nitrate solution using the method given in Annex A to derive the correldtion
factor f,.This is stored in an amber glass bottle.

NOTE 1|ml of silver nitrate solution is equivalent to 0,003 545 x f, g of chloride ion.

5.2.2 Ammonium thiocyanate solution (approximately 0,1 mol/1).

8 g of ammg@nium thiocyanate (NH,CNS) is dissolved in water then transferred to a 1-1 volumetric flask
and diluted|to the mark with water. This is mixed thoroughly.

Alternatively, a commercially available concentrate is used to prepare 0,1 mol/l standard ammorium
thiocyanatg solution.

5.2.3 Sulfuric acid solution (20 % volume fraction). 200" ml of sulfuric acid (density 1,84 g/njl) is
cautiously ddded, with stirring, to 400 ml of water. It i§ then mixed, cooled, diluted to 1 | and mjixed
thoroughly.

5.2.4 Ammonium ferric sulfate indicator:solution.

10 g of amnjonium ferric sulfate [NH,Fe(SO,J, - 12H,0] is dissolved in 100 ml water.

5.2.5 Nitrobenzene.

WARNING — Care should be exercised in the handling and disposal of this hazardous reagent.
5.2.6 Nitric acid (density/1,42 g/ml).

5.3 Appdratus

Ordinary lar;)oratory apparatus.

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

By means of a pipette, transfer 25 ml of the sample to a 500 ml volumetric flask. Add 10 ml of sulfuric
acid solution (5.2.3), dilute to the mark with water and mix.

By means of a pipette, transfer 10 ml of this solution to a glass-stoppered 500 ml conical flask and add
50 ml of water, followed by 5 ml of nitric acid (5.2.6).

To a similar flask transfer 60 ml of water and 5 ml of nitric acid (5.2.6) and carry out, simultaneously,
a blank determination following the same procedure and using the same quantities of reagents as used
for the flux sample.

4 © IS0 2022 - All rights reserved
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By means of a burette or a pipette, add 50 ml of silver nitrate solution (5.2.1) to the contents of the flask.
2 ml of nitrobenzene (5.2.5) may be added to assist coagulation of the precipitate.

Re-stopper the flask and shake it vigorously. Add 5 ml of ammonium ferric sulfate indicator solution
(5.2.4) and titrate with ammonium thiocyanate solution (5.2.1), shaking the flask vigorously between
additions of the titrant. The end point is indicated when a faint orange-red colour first persists
throughout the solution in the flask.

5.5 Standardization of the ammonium thiocyanate solution (5.2.2)

Transfer 70 ml of water and 5 ml of nitric acid (5.2.6) to a 500 ml conical flask. By means of a pipette,
add [25 ml of silver nitrate solution (5.2.1). Add 5 ml of ammonium ferric sulfate indicafor solution
(5.244) and titrate with the ammonium thiocyanate solution (5.2.2), as in the procedure€ given in 5.4.

Calcplate the correlation factor f3 for the ammonium thiocyanate, as follows:

B 25% f,
3" volume of NH,CNS

5.6 | Calculation of results

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

giveh by Formula (3):

(titreblank — titresamp]e )

0,5d

x0,003 545X f3
%100 (3)

whigh simplifies to:

D,709xV

1 f3

whete

is the volume, in m], 6f ammonium thiocyanate solution (5.2.2) used in the titration pf the blank,
minus the volumewsed in the titration of the flux sample;

1 is the density,ivg/ml, of the original flux sample, at 20 °C, determined by the use of a hydrometer;
f3 is the coreelation factor for the ammonium thiocyanate obtained in 5.5.

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

As ap@lternative practice, the original 25 ml sample may be weighed and the final calculation adjusted
accordingty.

6 Method C: Titration method for the determination of halide (excluding
fluoride) content of water-soluble fluxes containing phosphates

6.1 Principle

Oxalic acid is added to complex any copper which is 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 thiocyanate. The method is not suitable for the
determination of fluoride.

This method is applicable to fluxes of class 331 as defined in ISO 9454-1.

© IS0 2022 - All rights reserved 5
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6.2 Reagents

Only reagents of recognized analytical quality and distilled or deionized water with a conductivity less
than 10 uS/cm are to be used.

6.2.1 Silver nitrate solution (0,02 mol/I).

3,4 g of silver nitrate (AgNO,) is dissolved in water (see 4.2.2) then transferred to a 1-1 volumetric flask
and diluted to the mark with water. This is mixed thoroughly. The silver nitrate (AgNO3) should be
dried at (110 £ 5) °C for 16 h and cooled in a desiccator before weighing.

Alternatively, a commercially available concentrate is used to prepare 0,02 mol/T standard silver anifrate
solution.

Standardiz¢ the silver nitrate solution using the method given in Annex A to derive the correldtion
factor f;.Tlhis is stored in an amber glass bottle.

NOTE 1|ml of silver nitrate solution is equivalent to 0,000 709 x f; g of chloride ion.

