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FOREWORD
(Formal clauses of the foreword to be added later.)

This Indian Standard (Third Revision) was first published in 1961 and was subsequently revised in 1975
and 2005. In the first revision, the title of the standard was changed from ‘Specification for rosin-cored
solder wire activated and non-activated (non-corrosive)’ to ‘Specification for rosin-cored solder wire’.
Besides the title change, the requirements for activity and mobility laid down in the standard were deleted
as difficulties were being experienced with regard to the test method for determining the activity and
mobility, which relied on qualitative assessment and observer judgment. In addition to these changes, the
first revision of the standard also modified the tolerance on the size of wire and introduced a new clause
on sampling for tests. In the second revision, title of the standard was modified to ‘Flux cored solder wire
— Specification’ and the impurity limits of Al, Zn or Cd were restricted to 0.08 percent as their presence
is harmful. While reviewing the standard in light of the experience gained since the second revision and
considering the latest developments in flux-cored solder wires especially with regard to the new test
methods developed for assessing the properties of flux , this third revision has been brought out, to include
non-fluxed solid wires, more varieties/grades of solder alloys and additional flux compositions/types
apart from the rosin fluxes. It also classifies the fluxes according to the internationally accepted standards
and recognized test methods. In addition to these changes, the following major modifications have been
made in this current revision:
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c)
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h)

)

k)
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Title of the standard has been modified from ‘Flux cored solder wire — Specification’ to ‘Solder

wire — Solid and flux cored— Specification’ ;

The scope has been expanded to include requirements for both solid and flux-cored solder wires,
classification of fluxes in cored wire based on their constituents, performance requirements, and
test methods in line with international practices. The earlier version of the standard covered only
Rosin-based fluxes, whereas this revision includes fluxes based on four compositions: Rosin (RO)
(colophony or modified colophony), Resin (RE), Organic (OR), and Inorganic (IN), aligning with
internationally accepted standards;

Clause on terminology has been incorporated;

The clause on chemical composition has been updated to include both lead-containing and lead-
free grades as specified in IS 193/ISO 9453, compared to the previous version, which listed only
five grades based on Pb-Sb alloys. The standard now covers approximately 30 lead-containing
alloys grouped into 10 categories based on their main alloying elements and 31 grades of lead-free
solder grouped into 21 categories. Additionally, the current revision allows for the use of other
alloys, provided they meet the impurity limits specified in section 6.2.2.

The earlier version of the standard restricted the flux percentages from 2 percent to 4 percent,
which now has been relaxed and kept as agreed between purchaser and the supplier. However, the
now standard specifies tolerance limits on the declared flux percentages.

Clause on dimensions and tolerances has been modified to include additional recommended sizes
given in in Table 3. The standard no longer restricts other wire dimensions but imposes limits on
tolerance levels.

Clause on sampling has been modified,

Clause on testing frequencies have been included in the standard, according to which the
manufacturer shall perform tests on the solid and flux cored solder wires at the frequencies given
to insure that the process is in control and the final product conform to this standard;

Annex A has been incorporated in the standard, which specifies two methods for the extraction of
flux incorporated in flux cored solder wire. The solution so obtained may be used for testing
purposes of fluxes.

Annex D on flux classification and characterization has been included in the standard which gives
the detailed classification of the fluxes used in the manufacture of solder wire and, the
classification parameters and requirements for classifying the fluxes;

m) Annex E has been included in the standard which specifies the procedure for determination of

n)

P)

flux content in the flux cored solder wire;

Various annexures have been added for test methods such as Annex F for spread test of cored wire
,Annex G for flux residue dryness test , Annex H for measurement of nominal diameter , Annex
J for copper mirror test, Annex for copper plate corrosion test, Annex L for determination of non-
volatile content of extracted flux, Annex M for quantitative determination of halide content, Annex
N for qualitative determination of halide content, Annex P and Annex Q for surface insulation
resistance test and electrochemical migration resistance test out of which Annex Q is the referee
method and Annex T has been included for acid value determination; and

The standard has also prescribed certain optional tests, which include spread test, Electrochemical
Migration Resistance (ECM) test and halogen content test.

Lead is known to be one of the toxic material directly responsible for many present day diseases and body
poisoning. The levels of toxicants like lead are very high in the vicinity where of solder/solder wire are
being manufactured. Therefore, utmost care is required to be taken to minimize the lead in work place air,
ambient air and in the industrial effluents. To provide for personnel safety, it is recommended to follow
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the applicable union/local occupational, safety and health regulations such as ‘The occupational safety,

health and working conditions code, 2020".

Since the solders (both cored and solid) contain hazardous materials like lead, cadmium etc and is also
the part of e-Waste, it is recommended to follow the E-Waste (management) Rules, 2022 as amended from
time to time.

For the information of the users of this standard, the grades which were covered in the second revision of
IS 1921 are given in Annex U.

An example for inspection report for flux classification/characterization, and the final product (solid/flux
cored solder wire) are given in Annex C and Annex V respectively, for guidance purposes only.

The committee responsible for the formulation of this standard is given in Annex V.
For the purpose of deciding whether a particular requirement of this standard is complied with, the final
value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance

with IS 2 : 2022 ‘Rules for rounding off numerical values (second revision)’. The number of significant
places retained in the rounded off value should be the same as that of the specified value in this standard.
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Draft Indian Standard

SOLDER WIRE — SOLID AND FLUX CORED — SPECIFICATION

1 SCOPE

(Third Revision)

This standard covers requirements of solid and flux cored solder wire, classification of fluxes in cored
wire as per its constituents, its performance requirements and test methods.

NOTES

1 Annex A specifies two
obtained may be used for

methods for the extraction of flux incorporated in flux cored solder wire. The solution so
testing purposes. Alternatively, the flux obtained directly from the supplier can also be used

for testing the flux provided that no additives have been added to the flux except for inert plasticizers.

2 Annex B gives the form

of'the test specimen of flux to be used for classification test and the main purpose of the test.

3 Annex C gives the guidance on the test report of the fluxes of flux cored solder wire.

2 REFERENCES

The following standards contain provisions which through reference in this text, constitute provisions
of this standard. At the time of publication, the editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this standard are encouraged to investigate the possibility
ofapplying the most recent editions of these standards:

IS No. Title
IS 26 : 2024 Tin ingot — Specification (fifth revision)
IS 27:2023 Primary lead — Specification (fifth revision)
IS 191 : 2007 Copper — Specification (fourth revision)
IS 193 : 2024/ Soft solder alloys — Chemical compositions and forms — Specification
ISO 9453:2020 (sixth revision)
IS 209 : 2024 Refined zinc — Specification (fifth revision)
IS 211 : 2024 Antimony ingot — Specification (fifth revision)
IS 553 : 1984 Specification for rosin (gum rosin) (second revision)
IS 959 : 1994 Specification for electric soldering irons (third revision)

IS 998
(Partl) : 1983
(Part 2) : 1983
(Part3) : 1983

Methods of chemical analysis of solders (Soft and Rosin-Cored)

Determination of tin and antimony (first revision)

Determination of iron, copper and arsenic (first revision)

Determination of cadmium, zinc, aluminium, bismuth and nickel (first revision)

IS 1387 : 1993 General requirements for the supply of metallurgical materials (second revision)

IS 2214 : 1977 Specification for silver nitrate, pure and analytical reagent (first revision)

IS 2279 : 1980 Specification for fine silver bar, sheet, wire, granules and token (first revision)

IS 5479 : 2024 Solders for jointing aluminium and aluminium alloys — Specification|
(second revision)

IS 6344 : 2006 Cadmium metal — Specification (second revision)

IS 9000 (Part 4) : 2020
IEC 60068-2-78:2012

Environmental testing : Part 4 Tests —
(second revision)

Test cab damp heat, steady state
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IS 10175 : 2018 / Metallic materials — Sheet and strip — Erichsen cupping test (third revision)
ISO 20482:2013
IS 12305 : 2018 / Laboratory sintered (fritted) filters — Porosity grading, classification and
ISO 4793 : 1980 designation (first revision)
IS 14811 : 2000 Rolled copper plate, sheet, strip and foils for general engineering purposes —
Specification

IS 15287 (Part 3) :Coated abrasives — Grain size analysis: Part 3 Determination of grain size

2018/ ISO 6344-3 :distribution of microgrits P240 to P2500 (first revision)

2013

IS 15393 (Part 2) : 2021|Accuracy trueness and precision of measurement methods and results :Part 2
ISO 5725-2 : 2019  Basic method for the determination of repeatability and reproducibility of a

standard measurement method

IS 17278 : 2019 Refined gold and silver bars for good delivery — Specification
IEC TR  61189-5-Test methods for electrical materials, printed boards and other interconnection
506:2019 structures and assemblies : Part 5-506 General test methods for materials and

assemblies — An intercomparison evaluation to implement the use of fine-pitch
test structures for surface insulation resistance (SIR) testing of solder fluxes in
accordance with IEC 61189-5-501

3 TERMS AND DEFINITIONS

3.1 Soft Solder or Solder — Metallic filler material which is used to join metallic parts and which has a
melting temperature (liquidus) lower than that of the parts to be joined and usually, lower than 450 °C and
which wets the parent metals. This standard also allows some special alloys which have melting points up
to 485 °C which would not be considered solder in normal circumstances, (for example solders for jointing
aluminum and aluminum alloys given in IS 5479).

3.2 Base Metal (Solder) — The underlying metal surface to be wetted by solder, also referred to as parent
metal.

3.3 Flux — A chemically and physically active compound that, when heated, promotes the wetting of a
base metal surface by molten solder by removing minor surface oxidation and other surface films and by
protecting the surfaces from reoxidation during a soldering operation.

NOTE — Flux can be in solid, liquid or paste form. However, for the purpose of flux cored solder wires, the flux is in the
solid form.

3.4 Liquid Flux — Solution of a flux in a suitable liquid solvent.
3.5 Paste Flux — Solution or uniform dispersion of flux powder in a suitable viscous medium.
3.6 Unit of Product (see IS 193, Clause 5.2 also) — The unit of product used for defining the

requirements for the marking of soft solders varies with the form of the solder and is given in the Table
below.

S! No. Form of Solder Unit of Product
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1) () 3)

1) Ingot, bar, slab, stick or rod A single ingot, bar, slab, stick or rod

i1) Wire or ribbon (cored or non-cored/coated or A single coil or reel
non-coated)

i)  Preforms and rings, spheres, pellets or powder The individual packaged quantity

v) Powder in solder pastes The individual packaged quantity

3.7 Batch/Lot — Collection of one or more units of product, made in a single production operation or
made from a single uniform melt.

3.8 Consignment — Quantity of product, consisting of one or more batches of the same grade delivered
at the same time, by the supplier to the purchaser.

3.9 Batch Sample — One or more units of product selected at random from the batch and considered, in
total, to be representative of the batch.

3.10 Test Sample Stick — Stick of solder prepared by melting the whole of, or a representative fraction
of the batch sample and pouring it into a suitably shaped cast iron or aluminum mould or stainless steel
mould or any other mould as agreed between the purchaser and supplier.

3.11 Analysis Sample — Representative sample prepared from the test sample stick and used for the
determination of the chemical composition.

3.12 Flux Characterization — Flux characterization consists of a series of specific tests for fluxes and
flux residues in order to determine their impact on product reliability. These tests include determination
of basic corrosive and conductive properties of flux and flux residues.

3.13 Flux Residue — The (non-volatile) portion of the flux material that remains on and around the solder
joint after soldering.

3.14 Wetting — The formation of a relatively uniform, smooth, unbroken, and adherent film of solder to
a base metal.

3.15 Non-Wetting — A condition whereby a surface has contacted molten solder, but the solder has not
adhered to the entire surface; base metal remains exposed.

3.16 Dewetting — A condition that results when molten solder coats a surface and then recedes to leave
irregularly shaped mounds of solder that are separated by areas that are covered with a thin film of solder
and with the basis metal not exposed.

3.17 Lead Free Solder/Lead Safe Solder — Solder alloy whose lead content is equal to or less than
0.10 percent by mass.
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3.18 Corrosion — The deterioration of a metal due to moisture, chemical or electrochemical reaction
with its environment; chemical reaction between the copper, the solder, and the flux residues that occurs
after soldering and during exposure to the test conditions.

