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The objective for this bachelor’s thesis was to study and develop a process where an 
electronic measurement device is potted with silicone-based potting compound. Potting is a 
process where electronic assembly is embedded in resinous encapsulant. Potting is 
generally used to achieve protection against environmental wear and tear.  
 
The thesis project started by getting familiar with the process used and the problems it had. 
The next step was identifying the necessary steps for the successful process and 
researching related literature. It was suspected that outgassing phenomenon may have 
caused uncontrolled problems in the potting, therefore it was taken under consideration. The 
outgassing was studied using literature sources. 
 
Experiments were done with different prototype devices and varying potting methods. The 
main focus was on the curing process where the encapsulant is hardened permanently. 
Curing is done by heat, and the effect of heat distribution on the final result was investigated. 
The end result was that the heat distribution had no significant effect on either silicone 
swelling or mechanical stresses.  
 
Outgassing was studied experimentally with two different methods. Different commercial 
silicone potting compounds were used in the tests. A quantitative study was done with the 
total amount of gas released in the  curing process. The test was adapted from the ASTM 
E595 standard, and it was modified to meet needs for this project. These experiments 
showed that gas formation continues after curing. A qualitative study was made with the gas 
chromatography-mass spectrometry equipment. Results revealed variation in the 
outgassing compositions of different silicone products. Applying this information to practice 
needs more research. 
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Tämän insinöörityön tavoitteena oli tutkia ja kehittää prosessia, jossa elektronisen 
mittalaitteen komponentit suojataan silikonipohjaiseen valumassaan. Valamisprosessissa 
elektroninen kokoonpano upotetaan hartsimaiseen materiaaliin. Tekniikkaa käytetään 
useimmiten suojaamaan laitteita ympäristön aiheuttamaa kulumista vastaan. 
 
Työ alkoi tutustumalla käytössä olleeseen massausprosessiin ja siinä havaittuihin 
ongelmiin. Seuraavaksi tutkittiin aiheeseen liittyvää kirjallisuutta ja selvitettiin tarpeelliset 
vaiheet onnistuneen lopputuloksen aikaansaamiseksi. Kaasumaisten sivutuotteiden 
epäiltiin aiheuttavan ongelmia prosessissa, joten niiden tutkimista pidettiin tärkeänä. Tietoa 
tästä ilmiöstä haettiin kirjallisista lähteistä. 
 
Kokeellinen osuus tehtiin käyttämällä erilaisia prototyyppilaitteita, jotka täytettiin massalla 
ja kovetettiin eri menetelmiä käyttäen. Päätavoitteena keskityttiin prosessin osaan, jossa 
valumateriaali kovetetaan. Kovettaminen tehdään lämmön avulla ja kokeissa tarkasteltiin 
erityisesti lämmön jakautumista kovettamisen aikana. Lopputulos oli että 
lämmönjakautumisella ei ole merkittävää vaikutusta silikonin paisumiseen eikä mekaanisiin 
jännityksiin. 
 
Kaasujen muodostumista tutkittiin kokeellisesti kahdella erilaisella menetelmällä. Kokeissa 
materiaalina käytettiin erilaisia kaupallisia elektroniikan valusilikoneja. Määrällistä 
tutkimusta tehtiin tarkastelemalla silikoninäytteistä muodostuvan kaasun kokonaismäärää. 
Koejärjestely tehtiin mukailemalla ASTM E595 –standardissa olevaa koejärjestelyä 
projektin tarpeiden mukaisesti. Näistä kokeista opittiin, että kaasun muodostuminen jatkuu 
vielä valmistajan ohjeiden mukaisen kovettamisen jälkeenkin. Laadullista tutkimusta tehtiin 
käyttämällä kaasukromatografi-massaspektrometri-laitteistoa. Tuloksista nähtiin eri 
valmistajien valusilikonien kaasumaisten sivutuotteiden poikkeavan toisistaan. Tulosten 
hyödyntäminen käytännössä vaatisi vielä lisää tutkimista.  
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1 Introduction 

This thesis was made at Vaisala’s R&D department for industrial measurements. Vaisala 

is a Finnish listed company whose business area is measuring instruments and systems 

for environmental measurements and related services. Vaisala was established in 1936 

by Finnish professor Vilho Väisälä. The First product was radiosonde designed to 

measure humidity and temperature when rising up into the atmosphere, and sending 

received data back to the ground via a radio transmitter. Since then, the number of 

measuring devices and technologies has increased significantly, and the industry has 

expanded from weather measurement to a variety of industrial measurement devices. 

