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SPECIAL REPORT

Halogens And Halides

Halogens are found in many elec-
tronic components and are the fo-
cus of systematic regulatory elimi-
nation. In many cases there are no
simple drop-in replacements for
halogenated materials. Halides,
ionic compounds that contain hal-
ogens and are often used electively
in fluxes to improve soldering per-
formance, may also be subject to
elimination in the foreseeable fu-
ture. The use of halides in fluxes
is optional, but some difficult sol-
derability situations demand them.
With all the buzz lately about halo-
gen-free and halide-free products,
we take a quick look at what halo-
gens and halides are and answer
questions such as: what do halo-
gen-free and halide-free actually
mean? Why do we want to get rid
of them? And why do we use them
at all?

A halogen is an element in the
7th column of the periodic table,
which includes fluorine, chlorine
and bromine. Iodine and astatine
complete the group, but are not
the subjects of primary considera-

tion for electronics manufacturers.
Elemental halogens have seven
valence electrons and are very re-
active. In their quest to obtain an
8th electron, halogens can be very
strong oxidising compounds.

Once a halogen does obtain that
8th electron, it picks up a net nega-
tive charge and becomes a halide.
Having the net negative charge
makes the halide compound ionic.
A common example is table salt:
Na*Cl-. Some readers may also be
familiar with the similar term Aal-
ite, spelled with a “t” as opposed to
a “d.” Halite is the mineral form
of NaCl that’s also known as rock
salt. It’s regularly used in winter
climates to melt snow and ice from
walkways and roadways.

Where and why are they used?

In broad terms, halogens are asso-
ciated with PWBs and components,
while halides are associated with
soldering operations. But that’s
generally speaking, and there are
exceptions to the rule. For the
most part, halogenated compounds

Figure 1— End of life electronics assemblies
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are found in printed circuit boards,
solder masks, mould compounds,
connectors, cable insulation and
wiring conduit. They are used be-
cause they offer flame retardant
properties to otherwise flammable
plastics.

The 1979 ban on Polychlorinated
Bis-Phenols (the other meaning
of the abbreviation PCB) gave way
to the use of brominated organic
compounds in their place. Now
some of these Brominated Flame
Retardants (BFRs) may face a
fate similar to their predecessors.
Some halogenated compounds
have already been replaced with
halogen-free products; others are
slated for removal and replacement
over the next several years. Bear
in mind that not all halogenated
compounds are toxic. Consider the
example of table salt: ingestion of
excessive quantities may not be ad-
visable, but it is certainly not con-
sidered a toxic substance.

Here’s one exception to the rule
mentioned above: non-ionic halo-
genated compounds can also be
used as raw materials in soldering
fluxes to help keep the activators
working as the process tempera-
ture increases, but they are used
in far smaller quantities than in
boards or components, and their
inclusion is not an absolute neces-
sity. Wave soldering fluxes that are
designed to withstand extended
thermal cycles may likely contain
halogens, but some of today’s most
successful lead-free wave soldering
fluxes and solder pastes do not.

Inclusion of halogens in flux mate-
rials is determined by the desired
performance characteristics of the
flux itself, and is usually fixed early
in the product development cycle.
If a flux is to be halogen-free, its
basic composition must consider
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the absence of halogens, and oth-
er ingredients in the formulation
must be selected accordingly.

Although halogens are sometimes
included in fluxes, halides are the
compounds most commonly as-
sociated with them. While halo-
gens can be added to improve a
flux’s thermal robustness, halides
are added because they can rap-
idly reduce metal oxides and, in
combination with a variety of or-
ganic acids, make ideal activator
systems. But they have been cited
as possible sources of post-solder-
ing corrosion, so manufacturers of
high performance and harsh envi-
ronment electronics traditionally
avoid them if they run no-clean
processes.

On the other side of the assembly
spectrum, manufacturers of more
cost-sensitive systems often pre-
fer fluxes that include halides. The
halide-containing fluxes provide
better wetting during soldering -
and therefore more mechanically
reliable solder joints - on the lower
cost components and boards that
are more likely to exhibit soldera-
bility problems. Because halides
can be associated with post-solder
corrosion, no-clean fluxes that
contain halides will always contain
rosin to encapsulate any leftover,
unreacted ionic material and in-
sure electrochemical reliability.

Here’s the other exception to the
rule mentioned above: halides are
often used in the etching, plating,
and final finishing processes of
PWB fabrication. They can some-
times be found as residual con-
taminants on bare circuit boards
if the completed boards were not
cleaned properly by the fabricator.
If completed assemblies demon-
strate ionic contamination issues,
it is wise to check the bare boards
to understand if the source of the
contamination is in the fabrication
or the assembly process.

Why eliminate them?
A quick web search revealed some

convincingly good reasons to limit
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the use of specific halogens. If in-
cinerated under certain conditions
they can form dioxins, which are
known carcinogens. In structural
fires, they can give off toxic gases
that prevent victims from escap-
ing (and rescuers from entering)
burning areas. In a computer
room, a fire in one machine can
release acidic fumes that produce
catastrophic failures in nearby ma-
chines. These combustion-related
implications sound horrible, and
there are plenty of other sound
reasons to eliminate halogenated
materials. Often, however, it’s the
halogenated compounds that per-
mit higher temperature operation
and prevent fires in the first place,
and elimination or substitution is
not a simple process. Just like lead-
ed solder alloys, there are no drop-
in replacements for many halogen-
ated products.

Halogen-free and halide-free
defined

Both halogens and halides can be
found in trace amounts as impuri-
ties in many materials. Therefore,
upper limits for the presence of
these materials have been set by
the following organisations:

The International Electrochemical
Commission defines halogen-free
as: less than 900 ppm chlorine, less
than 900 ppm bromine, less than
1500 ppm total halogens.

IPC defines halide-free as: less than
500 ppm of a flux’s solids content,

are adjusted for molecular
weight difference and cal-
culated as chloride).

Testing for halo-
gens and halides

Halides can be de-
tected using sim-
ple spot tests as
described in J-STD-
004A. They can be
quantified using ion
chromatography.  But
halogens themselves are a
little more difficult to test for.
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Figure 2 — Halogen-free soldering
products

They cannot be distinguished by
ion chromatography unless they
are first ionised, and the test prep-
aration procedure itself can influ-
ence the results.

Combustion ion chromatography
is generally considered a reliable
technique that ionises the halo-
genated compounds through a
combustion process. Another rou-
tine analytical technique that can
detect halogens (and many other
elements) down to the parts per
billion level is Inductively Coupled
Plasma (ICP) spectroscopy. How-
ever, neither of these techniques
can distinguish between an ionic
halide and a non-ionic halogen.
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