3.19 Solderablity — Ability of a metal to be wetted by molten solder.

3.20 Eutectic (Solder) — Solder alloy that melts and solidifies at a single temperature that is the lowest
temperature of solidification for any mixture of specified constituents; alloy composition whereby a solder
alloy melts/freezes completely without going through a pasty (partially solid) phase; alloy having the
composition indicated by the eutectic point on an equilibrium diagram or an alloy structure of intermixed
solid constituents formed by an eutectic reaction.

3.21 Solidus (Solder) — The temperature at which a solder alloy begins to melt.
3.22 Liquidus (Solder) — The temperature at which a solder alloy is completely melted.

3.23 Rosin /Colophony (Modified and Natural) — Primarily composed of hard, natural resin, extracted
from the oleoresin of pine trees and refined, consisting of abietic and pimaric acids and their isomers,
some organic fatty acids and terpene hydrocarbons. These natural rosins or modified rosins used in fluxes
shall have an acid value greater than 130 mg KOH/g when determined in accordance with Annex T. A
synonym for rosin is colophony.

3.24 Rosin Flux — Flux of which the basis is rosin/colophony; rosin in an organic solvent or rosin as a
paste with activators.

NOTE — Modified rosin is included. An organic medium is used as the solvent.

3.25 Resin Flux — Primarily composed of synthetic resins and/or natural resins other than rosin types;
resin and small amounts of organic activators in an organic solvent.

3.26 Organic Flux — Primarily composed of organic materials other than rosin or resin; flux of which
the basis is organic acid and organic activator.

NOTE — A water-based or an organic medium-based substance is used as the solvent.

3.27 Inorganic Flux — Flux of which the basis is inorganic acid, inorganic salt and inorganic alkali.

NOTE — A water-soluble substance such as glycerine, polyethylene glycol and polyoxyethylene glycol, or a non-water-
soluble substance such as wax and vaseline shall be used as the solvent. Flux of this type gains strong active power by

the basis; however, the corrosiveness of the residue becomes large.

3.28 Halide Content — Halogen ions are known as halides. Ionic halide content is not to be confused
with halogen content. Specifically, chlorine ion is known as chloride or (Cl-), bromine ion is known as
bromide or (Br-), fluorine ion is known as fluoride or (F-), iodine ion is known as iodide or (I-) and halide
compounds that have ionic character are termed halide compounds. Ionically bonded halogens (halides)
do disassociate into negatively charged halide ions (Cl-, Br-,F-, etc.) and positively charged species (H+,
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Na+etc.) when dissolved in water. For the purpose of this standard, the determination of halide is

mandatory while the halogen content is optional and shall be only done when requested by the user. The
halide content is reported as the equivalent weight percentage of chloride to the solid (non-volatile) portion
of the flux.

NOTE — Testing for halide content does not include evaluation for halogen content. A material with a ‘0’ indicator may
contain non-ionic halogen. The quantitative halide method determines the amount of halide present not halogen. For
determining the overall halogen see 3.29 and 7.7, which is optional and this current standard talks only about the halide
content.

3.29 Halogen Content — Halogen is the term for all chlorine (Cl) and/or bromine (Br) in compounds.
These two types of compounds are referenced based upon the EN 14582 test method. lonic halide content
is not to be confused with halogen content. The halogen content determination includes halide content
also but not vice versa. Halogen content should be determined using EN 14582 or as agreed between
user and supplier followed by Ion chromatography or titration method. In this method, an oxygen bomb
is utilized to dissociate the covalently bound halide and this product is dissolved and analyzed via ion
chromatography.

3.30 Low Halogen Flux (CI and Br) — Low halogen materials contain < 1 000 ppm (0.1 percent) Br,
and < 1 000 ppm (0.1 percent) Cl. Sample preparation should be as agreed between user and supplier.
This definition applies when determining the total halogen content.

3.31 Activator (Flux) — The activator is the main component responsible for metal-oxide removal, and
the prevention of its formation during the soldering process. It substance which increases the chemical
reactivity of a flux. Activators are what define the ‘reactive’ characteristics of the flux. This includes how
corrosive it is and how effective it is at removing oxide. Common activators include: Amine
hydrochlorides; dicarboxylic acids, for example, adipic or succinct acids; organic acids like citric acid,
malic acid or abietic acid (from pine tree rosin); halides (not to be confused with halogen) etc.

3.32 Carrier/Vehicle (Flux) — The vehicle is a non-volatile liquid or a solid used to coat the surface
during soldering and dissolve metal salts (created during the reduction and oxidation reaction between
metal oxides and activators). Example of vehicles are rosin, synthetic resins, glycols and polyglycols,
polyethers, glycerine etc. Rosin and resins are the most stable vehicles and have the least impact on
reliability, while the others are used primarily in water-soluble fluxes.

3.33 Solvent (Flux) — A solvent is needed to dissolve activators, the vehicle, and other additives, while
evaporating during the preheating process.

3.34 SIR — The acronym SIR stands for surface insulation resistance. SIR is defined as the electrical
resistance of an insulating material between a pair of contacts, conductors or grounding devices and that
is determined under specified environmental and electrical conditions.

3.35 ECM —The acronym ECM stands for electrochemical migration. ECM is defined as the growth of
conductive metal filaments under the influence of a DC voltage bias where growth is by electro-deposition
from a solution containing metal ions that are dissolved from the anode, transported by the electric field
and redeposited at the cathode and specifically excludes phenomena such as field induced metal transport
in semiconductors and diffusion of the products arising from metallic corrosion.
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4 SUPPLY OF MATERIAL

4.1 General requirements relating to the supply of solder wire shall be as laid down in IS 1387.
4.2 Information to be Given by the Purchaser
4.2.1 Basis for Order/Enquiry

While placing an order/enquiry for the purchase of material covered by this specification, the
purchaser/user should specify the following information in order to facilitate the enquiry or order and
confirmation of order procedures between purchaser/user and supplier:

a) IS number of this document;

b) Solder Alloy designation and composition;

c) Nominal wire diameter and tolerance;

d) Flux designator (see Table 6 of Annex D);

e) Flux percentage;

f) Flux core requirements, if different (see 7.1.1.1);

g) Flux residue dryness test, if required (see 7.5);

h) Spread test and requirements, if required (see 7.6);

J) Halogen content test and requirements; if required (see 7.7);
k) Any other special requirement/test;

m) Preservation, packing, and packaging requirements, if different; and
n) Any special marking requirements, if different (see 13.1).

5 RAW MATERIALS FOR MANUFACTURE OF SOLDER ALLOYS

Refined non-ferrous metals shall be used for manufacture of soft solder alloys, which permit the solder
alloy product to conform to the specified requirements. The use of recovered or recycled metal is
encouraged for manufacture of solder alloys as far as possible. Recovered or recycled metals should
conform to or exceed the chemical requirements of suitable grades (for manufacture of solder alloys) of
comparable Indian Standards for pure virgin (previously unalloyed) refined metals (see IS 209 for zinc;
IS 27 for lead; 1S 26 for tin; IS 17278 or IS 2279 for silver; IS 191 for copper; IS 6344 for cadmium; IS
211 for antimony etc.) or any other international/industrial specifications. This clause is for the guidance
purposes only.

NOTE— For lead, it is recommended to use the clean scrap free from radioactive contaminants and a far as possible
lead produced from ore or similar raw materials shall be used.

6 SOLDER ALLOY
6.1 Solder Alloy Designation

Solder alloy used for solid wire and for the solder component of flux cored solder wire, shall be designated
in accordance with system of solder alloy designations given in IS 193. In this system, each alloy is
identified by an alloy name composed of a series of alphanumeric characters. These characters identify
the component elements in the alloy by a chemical symbol and nominal percentage by mass. The first
chemical symbol of the element is such that it has maximum nominal composition and others follow it in

6
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decreasing order. Only the component elements of an alloy are desirable and all other elements are

impurities for that alloy.

Examples:

1) Sn63Pb37 — belongs to Tin-Lead binary alloy group and indicates component elements being Sn and
Pb; nominal composition of 63 percent tin and 37 percent lead;

2) Pb55Sn45 — belongs to Lead-Tin alloy group and indicated component elements being Pb and Sn;
nominal composition of 55 percent lead and 45 percent tin;

NOTE —The overall chemical composition of solders in IS 193 is classified as lead containing and lead
free solders. The lead containing solders are divided into 10 groups based on main component elements,
which are further subdivided into 31 designation systems based on nominal composition of component
elements. The lead free solders are divided into 21 groups that are further subdivided into 31 designation
systems based on nominal composition of component elements.

6.2 Chemical Composition of Solder Alloy

6.2.1 The solder component of the solid or flux cored solder wire shall conform to the appropriate alloy
composition given in IS 193, or IS 5479, or any other composition as mutually agreed between the
purchaser and the supplier subject to the maximum percentage of impurities specified in 6.2.2, when
chemically analyzed in accordance with the methods specified in relevant parts of IS 998 or any other
instrumental/wet chemical methods as agreed between the purchaser and the supplier. In case of dispute,
the wet chemical analysis either traditional wet chemical or instrumental shall be used as a referee method.

NOTE — The recommended method of analysis is IS 998. Unless the determination of particular element is not covered
for the soft solder in IS 998, it is recommended to use ICP-OES method. Other acceptable analysis methods are Spark
OES and AAS.

6.2.2 Unless otherwise agreed between the purchaser and supplier, the percentage by mass of impurity
elements in alloys shall not exceed the values shown in Table 1. However in any case, be it as agreed or
otherwise, except Note 3 of Table 1, the solders shall not contain lead, mercury, and cadmium beyond a
maximum concentration value of 0.1 per cent by mass in solder alloy for lead, mercury, and of 0.01 per
cent by mass in solder alloy for cadmium.

Table 1 Percentage by Mass of Impurity Elements in Alloys
(Clause 6.2.2)

N | Elements Ag Cd Pb Al Cu Sn As Fe Zn Au In Sb Bi Ni
No.

(1) 2) G @ & © O ® © dy dan daz a3 a4 das (Jdo)

i)  Percentage 0.1 0.0 0.07 0.005 0.08 0.25 0.03 0.02 0.003 0.05 0.10 0.20 0.10 0.01
of Impur- 0 02
ities, perce-
nt, m/m

NOTES

1 If agreed upon by the purchasers and supplier, a lead content upto 0.10 percent can be allowed (which is the
maximum limit for declaring a solder lead free) and shall not serve a reason for non-conformance with this standard
if the limits for lead exceed 0.07 percent.
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2 The mercury if present as an impurity shall not exceed 0.1 percent.
3 The limits will not apply, in case, the main alloying element are the above elements.

7 FLUX
7.1 General Characteristics of Flux of Flux Cored Solder Wire
7.1.1 Solder Core Construction Requirements

7.1.1.1 Unless otherwise specified, the core(s) of flux-cored solders may be of any construction, provided it
is (they are) continuous, uniform in cross-section, and symmetrically disposed in the solder wire. This shall
be visually examined by the methods given in 7.1.1.2.

7.1.1.2 Unless otherwise agreed, carefully cut three pieces (approximately 50 mm long) of flux-cored wire
at approximately 0.5 m intervals from each spool, coil, or cut length (from the 2 m wire cut for dimensional
measurement test as given in Annex H) , as applicable, in accordance with methods as agreed between
purchaser and supplier. The recommended methods are givenin 7.1.1.2.1and 7.1.1.2.2. Using magnification
as needed, visually examine both ends of each 50 mm for core continuity, homogeneity, and condition and
it shall meet the requirements of 7.1.1.1.

7.1.1.2.1 Wire solder up to approximately 6 mm diameter

Hold the wire solder under tension with the point desired for the separation over a luminous flame such as
is emitted by a match. The solder will snap apart at the point of hot shortness providing clean breaks, which
will expose the flux core shapes as well as the flux continuity. This method of solder separation should be
tried on small diameter wire solders to see if it will work satisfactorily before using the method in 7.1.1.2.2.

7.1.1.2.2 Wire solder larger than approximately 6 mm diameter

Using a very sharp cutting edge, such as a strong razor blade, carefully cut the solder making special efforts
to minimize the distortion in the solder by the cutting force.

7.2 Flux Classification and Characterization

7.2.1 Fluxes used in the manufacture of solder products shall conform to the requirements of appropriate
flux types given in Annex D. Fluxes shall have been fully tested, classified and characterized, and shall
have not been altered since being tested. The classification of fluxes covered by this standard are given in
Table 6 of Annex D.

