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Abstract
Storage and handling practices both have significant effects on the performance of 
solder paste. Since solder paste is functionally limited in usage life, it is critical to 
follow best practices in order for it to maintain its integrity and optimal performance. 
However, it is not uncommon for solder paste to experience longer than typical delivery 
times or delayed placement into refrigeration, thus being exposed to harsher than 
recommended environments. 

It is important to be able to understand how the worst-case scenario for delayed shipping 
affects the performance throughout the shelf life of solder paste. Key results include 
stencil printing analysis of a no-clean, halogen-free, Pb-free solder paste, analyzed 
under two separate conditions: exposure to 30°C or 40°C for two weeks, then stored at 
room temperature and refrigerated conditions up to the typical shelf life of six months. 

Studies have been carried out over the last few years to characterize how solder pastes 
react outside of their recommended shelf life or storage conditions. These studies have 
bolstered industry standard best practices, while also yielding some surprising results. 
This paper will share recommendations to get the most shelf life out of solder paste, 
and highlight some interesting findings from these extensive studies.
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Introduction
Solder paste is a mixture of flux and powder 
made from a specified solder alloy. The 
stability of this mixture depends on how 
it is stored, the temperatures it is exposed 
to during its lifetime, and the composition 
of the flux and alloy. Typically, solder 
pastes have always been labeled with a 
shelf life, similar to how food or milk is 
labeled. This is due to the possibility of 
an interaction between the powder and 
flux. The shelf life is typically limited, as 
changes over time will render the material 

less effective. Best practices[1] for storage 
and handling establish recommendations 
to get the longest life out of a solder paste.

Recently, the definitions of shelf life 
and expectations for the stability of a 
solder paste have been evolving. Now 
it is common for questions to arise 
about storage without refrigeration and 
the effects of long-term exposure to 
temperatures above the typical 25°C or 
30°C. 
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The term “shelf life” is intrinsically 
subjective. Dates on food and milk are 
usually an indication to the grocery store 
as to when inventory must be discarded. 
The dates don’t necessarily coincide with 
when the product is no longer usable, but 
may reflect a “Best By” philosophy to 
ensure the best quality. Solder paste is 
similar in that a “Use By” date is printed 
on the label, but the material will be viable 
in application for some time in excess of 
the printed date. Until recently, the shelf 
life was standard for families of material 
and indicated a time frame in which 
quality testing would be done to ensure 
performance. This did not necessarily 
take into account the amount of time for 
the material’s performance to degrade to 
make it unusable. 

This evolution in the way solder paste 
users think about shelf life has lead 
project managers to look more closely at 
the functional lifetime of solder pastes. 
This has also precipitated more studies 
about how conditions outside of what are 
considered best practices can impact the 
performance of solder pastes.

The results presented here show some 
noteworthy findings from long-term 
projects related to characterizing the 
functional life of solder pastes. Different 
solder pastes had varied stability and 
retention of performance after the 
recommended Use By date. Stencil 
printing performance was determined 
to be a critical factor for using a solder 
paste, and a good indicator of when a 
solder paste starts to see changes that will 
impact performance.

Best Practices for Solder Paste 
handling
When solder paste is shipped, it is 
packaged in cardboard and placed in a 
Styrofoam cooler with cold packs. The 
cooler is then placed in a large cardboard 

box. Solder paste is packaged cold to 
give an extra assurance that it will be 
protected from high temperatures during 
shipping. Typically, delivery is expected 
within three days. During this time it is 
very unlikely that with this packaging 
practice the material would be exposed to 
any extreme temperatures. Upon arrival, 
solder paste may be cool to the touch or at 
room temperature. The packaging protocol 
is only meant to ensure it doesn’t get hot. 
Solder paste should be removed from 
over packaging and put into refrigerated 
storage as soon as possible after delivery. 
Frozen storage is not recommended for 
some solder pastes and is unnecessary for 
preserving its performance.

Typically, solder paste will be used in 
a first-in, first-out inventory rotation 
protocol. This ensures that the material 
is used in a timely manner well within 
the shelf-life recommendation. When a 
container of paste is selected for use, it 
should be labeled with the date it was 
removed from refrigeration. This is the 
perfect time to check the Use By date. 
It also allows an easy check later to 
make sure the container is used within 
the recommended window at room 
temperature, sometimes referred to as pot 
life. Both the recommended shelf life and 
pot life will vary based on solder paste 
type and manufacturer.