Today’s Vaisala is a global company whose products are valued for their quality and 

reliability. [1] 

The goal for this thesis was to study and develop a potting process for electronic 

measurement devices. Potting is a technique to protect electric device from 

environmental damage. The work related to a design of a prototype measurement device 

and the material option suitable for production. One potting compound was available in 

the beginning, and later testing was done with other possible material options. The 

purpose for the testing was to determine steps for an appropriate manufacturing process 

and to ensure the suitability in desired applications.  

The experimental part of this thesis was testing the potting compound behavior in 

prototype devices and trying to identify potential problems related to the material or the 

manufacturing process. Gas formed from the potting compound in curing process, was 

analyzed quantitatively and qualitatively.   

The theory basis for the studies formed from potting compound manufacturers guides 

and datasheets, material science and electronic device design books, scientific research 

related to outgassing and process equipment manufacturer’s guides. General 

information was available abundantly. More detailed information on the composition of 

the compounds was more difficult to find probably due to the commercial interest of the 

potting compound manufacturers. A large amount of scientific research for outgassing is 

done for material studies on space-related applications, which offered knowledge about 

the outgassing phenomenon. The theory helped to perceive factors to consider while 
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planning the process even though the previous studies were usually made in different 

conditions than Vaisala’s impersonal requirements.  

2 Potting 

2.1 Process definition  

Potting is a method used for protecting electronic components and devices. It can also 

be used, for example, to meet the requirements of IP markings or ATEX certifications. In 

the book Encyclopedic Dictionary of Polymers, the term potting is defined as “The 

process of encasing an article or assembly in a resinous mass, performed by placing the 

articles in a container that serves as a disposable mold, pouring a liquid resin into the 

mold to completely submerge the article, then curing the resin. The container remains 

attached to the potted article. Casting is a similar encapsulation method with the 

exception that container is removed after a potting material is cured.” [2] 

Potting and encapsulating are sometimes used synonymously, but technically, there is 

similar difference as in potting and casting. In encapsulation, the electronic parts are 

covered with resin without molds or casing. [3] In potting, the resin is dispensed into the 

devices casing as shown in Figure 1.  
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Figure 1. Dispensing the potting compound directly into the casing.[4] 

2.2 Material selection for electronics potting 

Understanding the material properties is one of the fundamentals in the engineering 

design process. Material choices directly affect the performance of the device. Often 

interest is focused for a specific property of a material, but it is critical to consider the 

overall properties of the used materials. In addition to technical specifications, usability 

and functionality should be studied in order to ensure the manufacturability of the 

designed product. [5] 

The most relevant qualities to consider are mechanical properties, wear and corrosion 

resistance, manufacturing abilities and cost of the material. Besides the listed properties, 

there are several application-specific features that can be addressed through material 

choices. Once selected material requires testing to ensure that the product performs as 

it is designed. New materials are constantly being developed, and what is best for today 

may not be the best in the future. [6] 

2.3 Electronics packaging 

As defined above in chapter 2.1, potting is a packaging technique used on electronic 

assemblies in the electronics manufacturing industry. Since the variety of applications 

where potting can be used is wide, the number of potting compounds with different 

properties has grown large, and new products are constantly developed. One device can 

have many levels of an electronics packaging from a silicon chip package to a full circuit 

board casing. Potting is suitable method for encapsulating electronic components like 

sensors, connectors, multi-chip modules or other large electronic assemblies [7, p. 36, 

151]. Potting offers heavy protection for electronics, and it is considerable option when 

application requires sealing or reliable protection against moisture, vibration or dust [8]. 

Continuous development and competition in consumer electronics drives towards to a 

smaller design where cheaper, environmentally friendlier and more efficient materials 

provide an advantage. 
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The potting process involves several different steps depending on the potting compound 

used. The most common steps are dispensing and curing, but some encapsulates could 

require extra steps like mixing or degassing. Two-part encapsulants require mixing by 

either weight or volume. The curing conditions are determined by the potting compound 

chemistry. The process details vary depending on the potting compound technology 

used. [7, p. 151-153] In this case, the most of the potting compounds required heat to 

cure, therefore process equipment has to include process oven.  

For certain applications, electronic devices must meet requirements of which could come 

from standards or directives, but it is also possible that there are some specific customer 

needs or internal requirements. Possible requirements could be, for example to protect 

electronics from an external interference or to protect the operating environment from a 

potential hazard caused by the device. [9] To achieve the necessary protection, there 

are several different techniques but, in this study, the main interest was the potting 

process with silicone-based material.  

