TIP CARE and USE

Tip Temperature

High soldering temperatures can degrade the tip. Use this lowest possible soldering
temperature for each particular job — the Hakko soldering station’s excellent thermal
recovery characteristics unsure efficient and effective soldering, even at low
temperatures. This also helps protect the soldered components from thermal
damage.

Cleaning

Be sure to clean the tip regularly with a cleaning sponge because oxides and carbides
from the solder and flux can form impurities on the tip. During the soldering process,
these impurities can transfer to the soldering joint where they can result in defective
joints or reduce the tip’s heat conductivity. This will impair the conductivity of heat,
causing the tip temperature to increase and damaging both the tip and the board.

When Not in Use

Never leave the soldering iron idle at high tip temperatures for long periods of time
as the tip’s solder plating will become covered with oxide, which can greatly reduce
the tip’s heat conductivity.

After Use
After use, wipe the tip clean and coat the tip with fresh solder. This helps prevent tip
oxidation.



HAPPY TIP TIPS

The plating on all soldering iron tips will, in due course, fail, even under the most benign conditions. The life of this
plating depends upon the application (specially the temperature), the types of solders and fluxes used, and -
primarily - the operator's technique. Plating failures can be divided into four main categories:

a) Stressor cracking.

b) Corrosion.

c) 'Dewetting'.

d) Wear or abrasion.

SOLDERING IRON TIP CONSTRUCTION.

Figure 1, below, is an idealised cross-section of a Hakko soldering tip.

CHROMIUM PLATING

— SPECIAL IRON PLATING

TIN COATING (SOLDER) /: ~ COPPER CORE

FIGURE 1.

The core is made of copper because copper is easily worked, and to ensure good heat transfer. A flashing of
chromium guards the iron (which we have not mentioned yet) against corrosion.

Theiron layer is not only the essential working layer; it isthe layer with the greatest effect upon tip life. Iron hasits
strong and weak points; its characteristics and low cost give it the best combination of properties for soldering tip
plating. Most plating failures are failures of the iron; the way in which the iron fails is different for each failure
mode. It is important to know which failure mode predominates, so that the proper corrective action can be devised
and applied. For example, it is a popular misconception that ‘more iron will extend tip life'. While it is true that more
iron may preclude failures due to wear or abrasion, it may exacerbate dewetting failures, and will have little if any
effect upon cracking.

OUR ENEMY THE THERM.

The higher the temperature, the lower the tip life'. This has been known for a long time, and quantified in many
books, articles, dissertations and publications. Higher temperatures reduce tip life because:
1. Higher temperatures increase the probability of oxidation and chemical corrosion of thetips.
2. Hotter fluxes are more chemically active.
3. Higher temperatures encourage greater deformation of the metals used to make a composite tip, thus
allowing the outer plating to crack sooner than it would at lower temperatures.
4. Hotter metals are more malleable, hence more subject to deformation and abrasion.

Things that affect chemical reactions (very broad Chem 1A statements):

Temperature - As a rule of thumb, reaction rates increase with temperature, generally doubling with every 10°C.
increase.

Concentration - the stronger the solution, the more active will be the reaction

Catalyst(s) - if any are there they will boost the reaction

We must first realise that when soldering is being done there is a chemical reaction going on between the flux, the
solder, the object or abjects being soldered, and the tip. The flux is reacting with the metal oxides on the board and
leads, for example; the solder is reacting with the metal of the tip; and the rest of the materials are taking an interest
in the proceedings as well. Chemical reactions take place much more rapidly under hot conditions’.

1

THIS SEEMS TO BE ONE OF THOSE THINGS THAT EVERYBODY KNOWS BUT NOBODY HAS MEASURED. SEE APPENDIX A.
2

APPENDIX B GIVES A BIT MORE DETAIL, FOR THOSE WHO WANT IT.



STRESS OR CRACKING FAILURES.

Plating failures due to cracking are caused by too much stress being applied to the tip whilst soldering - that is, the
operator is pressing too hard. Many oper ator s believe that, by applying more for ce to the tip, they will improve
heat transfer. Thisis not so. The best ways to improve heat transfer are, first, to use the largest tip possible on the
lead commensurate with access to the joint, which maximizes the contact area, and to use molten solder as a bridge
between the tip and the joint. Fine tips are more susceptible to cracking than are heavy tips, smply because they are
thinner in cross-section and cannot bear the same load as heavy tips.