7.3 Flux Percentage or Flux Content

When tested in accordance with the method given in Annex E, the nominal flux contents and their permitted
range, for flux cored solder wires shall be as given in Table 2. However, other nominal flux contents may
be specified, subject to agreement between the purchaser and the supplier. In all cases, the permitted range
shall be based on a tolerance of = 0.15 percent for nominal contents 1.0 percent and less, and + 0.3 percent
for nominal contents above 1.0 percent.
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Table 2 Recommended (preferred) nominal flux contents in mass percentage

(Clause 7.3)

Sl Recommended nominal content Permitted range

No. Minimum Maximum
(1) () ®3) (4)
i) NIL — —
i) 1.0 0.85 1.15
iii) 1.5 1.2 1.8
iv) 2.0 1.7 2.3
V) 2.5 2.2 2.8
Vi) 3.0 2.7 3.3
vii) 3.5 3.2 3.8

viii) 4.0 3.7 4.3

7.4 Acid Value

7.4.1 To examine the organic acid content in flux that affects the solderability and corrosiveness of RO,
RE and OR base fluxes, acid value shall be determined in accordance with Annex T.

7.4.2 The determination of acid value shall be done for RO, RE, and OR (water and non-water soluble)
type only. The acid value of RO based fluxes (which includes R, RMA, RA, RSA) shall have a minimum
acid number of 130 mg KOH/g of non-volatile matter and shall be within + 10 percent of the declared
nominal acid value in mg KOH/g non-volatile content, when determined in accordance with test procedure
given in Annex T. The acid number of other types of fluxes shall be as agreed between the purchaser and
supplier and shall be tested in accordance with test method given in Annex T, and the values shall be within
+ 10 percent of the agreed nominal acid value in mg KOH/g non-volatile content.

7.5 Flux Residue Dryness/Tackiness

The dryness characteristics of the reflowed residue of fluxed solders shall be determined in accordance
with Annex G. When a fluxed solder/cored solder wire is tested in accordance with test method given in
Annex G, the flux residue of rosin type (RO), resin type, (RE) flux having L and M flux activity and when
specified by purchaser, solder product with other fluxes, shall be free of tackiness/tack free. The method
is particularly appropriate for applications where flux residues are left in situ on soldered electronic and
electrical equipment.

7.6 Spread Test (Optional)
When specified by the purchaser, the spread test of the flux in solder wire shall be determined in
accordance with test method given in Annex F and spread area or spreadablity percentage as determined

with Annex F shall be as agreed between the purchaser and supplier. The spread test is not a pass/fail test,
but rather is one that measures the relative wetting strength and surface tension characteristics of fluxes.

7.7 Halogen Content Test (Optional)

When reporting of halogen content is requested by the purchaser, the concentration of Cl and Br shall be

9
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determined using the oxygen bomb method given in EN 14582 followed by ion chromatography or
potentiometric titration methods given in Annex M. Alternate test methods may be used as agreed between
the user and supplier. Halogen levels measured are impacted by the sample preparation method selected;
therefore, specific sample preparation details shall be included in the test report (see Annex C). Flux
materials that do not contain metal shall be tested in the final reflowed residue form. Samples that contain
metal shall be reflowed or extracted to obtain the flux residue portion of the material. The metal must be
discarded and weight of the metal should not be considered in the calculation for halogen content.
Alternate sample types (for example testing of raw flux) may give varying results and shall be as agreed
between user and supplier. A flux residue is considered low halogen if the maximum halogen values are
in accordance with Table below.

S! No. Element Maximum Quantitative Halogen in Low
Halogen Materials
(1) 2 3)
1) Bromine <1000 ppm
i) Chlorine <1000 ppm
1ii) Bromine + Chlorine <1500 ppm

NOTE — Halide versus Halogen content: lon chromatography or titration methods, are intended for the detection of ionic
halides. lonic halide content is not to be confused with halogen content. Halogen content should be tested per EN 14582 or
as agreed between user and supplier. An Oxygen Bomb is utilized to dissociate the covalently bound halide and this product
is dissolved and analyzed via ion chromatography. For additional information see ‘A review of test methods and
classifications for halogen-free soldering materials by Jasbir Bath, Gordon Clark, Tim Jensen, Renee Michalkiewicz and

Brian Toleno published in the 2011 IPC, APEX conference proceedings’.

8 DIMENSIONS AND TOLERANCES

8.1 The recommended (or preferred) nominal sizes of solid flux cored solder wire, which are generally
available and the associated tolerance values are given in Table 3.

Table 3 Recommended (Preferred) Outer Nominal Diameter and Associated Tolerances
(Clauses 8.1 and 8.2)

Sl Outer Nominal Reference Tolerance, Standard mass per
No. Diameter, Outer Nominal mm coil in Kg of flux
mm Diameter, cored wire (for
mm information only)
(1) ) ©) (4) ()
i) 0.3 0.30 0.25
i) 0.4 0.40 +0.03 05 05
iii) 0.5 0.50 +0.05 o
iv) 0.6 0.60 0.25,05,1,2
V) 0.7 0.70
Vi) 0.8 0.80
vii) 1.0 1.00
viii) 1.2 1.20
iX) 15 1.50
X) 1.6 1.60

10
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xi) 2.0 2.00

xii) 23 2.30

xiii) 25 2.50 1,2,5
Xiv) 3.0 3.00 +0.15

8.2 When tested in accordance with Annex H, the mean/nominal outer diameter (that is the average of the
maximum and minimum diameters at any one cross-section of the wire) at each location shall conform to
the tolerances given for appropriate nominal diameter in accordance with Table 3.

8.3 Other nominal diameters may be specified, subject to agreement between purchaser and supplier. In
all cases, the actual diameter at each location of the wire shall not vary from the specified diameter by
more than, £ 0.03 mm for nominal diameters < 0.5mm ; £ 0.05 mm for nominal diameters > 0.5 mm and
<2.5mmand ; £ 5 percent for nominal diameters above 2.5 mm and shall be tested in accordance with
Annex H.

9 SAMPLING FOR TESTS

The sampling method shall be as agreed between the manufacturer and purchaser for determination of
chemical analysis of solder, properties of flux core etc. The recommended method of sampling is given
below which may be used upon agreement between the purchaser and the supplier:

9.1 Sampling for Chemical Analysis of the Solder Alloy
9.1.1 Select batch sample from the batch/lot of flux cored solder wire in accordance with the 9.3.1.

9.1.2 Using the batch sample in 9.1.1, from each unit of product in the batch sample take, at random, a
portion having a nominal mass of 10 g. Place all the portions taken to represent the batch into a silica
crucible or Pyrex glass beaker or any other suitable heat resistant borosilicate glass beaker capable of
withstanding the melting temperatures. Melt the aggregated portions and heat the melt to between 50 °C
and 100 °C above the liquidus temperature of the alloy. After the flux has risen to the top, the alloy is
poured carefully into a SS mould (for lead containing) or cast iron (for lead free) or any other mould at
the discretion manufacturer of the shape given in Fig. 1 (care should be taken to allow the flux and alloy
to separate completely), and chill-cast one test sample stick, approximately 50 g to 100 g in mass and not
more than 8 mm thick, in SS mould (for lead containing) or cast iron (for lead free) or any other mould at
the discretion manufacturer of the shape given in Fig. 1, for every 100 g of melt. The sample stick is then
cleaned of flux residue using a suitable solvent as recommended by the manufacturer in which the flux is
soluble. If the melted portions have a total mass of less than 50 g, then pour the whole melt into one of
the cavities in the mould. If the mass of the consignment is too small for this procedure to be practicable,
then the procedure for sampling should be agreed between the supplier and the purchaser.

9.1.3 Cut each test sample stick, obtained as described in 9.1.2, in half transversely and take sufficient
transverse slices from the middle portion of each stick to give a total mass of between 10 g and 20 g. Place
all the slices into a clean fire clay crucible and add flux such as palm oil, glycerol, rosin or paraffin wax.
Melt the slices and heat the melt to between 50 °C and 100°C above the liquidus temperature of the alloy
solder. Stir well and invert the crucible at a height of approximately 50 cm above a dry, clean, smooth
steel plate, having dimensions greater than 50 cm x 50 cm. The ‘splash sample’ obtained, which should

11
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be in the form of a foil suitable for cutting with scissors, constitutes the analysis sample representative of

the batch.
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All dimesions in millimetres.

FIG.1 MOULD FOR CASTING THE TEST SAMPLE STICKS

9.1.4 Preservation of Analysis Sample

Cut the ‘splash sample’ into small pieces with scissors, degrease them with acetone and dry in a stream
of warm air. Keep the sample pieces until required in a sealed airtight container, having a label giving full

details of the origin of the sample.

9.2 Sampling for Tests to Determine the Properties of the Flux Core

Select batch sample at random from each batch of flux cored solder wire to be tested. The batch sample
size shall be so selected to give the sufficient amount of final analysis sample solution, suitable for

performing the tests to determine the properties of the flux core.

Extract the flux from the batch sample, following the procedure given in Annex A. Adjust the flux

12
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concentration of the resulting solution, by dilution or evaporation, to that required in the relevant test

methods given in this standard.

9.3 Sampling for Tests to Determine the Flux Content and the Diameter of the Solid and Flux Cored
Solder Wire

9.3.1 Select batch sample from the batch of solid and flux cored solder wire, as follows:

a) Where the batch consists of up to 4 units of product (reel, coil or pack), select all units;

b) Where the batch consists of over 4, up to and including 44 units of product, select at random
4 units; and

¢) Where the batch consists of n units of product (n > 44), select at random 0.1 n units (to the
nearest integer above 0.1 n).

9.3.2 From each selected unit, cut back approximately 2 m from the free end of the wire and then cut a
test specimen, approximately 2 m in length, for the determination of flux content and wire diameter.

10 RETEST AND REJECTION

If a sample selected for testing fails to meet the specified requirements, the purchaser or his representative
shall select two more samples from the same lot/batch. If on testing either of these samples fails to meet
the specified requirements, the lot may be rejected. In case of dispute or in the absence of agreement, both
party shall have the right to have the solder sampled and tested by an independent authority mutually
agreed upon and its decision shall be binding.

11 PACKAGING

The solid/ flux cored solders shall be wound on a reel or wound in a coil and shall be suitably packaged
to prevent contamination or damage during transportation or storage.

12 MARKING

12.1 Each solid and flux cored solder wire shall be legibly marked with the following minimum
information on the side of the reel when wound on a reel and on the tag attached to the coil when wound
in a coil:

a) The manufacturer’s name/trademark and address;

b) Grade designation of solder alloy;

c) Nominal diameter of wire;

d) Classification of flux — as per flux identification system given in Table 6 of Annex D (applicable
to flux cored solder wire);

e) Flux percentage (applicable to flux cored solder wire);

f) Net mass of solder wire;

g) Batch or Lot No.;

h) Date(s) of manufacture;

1) Shell life/Expiry (applicable to flux cored solder wire);
NOTE — The shelf life of the solder product shall not be less than 1 year and the manufacturer shall conduct the
shelf life studies and provide the evidence in support of the shelf life claimed. These shelf life studies are required
to be performed since the activity of the flux may degrade over a period.

13
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k) If any, applicable health and safety markings, including indicative lead free or lead containing
marking, as given in relevant Acts, rules, regulations or bye laws existing in the Union of India;
and
m) Any other markings or labelling as agreed between the purchaser and supplier.

12.2 BIS Certification Marking

The product(s) conforming to the requirements of this standard may be certified as per the conformity
assessment schemes under the provisions of the Bureau of Indian Standards Act, 2016 and the Rules and
Regulations framed thereunder, and the products may be marked with the Standard Mark.

14



Doc No: MTDO9 (25837) WC-2
ANNEX A

(Foreword, Annex B and Clauses 1, 9.2, D-2.1, D-4.1.3.2, J-5, J-6.4, L-3, M-1.2.1, P-7.3.3.1, T-3.4.1.1
and T-4.4)

FLUX EXTRACTION PROCEDURE AND DETERMINATION OF MASS OF FLUX FOR
FLUX CORED SOLDER WIRE

A-1 GENERAL

A-1.1 The methods of flux reflow and solvent extraction of the flux core of the solder wire produces a
flux solution, which may be used for carrying out tests such as acid value, copper mirror, halides, SIR and
ECM test on the flux core, as described in various Annexes of this standard. The method described yields
only sufficient flux test solution for a single determination. Alternatively, a flux sample obtained from a
flux supplier may be used to prepare a solution of 25 percent (mass fraction) solids of flux in 2-propanol
or any other solvent recommended by supplier in which the flux is soluble for carrying out the required
tests, which require the flux in solution form.

