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Abstract 

This paper describes the use 

of two different expandable 

bead foams as solvent remov­

able encapsulants; specific­

ally they are polystyrene 

(STYROPOR BF-414, BASF 

Wyandotte) and a styrene­

maleic anhydride copolymer 

(DYTHERM X214, ARCO/Poly-

mers). These expandable bead 

foams are commercially avail-

able and normally used in in­

sulating applications. How­

ever, we have adapted them 

to the unusual task of en­

capsulating sophisticated 

and expensive ele<.: W. unic 

hardware which requires a 

rework capability. Most en­

capsulating materials are 

crosslinked and, therefore, 

difficult to penetrate either 

by mechanical means or sol­

vent attack. Usually these 

approaches result in compon­

ent damage. The respective 

foam::; processing, resu l t:ant 

properties and removal meth-

ods are discussed in detail­

in this paper • 

By a pre-expansion tech ­

nique, foam densities rang-
3 

ing from 0.10 to 0.6 em 

can be achieved which pro­

vide the design engineer 

with a wide latitude of 

densities and mechanical 

properties for material 

selection. The polystyrene 

has an upper use temperature 

of about 80°C while the 

styrene~aleic anhydride co­

polymer improves this cap­

ability to 11 °C. Since 

the foams are thermoplastic, 

removal can Le achieved with 

solvents such as toluene 

with little or no component 

damage. Functional elec­

tronic components have been 

successfully potted and de­

potted in manufacturing sit­

uations. The rework capa-

bility these materials and ~~ 

processes have provided \l ~~ \ (.l\ 
hcts resulted in si 7.able coVl\~ 
savings for the DOE. 
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1. INTRODUCTION 

In the defense industry, expensive 

and complex electronic hardware of-\ 

ten requires encapsulation for en~ : 

vironmental protection. Frequently·: 

it is desirable to remove the encap­

sulant for failure analysis and/or 

·rework. Unfortunately, most exist­

ing encapsulants are crosslinked 

systems like epoxy re$ins which are 

difficult to remove either by me~. 

c~an~cal means ·or solvent attack. 

Usually these approaches result in 

component damage. To overcome this 

65 . problem., we have _developed two remov-. 

able encapsulants based on commer:cial­

ly available. expandable bead foams. 

Specifically, one is a polystyrene 

bead foam (STYROPOR BF-414, BASF 

Wyandotte) and the other is a sty­

rene~aleic anhydride copolymer 

(DYTHERM X214, ARCO/Polymers). Since 

these foams are thermoplastics, 

they are solvent removable. The 

primary advantage of these encap­

sulants is economic; they allow a 

component rework capability, thereby 

saving replacement costs. 

Expandable polystyrene beads have 

been on the market since the early 

1950s whereas·the DYTHERM copolymer 

has only become available recently. 

Typically these materials are used 

in packaging and insulation appli­

cations; however, we have adapted 

them to the unusual task of encap­

sulating sophisticated electronic 

hardware. For encapsulation purposes, 

we have selected small bead size ma­

terial for better filling character­

~stics (500-800 ~ dia.). The beads 

0 ' r~ 
!contain a blowing·agent (5~7% pen-~~ 
:tane) which will cause the beads to~ 

expand and fuse upon reaching the 

polymers softening point. By a pre­

expansion technique, foam densities 

ranging from 0.10 to 0.61 g/cm3 can 

be.· achieved which provides the de­

sign engineer with a wide latitude 

,of densities and mechanical proper­

ties for material selection. This 

paper will describe the processing~ 

resultant properties, advantages and 

disadvantages of eacp foam encap­

sulant with emphasis on the DYTHERM 

material since the STYROPOR material 
(1,2) 

has been reported.. . 