Iron is susceptible to compression failure; that is, it will crack under pressure. Too much force applied to the plating
will cause a crack to form. This crack, if left unattended, will propagate itself through the plating to the copper core.
(Think of a block of ice, which, when cracked on the surface, will split.) Thicker plating will not help, as the crack
will still propagate. Once the copper core is exposed, solder will erode it rather quickly. This hollows out the tip,
which then collapses. A sure sign of a stress failure is a hollowed-out or jagged tip.

Bending the tip to change the configuration will damage both the plating and the copper core. Neither the plating nor
the core are ductile and will crack if bent. Angled tips are available for all Hakko soldering stations; special order tip
configurations are available.

Striking the tip against the work-bench or other solid object to dislodge accumulated solder is another way to crack
the iron plating. It is not advisable to treat tips carelessly in any case; even accidental knocking of the tip against a
hard surface may crack the plating.

Soldering iron tips, although not intended for use as pry-bars to dislodge components from boards, are often used as
such to the detriment of the tip. Tools appropriate to such tasks are made of hardened steel, and can stand the strain.
Tips cannot tolerate the high loads applied, and will crack - sometimes break right off. Do not use tips for purposes
other than soldering.

CORROSION FAILURES.

Corrosion-induced plating failures are primarily related to the flux used with the solder. Iron reacts chemically with
acids; fluxes generally contain organic acid or halide additives. The purpose of flux is to improve the flow and
‘wettability' of the solder joint; thus, when heated to soldering temperatures, it chemically strips oxides from the
metallic parts of the board where it is applied. The more active the flux, the more likely it will be to react with the
iron in the tip, weakening it over time. Many water-soluble fluxes, for example, are highly active and typicaly
contain organic acids.

A note on fluxes - Selecting a flux involves many factors: long-term solder joint reliability, post-assembly cleaning
costs, effectiveness, environmental considerations such as toxicity of the flux and its byproducts, but also the effect
of the flux on soldering iron tip life. This can be a significant economic consideration.

Another cause of tip corrosion and concomitant failures is contamination on the sponges used to clean the tips. This
contamination is usually flux residue, soaked up in the sponge, which reacts with the hot tip when it is wiped across
the sponge. Replacing dirty sponges with clean ones, and using only clean water to moisten them, will help prevent
this cause of failure. Use distilled water when the tap water has a high mineral content.

Ordinary household sponges often contain sulphur, plastics, soap or other materials. Whilst these materials are good
in their place, they will react with the tip at soldering temperatures, areating corrosive byproducts that can damage
the tip. Use only sponges intended for soldering purposes. An alternative to the sponge is the Hakko 599 metallic tip
cleaner, which cannot absorb foreign materials from the tip and does not induce thermal shock.

oo NOTE o x
When tinning a tip before storing it, always use an RMA or other low-activity flux core solder. No-clean, water
soluble, or acid flux core solders will corrode the tip, even in storage.



'DEWETTING’ FAILURES.

This is the most common form of plating failure. 'Wetting' refers to the ability of the solder to adhere to the metal of
the tip (or the part of the tip prepared for accepting solder). Dewetting is largely preventable with proper
maintenance, as its primary cause is oxidation of the iron plating. Iron oxide - rust - will not ‘wet’; it is also athermal
insulator; its presence on atip is often the cause of the complaint, ‘the tip won't get hot'.

Oxidation is anatural result of the soldering process. Flux is used to dissolve the oxide deposits on the tip and leads
to allow solder joints to be formed. The chemical reaction of iron and oxygen is accelerated by heat. Free oxygenin
the air isthe primary cause of oxidation.

There are several ways to minimize oxidation:

The most effective way is to keep the tip tinned - covered with a protective layer of solder. The solder keeps air
away from theiron in the tip.

Soldering at lower temperatures slows the chemical process and, as mentioned before, extends tip life in many
other ways. Lower temperatures al so reduce the probability of damaging the circuit boards.

Turn theiron off when it is not being used. Oxidation is greatly accelerated as temperature increases. The Hakko
FM-202, for example, will heat to operating temperature in just 15 seconds.