Once a container of solder paste has been 
removed from refrigeration, it should not 
be returned to refrigeration. If testing is 
required at a much later date that is longer 
than the recommended pot life, it is best 
to use a new container. For example, 
a jar of solder paste that has reached 
room temperature and been unsealed 
will be exposed to the open air. If the 
air is humid and the closed container is 
returned to refrigeration, there is a chance 
for condensation and addition of water 
into the solder paste. Even worse, an 

open jar or not properly closed lid can 
unintentionally expose the material to the 
environment and introduce dust, particles, 
moisture, etc.

A container of solder paste should reach 
room temperature before opening the seal. 
Opening the cold solder paste in a humid 
environment would also be a worst-case 
for condensation. The best way to bring 
the container up to operating temperature 
is to remove it from refrigeration and wait 
two to three hours before use to make 
sure its temperature has equilibrated 
with the use environment. Sometimes 
it is convenient to take solder paste out 
of storage the night before. For pastes 
with stability at room temperature this 
is a good strategy, although this does not 
work for all solder pastes. A faster way is 
to put the container in a circulating water 
bath controlled at 25°C. The amount of 
time needed to equilibrate will depend 
on the size of the container. It is never 
recommended to heat up containers of 
solder paste using an external heat source 
or by speed mixing. 

It is not often necessary to re-homogenize 
paste prior to use. However, if needed, 
hand stirring with a plastic spatula is 
the best practice. It is not recommended 
to use any type of mechanical mixing 
equipment, as it may damage the paste 
through mechanical or thermal impact. 
Once paste has been transferred to the 
stencil, do not return used paste back 
to the original jar. If used paste will be 
re-used, it is best to store it in a clean jar 
to protect it until the next use. 

During regular use, the solder paste 
should maintain a consistent appearance 
and creaminess. The working life of 
the solder paste is dependent on the 
temperature and relative humidity in 
the manufacturing environment, air 
flow inside the stencil printer, and  
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time of exposure on the stencil. Depending 
on whether the container is sealed, open, 
or closed during storage will also change 
how long the paste is viable. It is best 
to keep a container sealed until just 
before use, and then store any extra in a 
tightly closed container in a controlled 
environment for a short time until the 
material is consumed. 

When solder paste has been exposed to 
excessive heat, changes start to occur 
within the chemistry of the flux, which can 
impact typical features of performance. 
The first signs that should raise concern 
are unusual or excessive flux separation, 
crusty appearance, formation of chunks 
inside the solder paste, elevated viscosity, 
or drop in tackiness. If a container or lot 
of solder paste becomes questionable, it is 
always best to move on to new material, 
as re-qualifying paste is subjective and 
will not erase the possibility of decreased 
performance from the questionable paste. 

It has been observed that differences in 
stencil printing are an early indicator of 
changes in the solder paste. If a solder 
paste can be homogenized and shows 
good stencil printing performance, it 
typically follows that other aspects of 
performance will not be impacted. Stencil 

printing is often seen as being the most 
critical process because all other aspects 
of solder paste performance have little 
importance if there is not enough solder 
paste deposited. 

Experimental Design
This study was conducted on a large lot of 
solder paste packaged in jars. The solder 
paste chosen was halogen-free SAC305 
solder paste with a flux classification of 
ROL0, which has been used in the industry 
for years in a variety of applications. The 
process window listed on the product data 
sheet states that the shelf life is six months 
when stored at <10°C; the solder paste 
stencil life is greater than eight hours at 
30-60%RH and 22-28°C. Through years 
of using this material, it was clear that the 
listed process window was much smaller 
than the observed functional life of this 
solder paste.

Since the goal was to simulate worst-case 
shipping conditions, the jars were packaged 
as they would typically be before shipping, 
as seen in Figure 1. Thermocouples were 
attached inside the packaging to monitor 
the temperatures experienced by the jars. 
The entire boxes were then placed in static 
ovens, and exposed to 30°C and 40°C for 

two full weeks. This far exceeds the typical 
time for shipping, but was realistically 
extreme. 

Graphs of the temperatures recorded inside 
the packaging can be found in Figures 2A 
and 2B. The packaging was successful in 
delaying the solder paste from reaching 
the elevated temperature for more than 
three days. This result aligns with the 
best practice to ship overnight or choose 
a shipping method that will deliver paste 
within three days.
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A.