2. POLYSTYRNE BEAD FOAM 
(STYROPOR) 

2.1 Processing 

Different foam densities and there­

fore different mechanical. strength 

foams can be achieved by a pre­

expansion technique. As previously 

mentioned, densities can be varied' 
3 from about 0.1 to 0.6 g/cm ; the 

details of this process can be found 

elsewhere·. (2 ) In general, the beads 

are heated, unconstrained above 

their softening temperature (-:aooc), 
causing the beads to expand to a 

predetermined volume. The time nec­

essary f.or the. beads to attain a 

given volume varies depending on the 

the expansion temperature, pentane 

content and volume of beads. Once 

the beads have reached the desired 

volume, they are immediately removed 

from the heat, rapidly dropping the 

t.emperatur~ through the softening 

point so that further expansion can­

not take place. Since it is virtu-
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ialiy ··impossible to get all the beads 

to expand at the same rate to a 

given size or volume, the pre­

expanded beads are screened to 

ensure a uniform material. 

In our potting applications,.a suit­

able mold was constructed to house 

the electronics •. In many instances 

the housing was.an integral part of 

the assembly. The mold. should have 

a convenient opening for ·ease of 

filling. Potting simply consists 

of pouring the appropriate density 

beads into the unit which is being 

vibrated to insure complete fill. 

Once filled, the opening is sealed 

and the unit-placed in a 95°C cir­

culating air oven. Since units vary 

C.~· in size, the time required· for expan­

sion and fusion will vary. The time 

needed for encapsulating a given 

unit can be determined by placing a 

thermocouple in the geometric center 

·.of the unit (last place to he~t up). 

When the center has been maintained 

c;.c:=r at 95 °C for approximately 5 minutes:. 

fusion is complete. ·Since this foam 

is an excellent insulator, subse­

quent cooldown should be done slowly 

to avoid any undue stress buildup 

or shrinkage because of large temp­

erature gradients. 

2 .2 ~hysical Properties 

Resultant physical properties of the 

encapsulant will vary with density, 

especially mechanical strength. 

Figures 1 & 2 show compressive 

·strength and modulus of STYROPOR 

BF-414. As shown, compressive 

:strength can be varied from about · 
' 
[Q_ .69 to 9.65 MPa by changing the 

'd~nsity from 0.13 to 0.48 g/cm3 re­

spectively. Electrical properties 

appear to change very little with 

foam density, typical volume resis­

tivity measurements being 10
16 

to· 
17 10 ohm-em. Moisture absorption 

is less than 1% for densities of 0.1 
3 to 0.6 g/cm • An important consid-

eration in the encapsulation of 

electronic hardware is the coeffi­

cient of thermal expansion. This 

parameter changes . very little from 

the lowest density foam to pure 

Polystyrene (4-7 x 10-5 in/~n°C). IrisG~~ 
actual application the lowest densi-

ty foam capable of supporting applied 

loads is the-most desirable because 

. lower stresses are generated during 

subsequent temperature cycling. 

This phenomenon can be demonstrated 

with the following relationship: 

u = Ea£\jwhere o =stress, E = 

Young's modulus, 0. = coefficient of 

thermal expansion arid £\ T = tempera­

ture change. For example, a low 

.modulus, low coefficient of thermal 

expansion material such as polysty-

rene bead foam imparts a lower 

otress buildup dur~n$1~ t~~~~~l cycl­
. · ~/Wf"'- ;-, ,(? v~' thV5 
1ng. compared to a~Aepoxy resin. 

Therefore, the working life of com­

ponents, solder joints, etc.,should 

be prolonged with the use of poly­

styrene bead foams as a structural 

support. Experimental data, have 

been obtained to demonstrate this 

effect. (3 ) 

2 .3 Depot ting 

Depotting of the_ polystyrene bead 

foam is the primary advantage.of 

~his material concept; in this. work 6:::~:::? 
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: i toluene was used. Units were im- c· \!components than an entire unit. \} 

\. 'imersed in a vigorously agitated sol·;.t,~ ~~~ 1 

.~ 1 , I,\ 3. STYRENE-MALEIC ANHYDRIDE 1 
J:;vent bath at ambient temperature ~\1 