Other essential functions for potting compounds, in addition to a mechanical protection, 

are mechanical attaching, electrical connectivity, heat and stress management. Material 

manufactures provide a variety of products formulated to meet certain application-

specific requirements. [10]  

2.4 Potting compounds 

Earliest potting materials were waxes used in capacitors and bitumen used in coils [9]. 

Today adhesives used as a potting compound are mostly organic synthetic polymers 

with exception of silicones which backbone consist of silica and oxygen atoms; therefore 

it is classified as a semi-organic.   

In principle, all potting compounds can be considered as adhesives. Adhesives can be 

categorized in many ways. Licari and Swanson (2011) use different classifications based 

on the physical form of the adhesives used for electronic applications, the polymer type, 

the molecular structure, the formulation, the curing method, the function or the intended 

use. Potting compounds are also often classified according to the type of the polymer. 

Silicones, epoxies and polyurethanes are the major polymer types in commercial potting 
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compounds. Some of the features are related to the polymer type, but often compound 

properties are customized with additives. [7, p.9-10] 

The method for choosing the right potting compound starts usually by identifying the 

required level of protection. The intended operating environment dictates the required 

properties. Typical properties are for example ability to absorb mechanical shocks, to 

withstand rapid temperature changes and to protect against moisture and chemicals. 

[11] 

3 Silicones as potting materials 

3.1 Terms 

IUPACs Gold Book defines the term silicones as a “polymeric or oligomericsiloxanes, 

usually considered unbranched, of general formula [–OSiR2–]n (R ≠ H)”. [12] 

The name silicone refers to the element silicon, which was firstly discovered in pure and 

amorphous form by Swedish chemist Jöns Jacob Berzelius in 1823. [13] The term 

silicone was created by F.S. Kipping, who was an English chemist and a pioneer in the 

field of silicon polymers. Kipping derived the term from ketone nomenclature and it has 

remained in use although it is not in line with the modern nomenclature practice. Official 

name formed according to the IUPAC rules is a polysiloxanes. [14] 

3.2 History and applications 

Today the term silicone is a commonly used name for a wide category of a silicon-based 

commercial adhesive products used in many industries, for example, in building 

construction, electronics manufacturing and pharmaceutical industry. For a long time, 

the major interest was merely scientific until 1940s when the first products came 

available. For silicone product development and manufacturing, two companies, a glass 

company Corning Glass and Dow Chemicals formed a joint venture called Dow Corning 

in 1942. [15] 
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The first silicone product was developed in 1940s by a group led by James Franklin 

Hyde. It was called Dow Corning 4, and it was silicone electrical insulation compound 

made for the automotive, aerospace and maritime industries. [15] 

In 1950s use of silicone product inventions began to become more common in many 

areas. First consumer product was eyeglass cleaning tissues. Hydrophobic properties of 

silicones led to wide use in waterproofing treatments for textiles and leather. First silicone 

adhesive was published as well as hand lotion containing silicones.[15] 

Research in Dow Corning towards the silicon technology lead also to the birth of a 

subsidiary called Hemlock Semiconductor Corporation in 1961. Hemlock produced pure 

polycrystalline silicon for computer chip industry. [15]  

Today silicone products are available in practically every industry. Optoelectronics and 

medical implants are perhaps the state-of-the-art technologies in silicone technologies. 

3.3 Chemistry of silicones 

As the name silicone suggests, the principal element of silicones is a chemical element 

silicon. Chemical symbol for silicon is Si, and in the periodic table it is in the 14th group. 

Other elements in this group are carbon, germanium, tin, lead, flerovium. Due to the 

similar properties with metals and nonmetals, silicone is typically classified as a 

metalloid.  

Silicon is an ordinary element on the Earth. In the Earth's crust, the most common 

element is oxygen and the second most common element is silicon [16]. In the nature, 
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silicon occurs rarely in a pure form, and it is typically found as silicon dioxide like quartz 

or some other silicate mineral. [17] 

The term silicone is an established name for the synthetic polymer whose backbone 

consists of alternating oxygen and silicon atoms. Although the backbone itself is 

inorganic, the branches attached to the silicon atoms are usually organic.  The most 

typical organic group in silicones is methyl, which holds one carbon and three hydrogen 

atoms. Chemistry of silicones is sometimes referred as organosilicon chemistry, since 

the bonds between silicon and carbon atoms. Silicone polymers general structure is 

shown in Figure 2. [17]   

In silicone manufacturing, essential substances are called silanes. Silanes are silicon 

hydrides which are produced in a process called Müller-Rochow synthesis. Silanes are 

highly volatile compounds due to their low molecular mass. [17] The simplest of the 

silanes is called the silane, which has one silicon atom and four hydrogen atoms.  