Figure 1. Solder paste jars packaged with 
thermocouple for simulated worst-case shipping 
exposure in static ovens.

B.

Figure 2. Temperatures logged by thermocouples included in the solder paste packaging during exposure to elevated temperatures in static ovens: 
(A) 30°C oven, (B) 40°C oven.
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The jars of solder paste were tested 
without aging, following two weeks of 
exposure to elevated temperatures. The 
jars were then stored in the refrigerator 
and tested after two months, and at the 
end of the typical shelf life of six months. 
Some exposed jars were also left at room 
temperature in an office environment in 
an attempt to push this testing to failure. 
This type of storage is not recommended 
in best practices. A new sealed jar was 
opened for each test.

At the time of testing, the test jar was 
removed from refrigeration the night 
before to allow the paste to equilibrate to 
room temperature slowly. When the jar 
was opened, the appearance was recorded 
with a photo. The paste was then gently 
stirred with a rounded plastic spatula to 
re-homogenize any separation and start 
to shear the solder paste to ease transfer 
onto the stencil.

Stencil printing tests were conducted 
on an industry standard stencil printer 
and the paste deposition was measured 
with industry standard SPI equipment. 
An ideal laser-cut 4mil (100µm)-thick 
stainless steel stencil with nano-coating 
was used with a test pattern design with 
print-to-fail patterns and sections for 
standard reflow, wetting, and spreading 
tests. The data square apertures are shown 

in this paper for both solder-mask defined 
(SMD) and copper-defined (NSMD) pads. 
Print results will be presented as transfer 
efficiency or volume % based on the 
programmed aperture size.

The stencil printing test is conducted over 
12+ hours to simulate a full production 
day. One bead of paste is placed on the 
stencil and not replenished through the 
procedure. In total, approximately 100 
boards are printed and analyzed. The 
procedure starts with printing at different 
speeds with minimal pressure to achieve 
a clean squeegee swipe on top of the 
stencil. The difference in a solder paste’s 
viscosity will be mirrored as an increase 
in squeegee pressure. Print speeds of 50, 
100, and 150mm/s represent where this 
solder paste is expected to perform well. 
The rest of the procedure is conducted 
at 100mm/s without changing the 
optimized pressure. At first, six boards 
are printed every half hour. Before each 
pause, an under-stencil wipe is activated 
using a dry cycle with advancing paper, 
followed by a vacuum-assisted wipe cycle 
with advancing paper (dry-vac). The last 
half-hour pause is conducted without a 
stencil wipe, creating a more challenging 
condition. After each worst-case pause, 
two sets of six boards are printed to see if 
there is any variation in the deposition on 
the first board of each set. The second half 

of the procedure includes an hour pause 
including a dry-vac wipe, an hour pause 
without a wipe, and a two-hour pause with 
dry-vac wipe. The paste is then left on 
the stencil, closed in the stencil printer 
overnight. In the morning, two more 
sets of boards are printed to see how fast 
the solder paste recovers to steady state 
printing. Another half-hour pause tests 
whether the response to short pauses is 
compromised. This procedure is very 
challenging for solder pastes to survive. 
The long pauses and multiple recoveries 
test material consistency and the stability 
of paste exposed on the stencil.

Additional background testing included 
standard J-STD-005 quality tests, such as 
viscosity, solder ball, and copper wetting. 
The results of these tests were consistently 
passing and will not be reviewed in this 
paper, as the focus will be on changes in 
stencil printing performance.

Results and Discussion
The first thing an operator will notice 
when opening a jar of solder paste is the 
appearance and level of separation. The 
jars chosen for packaging in this study 
will often show some separation upon 
opening. Alternative packaging styles 
can limit how visible or apparent the 
separation is; jars allow the best chance 
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Figure 3. Pictures of solder paste exposed to 40°C for two weeks.
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to characterize changes in appearance. 
Figure 3 shows a jar of solder paste exposed 
to 40°C. There is a pool of separated 
flux, which is amber in color. This color 
is typical for the studied solder paste, 
although other solder pastes may vary in 
flux color. This level of flux separation is 
definitely more than would be expected 
from solder paste shipped and stored in 
recommended conditions. What is most 
important to note is that the texture on 
the top is typical based on the method for 
filling the jars upon manufacture. There 
is no crusting on the surface or around the 
edges of the jar. As the paste is stirred, no 
chunks or dry spots are observed. Once 
the paste has been stirred for a short time, 
the viscosity is consistent and the paste 
appears creamy and smooth. As solder 
paste ages, the amount of separation 
increases and it becomes more difficult to 
stir and return to the creamy homogenous 
state. Any appearance of crusty particles 
is a warning sign that the paste has begun 
to change due to exposure to an unusual 
condition. 