A-1.2 The type of method used shall be at the discretion of the manufacturer unless otherwise agreed
between the purchaser and supplier.

A-2 METHODS OF FLUX EXTRACTION FROM CORED WIRE
A-2.1 Method A

Cut a length of wire to correspond to approximately 150 g. Seal the ends with a soldering iron. Wipe the
surface clean with a cloth moistened with 2-propanol. Wind the wire around a 50 mm mandrel. Place the
coil into a beaker filled with deionized water to cover the coil and boil for 5 min to 6 min. Decant, rinse
the coil with 2-propanol and dry. Cut the wire into approximately 3 mm lengths with a sharp blade. Discard
the sealed ends of the wire. Two containers are required. Container No. 1 may be a test tube or small
beaker. Preferably, container No. 2 should be a low-profile container, such as a petri dish or watch glass,
to enhance heat transfer.

Label container No. 1 and record its mass (mz) to the nearest 0.001g. Place the accumulated 3 mm lengths
in container No. 2 and hold in a solder bath maintained at 215 °C for 20 s beyond the time required for
the pool of liquid solder alloy to form. While the solder is molten, carefully pour the liquefied hot solder-
cored flux into container No. 1 and allow to cool. Weigh container No. 1 (m2) to the nearest 0.001g, to
determine the mass of the reflowed cored-solder flux by following formula:

Mass of flux = ma —mz

Add an excess amount of 2-propanol or other suitable solvent recommended by the manufacturer such
that after evaporation a 25 percent (by weight) solution of reflowed cored solder flux will result.
Determine the non-volatile matter content of the extract using the method in Annex L.

Testing for flux activity will be done on material as a 25 percent weight percent solution in 2-propanol,
reagent grade (or other solvent recommended by the supplier). For low-solid, no-clean fluxes a 25 percent
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(by weight) solution shall be used. Stir or agitate the mixture as required. If a flocculent precipitate results,

this precipitate should be allowed to settle and the supernatant liquid used for subsequent tests. Store the
solution in a closed container.

A-2.2 Method B
A-2.2.1 General

This method for the solvent extraction of the flux core of the solder wire produces a flux solution, which
may be used for carrying out tests on the flux core, as described in this standard for its characterization.
The method described yields only sufficient flux test solution for a single determination. Alternatively, a
flux sample obtained from a flux supplier may be used.

A-2.2.2 Principle

The flux is extracted from the cored wire with an appropriate solvent to give a solution of the flux for
testing purposes.

A-2.2.3 Reagents

Use only reagents of recognized analytical grade and only distilled, or deionized, water and in particular
the following:

a) Acetone [reagent (lab) grade]; and
b) Propan-2-ol [reagent (lab) grade].

NOTE — If the flux is not soluble in propan-2-ol, then use another suitable solvent. For example, water should
be used in the case of a water-soluble flux.

A-2.2.4 Apparatus and Instruments
Ordinary laboratory apparatus and, in particular, the following.

a) Laboratory balance, with an accuracy of 0.001 g;

b) Scalpel,

c) Soxhlet extraction apparatus, equipped with a sintered glass extraction thimble, porosity 40 um
to 100 pum (that is porosity grade P100 specified in IS 12305/ISO 4793); and

d) Drying oven, suitable for use at (100 £ 5) °C.

A-2.2.5 Procedure

a) Ascertain the approximate mass of solid flux required in the test methods mentioned in this part
of the standard to be carried out; and

b) Using the informative Table below, take a sufficient sample of the cored wire to provide the
required mass of flux.

SI No. Nominal Mass Flux Content of Cored Mass of Wire in Grams Containing
Wire, Percent Approximately 1 g of Flux
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(1) (2) 3)

i) 0.3 300
i) 05 200
i) 1.0 100
iv) 15 75
V) 2.0 50
vi) 3.0 35
vii) 35 30

c) Wipe the surface of the sample clean with a cloth moistened with acetone [A-2.2.3 a)].
d) Protecting the solder surface from contamination, cut the sample into 3 mm to 5 mm lengths, using
the scalpel A-2.2.4 b), so as not to crimp the cut ends. Carry out this operation on a sheet of glossy
paper, or on a white tile on a sheet of paper, so as not to lose any flux debris.
e) Weigh the sintered glass extraction thimble [A-2.2.4 c)], carefully transfer all of the cut pieces of
wire and flux debris to the thimble, and re-weigh, both weighings being carried out to the nearest
0.001 g. Calculate the mass of the sample used (m), in grams.
f) Carefully transfer the extraction thimble containing the cored wire pieces to the tube of a clean
Soxhlet extraction apparatus [A-2.2.4 ¢)].

NOTE — Larger samples may need to be split into two or more portions for Soxhlet extraction, depending on the

capacity of the Soxhlet apparatus, the resulting extracts being aggregated and mixed.
g) Pour a quantity of propan-2-ol [A-2.2.4 b)], or any other suitable solvent [see Note to A-2.2.3 b)],
into the distillation flask of the Soxhlet extraction apparatus [A-2.2.4 c)]. The volume of solvent to
be used shall be sufficient to just overflow the thimble. Extract the flux into the solvent for a minimum
of 30 minutes.

NOTE — The extract should be colourless.
h) Carefully decant the solvent containing the flux into a graduated 400 ml beaker rinsing three times
with the solvent, to ensure all the flux has been transferred.
J) Rinse the Soxhlet extraction tube and the sintered glass thimble two or three times with 10 ml
amounts of the solvent. Collect all the solvent used and add it to the flux solution in the 400 ml beaker.
k) Dry the extraction thimble [A-2.2.4 ¢)] in the drying oven [A-2.2.4 d)] at (100 + 5) °C, cool and
reweigh, to the nearest 0.001 g. Calculate the mass of the “defluxed” solder wire sample, mm , in
grams.
m) Then the mass of flux, in grams, in the original sample is given by:

Mass of flux = m - mny,

n) Adjust the non-volatile matter content of the extract in the 400 ml beaker by evaporation or by
dilution with the solvent used during the extraction stage, to (25 * 2) percent by mass to produce the
flux test solution. The non-volatile matter content of the extract shall be determined using the method
in Annex L.
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ANNEX B

(Clauses 1 and 7.3)

GUIDANCE ON FORM OF THE TEST SPECIMEN OF FLUX TO BE USED FOR
CALSSIFICATION TESTING

B-1 The forms of the test specimen of flux to be used for each classification test and other tests are
shown in Table 4 below.

Table 4 Preparation of Flux Forms for Testing
(Clause B-1)
Sl Test Methods Test Method  Main Purpose of Test Specimen
No. Reference the Test Method
1) ) ®3) (4) (%)
i) Copper mirror Annex J In order to examine Extracted flux
the corrosiveness of solution (as per
flux, the degree of Annex A)
corrosion of copper
on the copper
mirror is compared
with that of the
standard rosin
solution (WwW
rosin) for
evaluation.
i)  Corrosion (Copper plate Annex K In order to examine Product itself.
corrosion test) the corrosiveness of
flux residue after
soldering, the
discolouration  of
flux residue or the
presence of
corrosion  product
on a copper plate is
evaluated.
iii) Halides Annex M and The halide content Extracted flux
Annex N in flux that affects solution (as per
the  solderability Annex A, preferably
and the Method A)
corrosiveness IS
measured.
iv) SIR Annex P In order to examine Product itself and
and the reliability of soldered with solder
Annex Q flux, the insulation iron/ Extracted flux
resistance is solution
measured under
high  temperature
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v) ECM

vi)  Solids content

vii)  Acid value

Annex P
and Annex Q

Annex L

Annex T
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and high humidity
condition using
comb-patterned
printed circuit
boards.

In order to examine
the occurrence of
electrochemical
migration that
affects the
reliability of flux,
flux applied on
comb-patterned
printed circuit
board is tested by
leaving the circuit
board under high
temperature  and
high humidity
condition to stand
for a specified time
with bias voltage
applied, and the
presence of metal
dendrites IS
examined.

The solid content
that affects the
solderability of
liquid flux and the
amount of flux
residue is measured
that will be left
after soldering. The
low residue no
clean solders have
less than 15 percent
solids content.

In order to examine
the organic acid
content in flux that
affects the
solderability  and
the corrosiveness,
the acid value is
measured.

Product itself and
soldered with solder
iron/ Extracted flux
solution.

Extracted flux
solution (as per
Annex A)

Extracted flux
solution (As per
Annex A)
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viii)  Flux content/Flux percentage Annex E The flux content Product itself

that affects the
solderability of flux
cored solder is
measured.
iX) Spread test Annex F In order to examine Product itself
the solderability of
flux cored solder,
the flux effect is
evaluated by the
solder spread
characteristics.
X)  Tackiness test/Residue dryness  Annex G The dryness of flux Product itelf
test residue that affects
the finishing
quality after
soldering is
examined.

NOTES

1 Product must be tested using a Sn-Pb or Pb-free profile based composition of solder alloy of flux cored solder wire.

2 Testing for flux activity will be done on material as a 25 percent weight percent solution in 2-propanol, reagent
grade (or other solvent recommended by the supplier).
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(Clauses 1,7.7, D-4, D-4.1.4.1, D-4.1.5.1, P-7.4.2 and Q-7.3.2 and Annex S)

ANNEX C

Doc No: MTDO9 (25837) WC-2

GUIDANCE ON THE TEST REPORT OF FLUX OF FLUX CORED SOLDER WIRE

Clause/T
able/Par . -
Classification Tests | agraph Test Test Requirement Result Cla§s'f'c
; Method ation
Require
ment
No breakthrough | L L
<50percent
Table 7
able breakthrough M M
. Col 1,
Copper mirror and Annex J Greater than or
D-411 equal to
50percent H H
breakthrough
<0.5percent L L
Table 7 2050 |y |SF |B |,
Quantitative halide o3, 1 Annex M <2.0percent - I
and H H
D-4.1.3 >2.0Opercent Total Halide as
chloride=
Table 7, No Corrosion L L
Copper _plate Col 2, Annex K | Minor Corrosion | M M
corrosion and
D-4.1.2 Major Corrosion | H H
No-clean state > L L
100 MegaOhm
Table 7
Col 4 Cleaned or No-
SIR ' Annex N | clean state > 100 | M M
and
D-4.1.4 MegaOhm
o Cleaned > 100 H H
MegaOhm
No-clean <1
decade drop L L
Table 7
_ Col 5 Cleaned or no-
ECM (optional) and ' Annex P | clean <1 decade | M M
drop
D-4.15 Cleaned <1 H H
decade drop
L
What is the highest classification rating listed above? M
H
What is the halide rating based on the percent <0.05percent 0 0
halide as measured above or via qualitative
halide test (silver chromate Clause D-4.1.3.1.1
>(.05percent 1 1

and spot test Clause D-4.1.3.1.2) ?
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Final Flux Classification : Refer to Col 5 of Table 6 and Clause D-2 for flux designators

Reference
Characterization Tests Paragraph/Clau | Test Method Result
se
Acid Value 3.23,74.1, and Annex T
7.4.2
D-4.1.3.2, K-2,
Solids Content (Non-volatile matter K-6.2.2, Annex L
Determination) M-1.2.1, T-3.5
and T-4.4
Spread Area/
Spread Test (Optional) 7.6 Annex F Spreadablity
percentage
Oxygen Bomb
+ lon
Chromatograp
Halogen Content (Optional) 7.7 hy or as
agreed b/w
purchaser and
supplier

Required Information for Cleaned Product

Cleaning Procedure for SIR/ECM Testing:

Cleaning Material:

Cleaning Equipment:

Cleaning Process Parameters:
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Required Information for Halogen Determination

Procedure used to extract metal, if applicable

Reflow Profile

Substrate used to collect reflowed sample residue

Reflow Atmosphere

Weight of ion (g) in sample = [Conc. of lon in

Extract (ug /mL)]x[Dilution Factor]x[Dilution

H o Volume (mL)]x10°

alogen Determination via lon Chromatography

Percent of ion in residue = (Wt of ion (g) in
Sample/Wt (g) of Flux Residue ) x 100
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ANNEX D

(Foreword, Clauses 7.2.1, 12.1, G-1, P-4.3, Q-1, Q-2 and Q-4.6.1)
FLUX CLASSIFICATION AND CHARACTERIZATION
D-1 FLUX DESIGNATION AND IDENTIFICATION SYSTEM

To facilitate ordering and designation based on specific requirements, the flux identification system
(including both composition and flux type) given in Table 6 shall be utilized for flux classification.

