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1 Summary 

We successfully identified an effective anti-caking agent that will allow our microcapsules to 
be air dried without causing adhesion problems in the primer. We also identified new 
requirements for producing microcapsules with good shelf life (> 6 months) in the absence of a 
protective metal shell 

2 Project Goals and Objectives 

APL is ramping up activity to meet our first set project milestones in five months. The first 
set of milestones is to choose the best performing silane additive, the optimum silane 
concentration, and the optimum microcapsule/zinc powder ratio in the primer. We have ramped 
up our activity at APL and are currently waiting to have our subgrant in place with PPG. 

3 Key Accomplishments 

3.1 Anti-Caking Agent 

Last month we discovered that nonionic surfactants could prevent irreversible caking of 
microcapsules during filtration, but that the leftover residue caused adhesion problems. The 
adhesion effects were not large when the microcapsules were used at small loading (<10%), but 
the potential for long-term water-assisted delamination was enough to raise alarm. 

Turning to the food industry, a common anti-caking agent is silica powder. Also used to 
improve polymer strength and durability, silica would actually enhance the mechanical 
properties of the primer, and it would not be expected to affect adhesion. Numerous experiments 
have shown that silica powder not only prevents the powders from caking when they air dry, but 
it also generally improves filtration. 

3.2 Reaction Rate and Curing Time 

Since making the move to include zinc powder for galvanic protection, the need for the Ni:Zn 
microcapsule shell has come into question. Eliminating the Ni:Zn shell greatly reduces the cost 
and complexity of producing the microcapsules. However, the metal shell still provided two 
important functions: (1) improved mechanical durability and (2) a hermetic seal for better shelf 
life. 

These two functions must be addressed in order to successfully transition to an all polymer 
shell. Such a transition would likely require a thicker shell, a shell with improved mechanical 
properties, or possibly a composite shell including some form of filler. Last month's 
experiments showed that some formulation changes were able to improve the speed of the 
reaction, but not without generally compromising the mechanical strength of the shells. Heating 
the existing recipe at 35°C for two hours provided the best balance of speed and performance. 
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.* 

Continued experiments have reinforced the prevailing view that the existing microcapsule 
recipe is difficult to improve upon. Recipes with faster reaction rates resulted in microcapsules 
that were not even suitable for vacuum filtration. Some small changes have provided clear 
benefits, however. For higher concentrations of octadecyltrimethoxy silane, polyphenylene 
isocyanate must be replaced with poly(hexamethylenediisocyanate) to improve solubility. One 
or the other must be included with isophorone diisocyanate to form tougher polymer shells. 
Silica nanopowder has also been added to improve filtration. We are currently investigating 
whether this material also incorporates into the polymer shell to create a harder material with 
improved barrier properties. 
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Table I: List of experiments tried to improve the reaction speed for microcapsule formation. 

Given that we do not expect great improvements in reaction speed, we next set out to 
determine the minimum reaction time for obtaining microcapsules that can survive filtration. 
Figure 1 shows that the minimum time is approximately 5 days. The sample on the left is a 
dense cake cured for 2 days, and the sample on the right is from the same batch but allowed to 
cure for 6 days. Note how the 6-day batch is already breaking up before any agitation. The 2- 
day batch is typical for weaker microcapsules, which rupture solely under the pressure of 
filtration. From past experience, microcapsules that survive filtration also survive spray 
painting. 
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Figure 1: Comparison of microcapsules filtered from the same batch after 2 days (left) and 6 
days of curing (right). Note how the 6-Day sample scatters much more light, 
indicative of internal porosity between the dry microcapsules, and has already begun 
 to break up into a loose powder without any external agitation.  

3.3 Shelf Life without Metal Shell 

Since the hermetic seal was one of the primary functions of the metal shell, it will be 
important to assess the impact of removing the shell on shelf life. To this end, we investigated 
polymer microcapsules using thermogravimetric analysis (TGA). We compared two samples 
made in July and August of last year with a newer sample made in December (Figure 2). The 
two older samples had 35% solids and 47% solids, respectively. The latter microcapsule had 
been heat treated to 40°C, which caused unwanted internal polymerization. This internal 
polymerization (free floating polymer) means that not all of the 47% polymer can be attributed to 
the outer shell. The August microcapsule was synthesized at room temperature and is more 
representative of the high performing microcapsules. 

The newer sample from December was also synthesized at room temperature. It also 
contained 35% polymer. 35% polymer appears to be the minimum requirement for generating 
strong microcapsules that survive filtration. Note that 35% is higher than the previously 
recommended 20% that was used when plating with metal. The added bulk appears to be 
necessary for filtration, and it probably assists in shelf life. Although we have no data from the 
August batch when it was originally made, it is encouraging that it retained the same liquid 
fraction as the newer batch from December. 
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Figure 2: Thermogravimetric analysis of polymer microcapsules synthesized in July (red), 
August (blue), and December (green).  The higher solids content for the July sample 
is attributable to the elevated temperature at which it was originally synthesized.  The 
35% solids from the other two samples is more indicative of the polymer shell 
thickness needed to form durable microcapsules with good shelf life in the absence of 
a metal shell. 

4   Next Steps 

4.1   Performance Optimization 

The recent improvements in microcapsule processing will be meaningless unless they are 
matched by equally large improvements in corrosion protection. APL will therefore shift its 
strategy to focus solely on optimizing the corrosion protection of the primer through its self- 
healing capability. 

We will apply the lessons from the last two months to our new processing protocol, and it will 
remain fixed. We are currently synthesizing microcapsules with different combinations of silane 
and silane concentration to be used in test panels for corrosion testing next month. 
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