Other causes of dewetting are:

Inadequately active flux, or no flux at all. Users of 'no clean' fluxes and flux-core solders often have this
problem; it is not atip plating problem but rather a process problem involving the interaction between the tip, tip
temperature, solder, and flux.

Dirty sponges. Sponges accumulate metal and flux residue, which can adhere to the iron plating of the tip; this
residue will not wet.

Hard water. Some hard water contains chemicals, which can form a bonded, unwettable surface. Deionized or
distilled water is recommended in these cases.

De-tinned or unwettable tips can often be restored by using acommercial tip tinner. There are several such products
available; al are chemically active and contain an abrasive to scour the oxide from the tip. Whilst these compounds
can clean a stubborn oxide layer from an otherwise good tip, they will by virtue of their characteristics remove some
of the iron plating, reducing the remaining life of the tip. Under no circumstances should tip tinner be used as a
customary means of maintaining soldering tips.

Tips will also accumulate a layer of black 'goo’ after being used for a time. This 'goo’ is flux residue, and results
from partial combustion of the flux during soldering. This residue is a barrier to both effective heat transfer and
proper wetting. Proper and frequent cleaning will keep this residue from building up.

WEAR AND ABRASION FAILURES.

Wear is the expected mode of failure for a soldering tip. Each time a joint is made, friction between the iron plating
and the solder joint will cause a dight abrasion at the point of contact. Eventually the plating will wear through, and
the tip will show a pinhole on its working surface. Wear, therefore, is unpreventable; its effects can be ameliorated.

The effects of wear depend upon two factors: the thickness of the iron plating, and the operators practice. Plating
thickness is largely a function of tip geometry and thermal response. Fine tips will have thinner plating than large
ones, for plating that is too heavy can slow thermal response. Tip selection is important; use the bluntest and
heaviest tip suitable for the task at hand.

Rubbing the tip across the joint, or applying excessive pressure whilst soldering, will increase wear; neither practice
increases heat transfer.

Dragging the tip across a series of solder joints is another common practice that neither produces good solder joints
nor adds to tip life. It is, rather, equivalent to dragging the tip across a file. As the dwell time at each joint is very



short, the probability of weak or cold solder joints is greater. Hakko recommends what might be termed ‘wipe
soldering, using a knife tip and moving aong the line of the leads.

NEVER USE ABRASIVE MATERIALSTO CLEAN A SOLDERING TIP. Sandpaper, files, emery cloth, old rags,
commercial cleaners all abrade the tip; some can destroy it. Use a Hakko 599 or a clean, damp sponge.

FLUX IS FLUX, BUT NOT ALWAYS

For years and years and years only rosin-based fluxes were used; the operator would put the solder wire on the tip,
let it melt, and trickle down to the connection.

The relatively recent introduction of water-soluble flux made that impossible. Solder with a water-soluble flux core
does not run down the tip. Rather, it wicks up the tip; in time the tip burns and poor solder joints result. A different
technique is required. First, heat the joint, then apply the solder on the other side of the joint. After the solder begins
to melt, pull it away then remove the iron.

So-called 'no-clean’ fluxes are much more chemically active than other fluxes; here, the problem is that thereis less
flux to do the work of aflux .

And, of course, operators must keep the iron tips tinned at all times. If operators do not make a conscious effort to
keep the tips tinned the tips will corrode with astonishing speed.

These are summarized below for your elucidation and edification...

A SUMMARY OF SOLDERING TIP CARE GUIDELINES.

This table brings together the recommendations listed in this section. If these practices are made part of the daily
routine, tip life should be increased.

CONCERN WHAT TO DO

CRACKING " USE THE LARGEST TIP POSSIBLE FOR THE LEAD BEING SOLDERED.

DO NOT APPLY EXCESSIVE PRESSURE WHEN SOLDERING. TIN THE TIP FOR MAXIMUM HEAT
TRANSFER.

DO NOT STRIKE THE TIP AGAINST THE WORK-STAND OR ANY OTHER SOLID OBJECT.
DO NOT USE THE TIP AS A SCREWDRIVER OR PRY-BAR.

CORROSION " USE THE LEAST AGGRESSIVE FLUX THAT WILL DO THE JOB. RMA FLUX IS RECOMMENDED FOR
MAXIMUM TIP LIFE.