Table 6 Flux Classification and Identification System
(Clauses 7.2.1, 13.1, D-1, D-2, D-2.1, G-1 and Annex C)

SI No. Flux Flux/Flux Residue Percent Flux Type? Flux
Composition Activity Levels Halide? (by Designator
weight CI-, Br,
F, 1)
(1) ) ®3) (4) () (6)
1) < 0.05 percent LO ROLO
Low >
>0.05 and L1 ROL1
< 0.5 percent
< 0.05 percent MO ROMO
Rosin Moderate
> 0. <2.
(RO)(Colophony 205and <20 M1 ROM1
i percent
or modified
19
> 2.0 percent H1 ROH1
ii) < 0.05 percent LO RELO
Low >
>0.05and <0.5 L1 REL1
percent
< 0.05 percent MO REMO
Moderate >
_ >0.5and< 2.0 M1 REM1
Resin (RE) percent
< 0.05 percent HO REHO
High
> 2.0 percent H1 REH1
Iif) < 0.05 percent LO ORLO
Low >
> 0.0Seanedn: 0.5 L1 ORL1
Organic (OR) P
(Water soluble <0.05 percent MO ORMO
and non-water Moderate >
>0.5and<2.0 M1 ORML1
soluble both) percent
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< 0.05 percent HO ORHO
High
> 2.0 percent H1 ORH1
iv) < 0.05 percent LO INLO
Low >
>0.05and <0.5 L1 INL1
percent
< 0.05 percent MO INMO
Moderate > <
_ >0.5and < 2.0 M1 INM1
Inorganic (IN) percent
< 0.05 percent HO INHO
High
> 2.0 percent H1 INH1

1) Halide measuring < 0.05 percent by weight in flux solids may be known as halide-free.
2) The 0 and 1 indicate the absence or presence of halides, respectively

D-2 CLASSIFICATION

As part of the qualification process, fluxes shall be classified according to the composition of the main
ingredient and flux type. Flux designators identify both composition and type of fluxes (see Table 6). It is
generally the responsibility of the flux suppliers to classify their flux in accordance with this standard.

D-2.1 Flux Composition

After extraction of the sample of flux from cored solder wire, as per Annex A, the composition shall
conform to requirements of appropriate classification as given in Table 6. The flux shall be classified as
either rosin, resin, organic or inorganic (see Table 6), based on the largest weight percent constituent of
its nonvolatile portion.

NOTE — No-clean fluxes may have rosin compositions (symbol RO), resin compositions (symbol RE), or they may be
substantially free of rosins and resins, in which case they are classified as organic type (symbol OR). They typically have
type L or M activity levels. Water-soluble fluxes for electronic soldering applications and synthetic activated fluxes
generally have organic compositions (symbol OR). They typically have type M or H activity levels. Inorganic (IN) fluxes
are generally not used in cored solder wire unless agreed between manufacturer and user. The clean or no clean flux shall
be decided based on the results of SIR and/or ECM test.

D-2.2 Flux Type
Based on flux activity and halide content, fluxes shall also be classified according to the corrosive or
conductive properties of the flux or the flux residue. In order to be classified as a specific type, a flux must

meet all the characterization requirements as shown in Table 7.

RO and RE flux normally have activity levels of L or M. Organic (OR) type fluxes, typically have type H
activity level.

D-2.2.1 Flux Activity
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The flux type shall be identified based on the ionic and corrosive activity of the flux and its residue. Fluxes
shall be qualified as one of the following three types:

a) L, 0or1=_Low or no flux/flux residue activity
b) M, 0 or 1 = Moderate flux/flux residue activity
¢) H, 0 or 1 = High flux/flux residue activity

Table 7 Test Requirement for Flux Activity Classification
(Clause D-2.2)

SINo. | Flux | Copper Mirror | Copper Quantitative Condition | Condition for
Type Test Plate Halide for Passing | Passing ECM
Corrosio (see Note 1) | 100 MQ SIR | Requirements
n Test (CI-,Br-,F-,I-) | Requiremen | (see Note 6)
(by weight) t
1) ) 3) (4) (5) (6) ()
) LO No evidence of No < 0.05 percent No-clean No-clean state
mirror evidence (see Note 1) state (see (see Note 3)
i) L1 breakthrough of >0.05and < Note 3)
corrosion 0.5 percent
i) MO Breakthrough in Minor < 0.05 percent | Cleaned (see | Cleaned (see
less than 50 corrosion (see Note 1) Note 4) or | Note 4) or No-
iv) M1 percent of test | acceptable | >0.5and < 2.0 No-clean clean state (see
area percent (see state (see Note 3)
Note 2) Note 3)
V) HO Breakthrough in Major < 0.05 percent Cleaned Cleaned
more than or corrosion (see Note 1)
Vi) H1 equal to 50 acceptable | >2.0 percent (
percent of test see Note 2)
area
NOTES

1 Fluxes with halide measuring < 0.05 percent by weight in flux solid may be known as halide free.

2 Even if flux shows no corrosion, it is considered M1, if halide content is > 0.5 percent and < 2.0 percent and, H1, if

halide content is > 2.0 percent.
3 Fluxes that are not meant to be removed require testing only in the no-clean state.

If the MO or M1 flux passes SIR and ECM when cleaned, but fails when not cleaned, this flux shall always be cleaned.

4
5 The 0 and 1 indicate the absence or presence of halides, respectively.
6 The test for ECM can be omitted when agreed between the contracting parties.

It is possible that certain corrosive fluxes can meet one or more test for L type flux. However, failure to

meet all test requirement will cause flux to be classified as either M type or H type.

D-2.2.2 Halide Content

Flux Type shall be identified using 0 or 1 to indicate the absence or presence of halide in the flux, where
< 0.05 percent halide is defined as halide free. The qualitative test for assessing the absence or presence
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of halide shall be conducted as per the test procedures given in Annex N, where the absence of halides
indicates the passing of the test methods and the presence on halides constitute a fail result. If the result
of the tests is fail (either sliver chromate and /or spot test), the quantitative halide method outlined in
Annex M shall be used to determine the amount of halide content (CI-, Br’, I, and F°) present. Testing for
halide content does not include evaluation for halogen content. A material with a ‘‘0’’ indicator may
contain non-ionic halogen. lonic halide content is not to be confused with halogen content; we have to
determine ionic halide content only and determination of halogen content is optional depending upon the
requirement of the user (see 7.7 for details).

NOTE — lon chromatography is an acceptable test method for determination of quantitative halides (in addition to the
quantitative halide content evaluation methods enumerated in Annex M) and can be also used as a referee method also.

D-2.2.3 Additional Information on Flux Activity

In order to illustrate an approximate, though not necessarily always accurate, analogy between L, M, and
H type fluxes in D-2.2 with the traditional classes of rosin-based fluxes (R, RMA, RA, and RSA), as well
as other fluxes such as water soluble or synthetic activated fluxes, the following guideline is offered:

a) LO type fluxes—all R, some RMA, some low-solid ‘no-clean’;

b) L1 type fluxes— most RMA, some RA;

c) MO type fluxes— some RA, some low-solid ‘no-clean’;

d) M1 type fluxes— most RA, some RSA;

e) HO type fluxes— some water soluble; and

f) H1 type fluxes— some RSA, most water soluble and synthetic activated.

D-4 QUALIFICATION TESTING

For qualification testing, the flux supplier shall perform or have performed testing in accordance with test
requirements listed in D-4 and complete a qualification test report (see Annex C for an example) which
shall be available to customers upon request. Testing requirements in D-4.1.1 to D-4.15
classify/characterize the flux type, as per the requirements for each type listed in Table 7.

D-4.1 Classification/Characterization Testing
D-4.1.1 Copper Mirror Test

The corrosive properties of the flux shall be determined in accordance with Annex J. The flux shall be
classified as type L only if there is no complete removal of the copper film. If there is any complete
removal of the copper film, as evidenced by the background showing through the glass, then the flux shall
not be classified as type L. If there is complete removal of the copper only around the perimeter of the
drop (less than 50 percent breakthrough), then the flux shall be classified as type M. If the copper film is
completely removed (greater than or equal to 50 percent breakthrough), then the flux shall be classified
as type H. Fig. 1 shows examples of qualitative results for flux activity classification.
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L M H
No Breakthrough Less Than 50% Breakthrough Groater Than 50% Breakthrough

FIG. 1 FLUX TYPE CLASSIFICATION BY CORROSIVITY BY COPPER MIRROR TEST (SOURCE IEC 61189-5-
2:2015)

D-4.1.2 Copper Plate Corrosion Test

This test method is designed to determine the corrosive properties of flux residues under extreme
environmental conditions. The corrosive properties of flux residue shall be determined in accordance
Annex K. For purposes of this test method, the following definition of corrosion shall apply ‘A chemical
reaction between the copper, the solder, and the flux residues that occurs after soldering and during
exposure to the above environmental conditions’. Corrosion is qualitatively assessed as follows:

No Corrosion — No evidence of corrosion is observed. Any initial change of color, which may develop
when the test panel is heated during soldering, is disregarded as seen in Fig. A.1 a) and b).

Minor Corrosion — Discrete white or colored spots in the flux residues or a color change to green-blue
without pitting of the copper is regarded as minor corrosion as seen in Fig. A.1 ¢).

Major Corrosion — Development of green-blue discoloration/corrosion with observation of pitting of
the copper panel is regarded as major corrosion as seen in Fig. A.1 d) and e).

D-4.1.3 Halide Content Tests
D-4.1.3.1 Qualitative halide content test

The following tests are used to determine the presence of halides, specifically, chlorides (Cl), bromides
(Br), and fluorides (F), in extracted flux solutions. To declare the flux as halide free, and to be designated
as ‘0’ as per D-2.2.2, it shall pass both the sliver chromate test outlined in D-4.1.3.1.1 and the spot test
given in D-4.1.3.1.2. If the flux fails (that is halide is present) any of the qualitative halide content test
outlined in D-4.1.3.1.1 and D-4.1.3.1.2, then quantitative halide content test procedures outlined in
D-4.1.3.2 shall be performed to determine the exact content of halides (specifically CI-, Br-and F").

D-4.1.3.1.1 Chlorides and bromides by silver chromate method

The presence of chlorides and bromides shall be determined in accordance with the relevant method given
in Annex N.
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D-4.1.3.1.2 Fluorides by spot test

The presence of fluorides shall be determined in accordance in accordance relevant method given in
Annex N.

D-4.1.3.2 Quantitative halide content test

If the flux fails the test in D-4.1.3.1 or D-4.1.3.2, the following respective tests shall be used to determine
the concentration of chlorides, bromides, and fluorides in extracted flux solutions. The halide content is
reported as the equivalent weight percentage of chloride to the solid (non-volatile) portion of the flux. The
solids content is determined in accordance with Annex L. The total halide content of the flux is obtained
by adding together the halide contents from sections 4.1.3.2.1 (CI- and Br") and 4.1.3.2.2 (F") and shall
conform to the requirements of the appropriate classification flux type given in Table 7. lon
chromatography is an acceptable test method for determination of quantitative halides and may be used
as a referee method.

NOTE — For quantitative analysis of halide content it is being recommended to use the extracted flux solution extracted
in accordance with Method A of Annex A (reflowed residue). There is a growing practice of running ion
chromatography/titration on reflowed flux residue in terms of sample preparation before lon chromatography testing.
There are two reasons that people typically utilize this type of method. First, they are examining the flux residues
remaining on the PCB for any species that may lead to an increased occurrence of corrosion or dendrite growth from
halide ions that do not volatilize. Secondly, any covalently bound halogens contained in the flux may disassociate during
the reflow process and then the subsequent extraction and chromatography testing will detect these dissociated halogens
as well as the halides that do not volatilize. Hence, the Method A of Annex A is the recommended procedure for obtaining
the 25 percent m/m test solution for halide content testing after reflow.