6.2.2 Ammonium thiocyanate solution (approximately 0,02 mol/1).

1,6 g of ammonium thiocyanate (NH,CNS) is dissolved in water then transferred to a 1-1 volumgtric
flask and diluted to the mark. This is mixed thoroughly. This solution is*standardized with 0,02 mol/]
silver nitrate solution (6.2.1), as described in 6.5.

6.2.3 Nitric acid solution (10 % volume fraction).

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

6.2.4 0Ox4dlic acid.

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

6.2.6 Nitfobenzene.

WARNING {— Care should belxercised in the handling and disposal of this hazardous reagent.

6.3 Appdratus

Ordinary laporatory.apparatus.

6.4 Procgdure

Carry out the following procedure, in triplicate, on the flux sample.
Weigh, to the nearest 0,001 g, approximately 10 g of the flux sample.

Transfer it to a 100 ml volumetric flask, add approximately 70 ml of water, stopper the flask and mix.
Add oxalic acid (6.2.4) in increments of approximately 0,2 g and mix well, until the blue copper colour
just disappears. Dilute to the mark and mix thoroughly. Allow to stand for approximately 10 min and
filter through a dry filter paper.

By means of a pipette, transfer 50 ml of the filtrate into a glass-stoppered 250 ml conical flask. Add 15 g
of ferric nitrate (6.2.5) and, by pipette, 5 ml of the silver nitrate solution (6.2.1). Stopper the flask and
shake it well. 2 ml of nitrobenzene (6.2.6) may be added to assist coagulation of the precipitate.

6 © IS0 2022 - All rights reserved
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Titrate the excess silver nitrate with ammonium thiocyanate solution (6.2.2) to a faint permanent
orange-red end-point.

Carry out a blank determination following the same procedure, using the same quantities of reagents
but omitting the flux sample.

6.5 Standardization of the ammonium thiocyanate solution (6.2.2)

Dissolve 15 g of ferric nitrate (6.2.5) and approximately half the quantity of oxalic acid (6.2.4) used
in 6.4, in 70 ml of 10 % volume fraction nitric acid solution (6.2.3) in a 250-ml conical flask. Add, by
pipette, 5 ml of silver nitrate solution (6.2.1) and titrate with ammonium thiocyanate solution (6.2.2) to
a faipt permanent orange-red end-point.

Calcplate the correlation factor f, for the ammonium thiocyanate, according to Formula (4):

B 5% f]
*~ volume of NH4CNS

(4)

6.6 | Calculation of results

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

giveh by Formula (5):

 (titrepjank “titregample )X0,000 709 f, y

0,5m

100 (5)

whigh simplifies to:

P,141 8xV
m

fa

whele

is the volume, in ml, ofammonium thiocyanate solution (6.2.2) used in the titration|of the blank
minus the volume uSed in the titration of the flux sample;

m is the mass, in g, of the flux sample originally taken;
f4  is the corréfation factor for the ammonium thiocyanate obtained in 6.5.

The halide conterit of the flux sample is given by the mean of the three results obtained on the triplicate
test pamples:

7 Method D: Qualitative test for the presence of ionic halides in flux

7.1 Principle

Ionic halides, primarily chloride and bromide in liquid soldering fluxes are detected at a level of about
0,000 7 g/ml and above by performing a simple spot test using silver chromate-impregnated paper. This
qualitative test can be used for all types of flux, flux residues, flux-cored solder wire and solder pastes.

NOTE The presence of phenols and/or amines in the flux will adversely affect the test results.

7.2 Reagents

Only reagents of recognized analytical quality and distilled or deionized water are to be used.

©1S0 2022 - All rights reserved 7
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7.2.1 Potassium chromate solution.

2 g potassium chromate (K,Cr0,) is dissolved in 11 of water.

7.2.2 Silver nitrate solution (0,01 mol/1).

1,7 g of silver nitrate (AgNOs) is dissolved in water then transferred to a 1-1 volumetric flask and diluted
to the mark with water. This is mixed thoroughly.

Alternatively, a commercially available concentrate is used to prepare 0,01 mol/l1 silver nitrate solution.

: H 1 . . 1 H 1 1 1 1
The silver nitrate-sohutionts Reptirairamper grassvottre:

7.2.3 Sta

nhdard chloride solution.

(0,31 £ 0,005) g of diethylamine hydrochloride is dissolved in propan-2-ol (7.2.4) in a 100-ml volum

flask and m

NOTE 1

hde up to the mark with propan-2-ol.

ml of this solution contains 1 mg chloride ion.

7.2.4 Propan-2-ol.

7.2.5 Ace

7.3 Appad

The usual 14

7.3.1 Sily

tone.

ratus

boratory apparatus and, in particular, the following shall be used:

er chromate paper.

Silver chrofnate paper is available commercially_but can also be prepared by the following met

Strips (20
chromate s
solution (7.
then dried

mm to 50 mm wide) or sheets:of’chromatographic paper are immersed in potas
blution (7.2.1) then drained and‘dried. The dried papers are immersed in the silver nit
P.2) then removed and washed  with water. The uniform orange-brown coloured pap
n a dark place and cut into’50 mm x 20 mm rectangular test papers. The test paper;

stored in af amber glass bottle and kept away from light. The silver chromate papers should be

within four

7.3.2 Sox

7.4 Proc

weeks of preparation.

hlet extraction.apparatus.

bdure

7.4.1 Pre1paration of flux test solution

btric

hod.
fium
rate
er is

are
1sed

7.4.1.1 For liquid flux sample

Use the flux, as supplied, as the flux test solution.