USE THE HAKKO 599 OR A SPONGE SPECIALLY MADE FOR SOLDERING IRONS TO CLEAN TIPS.
DO NOT USE DIRTY SPONGES. THROW THEM AWAY AND USE CLEAN ONES.
MOISTEN SPONGES WITH DEIONISED OR DISTILLED WATER.

TIN TIPS WITH RMA SOLDER BEFORE STORING THEM. DO NOT USE AGGRESSIVE OR WATER SOLUBLE
FLUX-CORE SOLDERS FOR THIS PURPOSE.

DEWETTING " TURN THE SYSTEM OFF WHEN IT ISN'T BEING USED.

" USE THE LOWEST POSSIBLE TEMPERATURE WHEN SOLDERING TO MINIMISE OXIDATION.
KEEP THE TIPS TINNED. THIS KEEPS AIR AWAY FROM THE TIP AND REDUCES OXIDATION.
SEE HINTS UNDER 'CORROSION'.

WEAR " USE THE LARGEST TIP POSSIBLE. HEAVIER TIPS USUALLY HAVE THICKER PLATING.
" DO NOT APPLY EXCESSIVE PRESSURE WHEN SOLDERING.

DO NOT 'SCRUB' THE TIP ACROSS THE LEADS.

DO NOT DRAG SOLDER.

DO NOT USE COMMERCIAL TIP TINNERS FOR ROUTINE TINNING. THEY CONTAIN ABRASIVE AND
CORROSIVE CHEMICALS. USE RMA SOLDER.




CLEAN THE TIP WITH A HAKKO 599 OR A CLEAN, DAMP SPONGE. DO NOT USE A DRY SPONGE, RAG,
OR ANY ABRASIVE.

HEATER CARE " USE THE HEAT RESISTANT PAD TO CHANGE TIPS. DO NOT USE PLIERS.
" DO NOT DROP THE TIPS ONTO HARD SURFACES.

DO NOT BANG SMD TIPS TO DISLODGE SURFACE-MOUNT COMPONENTS. USE A SPONGE OR
TWEEZERS.

'NO CLEAN' SOLDERS " USE THE LOWEST POSSIBLE TEMPERATURE. THIS MINIMIZES THE ACTIVITY OF THE FLUX, HENCE
REDUCES POLYMERISATION, OXIDATION, AND SOLVENT VOLATILISATION.

TIN THE TIP PERIODICALLY WITH AN RMA WIRE SOLDER OR SOLDER PASTE, IF THIS IS ALLOWED BY
PROCESS CONTROL.

APPENDIX A.
From the data of Hakko report on tip life comparison (Appendix D), ©2002:

Operation at lower temperatures yields more points per tip; the amount of increase depends upon the physical
characteristics of the tip type (mass and surface area).

For example: Data sheets X and Y, for small tips, show an average reduction in tip life of 50% if the temperature is
increased from a nominal 600° to anominal 700°. Other data’ obtained in earlier tests corroborate these findings.

If the temperature is increased to a nominal 800° a further reduction in tip life can be expected. Based upon a series
of tests on tips of similar construction if not of similar configuration, this reduction is [fill in blank].

APPENDIX B.

Heat and chemical reactions.
Gibbs Free Enerqy

How temper atures affect chemical equilibria.

The very useful relationship between standard free energy change and equilibrium constant, DG° = -RT In K, applies

at any temperature. The most easily accessible and most reliable values of standard free energies of formation and

other thermodynamic properties of substances are readily available in many standard reference books, and on the

Internet.

Chemists have measured free energies and other thermodynamic properties of a very large number of substances and

reactions under widely varying conditions. Many properties have been studied over a wide range of temperatures.

The followmg genera properties have been found:
The free energies of formation of most substances do change significantly as the temperature
changes. As a consequence, most free energies of reaction and equilibrium constants change significantly
with temperature as well. The effect of temperature is usually large enough that free energies and
equilibrium constants measured or calculated at one temperature should not be used in precise calculations,
which apply to asignificantly higher or lower temperature.
The enthalpies’ of formation of most substances do not change significantly as the temperature
changes. Because enthalpies of formation change much less than do free energies of formation as the
temperature changes, it is often reasonable to estimate values on the basis that the change with temperature
is insignificant. Consequently, the enthalpies of reaction, which are enthalpy differences for chemical
reactions, change much less with temperature than do free energies of reaction. For many if not most
chemical reactions the enthalpy change varies very little with temperature.