'
111 BEAD FOAM (DYTHERM) ~ 

:/until the polystyrene was complete-;- '3 .1 Processing l~j 

~~~ ly dissolved. The time it takes to: ~~therm X214 is a random copolymer 

dissolve the polymer depends on the 

' surface area exposed, amount of 

, polymer and polymer density •. Larg­

er volumes and denser foams may re­

quire fresh solvent because of 

polys~yrene saturation. After de­

potting, units were washed with 

fresh toluene followed by acetone. 

After washing, Units are heated to 

~o· '7'1 oc for 6-8 hours· to remove any 

traces of toluene~ .If any ''wicking" 

is suspected in components, it is 

advantageous to bake-out the entire 

unit under reduced pressure. 

There are some important limitations 

to consider before .one adapts poly­

styrene bead foam to a specific ap­

plication:. (1) polystyrene is a · 

thermoplastic polymer, hence, its 

upper use temperature is limited to 

about 85°C (onset of glassy r_egion); 

(2) polystyrene bead foam has lim­

ited strength compared to an epoxy 

resin; (3) ·the bead foam has poor 

bonding characteristics -and there­

fore may not be suitable in .high 

voltage standoff situations; (4) 

finally, one must bear in mind that 

exposure to toluene_may cause dam­

age to other polymeric materials. 

;_-:--:~:~ .;:: In our experience many polymeric 

materials survive depotting with 

negligible damage, however, rubbers 

of all varieties have poor resis- . 

tance. In any event, we have found 

L~t less costly to·replace a couple 

of styrene and maleic anhydride 

manufactured by ARCO/Polymers •. ~ C,~S 

therm's primary advantage is extend~ · 

ing the upper use temperature of 

removable foam materials. Polysty­

rene bead foam encapsulants have 

·been successfully employed in sever~ 

al ·weapon design·s; however, ·poly-

.. ·styrene bead foam has an upper use 

temperature limitation of about 

85 °C. Since an increased number of · 

advanced designs ,dictate higher use 

temPeratures, efforts have been made 

to adapt the DYTHERM copolymer to 

this need. The glass transition 

temperatul;'e, .Tg, of this material is 

120°C (via TMA) compared to 10Q°C 

for polystyrene. Therefore, we ex­

pect this material to have adequate 

mechanical strength to· about ll0-

ll20C which satisfies m~y of our 

upper temperature requirements. 

DYTHERM is· an extruded copolymer, 

consequently, the particles appear 

"drum-shaped" about 1 nun· in diameter 

and 1 nun long~ This particle size 

is about 2-3 times larger than the 

spherical polystyrene bead potting 

material.· DYTHERM also contains 

pentane as the -blowing agent and as 

such is processed much like the 

polystyrene beads •. Again a pre­

expansion technique is used to 

achieve the deoired foam density. 

To pre-expand the DYTHERM material, 

~he.beads are placed unconstrained~! 
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'· j in a 125 °C oven for 

l time. This .Process 

~·p~edetermined;l 
allows the 

I 
I I 

; beads to expand to a desired new· I 

I 
i ' : volume and resultant density (see ' ' 

' Ref. 2 for details) • Since the 

• beads are irregular shaped, a 

sereening step was not used.. . Encap-:­

. sulation of an. electronic assembly 

·. is accomplished exactly as done 

with the polystyrene bead homo-

polym~r •. Inasmuch as DYTHERM rna~ 

terials have higher softening temp­

eratures than the polystyrene, . high­

er fusion temperatures are neces-

sary. Typically, DYTHERM fusion 

temperatures are about 125-127°C; 

the length of time at this tempera-

·ture varies depending upon the com­

ponent geometry and amount of 

DYTHERM required. 

3.2 Physical Properties 

Mechanical and elec:trical properties 

of finished product have been fully.· 

characterized but limited space will 

atlow only partial reporting. In 

general, the physical properties of 

DYTHERM materials are very compar­

able to those of polystyr.en'3 b'3ad 

foam. Figure 3 shows a compressive 

strength comparison of DYTHERM X214 