The characteristics of the silicones are due to the chemical bonds. Energy in silicone-

oxygen bond is higher than in the bond of silicone and carbon. This results as resistance 

against external influences like heat and corrosion. Many features in silicone products 

can also be varied by adjusting the formulation. [17]  

3.4 Material properties 

Many silicone potting products have usually very similar characteristics. Typically, 

properties are high temperature range and good chemical resistivity. Some properties, 

for example thermal conductivity or color, can be enhanced with additives. The following 

list describes the features to consider for the successful potting process and the final 

product.  

Figure 2 Generic structure for a silicone polymer [18] 
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3.4.1 Thermal conductivity 

Clear silicones typically have thermal conductivity of 0.2 W/mK. Commercial products 

with increased thermal conductivity are widely available. 

3.4.2 Special Gravity 

Special gravity is a dimensionless number to describe the material density in a relation 

to water density. Usually provided instead of density. 

3.4.3 Storing temperature / Shell life 

Some materials have short shell lives and long delivery times. This could cause 

manufacturing issues, and it is worth considering this as early as possible in the 

designing phase. Typically, shell lives vary between 6 to 12 months.  

Some silicone compounds can require storing in a specific storage condition. One tested 

material required storing below 15°C.  

3.4.4 Hardness 

Shore A hardness is a commonly used quality for vulcanized rubber materials. The 

material’s elastic modulus is the key factor which determines the hardness. Testing is 

quite simple and fast; it could be done with a handheld device called durometer. [19, p. 

165-166] Hardness of the vulcanized silicone is usually reported by the manufacturer. In 

potting, too soft material could tear easily, and too hard material could weaken the ability 

to absorb mechanical shocks.  

3.4.5 Curing type 

Commercial PDMS potting compounds have generally two different curing types: 

Addition cure and condensation cure. Silicones with condensation cure use tin as a 

catalyst; in addition, cure platinum is used as a catalyst. Silicones with different curing 

types are not compatible. [20] Addition-cured silicones are more sensitive to 
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contaminants, and the curing could be inhibited by amines or organosulfur compounds, 

for example [18]. 

 

3.4.6 Viscosity 

Viscosity affects to the usability of the potting compound. Low viscose material fills easily 

even the smallest voids, and it is generally simple to dispense with either by pouring or 

with a dispensing machine. 

 

4 Outgassing  

Oxford dictionary defines outgassing as “Release or give off (a substance) as a gas or 

vapor.” [21] This gas could be originated from solid or liquid material or it could be 

absorbed to the surface of examined material from the ambient atmosphere. When the 

gas is released in a vacuum condition, it is often called outgassing while the gas released 

in the normal atmospheric pressure is called off-gassing.  

4.1 Research and applications 

From the engineering point of view, the first applications where material outgassing was 

studied, was the manufacturing of a vacuum tubes and lightbulbs. Later when the aircraft 

and the space exploration developed, the urge to understand this phenomenon 

increased. Today interest in materials property to release volatile compounds has been 

extended to many engineering fields like example in building construction and in HVAC.  

Scientific articles about outgassing start to appear in the end of the 1950s and in 1960s. 

Interest in the space traveling seems to be the probable cause for increased studies, 

since NASA, and its collaborating companies were publishing many outgassing related 

papers. This is important since the spacecrafts are often filled with expensive and 
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sensitive technology which could be compromised with unexpected gas formation in 

these systems.  

One example of the real-world issue caused by outgassing was from the Cassini space-

research mission. The space probe had a narrow-angle camera imaging system, which 

started to send hazy images during the mission. It was suspected that the outgassing 

from the probe contaminated the image sensor. The fault was eventually corrected by 

analyzing the image data and using various decontamination heating cycles [3;22]. 

Today interest towards outgassing is not restricted to space technologies, but it has 

spread to other high-end industries as well.  

Increased accuracy of the measuring technologies has made it possible to analyze gas 

traces in many environments where concentrations have been undetectable. This has 

increased the properties required from the materials. Understanding the possible 

outgassing sources in systems, often helps to understand, for example, the defect 

mechanisms and the need for maintenance throughout the life cycle of the designed 

devices. Outgassing properties during the product life cycle are one of the critical 

features that should be considered in order to make safe and stable equipment.   

For the purpose of this thesis, the study of the outgas is made to an effort to gather 

knowledge of potting and specifically the outgassing that occurs when silicone-based 

materials are used. Sensitive optical measurement devices could be affected from the 

compounds or the pressure build-up caused by the outgas.  