3 AVAILABLE UPON REQUEST. (CITE THE EARLIER REPORT AS A REFERENCE.)

* ENTHALPY: ONE OF THOSE MYSTERIES OF THERMODYNAMICS; DEFINED AS 'THE SUM OF THE INTERNAL ENERGY OF A BODY AND THE PRODUCT
OF ITS VOLUME MULTIPLIED BY THE PRESSURE', OR HOW MUCH ENERGY A BODY HAS UNDER GIVEN CONDITIONS. OFTEN CONFUSED WITH
'ENTROPY', WHICH IS QUITE A DIFFERENT BIRD.




The entropies of most substances do not change significantly as the temperature changes. As a
consequence the entropy® of reaction, which is the entropy difference for a reaction, likewise changes
comparatively little with temperature.

All thisreally meansis that chemical reactions are hurried up by increases in temperature - among other things, such
as the concentration of the chemicals involved, their predilection for bresking down or changing into other
chemicals, and the introduction of catalysts into the equation.

° ENTROPY: THE OTHER MYSTERY OF THERMODYNAMICS AND A FAVOURITE SUBJECT OF SCIENCE-FICTION WRITERS OF THE 1950s; DEFINED
BROADLY AND POPULARLY AS THE DEGREE OF DISORDER OR UNCERTAINTY IN A SYSTEM. FOR THOSE OF US FORTUNATE ENOUGH TO HAVE
STUDIED AT THE FEET OF L. M. K. BOELTER, UPON WHOM BE PEACE, 'ENTROPY' IS 'A MEASURE OF THE UNAVAILABLE ENERGY IN A CLOSED
THERMODYNAMIC SYSTEM; ALSO, A MEASURE OF THE SYSTEM'S DISORDER, WHICH IN TURN IS A PROPERTY OF THE SYSTEM'S STATE AND IS
RELATED TO IT IN SO THAT A REVERSIBLE CHANGE IN HEAT IN THE SYSTEM PRODUCES A CHANGE IN THE MEASURE WHICH VARIES DIRECTLY
WITH THE HEAT CHANGE AND INVERSELY WITH THE ABSOLUTE TEMPERATURE AT WHICH THE CHANGE TAKES PLACE'



DR. 1. Q, I HAVE A LADY IN THE BALCONY...
Why do tips wear out so fast?

Tip life is affected by several things. Predominant amongst them are tip temperature, abrasion, and
chemical reaction between the tip, the solder, the flux and the board. We all know that the higher the
temperature, the shorter the tip life will be; we all know that rubbing the tip across a rough surface will
wear away the metal; we all know that a very active and highly acidic flux will devour the tips much faster
than will anice, calm one.

Let us then consider the effects of chemistry as they obtain to intermetallic reactions.

Relative (chemical) activity levels and Brinell hardness values for candidate plating metals.

METAL ACTIVITY HARDNESS
Chromium (Cr) Relatively highest 1120
Iron (Fe) 490
Cadmium (Cd) 203
Cobalt (Co) 700
Nickel (Ni) 700
Tin (Sn) 51
Lead (Pb) 38
Antimony (Sb) 294
Bismuth (Bi) v 94
Copper (Cu) Relatively lowest 87

If you place two of these dissimilar metals together and either wait a while or heat them, or both if you are
so inclined, you will discover, upon analysis, that the less active metal has been invaded by the more active
one. Kind of like international politics, that way.

Tin is higher on the activity scale than copper; therefore tin will begin to replace copper at soldering
temperatures, eating away at the tip; hence it is common practice to plate the tips with a more active metal.
Iron and nickel are higher on the activity scale than tin, so are useful for plating soldering tips'. They will
not be eaten away by the tin; thisis an imperfect world, though, so other things happen to them.

(Note that many HMP solders are rich in tin. If the plating cracks the copper core will go bye-bye, cat-
quick.)