D-4.1.3.2.1 Chloride and bromide concentrations

The combined concentration of chlorides and bromides shall be determined in accordance with the Annex
M.

D-4.1.3.2.2 Fluoride concentration

For fluxes giving a positive result when tested as per D-4.1.3.1.2, the concentration of fluorides shall be
determined in accordance with the Annex M.

D-4.1.4 Surface Insulation Resistance Test

The surface insulation requirements for fluxes shall be determined in accordance with the appropriate test
method given in Annex P or Annex Q or by any other internationally accepted test method as agreed
between purchaser and supplier. In case of dispute, the procedure given in Annex Q shall be the referee
method.

The list of internationally accepted methods, which may be used, as agreed between the purchaser and the
supplier, are given below:

a) IPC TM-650, Test method 2.6.3.3 or 2.6.3.6

b) IPC TM-650, Test method 2.6.3.7 except the test duration would be 168 hours
c) 1SO 9455-17 : 2024

d) IEC 61189-5-501 : 2021

29



Doc No: MTDO09 (25837) WC-2
D-4.1.4.1 Reporting SIR test results

When specifying the SIR test results, the supplier shall clearly indicate if cleaning is required and the type
of cleaning procedure to be used prior to SIR testing (see Annex C Qualification Test Report). The
supplier:

Shall clearly indicate if cleaning is required.
Shall document the cleaning procedure used in preparing the SIR coupons.
Shall disclose thermal profile or solder pot temperature and preheat temperature.
D-4.1.4.2 SIR test criteria
The requirements for passing the SIR test are:

a) All SIR measurements on all test patterns shall exceed the 100 MQ requirement after 24 hours of
exposure measured at interval of 96 h and 168 h, as given in Table 7.

b) Control coupons shall exceed the 1000 MQ requirement.

c) There shall not be evidence of electrochemical migration (filament growth) that reduces the
conductor spacing by more than 20 percent.

d) There shall not be corrosion* of the conductors.

*NOTE: Minor discoloration of one pole of the comb pattern conductors is acceptable.
D-4.1.5 Resistance to ECM Test (Optional)

The resistance to ECM testing shall be assessed in accordance with appropriate test method given in
Annex P or Annex Q or by any other internationally accepted test method as agreed between purchaser
and supplier. In case of dispute, the procedure given in Annex Q shall be the referee method. The test
shall be conducted for a period of 596 hours (96 hours stabilization without bias and 500 hours with
applied bias). The test may be conducted for a period of 1 000 hours wherever agreed between the
purchaser and supplier, but it is recommended to use the former test duration. Further, the test for ECM
can be omitted when agreed between the contracting parties.

The indicative list of internationally accepted methods, which may be used, as agreed between the
purchaser and the supplier are given below:

a) IPC TM 650 , Test method 2.6.14.1
b) 1SO 9455-17 : 2024
¢) JIS Z 3197 : 2021

D-4.1.5.1 Reporting ECM test results
When specifying the ECM test results, the supplier shall clearly indicate if cleaning is required and the
type of cleaning procedure to be used prior to ECM testing (see Annex C Qualification Test Report).

The IRijnitial, or initial insulation resistance, is the data measurement taken after a 96 hour stabilization

period. The IRdaily, the daily IR measurements and the final insulation resistance (IRfina) measurement
values shall be reported according to the test method. The criteria for passing the ECM test are:

30



Doc No: MTDO09 (25837) WC-2
a) The IRfinal > IRjnitial/10. That is, the IR shall not degrade by more than or equal to one decade,

as a result of the applied bias;

b) There shall not be evidence of electrochemical migration (filament growth) that reduces the
conductor spacing by more than 20 percent; and

¢) There shall not be corrosion* of the conductors.

*NOTE: Minor discoloration of one pole of the comb pattern conductors is acceptable.
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ANNEX E
(Foreword, Clause 7.3 and Annex B)

DETERMINATION OF FLUX CONTENT
E-1 SCOPE

This test method specifies two methods for the determination of the flux content of a sample flux cored
solder wire.

E-2 PRINCIPLE

A known mass of the sample of flux cored solder wire is melted, separated from the flux medium and
weighed. The flux content is calculated and expressed as a percentage by mass of the original wire.

E-3 TEST SPECIMEN

Use approximately 200 grams of flux-cored solder for Method A; for Method B, use approximately 30
grams of flux cored solder wire. For fluxes, whose flux percentage is expected to be 1 percent or more,
the test specimen may be approximately 100 grams. For fluxes whose flux percentage is expected to be 2
percent or more, the test specimen may be approximately 50 grams.

E-4 APPARATUS AND MATERIALS

a) Degreasing solvent, such as 2-Propanol (Reagent (Lab) Grade) or the solvent recommended by
the manufacturer;

b) Balance, having an accuracy of + 0.001 g;

c¢) Porcelain crucible, capacity 30 ml;

d) Crucible or beaker tongs / Holder ;

e) Hot plate capable of being set to 50 °C + 5 °C above the liquidus temperature of solder sample
alloy;

f) Tissues or wipe cloth;

g) Glycerol; and

h) Glass beaker — Pyrex or heat resistant Borosilicate glass, 100 ml - 150 ml.

E-5 PROCEDURE

Clean the sample length of the flux cored solder wire under test with a tissue or wipe soaked in the
degreasing solvent. Follow either method A or method B below.

E-5.1 Method A
Carry out the test in duplicate.

E-5.1.1 Determine the approximate liquidus temperature of the solder alloy from IS 193.
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E-5.1.2 Weigh the cleaned solder specimen to nearest of 0.001 g (W2).

E-5.1.3 Carefully pack the solder specimen as tightly as possible in the bottom of the beaker. Using the
balance weigh cleaned wire along with beaker to the nearest 0.001 g (W>). Record the Weights.

E-5.1.4 Preheat the hot plate to 50 °C + 5°C above the liquidus temperature of solder specimen alloy.

E-5.1.5 Place the beaker with the solder specimen on the hot plate. Remove the beaker as soon as all of
the solder melts and allow the solder melt to cool at room temperature for about 30 min.

NOTE — Do not super cool the solder, as the solder will become tight intact to the beaker.
E-5.1.6 Using reagent grade 2-Propanol or other suitable solvent recommended by the solder
manufacturer, some slight agitation, and gentle heat, thoroughly extract the flux residues from the beaker.
Decant the extraction solution through coarse filter paper, taking care that no solder escapes the beaker.
Repeat the extraction procedure as necessary to remove all traces of flux residue. Evaporate the remaining
solvent from the beaker by warming under gentle steam of air until the residue in the beaker is completely
dry.
E-5.1.7 Weigh the beaker and the melted solder metal to nearest 0.001 grams (Ws3).
E-5.1.8 Repeat the flux extraction procedure until a constant final weight (W5) is obtained.
E-5.2 Method B

Carry out the test in duplicate.

E-5.2.1 Using the balance, weigh 30 g = 2 g of the cleaned wire to 0.001 g. Record the mass of the sample
(Wa).

E-5.2.2 Transfer the solder wire to the beaker, with sufficient glycerol/glycerine to cover the sample
(approximately 50 ml of glycerol). Heat to 50 °C £ 5 °C above the liquidus temperature of the wire under

test.

E-5.2.3 Turn the beaker until the solder has melted into one pellet. Leave the beaker on the hot plate bath
for 10 s - 15 s after the solder has melted, while turning gently.

E-5.2.4 Allow the solder to solidify and then decant as much of the flux/glycerol mixture as possible from
the molten solder. Allow the solder to cool and solidify.

E-5.2.5 Remove the solder pellet and wash it in water. Clean it thoroughly with degreasing solvent to
remove all traces of flux. Dry the pellet with a clean tissue.

E-5.2.6 Using the balance, measure the mass of the dry pellet to a constant weight, to 0.001 g (W>).

NOTE — In cases of dispute. It is recommended that the method to be used be agreed between supplier and purchaser.
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E-6 EXPRESSION OF RESULTS FOR BOTH METHODS

E-6.1 Calculate the flux content (in percent m/m) of the sample wire as the percentage by mass, using the
following formula:

Method A:

Flux content= [%] x 100
1
where
W1 is the mass, in grams, of the flux cored solder wire used in the test;
W is the mass, in grams, of the flux cored solder wire and the beaker; and

W3 is the mass, in grams, of the melted solder (after removal of flux residues) and the beaker.

Method B:

Flux content= [w] X 100

mq
where
my is the mass, in grams, of the flux cored solder wire used in the test; and
my is the mass, in grams, of the solder pellet.

E-6.2 If the values of the two determinations differ by more than 0.2 percent, the determination shall be
repeated completely.

E-6.3 Calculate the arithmetic mean of the two determinations.
E-7 TEST REPORT
The test report shall include the following information:

a) The identification of the test sample;

b) The test method used,;

c) The results obtained;

d) Any unusual features noted during the test; and
e) Details of any operation not included in this this method, or regarded as optional.

34



Doc No: MTDO9 (25837) WC-2
ANNEX F

(Foreword, Clause 7.6 and Annex B)
SPREAD TEST OF EXTRACTED CORE WIRE
F-1 OBJECTIVE OF THE TEST METHOD

This test is a standard method of determining the spreadability of solder affected by the performance of
flux, as follows. This test method gives an indication of activity of cored solder or preform fluxes. This
method is applicable to all types of fluxes be its RE, RO, OR or IN flux compositions.

This test method offers two evaluation methods:

a) Method A measures the solder spread area; and

b) Method B measures the solder spread ratio.
F-2 PRINCIPLE
A certain volume of solder and flux is placed on an oxidized copper plate and heated. After fusing, the
effect of flux is evaluated by measuring the spreadability or the spread area of solder.

F-3 TEST SAMPLE

The product itself shall be used. Cut approximately 0.30 g = 0.03 g of the sample from the flux cored
solder wire.

F-4 REAGENTS AND MATERIALS

Use only reagents of recognized analytical grade and distilled or demineralized water or water of
equivalent purity.

F-4.1 Degreasing Agents such as a suitable neutral organic solvent such as acetone, ethanol, methanol or
petroleum ether.

F-4.2 2 —Propanol

F-4.3 Washing medium, capable of removing the flux residue after soldering.

F-4.4 Copper sheet of thickness of 50 mm x 50 mm x 0.50 mm, of Cu-DHP (phosphorus deoxidized)
grade of IS 14811 or any other equivalent international/industry specification.

F-5 APPARATUSES AND INSTRUMENTS
The apparatuses and instruments to be used shall be as follows.

F-5.1 Solder bath, containing not less than 4 kg of molten solder. The liquid solder in the bath shall be at
least 25 mm in depth, with a surface area easily capable of accommodating the test specimen. As a
minimum, the bath temperature shall be capable of being maintained at a set temperature of the liquidus
temperature of the alloy in the test plus 35 °C. The test temperature shall be documented.
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F-5.2 Drying oven, capable of setting and maintaining at a temperature of 150 °C + 3 °C.

F-5.3 Tongs or other suitable mechanical device, suitable for horizontally lowering the copper sheet , in
a horizontal plane, onto the surface of the liquid solder in the bath and raising it again, also in a horizontal
plane.

F-5.4 Scrubber, capable of easily removing the oxidized film of solder in the solder bath.

F-5.5 Spatula

F-5.7 Micrometer, capable of measuring at least 0.001 mm.

F-5.8 Observation device such as planimeter or a microscope, suitable for measuring surface areas of the
order of 100 mm?.

F-5.9 Glass apparatuses or equivalent apparatuses.

F-5.10 Abrasive paper, P600 (waterproof) specified in IS 15287 (Part 3).

F-5.11 Chemical balance or electronic force balance, having a sensitivity of 0.000 1 g or 0.001 g.
F-6 TEST PROCEDURE

The test procedure shall be as follows.

F-6.1 Preconditioning of Copper Plate

Preconditioning of copper plate shall be as follows.

Clean the surface of the copper plate with ethanol. Polish one side of copper plate with an abrasive paper
while dropping ethanol onto it, then wash with ethanol and dry thoroughly at room temperature. Put this
plate in a drying oven set at 150 °C + 3 °C for 1 h for oxidization, and use as an oxidized copper plate.

F-6.2 Test Operation
The test operation shall be as follows.