4.2 Mechanisms 

From the physical aspect, the outgassing can be considered as a gas adsorption and 

desorption, as a diffusion or permeation of gases or as a vaporization. In addition, also 

other material properties like condensation and the solubility of gases should be noted 

while studying the possible effects of outgassing. [23, p. 99] 

Material properties which have direct effect to compound ability to form outgas, i.e. to 

have compounds that are highly volatile, are boiling point and vapor pressure. 
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Substances with low boiling point or high vapor pressure are potential sources of excess 

gases. High temperature or low pressure accelerates the outgassing rate.  

Source of outgas can be indirect since all gases permeate all polymers [23]. On the basis 

of this information, seems possible that sensitive system can absorb gases from 

atmosphere which are later released as outgas.  

4.3 Measurement 

Methods for determining the outgassing varies in many different studies, and the systems 

used in tests are done under varying conditions, which makes it difficult to apply the 

results directly into practice. Standard method by ASTM E-595 is developed for 

measuring outgassing in vacuum conditions for specific materials. There are two tests in 

the standard, one test measures for total mass loss, and second test is for measuring 

collected volatile condensable materials of the sample. [24] The standard was used as 

guide while total mass loss experiments were designed. 

When designing systems to work in different environments, it is important to consider 

outgassing properties of different materials. High temperature or low-pressure conditions 

usually accelerate outgassing rates. Some techniques could be applied to reduce 

outgassing to minimize adverse effects. 

5 Experiments 

The purpose of these experiments was to determine the effects of the curing setup on a 

successful potting. The secondary aim was to find usable methods to study the 

outgassing from the potting compound qualitatively and quantitatively. 
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5.1 Curing tests 

First experiments were conducted to get better understanding of the curing process of 

the PDMS potting compound. Visual inspection of the cured prototype device indicated 

possible effects of uncontrolled swelling and, for example, bending of mechanical parts, 

which were thought to be caused by outgassing. The curing method seemed to be the 

major factor in manufacturing process, thus it was decided to be the first subject to study. 

These experiments were performed using prototype parts of an existing product, one 

available potting compound, curing oven, jigs to support the manufactured device, 

thermocouples and DAQ. Guidelines for the potting process were obtained from the 

potting compound manufacturer’s technical data sheets.  

Figure 3. One of the first curing setup tests. Device under test withholds a 
thermocouple, and temperature is monitored with the digital multimeter. 
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The purpose for these experiments was to test how different setups affect the heating 

rate and the heat distribution. Setup was varied with different type of jigs and insulators 

to control the distribution of heat. At first, the experimenting with curing times and 

temperatures was made with a dummy device that had one K-type thermocouple inside 

the potting, and later another device was created with four K-type thermocouples added 

to the structure. Three of these thermocouples were placed inside the potting compound 

on the top of the circuit board, and one thermocouple was placed in the circuit board that 

comes out of the potting compound. When the potting compound was cured, the whole 

apparatus was placed in the process oven, and thermocouple cables were carried 

outside the oven. The setup is shown in Figure 3. This made it possible to measure 

without having to open the door.  

  

Figure 4. Simplified view of the device structure, and the locations of the temperature 
sensors. 

Temperature data was acquired from the first potting while the potting compound was 

cured. The potted device was then heated again, with the same temperature and time 

settings, and these two data sets were compared to find out if the already cured 

encapsulant behaves in similar manner as the freshly cured encapsulant. Then different 

Point 1 

Point 2 

Point 3 

Point 4 
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curing setups were tested for finding out the most suitable method to control the heating 

during the curing.  

The curing tests also included experimenting with the preparation of the potting 

compound. The effects of mixing methods and vacuuming on the potting compound 

behavior were experimented. The test results were usually visually inspected after the 

curing and cooling down. Some of these tests were also analyzed more specifically by a  

gas chromatography analysis for the gas phase formed in curing. Those experiments are 

described later.  

Temperature, curing time, potting compound preparations and heat distribution were 

considered the most important variables in these experiments. 

5.2 Total mass loss 

Aim was to find a method to measure outgassing quantitatively. In first experiment, curing 

time was extended to get a knowledge if the outgassing continues after the potting 

compound is cured according to the manufacturer’s instructions. The second objective 

was to create a method for comparing the outgassing amounts of different compounds. 

The first test was only performed on a commercial potting Compound A. Samples were 

dispensed into a glass vials through static mixer nozzle, and the samples were weighted 

before and after dispensing. Cured samples were weighted again and difference in mass 

was noted. To get the weight loss percent, the weight of the sample bottle was reduced 

from the final measurement and the final weight of the encapsulant was divided by the 

original weight of the encapsulant. Measurements were made on a laboratory scale.  