Going down that list of activity:

Chromium is readily available, relatively inexpensive, and easy to handle, besides being rather pretty in a
yellowish sort of way - would be good, too, if it would ‘wet'. However, it is higher on the activity scale than
iron, though not as susceptible to oxidation. To-day chromium is looked upon with disdain by the
environmentalist True Believers because of abad movie... it gets the watermelons” all hot and bothered, as
it is not good for a person when consumed in large quantities.®

Iron is common and cheap; iron wets well; iron is ailmost ideal, except - it reacts readily with oxygen even
at 'room’ temperatures, and more so at soldering temperatures; acids, as one might expect, affect iron more
readily than is desirable (solder fluxes are, in the main, acidic); iron is relatively soft and abrades over time.

' THE EPA SUGGESTS SILVER. THEY WOULD.
> A WATERMELON, LIKE AN ENVIRONMENTAL ACTIVIST, IS GREEN ON THE OUTSIDE AND RED ON THE INSIDE.
® SOME MANUFACTURERS OFFER, OR HAVE OFFERED CHROMIUM-PLATED TIPS. THEY HAVE MET WITH INDIFFERENT SUCCESS.



Cadmium is too soft for plating; pure cadmium can be cut with a knife. Cadmium and its compounds are
highly toxic. Silver solder, which contains cadmium, should be handled with respect.

Cobalt is prettier, and often used as a bluish metal coating, but cobalt is not only expensive, it don't wet
worth a damn, is very brittle hence difficult to form (though quite amenable to electroplating). Besides, we
need all the cobalt we can get to make cobalt bombs with. It costs more than nickel, too.

Nickel we have dealt with - it issimilar to iron in its physical properties, but asit is less active chemically it
is, as | have mentioned three several times, markedly resistant to oxidation and corrosion.

Tin and lead are listed here only to show their relation to other metals as regards chemical activity.

Antimony and bismuth are constituents of many 'lead-free’ solders; less active than tin or lead, they are still
more active than copper; ionic replacement may gill take place at the higher temperatures used with these
solders.

Copper is there. Of course. Copper is soft, and wants protection from abrasion and, to some extent,
chemical reaction when used as a heat-transfer medium in soldering.

The Brinell hardness scale is an approximation based upon awidely accepted standard test. Hardness of the
plating material isimportant because the harder the plating, the less likely it isto abrade rapidly. In general,
it is aso true that the harder the plating material the less wettable it will be, hence the more flux (or more
active flux) required.

Suggestions for further study:

Make up a batch of thirty identical tips. Plate ten with iron, just as they are to-day; plate ten with nickel, of
the same thickness as the iron; plate ten with chromium, again of the same thickness as the iron. Try to
solder with them, and try to wear them out, using HMP solder (pick one) and the regular RMA flux. Repeat
with more highly activated flux, if the fancy-shmancy tips don't work. (But we know nickel works.)

That nasty black goo that forms on the tips when trying to solder at 10,000° K.?

That nasty black goo is partially burned RMA flux. Pineresin contains al kinds of lovely organic
compounds, and organic compounds love to combust when heated. | am not going to enter into a lengthy
discussion of terpenes, aldehydes, or the acids found in pine resin. These acids are what make the flux
work; like most naturally occurring organic acids they are relatively mild in and of themselves. At
soldering temperatures pyrolysis' changes the chemical make-up of the terpenes, aldehydes and acids,
transforming them into the nasty black goo. The goo can be wiped off the tip; its presence should alert the
operator to the fact that he, she or it is using too much flux.

4
A THREE-DOLLAR WORD MEANING IA CHEMICAL CHANGE BROUGHT ABOUT BY HEATI. THE STUFF HASNIT QUITE CAUGHT FIRE, BUT IS
ABOUT TO. PYROLYSIS IS WHAT MAKES A TOUGH ROAST TENDER, IF YOU SIMMER IT LONG ENOUGH IN RED WINE AT 2250 F.



HAKCO

American Hakko Products, Inc.

Hakko and Pb free soldering tips

Starting in May of 2004 all soldering tips and desoldering nozzles manufactured by Hakko Corporation
were tinned with a lead-free (Pb-free) coating. This change was implemented to enable our customers to
meet the growing demand for Pb-free processes. The Pb-free coating is 100% tin (Sn).