with the polystyrene STYROPOR BF414 

product. The copolymer has a 

slightly higher compressive strength 

at .a given density than the homo­

polymer. Although not shown, the 

moduli· :are comparable·.· Creep data, 

tensile strengths and compression 

set have been determined on DXTHERM 

materials. Coefficie.nt of thermal 

expansion is virtually identical 

with the polystyrene foam 

'I (4-6 x 10-
5 

in/in/°C) •. Compared to 

.the polystyrene foam, DYTHERM has 
l 

!slightly better bonding character~ 
I ,. 
jistics. Water absorption is less . . i . . 
1than 0.5% by.volume. Electrical 
I 

jproperties of molded DYTHERM are 

! shown in Table I. Tl)ese properties : 

:are not only a function of density · 

but how well the co~~ymer is fused. 

Poor bead fusion would show marked 

deterioration in these electrical 

parameters, in fact, ~lectrical 

properties could ~e used as a guide 

·to proper bead fusion. As shown 

properly fused DYTHERM is an excel­

lent dielectric. 

Infrared spectra of the material in­

dicates not only anhydride absorp:.. 

tion bands at 1860 and 1780-l em 
-1 but a carboxyl.band at 1715 em. 

Some hydrolysis of the anhydride ap­

paren~ly occurs in polymer produc­

tion to account for the presence of 

organic acid •. More .importantly, 

the possibility exists of further 

anhydride hydrolysis during aging 

to yield carboxylic acid groups. 

This aging phenomenon could result 

in an encapsulant with corrosive 

properties. To ascertain whether 

hydrolysis can take place to any 

appreciable extent, an. ac·celerated 

aging. study was conducted. The study 

. :consisted of.d.sothermally aging .O~HERM 

·.X214films at 23°C,60°~a~d:~70°C, 

and '50% RH,. respectiveiy. These. 

films were analyzed via infrared to 

determine whether there were any in­

creases in the acid absorption or 

decreases in the anhydride content. 

This study lasted 14 months with no 
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. . 
apprec±able changes in functional 

group intensities. Thus, we con­

cluded that the copolymer was hy­

drolytically stable and would not 

pose a serious corrosion problem 

to electronic hardware. 

3 .3 Depotting 

Depotting is ·accomplished similar 

to _that previously described for 

polystyrene,.except that polar 

solvents su~h as tetrahydrofuran 

(THF) and methylene dichloride are 

recommended for foam removal. 

Toluene is not effective in DYTHERM 

removal. After depotting units are 

washed with acetone and baked-out 

at 71°C for a minimum of 6 hours. 

As with the polystyrene foam, 

several considerati"ons must.be ad­

dressed before· selecting DYTHERM 

bead foams as removable ~ncapsu­

lants: (1) because of the larger 

bead sizes, the filling of very 

small areas may not be as good as · 

the polystyrene beads; (2) higher 

fusion temperatures are requir~d 

for DYTHERM (-125 °C), thus in­

dividual components must withstand 

this temperature which is usually 

1-2 hours; (3) polar solvents such 

as THF may be more damaging than 

toluene toward polymeric materials, 

therefore care must. hP. t:nken in 

evaluating the compatibility of 

the solvent with other materials. 

4. SUMMARY AND CONCLUSIONS 

Two thermoplastic removal foam en­

capsulants have ··been developed and 

successfully used for the encapsu­

lation of electron1c packages. 

'!I'he polystyrene foam .homopolymer has· 

an 85°C upper use temperature limi­

tation. The styrene-maleic anhy'.;. 

dride .copolymer extends the upper 

use temperature range to about ll0°C. 

ac>th foam systems can be made in a 
wide rang~ of densities and mechan­

ical properties and subsequently re­

moved with an appropriate solvent 

with little or no damage to compo­

nents. The rework cycle can be re­

peated several times • These ne:w 

potting techniques have resulted in· 

considerable cost savings by allow­

ing a rework capability for complex 

ele~tronic hardware. 
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