7.4.1.2 For flux-cored solder

Cut a length of the flux-cored solder weighing approximately 150 g and seal the ends by crimping. Wipe
the surface clean with a cloth moistened with acetone (7.2.5). 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 (7.2.5)
and allow to dry.

Protecting the solder surface from contamination, cut the sample into 3 mm to 5 mm lengths, using a
scalpel so as not to crimp the cut ends. Place the cut segments in the extraction tube of a clean Soxhlet
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extraction apparatus (7.3.1) and extract the flux with propan-2-ol (7.2.4) or other suitable solvent (see
7.4.1.4) until the return condensate is clear.

Adjust the non-volatile matter content of the extract to 25 % by mass, by evaporation or by dilution
with the solvent used during the extraction stage, to produce the flux test solution.

7.4.1.3 For solder paste samples

Place 200 ml propan-2-ol (7.2.4) or other suitable solvent (see 7.4.1.4) in a clean Erlenmeyer flask.
Add (40 + 2) 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 the hot solution into a funnel containing filter

pap¢
contj
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8 Precision

8.1

General

Methods A, B and C of this document have been subjected to a limited interlaboratory test programme.
The repeatability and reproducibility for these methods were calculated according to the principles of
[SO 5725-2 and the results are given in 8.2 to 8.4.

No precision data are given for method D, which is considered to be a qualitative method.
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8.2 Meth

od A

Tests were carried out on eight rosin-based fluxes, covering a range of halide contents from 0,1 % mass
fraction to 1 % mass fraction chloride in the non-volatile matter. Five laboratories took part in the tests,
with the following results.

Standard deviation

— intralaboratory Sw 0,003

— interlaboratory s, 0,012

Repeatability r 0,01

Reproducibjlity R 0,03

8.3 Method B

Tests were |carried out on four zinc chloride fluxes, covering a range of halidé levels from 5 % inass

fraction to
results shot

20 % mass fraction chloride in the flux. Five laboratories took part in the tests, with
vn in Table 1.

Table 1 — Test results from zinc chloridefluxes

| the

. Repeatability Reproducibility
Level Mean halide content R
r
% % %
A 4,48 0,38 0,63
B 8,58 0,25 1,10
C 15,05 0,23 0,84
D 18,45 0,32 2,94
8.4 Method C
Tests were| carried out on phosphate-containing fluxes, covering a range of halide contents from
0,05 % masfs fraction to 0,1 % miass fraction, in the flux. Five laboratories took part in the test with the
following rgsults:
Repeatability r 0,008
Reproducibjlity R 0,04
9 Testreport

The test report shall include the following information:

a)

b)
D of thi

<)
d)
e)

details

10

the identification of the test sample;

s document);

the results obtained;

any unusual features noted during the determination or test;

of any operation not included in this document or regarded as optional;

areference to this document (i.e. [ISO 9455-6:2022) and the test method used (i.e. method A, B, C or
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f) for method D, details of the solvent used in the preparation of the flux test solution (7.4.1), if not
propan-2-ol;

g) the date of the test.
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Annex A
(normative)

Method for standardizing the silver nitrate solution

A.1 Field of application

This methof is to be used for the determination of the concentration of the nominally 0,02 mol/]'Silver
nitrate solytion referred to in 4.2.2 and 6.2.1, and of the nominally 0,1 mol/l silver nitrate-solultion,
referred to |n 5.2.1. The derivation of the factors f; and f, is described.

A.2 Pringiple

A known v¢lume of the sodium chloride standard solution is titrated with the silver nitrate solytion
under test, ising potassium dichromate as indicator.

A.3 Reagents

Only reagents of recognized analytical quality and distilled or deienized water are to be used.

A.3.1 Sodiium chloride (NacCl).

A.3.2 Sodlium hydroxide solution (approximately 4'% mass fraction).

4 g sodium fhydroxide (NaOH) is added, with cooling, to 100 ml of water and mixed thoroughly. This is
stored in a plastic container.

A.3.3 Nitric acid solution (1 % volume fraction).

1 ml concentrated nitric acid (density 1,42 g/ml) is added to water, diluted to 100 ml with water{ and
mixed.

A.3.4 Potpssium dichrémate solution (approximately 30 % mass fraction).

Approximately 15 g petassium dichromate (K,Cr,0,) is dissolved in 50 ml water and mixed thoroughly.

A.3.5 Phé¢nolphthalein indicator solution.

1 g of phentiphtiateimrsaddedtoapproximatety 56t mrethamot-amd mrixed—When dissotved; tis is
diluted to 100 ml with methanol and mixed.

A.4 Apparatus
The usual laboratory apparatus and, in particular, the following shall be used.

A.4.1 Laboratory oven, capable of maintaining a temperature of (100 = 5) °C.

A.4.2 Desiccator.
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