Total mass loss as percent was calculated as follows: 

,  ,  

,  
= Δ𝑚 × 100% = 𝑇𝑀𝐿 − %  (1) 

After the preparations, samples were placed in a pre-heated process oven for different 

times. The curing temperature was 100 degrees Celsius, which was the manufacturer’s 
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recommendation. Three different samples were used for eight different curing times. 

Samples were weighed as soon as possible after removal from the oven.   

This test was modified in order to achieve comparability between the different 

compounds. Since the most addition cured PDMS materials have similar curing 

recommendations, these experiments were decided to carry out with 24 hours curing at 

100°C. Samples were dispensed in a PTFE-mold, and the amount of dispensed 

compound was measured. The weight of each sample was measured again after curing 

had been completed, and the sample was removed from the mold.  

 

Figure 5. PTFE-mold and three casted TML-samples. 

5.3 Gas chromatography mass spectrometry 

An opportunity was offered to utilize the GC-MS equipment and staff in the company’s 

laboratory. The aim of analyzing the gas residuals, formed during the curing process, 

was to get a better understanding of the materials, and possible effects to the optical 

device’s operational reliability. Some information was possible to gather from the 

literature, but the exact data from these suitable commercial PMDS products was not 

available freely. The most literature results were focusing on the material behavior on 

extreme conditions, and therefore it did not directly benefit this experiment.  
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5.3.1 GS-MS equipment  

Gas chromatography – mass spectrometry is a method for analyzing and identifying 

gaseous chemical compounds. The main components of the method are illustrated in 

Figure 6. The method combines gas chromatograph’s ability to separate different 

components with the mass spectrometer’s ability to recognize masses of substances. 

The analyzed samples must be volatile and resistant to the temperatures used in the 

analysis. [25, p.3-7] The method used was total ion chromatogram (TIC) which measures 

total amount of ions formed in ion source. Compounds are identified by mass spectrum 

plotted against the retention time. [26, p.209] 

 

Figure 6. Major components of the GC-MS system [17, p.8] 

5.3.2 Sample preparation 

The compounds to be analyzed were gas phase products of cured PDMS-silicone 

compounds. Test samples were three different products each from different 

manufacturers.   

Samples were prepared into gas-chromatography sample vials. A total of 10 ml of the 

potting compound was dispensed to each vial, and vial was closed. Headspace of the 

vials was purged with nitrogen gas after the containers were sealed. This was done in 

order to remove the air trapped inside the sample container. Purged and sealed samples 
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were then cured in a process oven according to the manufacturer’s recommendations 

and after cooling, the samples were analyzed.  

6 Results 

6.1 Curing experiments 

Results of these experiments were visually inspected, and no significant changes were 

observed as the manufacturing method varied. This led to a conclusion that the most 

influential factors are the properties of the device, for instance, the geometry of the 

casing, and the used encapsulant.  

Results of the curing and reheating experiments, where heat distribution was inspected, 

are presented below. The location of the points on the test apparatus is indicated in the 

Figure 4. For understanding each setup’s heat distribution, it is necessary to study each 

temperature figure where the examined setup is mentioned.   

Figure 7. PDMS sample for GC-MS analysis 
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Figure 8. Temperatures from the Measurement Point 1 (see Figure 4) of the 
device-under-test. Different setups refer to different ways to conduct heat to the device 
being cured. 

Temperature Point 1 was located near the surface of the potting. Three different heating 

profiles can be seen from this data. This was the major point for observations since the 

aim was to create curing setup in which the surface cures last to allow the gases to 

escape.    
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Figure 9 Temperature data from the Measurement Point 2 (see Figure 4) of the device under 
testing. Different setups refer to different ways to conduct heat to the device being cured 
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Figure 10 Temperature data from the Measurement Point 3 (see Figure 4) of the device under 
testing. Different setups refer to different ways to conduct heat to the device being cured 
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6.2 Total mass loss 

The result of the mass loss test for Component A showed that the outgassing of this 

component continues even after the compound is cured according to manufacturer’s 

instructions (Figure 12). This indicated that if gasses are to be eliminated, post-curing is 

likely to be necessary. This test was impractical for multiple compounds, therefore the 

test parameters were modified to achieve better test for comparing total mass loss for 

multiple different type of samples. Results of the modified test are shown in Figure 13. 
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Figure 11 Temperature data from the Measurement Point 4 (see Figure 5) of the device under 
testing. Different setups refer to different ways to conduct heat to the device being cured 