Wash the surface of the sample with acetone, rinse with distilled or deionized water, wash with 2-
Propanol, and dry to use in tests weigh out 0.30 g £ 0.03 g of the sample, swirl it, place on the centre of
copper plate, and take as the test specimen. Prepare five test specimens. Heat the test specimen by floating
on a solder bath at a temperature 35 °C £ 3 °C higher than the liquidus temperature of the solder.
Immediately before floating the test specimens on the solder bath, use a scrubber to remove the oxidized
film of solder on the surface of the solder bath. Maintain the temperature for 30 s after the test specimen
is floated and the sample is fused. Then, horizontally lift the test specimen from the bath, and cool it to
room temperature. Remove the flux residue by a suitable medium.
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F-7 EVALUATION

F-7.1 Calculation of Spreadability

Measure the height of the fused and spread solder by a micrometer or any other proper instrument. Using
the measured value, calculate and calculate the ratio of spread, expressed as a percentage, by the formula.
Using the measured value, calculate the spreadability (in percentage) according to formula below. Repeat
this operation for five test specimens, obtain the mean to the first decimal place, and take it as the
spreadability of the sample.

S, =
R D

x 100

where
SR, is the spreadability (percent);
H, is the height of spread solder (mm);
D, is the diameter of the solder, when it is assumed to be a sphere (mm), D = 1.24V*3; and
V, is the volume of solder used in the test or the volume obtained by dividing the mass of sample
by the density (mass/density) (mm?2). In the cases of flux cored solder and solder paste, the mass
of solder used for the test shall be the mass of the sample minus the mass of flux contained.

F-7.2 Calculation of Spread Area
Measure the area of fused and spread solder on each of five test specimens of by a planimeter and

microscope or any other suitable device etc. Obtain the mean to the first decimal place, and take it as the
spread area (mm?) of the sample.
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ANNEX G

(Foreword, Clause 7.5 and Annex B)

FLUX RESIDUES TEST —EVALUATION OF TACKINESS OF FLUX RESIDUE
G-1 OBJECTIVE OF THE TEST METHOD

This test is a qualitative method for the evaluation of the tackiness of the flux residues of rosin type (RO),
resin type, (RE) and organic type (OR) (water-insoluble organic and water-soluble flux) specified in Table
6 after a soldering process. The method is applicable only to fluxes of types L and M as shown in Table
7 of Annex D. The method is particularly appropriate for applications where flux residues are left in situ
on soldered electronic and electrical equipment.

G-2 PRINCIPLE

The flux is melted on a copper sheet test piece in contact with a standard mass of solder. In the case of
flux cored solders and solder pastes, a standard mass of the material is melted on the copper test piece.
After the test piece has cooled to room temperature, the flux residues are evaluated for tackiness by degree
of adhesion of powder chalk to them.

G-3 TEST SPECIMEN

A minimum of 0.035 to 0.040 grams by weight is required per test for fluxes in solid or paste form. For
liquid fluxes, a volume sufficient to contain a minimum of 0.035 grams of non-volatile matter is required
per test. For samples of flux cored solder, a minimum 1 gram is required per test and for solder paste, a
minimum of 0.5 grams is required per test.

G-4 REAGENT AND MATERIALS
The reagents and materials to be used shall be as follows:

a) In the test use only reagents of recognized analytical quality and only distilled, or deionized water;

and

b) Acid cleaning solution — Add cautiously, while stirring, 75 ml of sulphuric acid (density 1.84

g/ml) to 210 ml of water and mix. Cool, add 15 ml of nitric acid (density 1.42 g/ml) and mix the

solution thoroughly;

c) Degreasing solvent, such as propan-2-ol, acetone, toluene, petroleum ether etc;

d) Powdered chalk or powder talc;

e) Copper sheet of thickness of (0.50 = 0.05) mm, of Cu-DHP (phosphorus deoxidized) grade of IS

14811 or any other equivalent international/industry specification;

f) Acetone; and

g) The solder used for the test and the test temperature shall be selected from one of the following:
1) Sn60Pb40, according to ISO 9453, at (235 + 3) °C;
i) Sn96Ag3Cu0,5, according to ISO 9453, at (255 + 3) °C;
Iii) any other solder or temperature combinations as agreed between the customer and the flux

supplier. For test temperatures, see G-6.2.

G-5 APPARATUS AND INSTRUMENTS
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The apparatus and instruments to be used shall be as follows:

a)

b)
c)

d)
e)
f)

Solder bath, either circular with diameter not less than 120 mm, or rectangular with dimensions not
less than 100 mm x 75 mm, containing tin-lead solder having a liquidus temperature less than 200
°C. The depth of the solder in the bath shall not be less than 40 mm. As a minimum, the bath
temperature shall be capable of being maintained at a set temperature of the liquidus temperature of
the alloy on the test plus 35 °C;

Cupping device: This shall be fitted with a 27 mm diameter die and a 20 mm diameter steel ball;
Tongs, or other suitable mechanical device, to lift the test piece from the surface of the molten solder
bath;

Soft brush, of diameter approximately 7 mm; and

Ordinary laboratory apparatus.

Drying oven, suitable for use at (60 + 2) °C and (110 £2) °C

G-6 TEST PROCEDURE, EXAMINATION AND EVALUATION

G-6.1 Preparation of Copper Test Piece

a)

b)

d)

From the sheet of half hard copper, approximately 0.5 mm thick [see G-4 €)], cut test pieces, each
measuring 50 mm x 50 mm;

Clamp each of the test pieces, in turn, centrally onto the 27 mm die of the cupping device [see G-5
b)]. Using the 20 mm diameter ball, make a depression in the centre of each test piece 3 mm deep, by
forcing the ball into the die. One corner of the test piece may be bent up to facilitate handling with
the tongs;

Immediately before the test, use the solvent [see G-4 ¢)], to degrease each test piece, and immerse
the test pieces for 20 s in the acid cleaning solution [see G-4 b)]. Remove the test pieces from the
cleaning solution, wash well under running water, rinse in acetone [see G-4 f)], and dry by air blowing
at room temperature; and

Now, for solid, paste and liquid flux samples follow the procedure given below else follow the
procedure given in G-6.1 e) or f) for cored solder or solder paste respectively.

— Weigh 1.00 g+ 0.05 g of the solder wire or pellets [see G-4 g)], previously degreased in the solvent
[see G-4 ¢)], and transfer it to the centre of the depression in one of the cleaned copper test pieces
[see G-6.1 a) to ¢)].

NOTE — This may conveniently be done, if solder wire is used, by forming the wire into a tight spiral.

— According to the form of the flux under test, continue with the preparation of the test piece by
following the procedure given in either 1) or ii) as follows:

i) if the flux under test is in solid or paste form, weigh between 0.035 g and 0.040 g of
the solid or paste flux and add this to the solder in the depression of the test piece;

i) if the flux under test is in liquid form, first determine its non-volatile matter content
by the use of the method described in Annex L. Then add the appropriate volume of
the liquid flux, containing between 0.035 g and 0.040 g of non-volatile matter, to the
solder in the depression of the test piece. Evaporate the solvent at 60 °C for 10 min in
the drying oven [see G-5 f)].

NOTE — If the liquid flux has low non-volatile content, it may be necessary to add the flux in two
increments, carrying out the evaporation procedure after each addition.

For flux cored solder samples, degrease the surface of a suitable length of the cored solder sample,
using a cloth dampened with the degreasing solvent [see G-4 ¢)]. Weigh (1.00 £ 0.05) g of the
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degreased sample, form it into a small flat coil and place it in the centre of the depression in one of

the cleaned copper test pieces.
f) For solder paste samples. Weigh 0.50 + 0.05g of the solder paste sample into the center of the
depression in one of the cleaned copper test pieces [see G-6.1 a) to ¢)].

G-6.2 Heating the Test Piece

a) Using the tongs [see G-5 d)], or other suitable means, carefully lower the prepared test piece onto
the surface of the molten solder, maintained at the test temperature in the solder bath [see G-5 a)],
The solder liquidus temperatures given in IS 193 should be used as a reference. The test
temperature depends on the type of solder used for the test; therefore, the test temperature shall be
selected from one of the following:

1)  Sn60Pb40, according to IS 193, at (235 +3) °C;
i)  Sn96Ag3Cu0.5, according to IS 193, at (255 £ 3) °C;
iii)  any other solder as agreed between the customer and the flux supplier at (35 = 3) °C higher
than the liquidus temperature of the any other solder alloy
b) Allow the test piece to float on the solder bath until the solder melts and leave the test piece in this
position for a further 5 s. Remove the test piece carefully from the bath and allow it to cool, in air, in
a horizontal position for 30 min.

G-6.3 Examination of the Test Piece

Dust the surface of the flux residue on the test piece liberally with the powdered chalk [see G-4 d)].
Lightly brush the chalked surface with the soft brush [see G-5 e)].

G-6.4 Evaluation

If the chalk powder is easily removed by brushing, the flux is deemed to be ‘not tacky’. If the chalk powder
cannot be removed by brushing, or can be removed only with difficulty, the flux is deemed to be "tacky."
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ANNEX H
(Foreword, Clauses 7.1.1.2, 8.2 and 8.3)

MEASUREMENT OF NOMINAL DIAMETER

H-1. Cut back approximately 2 m from the free end of the wire and then cut a test specimen, approximately
2 m in length for determination of flux content and wire diameter.

H-2. Using the 2 m long sample of wire selected in accordance with H-1, measure with a micrometre or
by measuring instruments equivalent or superior thereto in precision, to the nearest 0.01 mm, the minimum
and maximum diameters at positions 20 mm from one end of the sample. Calculate the average of two
micrometer readings to obtain mean diameter. Repeat the procedure at 20 cm intervals along the sample
and calculate the mean diameter at each location. Ignore the final location if it is less than 20 cm from the
end of the sample.
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ANNEX J
(Foreword, Annex B, Annex C and Clause D-4.1.1)

FLUX INDUCED CORROSION (COPPER MIRROR METHOD)
J-1 OBJECTIVE OF TEST METHOD

This test method is designed to determine the removal effect the flux has (if any) on the bright copper
mirror film which has been vacuum deposited on clear glass.

J-2 PRINCIPLE

For flux samples in the form of a solid or paste, and for flux-cored solder, a flux test solution containing
25 percent (m/m) of solids is prepared. For liquid flux samples, the liquid is used full strength as the flux
test solution. The flux test solution is then evaluated in terms of its attack on a copper film previously
vacuum deposited onto a glass plate (copper mirror). A rosin reference solution, which should not cause
removal of the copper film, is used as a control. The object of the test is to determine the flux reactivity
due to the presence of free halide activators.

NOTE — The presence of amines in the flux can cause misleading results in that the flux appears to pass the test,
when in fact it has a highly reactive composition

J-3 REAGENTS AND MATERIALS
Use only reagents of recognized analytical grade and only distilled, or deionized, water.

a) Reagent grade (99 percent pure) 2-propanol;

b) Control standard rosin flux, grade WW of IS 553;

c) Degreasing agent, such as a suitable neutral organic solvent such as acetone, ethanol, methanol or
petroleum ether etc; and

d) 500 ml of reagent grade 0.5percent solution of EDTA (Ethylene Diamine Tetra Acetic acid).

J-4 APPARATUS AND INSTRUMENTS
Usual laboratory apparatus and, in particular, the following.

a) Temperature/Humidity oven, capable of achieving and maintaining the temperature and relative
humidity at (25 £ 2) °C and (50 £ 5) percent, respectively;

b) A relative humidity gauge having a = 2 percent accuracy or better shall be used to continuously
monitor the test environment. The gauge should be calibrated periodically;

¢) A vacuum deposition system or the means to procure glass test panels having a copper mirror
coating as described in point c) of J-6.1.3.2;

d) Glass slides; and

e) Glass dropper or micro syringe or micropipette capable of measuring 0.05 ml.

J-5 TEST SPECIMEN
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A minimum 10 ml of extracted flux solution of (25 + 2) percent by mass, extracted in accordance with
Annex A.

J-6 TEST PROCEDURE
J-6.1 Preparation

J-6.1.1 Preparation of standard rosin solution/rosin reference solution — 25 percent (m/m)
A 25 percent m/m) rosin reference solution is prepared by dissolving 25 g of WW grade colophony in 75
g of propan-2-ol.

J-6.1.2 Preparation of Temperature/Humidity Chamber

When acid or salt solutions are used, the environment shall be monitored for a minimum of 48 h prior to
exposing the copper mirror test panels, to assure compliance with the (50 £ 5) percent relative humidity
requirement.