The first part of the eight-hour test is 
pressure optimization at different print 
speeds. In Figure 4, results are very 
consistent for all print speeds and all 
ages. For each set of six boards at the 

three tested print speeds, this graphic 
displays the transfer efficiency, or volume 
percent, for all the small square apertures 
(from 9-12mils) in the range down to 0.56 
area ratio as listed in Table 1. The data 
is broken up into solder-mask defined 
(SMD) and copper-defined (NSMD) pads. 
The volume transferred is consistent for 
all storage conditions, showing standard 
deviations much less than 10%. This 
result is remarkable because it means that 
initial printing, regardless of speed, can be 
consistent even across all of these possible 
storage conditions for this solder paste.

No other tested solder pastes have 
achieved this level of consistency. This 
does not mean, however, that there are no 
differences in the pastes subjected to the 
extreme conditions. When we look at the 
results closer to the end of the procedure, 
or apertures that are smaller than the 
industry acceptable range, this is where 
we start to see differences occur. Figure 
5 shows the results for the longest pauses. 
In this case, each variability chart shows 
a different aperture size (8mil squares 
vs. 9mil squares), with each scatter 
plot showing the results from a set of 
six boards. The initial testing for 9mil 
apertures shows no insufficients when 
the paste is fresh. The testing on samples 

exposed to elevated temperatures shows 
a higher incidence of insufficients. This 
indicates that the paste is not releasing 
as well on the first prints after a long 
pause. The recovery sets show a return to 
consistent printing, but response-to-pause 
performance is somewhat compromised.

The performance impact of the aging 
conditions are even more apparent looking 
at 8mil squares, because this size is at the 
very edge of the process window. The 
decrease in performance at the end of 
the procedure may also be attributed to 
a shortened stencil life. It is difficult to 
discern whether the difficult condition is 
how long the pauses are or how long the 
paste has been on the stencil.

Solder pastes that are not as stable as this 
will show rising viscosity trends and will 
require higher pressures to print. This 
will also result in a higher incidence of 
insufficient solder deposits. Generally, 
any performance changes can be seen first 
on the most challenging aperture styles. 
Aperture sizes with area ratios higher 
than 0.6 rarely show insufficients. In cases 
that the printing was so compromised, 
the paste had a crusty appearance and 
was prone to hanging up on the squeegee 
blade. 
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Table 1. Area ratio chart for reference.
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Figure 4. Volume % variability chart showing consistent deposition for aperture sizes down to 0.56 area ratio at initial and six months aging 
conditions after elevated temperature exposure.
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Figure 5. Volume % variability chart 
showing variation in performance on very 
challenging 8mil and 9mil square apertures 
for solder pastes after exposure to  
elevated temperatures and at the  
end of refrigerated shelf life. 

Conclusion

The results shown for this halogen-
free SAC305 solder paste are 
outstanding. By no means does 
this data represent standard or 
expected solder paste performance. 
It is interesting that with careful 
handling, even after exposure to 
40°C and six months of refrigerated 
storage, a solder paste may be 
capable of typical SMT processing. 
These results were remarkable within 
a series of projects focused on testing 
the functional lifetime of solder 
paste. This topic was inspired by 
the evolving industry interpretation 
of shelf life, but these results do not 
necessarily encourage any deviation 
from known best practices. 

In the discussion of extended shelf/
stencil lives, the question arises, why 
encourage anything less than known 
best practices? There is rarely a true 
benefit to changing best practices in 
material handling.

The results of testing solder paste 
aged beyond the shelf life help 
inform what to look for to see the 
first signs of material deterioration. 
In the case of extraordinarily good 
results, it is not a call to compromise 
on best practices, rather a confidence 
level that when shipping or handling 
procedures go wrong, the SMT 
process may not be impacted. 
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The most important thing is to understand 
the recommended shelf and stencil life 
for the material you use, as well as best 
practices, then implement procedures to 
operate within this window and avoid 
any variation. In the case that a more 
stable material fills all of the necessary 
functions, this increased stability should 
only increase confidence that results with 
this material will be consistent. 
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