 

  21 (28) 

 

 

Restricted 

 

Figure 12 Average weight loss during curing of Component A 

 

Figure 13 Total mass loss percentages of six different potting compounds, 3 samples from 
each  

6.3 GC-MS Results 

Mass spectrograms from the analysis are presented here. Tables of numerical data and 

identified compounds for each sample are given in the appendices. These results were 
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interesting since in the literature it was mentioned that addition-cured silicones should 

not release by-products like alcohols [18, p. 121], and the most of tested compounds 

were addition-cured. In the samples small methanol and ethanol traces were found in 

Encapsulant C, which is an addition-cure type. Highest peaks seen in spectrogram of 

the Compound C are air, silicone derivatives and water (Figure 14).

 

Figure 14. Mass spectrogram of Encapsulant C 

Spectrogram of Compound D (Figure 15) showed similar air and water peaks as 

Compound C, and these are probably due to insufficient nitrogen purging or air trapped 

inside the compound. Other found compounds were silicon derivatives, toluene, 

methylene chloride and methanol.   

 

 

Figure 15 Mass spectrogram of Encapsulant D 
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Encapsulant E (Figure 16) had the highest number of peaks. The largest peak by volume 

was identified as ethanol. Other identified compounds were similar silicone derivatives 

as in other samples. Toluene and 1-propanol was also identified from this spectrogram. 

 

 

Figure 16 Mass spectrogram of encapsulant E 

7 Summary and  Conclusions  

At the beginning of the thesis project, the aim was to solve the problems revealed in the 

potting process. Previously developed process for prototype devices had some known 

problems which were suspected to be incurred by gasses released from the potting 

compound. Testing was done to gain practical experience and understanding of silicone 

potting materials and their pretreatment and curing processes. As the project 

progressed, the outgassing phenomenon also became the subject of the research. 

In order to achieve a good quality in manufacturing silicone potted devices, there are 

many things to consider in the potting process. Perhaps the hardest part is finding the 

material that meets all requirements for applications designed for demanding 

environments, and often a compromise must be made between the desired properties. 

Manufacturability is also good to take into account already in early stages of prototype 

design. Essential steps for potting are dispensing and curing, but some of the potting 

compounds could require more processing steps. In addition, it is possible that, for 
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example applying primer, mixing two-part encapsulant, de-airing of dispensed 

encapsulant or post-curing must be added to the process. 

Generally, used materials for encapsulating electronics are epoxies, polyurethanes and 

silicones. Only silicone-based potting compounds were suitable for this project due to 

their wide temperature range. The most silicones can temporarily withstand 

temperatures up to 200 °C. Other useful properties of silicones are their good water and 

chemical resistance as well as wide range of products with different properties. Relatively 

high cost, limited availability, short shelf life and risk of inhibition in the curing process 

can be considered as disadvantages of silicones. Potting process can also become slow 

if you have to include many different steps and long post-cure.  

The results of the experiments made for this thesis suggest that outgassing is a 

considerable factor in the process of choosing reliable potting material for an electronic 

device. Characteristics in gas forming properties have variation even though they are 

based on the similar technology. The used methods seemed to provide convincing 

information, although the number of the used samples was too small for statistically 

significant results.  

GC-MS proved to be a suitable method for qualitative analysis. In this way, it was 

possible to identify the various components of the gas formed during the curing process. 

The challenge is to put the information obtained into practice. A large number of different 

compounds was identified but how they effect in final application remains mostly 

unknown. Data could be used, for example, to identify potentially harmful compounds 

which could cause corrosion in the long run or compounds which could interfere with the 

measurements made with the device. If this method were to remain in use, it is suggested 

that a method dedicated to polydimethylsiloxane-based materials be developed and 

validated.  

For quantitative analysis, the total mass loss test used in experiments was quite 

straightforward test, and it gave valuable information about the total amount of gaseous 

products released in the curing process. This method works with materials with similar 

curing process, but it is not applicable, for example, with materials that cure at room 

temperature only. From the results of this experiment, it can be concluded that one of 



 

  25 (28) 

 

 

Restricted 

the six materials were worse than the others. It might be worth developing this method 

further, hence it could be applied to testing of wider range of materials. 

Tests for total mass loss also showed that the silicone encapsulant outgassing continues 

still after the instructed curing. Depending on the application and properties of released 

gas, this could mean that additional manufacturing steps, like post-curing, is required to 

obtain good results.  