J-6.1.3 Preparation of Copper Mirror Test Panels.

J-6.1.3.1 Thoroughly clean glass slide plates, approximately 25 mm x 50 mm or bigger (for example 50
mm X 75 mm) in size with acetone or any other degreasing agent such as petroleum ether and dry them.

J-6.1.3.2 Apply by vacuum deposition, a film of copper metal on one surface of a flat glass sheet or clear,
polished glass. Apply a uniform thickness of approximately 50 nm and assure that the finished mirror
permits (10 £ 5) percent transmission of normal incident light of nominal wavelength of 500 nm. This
may be determined using a suitable photoelectric spectrophotometer. Commercially available copper
mirrors meeting the above specifications are acceptable. Prevent oxidation of the copper mirror by storing
in a closed container which has been flushed with nitrogen until use.

J-6.1.3.3 Immediately before testing, check the presence of oxide on the copper mirror test specimen. If
oxide is found, immerse the copper mirror in a 5 g/l solution of EDTA for one minute for copper oxide
removal. Mirrors stored in a non-oxidizing environment, do not require cleaning with the EDTA solution
prior to testing. The cleaning step shall be used if test results are in dispute.

J-6.1.3.4 After cleaning step, rinse the mirror thoroughly in running distilled/deionized water, immerse in
clean degreasing solvent such as acetone or ethanol or methanol and dry with clean, oil free air.

J-6.1.3.5 Carefully examine the copper mirror before testing. There shall be no oxide.

J-6.2 Test

a) Place the copper mirror test panel on a flat surface, mirror side up, and protect from dust and dirt
at all times. Place one drop of test flux or flux extract to be tested (approximately 0.05 ml) on each
copper mirror test panel. Do not allow the dropper to touch the test panel. (It has been determined
that significant variations from this quantity have little effect for most materials);

b) At the same time, place one drop of the control standard flux/rosin reference solution adjacent to

the test flux at a distance of approximately 35 mm. Do not allow drops to touch;
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Place test panel in a horizontal position in the dust-free cabinet at (25 + 2) °C and (50 + 5) percent
relative humidity for 24 h;
After 24 h remove the mirror from the oven and wash off the flux residues of test flux and control
standard flux using 2-propanol, or using the solvent used in flux extraction procedure. Dry the
mirrors using a stream of warm air; and
Examine the copper mirror against a white background.

NOTE — The presence of free halide activators in the flux test solution results in partial or complete removal of the copper
film at the location of the drop, the copper mirror becoming progressively more transparent as the flux reactivity increases.

The presence of amines in the flux can cause misleading results.

J-6.3 Evaluation

a)
b)

c)
d)

Carefully examine each test panel for possible copper removal or discoloration;

See Table 2, Clause D-4.1.1 and Fig. 2 for evaluation criteria.[If there is any complete removal of
the copper film as evidenced by the background showing through the glass, the test flux has failed
the L category. Complete removal of the copper only around the perimeter of the drop defines the
flux as M. Complete removal of the copper places the flux in the H category (see Fig. 2)];

If the control flux fails the L category, repeat the entire test using a new copper mirror test panel.
Discoloration of the copper film due to a superficial reaction or only a partial reduction of the
copper film thickness is not considered as failure; and

A number of chemicals can cause failure of copper mirror: free halides, stronger organic and
inorganic acids and free amines.

J-6.4 Test Report

The test report shall include at least the following information:

a)
b)
c)
d)
e)
f)

The flux extraction procedure used (see Annex A that is whether Method A or Method B);
The results obtained;

Any unusual features noted during the determination;

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

Details of the solvent used in the preparation of the flux test solution if not 2-propanol; and
The date of the test
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ANNEX K
(Clauses A-2.1, A-2.2.5, Annex B, Annex C and Clause D-4.1.2)

COPPER PLATE CORROSION TEST
K-1 OBJECTIVE AND PRINCIPLE OF THE TEST METHOD

K-1.1 This test method is designed to determine the corrosive properties of flux residues under extreme
environmental conditions.

K-1.2 A test specimen is prepared using a preconditioned copper plate on which solder is fused in contact
with the flux. The test piece is then exposed to a controlled temperature/humidity environment and the
resulting corrosion of the copper, if any, is assessed using a low-power microscope.

K-1.3 For the purposes of this test method, the following is the definition of corrosion: ‘chemical reaction
between the copper, the solder, and the constituents of the flux residues, which occurs after soldering and
during exposure to the above environmental conditions.’

K-1.4 Colour photos before and after the test are valuable tools in identifying corrosion.

K-2 TEST SPECIMEN

At least 0.035 g to 0.04 g of flux solids, 0.5 g solder paste, 1 g wire, or 1 g preform with an equivalent
amount of solids. Flux solids are the residue or solids content of flux after evaporation of the volatile
chemicals from within the flux determined by the method given in Annex L. All solvent shall have been
evaporated from the specimen in a chemical fume hood.

K-3 REAGENTS AND MATERIALS

Only reagents of recognized analytical quality and only distilled or deionized water shall be used.

K-3.1 Ammonium Peroxodisulfate Solution

Dissolve 250 g of ammonium peroxodisulfate [(NH.).S:O:] in water and add cautiously 5 ml of sulphuric
acid (density 1.84 g/ml). Mix, cool, dilute to 1 | and mix. This solution shall be freshly prepared before
use.

K-3.2 Sulphuric Acid, 5 Percent (by Volume) Solution

Add cautiously, with stirring, 50 ml of sulphuric acid (p = 1.84 g/ml) to 400 ml of water and mix. Cool,
dilute to 1 litre and mix well.

K-3.3 Neutral organic solvent for degreasing, such as Acetone or Petroleum Ether etc.

K-3.4 Copper sheet, of thickness of (0.50 + 0.05) mm and of Cu-DHP (phosphorus deoxidized) grade of
IS 14811 or any other equivalent international/industry specification.

K-3.5 Solder wire or pellets, complying with IS 193, Sn63Pb37, Sn60Pb40, Sn96.5Ag3Cu0.5 or any
other solder alloy as agreed between the user and the supplier.

K-4 APPARATUS

Usual laboratory apparatus and, in particular, the following.
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K-4.1 Solder bath, either circular with diameter not less than 120 mm, or rectangular with dimensions not
less than 100 mm x 75 mm, filled with solder having liquidus temperature at (35 £ 3) °C higher than the
liquidus temperature liquidus temperature of the solder used for test. For solder alloys except Sn63Pb37
and Sn60Pb40, the temperature of the solder pot may be approximately 40 °C higher than the liquidus
temperature of each alloy.

K-4.2 Humidity chamber, capable of achieving (40 + 2) °C and relative humidity of 90 percent to 95
percent;

K-4.3 Cupping device (for example an Erichsen cupping machine (see IS 10175) or equivalent cupping
device).

The device shall be fitted with a 27 mm diameter die and a 20 mm diameter steel ball (see Fig. 3).
K-4.4 Drying oven (air circulating), suitable for use at (60 £ 2) °C.

K-4.5 Low-power stereomicroscope, capable of x20 magnification, equipped with quartz-halogen
illumination.

K-4.6 Tongs or other suitable mechanical device, to lift the test piece from the surface of the molten solder
bath.

K-4.7 Analytical balance capable of weighing 0.001 g.

K-5 PREPARATION OF TEST PIECES

From a sheet of copper 0.5 mm thick, cut square test pieces 50 mm x 50 mm each. Clamp each of the test
pieces, in turn, centrally onto the 27 mm diameter die of the cupping device. Using the 20 mm diameter
steel ball, make a 3 mm deep depression in the center of each test piece by forcing the ball into the die
(see Fig. 3). One corner of the test piece may be bent up to facilitate handling with the tongs.

Immediately before use, pre-treat the test pieces in accordance with the following sequence of operations
a) to h), ensuring that clean tongs are used for handling.

a) Degrease the test pieces with a suitable neutral organic solvent (see K-3.3);

b) Immerse the test pieces in sulphuric acid solution (K-3.2) at (65 + 5) °C for 1 min to remove the
tarnish film;

c) Immerse the test pieces in the ammonium peroxodisulfate solution (K-3.1) at 20 °C to 25 °C for 1
min to etch the surface uniformly;

d) Wash the test pieces under running tap water for a maximum of 5's;

e) Immerse the test pieces in sulphuric acid solution (K-3.2) at a temperature not greater than 25 °C
for 1 min;

f) Wash the test pieces under running water for about 5 s and rinse in distilled or deionized water.
Immerse immediately in the degreasing solvent (K-3.3);

g) Allow the test pieces to dry in clean air; and
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h) Use the test pieces immediately or after a maximum storage period of up to 60 min in a closed

container.

Unit: mm
@20
—_—
m
\
Copper
plate
N
27 Cupping tool

FIG. 2 DIMENSIONS OF PENETRATOR, DIE AND BLANK-HOLDER
K-6 PROCEDURE

K-6.1 General

Select three cleaned copper test pieces (see K-5), one of which will serve as the blank. Follow the
procedures in K-6.2 to K-6.6 on the three test pieces. Omit the procedures in K-6.4 in the case of the
blank.

K-6.2 Fluxing the Test Pieces

K-6.2.1 For flux-cored solder samples

If the flux is present in the form of flux-cored solder, degrease the surface of a suitable length of the cored
solder sample, using a cloth dampened with the solvent (K-3.3). Weigh (1,00 £ 0.05) g of the degreased
sample, form it into a small flat coil and place it in the centre of the depression in one of the test pieces
(see K-6.1). Repeat for the other two test pieces.

K-6.2.2 For solid, paste and liquid flux samples

Weigh (1.00 + 0.05) g of the solder wire or pellets (K-3.5), previously degreased with a neutral organic
solvent (K-3.3), and transfer to the centre of the depression in one of the test pieces (see K-6.1).

NOTE — This may conveniently be done, if wire is used, by forming the wire into a small flat coil.
Repeat for the other two test pieces (see K-6.1).
According to the form of the flux under test, continue with the preparation of the test pieces by following
the procedure given in either a) or b) as follows:

a) If the flux under test is in solid or paste form, weigh between 0.035 g and 0.040 g of the solid or
paste flux and add this to the solder in the depression of the test piece. Repeat for the other two
test pieces.

b) If the flux under test is in liquid form, first determine its non-volatile matter content by the use of
the method described in Annex L, then add the appropriate volume of the liquid flux, to contain
between 0.035 g and 0.040 g of non-volatile matter, to the solder in the depression of the test piece.
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If the non-volatile matter content of the liquid flux is so low that the volume required would more

than fill the depression, then use sufficient flux to just fill the depression. Repeat for the other two
test pieces.

Evaporate the solvent at (60 + 2) °C for 10 min in the drying oven (K-4.4).
K-6.2.3 For Solder Paste Samples

If the flux is present in the form of solder paste, weigh (0.5 + 0.05) g of the solder paste sample and place
it into the centre of the depression in one of the test pieces (see K-6.1). Repeat for the other two test pieces.

K-6.3 Heating the Test Pieces

Using the tongs (K-4.6) or other suitable means, carefully lower the fluxed test piece from K-6.2 onto the
surface of the molten solder, maintained at the test temperature in the solder bath (K-4.1). Depending on
the type of solder used for the test, the test temperature shall be selected from one of the following:

— Sn60Pb40 (see IS 193) at (235 * 3) °C;
— Sn96.5Ag3Cu0.5 (see IS 193) at (255 + 3) °C;

— Any other solder as agreed between the customer and the flux supplier at (35 £ 3) °C higher
than the liquidus temperature of any other solder alloy.

Allow the test piece to remain in contact until the solder melts and leave the test piece in this position for
a further 5 = 1 s. For solder paste, allow the test panels to remain in contact with the bath until the solder
specimen in the depression of the test panel melts and aintain this position for 60 £ 5 seconds before
removing the test panel from the bath. Cool the test panel to room temperature. Further, alternately for
solder paste, the fluxed test piece from K-6.2 can be processed through a reflow soldering process using
the temperature profile recommended by the vendor instead of melting in the solder pot.

Maintaining the test piece in a horizontal position, remove it carefully from the heating bath and allow it
to cool to room temperature.

Repeat for the other two test pieces.

Examine the specimens using the microscope (K-4.5) at 20X magnification and record their surface
appearance for subsequent comparison after conditioning (see K-6.4 an