Customers that continue to use Pb based solders may use these tips with little to no change in the
process. However, be sure to immediately re-tin these tips with your Sn/Pb solder as soon as they reach
soldering temperatures. The Sn coating will oxidize faster than typical Sn/Pb coatings. By flooding the tip
with solder the operator will prevent oxides from forming on the tinned tip surface. Heavy oxidation will
affect the heat transfer ability of the tip by preventing solder from wetting to the tip. By tinning new tips
with Sn/Pb solder four to five times, wiping the tip on a damp sponge or 599 tip cleaner between solder
applications, the tip will perform the same as tips tinned with Sn/Pb solder. Operators must be sure to
feed solder over the entire tinned surface of the tip.

Customers using Pb-free solders will need to pay particular attention to tip maintenance. The spread
characteristics (wetting) of lead-free solders are very poor in comparison with Sn/Pb solders. Pb-free
solders wet slower that Sn/Pb solders. Poor spreading is characteristic of all Pb-free solders as the
absence of lead reduces the flowability of the solder. This poor spreading occurs not only with respect to
boards and components but also with respect to the soldering iron tip. The melting point of lead-free
solders is 20°C to 45°C (35°F — 70°F) higher than that of conventional Sn/Pb solders. In many
applications this may mean an increase in the soldering tip temperature. Raising the tip temperature
should always be done cautiously. Tips wear out rapidly at high temperatures and the flux is activated
faster than the solder can wet. For more information on Pb-free soldering, please refer to the Hakko web
site at www.hakkousa.com and click the “Lead Free” button on the sidebar tower.

Solder tips are made of copper (Cu) due to its superior thermal conductivity. Since Cu will quickly go into
dissolution with Sn (forming Cu/Sn intermetallic) and it will oxidize/corrode when exposed to high
temperatures, its surface is covered with iron (Fe) plating to extend the life of the tip. Fe will form
intermetallics with Sn but at a slower rate than Cu/Sn. The rate of intermetallic formation becomes faster
at higher tip temperatures and this tendency is particularly marked at temperatures above 400°C (750°F).

Tips soldered with Pb-free solder have higher susceptibility to non-wetting caused by oxidation (see
figure 1). The tip surface will appear black or dark blue and solder will not wet to the surface.

Figure 1
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A tip blackened in this manner has lost its wettability and cannot supply heat to the part being soldered.
Solder held on the tip serves as a heat transfer medium and supplies heat to the part being soldered. If
the tip does not have good wettability, it will only contact the part over a tiny area and will not be able to
transfer heat efficiently.

The wetting problems are caused by:

Carbonized flux and other residues attach onto the plating of the tip.

The plating of the tip is then exposed to air (oxygen) and undergoes high temperature oxidation.
The tin in the solder undergoes high temperature oxidation.

Intermetallic formation between tin and iron begins to consume the tin coating on the tip.

Alloy of tin and iron undergoes high temperature oxidation.

Sometimes these processes take place individually but they often occur in combinations of two or more.
In short, oxidation occurs easily when soldering with lead-free solder because the surface temperature of
the tip is higher and the solder does not contain lead. Lead improves the wetting action of solder.

To improve the life of tips when using Pb-free solder follow these recommendations:

Do not leave the soldering iron on for long periods of time without making solder connections.
Do not set the tip temperature over 400°C (750°F).

Use a flux that has an aggressive activation level and long activation window.

Keep the entire tip surface tinned with a coating of solder when not soldering.

If the tip becomes oxidized or blackened and solder will not wet to the tip, use the Hakko FS-100
Chemical Paste to re-tin the tip. The FS-100 Chemical Paste is Pb-free and is specifically
designed to remove heavy tip oxides without using corrosive chemicals such as zinc chloride.
The FS-100 can be used in conjunction with the FT-700 Tip Polisher to restore solderability to
many dewet tips.

Hakko is continuously striving to create soldering equipment that will meet all the challenges of not just
Pb-free soldering but all soldering applications. Even so, it is unlikely that any soldering iron will eliminate
all the problems associated with lead-free solders. It will be important for workers to thoroughly
understand the properties of the solder alloy to be used before conducting solder operations. If lead-free
solder is used for manual soldering in the same manner as Pb-Sn solder, numerous problems will occur.
Reliable solder joints can be obtained if the properties of lead-free solders are understood, soldering
basics are strictly observed, and good tip maintenance is practiced.
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