Experiments with different curing setups revealed that it is possible to control the heat 

distribution with different type of insulating sleeves and thermally conductive aluminum 

jigs. Although differences were found between the methods, the result were same for all 

test setups. Potting compound swelling and mechanical stresses remained regardless 

of the method of curing. This information helped in defining the process; because it was 

noticed that the temperature distribution had no effect, the use of thermal insulation could 

be discontinued.  

The small number of tested samples causes uncertainty in the test results. To increase 

the number of samples, test methods should be developed to produce representative 

samples more efficiently. 

The goals set for this thesis were achieved successfully. Many useful observations were 

made, and problems were solved. This thesis could be used in the future to assist in 

making material choices and planning their testing. 
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Appendix 1. GC-MS results of encapsulant E 
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 Appendix 2. GC-MS results of encapsulant C 
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 Appendix 3. GC-MS results of encapsulant D 
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Appendix 4. Total mass loss data from the component A 

 

Sample 
ID 

Curing time 
[hh:mm] 

Mass of the 
sample bottle [g] 

Total mass 
before curing [g] 

Total mass after curing 
[g] 

1 01:00 14.867 39.808 39.804 

2 01:00 14.915 42.212 42.21 

3 01:00 15.074 40.751 40.749 

4 22:30 15.027 40.823 40.817 

5 22:30 14.633 40.742 40.736 

6 22:30 14.904 41.904 41.899 

7 47:00 15.042 41.415 41.404 

8 47:00 14.791 41.326 41.316 

9 47:00 14.853 41.841 41.832 

10 66:50 14.849 40.918 40.904 

11 66:50 14.952 41.675 41.663 

12 66:50 14.862 41.252 41.238 

13 90:40 14.941 41.477 41.463 

14 90:40 14.863 41.466 41.454 

15 90:40 14.701 41.685 41.676 

16 115:30 14.711 41.109 41.096 

17 115:30 14.759 41.02 41.003 

18 115:30 14.837 40.833 40.817 

19 139:15 14.922 42.364 42.351 

20 139:15 14.934 40.448 40.429 

21 139:15 14.843 41.599 41.585 

22 163:00 14.918 42.653 42.64 

23 163:00 14.872 42.037 42.025 

24 163:00 14.895 40.82 40.801 

25 163:00 14.953 42.036 42.024 
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Appendix 5. Total mass loss data from component A, calculated 

Sample ID Curing time [hh:mm] dm % 
1 01:00 -0.010 % 
2 01:00 -0.005 % 
3 01:00 -0.005 % 
4 22:30 -0.015 % 
5 22:30 -0.015 % 
6 22:30 -0.012 % 
7 47:00 -0.027 % 
8 47:00 -0.024 % 
9 47:00 -0.022 % 

10 66:50 -0.034 % 
11 66:50 -0.029 % 
12 66:50 -0.034 % 
13 90:40 -0.034 % 
14 90:40 -0.029 % 
15 90:40 -0.022 % 
16 115:30 -0.032 % 
17 115:30 -0.041 % 
18 115:30 -0.039 % 
19 139:15 -0.031 % 
20 139:15 -0.047 % 
21 139:15 -0.034 % 
22 163:00 -0.030 % 
23 163:00 -0.029 % 
24 163:00 -0.047 % 
25 163:00 -0.029 % 
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Appendix 6. Total mass loss data from tested components 

 
 
 

ID Mass ID Mass after 
dispension [g] 

Mass after 24h 
@100°C [g] 

Mass 
difference [g] 

TML-
% 

1 I 18.233 17.24616 0.987 5.41 
% 

2 I 17.495 16.52866 0.966 5.52 
% 

3 I 13.6738 12.87467 0.799 5.84 
% 

4 H 38.8044 38.73628 0.068 0.18 
% 

5 H 40.5239 40.45937 0.065 0.16 
% 

6 H 40.2791 40.21772 0.061 0.15 
% 

7 G 17.61455 17.5262 0.088 0.50 
% 

8 G 21.19304 21.0981 0.095 0.45 
% 

9 G 20.81259 20.70833 0.104 0.50 
% 

10 B 17.71562 17.6711 0.045 0.25 
% 

11 B 15.06782 15.02731 0.041 0.27 
% 

12 B 14.14489 14.10903 0.036 0.25 
% 

13 F 30.0264 29.95278 0.074 0.25 
% 

14 F 30.9676 30.88835 0.079 0.26 
% 

15 F 26.104 26.02895 0.075 0.29 
% 

16 C 18.1343 18.07763 0.057 0.31 
% 

17 C 19.7576 19.70115 0.056 0.29 
% 

18 C 20.9675 20.91192 0.056 0.27 
% 


