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1. 
This invention relates to a tough, durable flo 

tation body which is formed of expanded cellu 
lar plastic materials in Such a manner that the 
body will not shatter or otherwise lose its buoy 
ancy to any Substantial extent when it is Sub 
jected to abuse, and in particular it relates to 
Such a flotation body which is designed to With 
stand such extreme abuse as gun fire Without 
shattering. 

Expanded cellular plastic materials consist of 
myriad Small closed gas cells 
throughout a plastic mass, hence these materials 
have excellent flotation properties. The term 
"cellular' as used herein denotes a closed (non 
intercommunicating) cell structure sometimes : 
termed “unicellular' (see Gould, Rubber Chem 
istry and Technology, 17,943 (1944). Expanded 
cellular materials can be formed in extremely 
low densities to have great buoyancy, and, since 
each cell is effectively a separate flotation cell, 
the material Will not lose its buoyance to any 
Substantial extent when any cell is destroyed. 
This invention utilizes this property of expanded 
cellular materials to produce flotation bodies 
which are Suitable for use as buoys, parts of life 
rafts, boats, etc. 

Because of its durability, the flotation body of 
this invention Will find general use in applica 
tions such as these, but it is designed for, and 
Will be particularly useful in, these and similar 
applications when the flotation bodies are to be 
used during military operations in which they will 
be. Subjected to gun fire. Thus, for example, a 
flotation body according to this invention will be 
particularly useful as a float which, when fixed 
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to heavy military equipment such as tanks or . 
trucks, is designed to float this equipment from 
ship to shore during amphibious military opera 
tions. ... Heretofore it has been proposed to fix ine 
flatable pontoon tanks to such equipment for this 40 
purpose, but these tanks must be armored, and . ; 
when they are pierced they immediately lose 
their buoyancy. 
When flotation bodies are to be used during 

military operations, it is extremely important 45 
that they be able to withstand gun fire without 
losing their buoyancy. Further, since flotation 
bodies which are to be used in these Operations 
may be stored for extended periods of time under 
very adverse conditions before being used, they 
must be constructed of materials which can re 
tain their flotation properties under these storage 
conditions. Thus the bodies should be vermin 
proof; they should be chemically resistant to oils 
and other hydrocarbons; they should not Sup 
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port combustion; they should be capable of Sup 
porting high Sustained pressures without crush 
ing; etc. Further, since it will be used under 
Such adverse conditions that the body may be 
damaged Or destroyed in use, it should be con 
structed of readily available materials, so the 
body is expendable. 
The flotation body of this invention possesses 

all of these qualities, and because it combines 
these qualities with great buoyancy and shatter 
resistance it is exceptionally Well Suited for flo 
tation uses of the kind specified. 
This invention particularly contemplates a flo 

tation body formed of expanded cellular mate 
rials which comprises a relatively large core of 
readily available expanded cellular plastic mate 
rial Completely enclosed in a relatively thin shell 
of a tough rather rigid expanded cellular plastic 
nilaterial. The core and shell are combined into 
a flotation body of great buoyancy which is ca 
pable of WithStanding extreme abuse, particu 
larly gun fire, without shattering or otherwise 
losing its buoyancy to any Substantial extent. 
More specifically this invention contemplates 

a flotation body Comprising a relatively large 
COre of eXpanded cellular polystyrene resin com 
pletely enclosed in a thin shell of a tough rather 
rigid expanded cellular material selected from 
the group COnsisting of plasticized polyvinyl chlo 
ride, plasticized resinous copolymers of a major 
proportion of vinyl chloride and a minor propor 
tion of a copolymerizable monomer, and mix 
tures of (A) from 50 to 80 per cent of a thermo 
plastic resin and (B) correspondingly from 50 
to 20 per cent of a rubbery material compatible 
With this resin in which the percentages are based 
On Weight and computed on the sum of the 
Weights of (A) and (B). The core is formed as 
a single body, or as a plurality of bodies which 
are aSSembled to form the core, and the shell 
placed about the core to completely enclose it 
Within the shell. The thickness of this thin shell 
may be varied to some extent, but preferably it 
is kept in the range of 1-4 inches, for when a 
flotation body is made in accordance with this 
invention having a shell of this thickness it is 
capable of withstanding .50 calibre and larger 
gun fire Without shattering or crumbling under 
the impact of the shell. The densities of the 
core and shell material may also be varied some 
What, but preferably the raw materials are com 
pounded with sufficient quantities of a blowing 
agent and processed in such a way as to yield a 
cellular body having a density not greater than 
5 lbs. per cubic foot to provide the maximum 
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buoyancy consonant with shatter-resistance of 
the body for the quantities of materials used, 
For a better understanding of the nature of 

this invention and the manner in Which it is 
constructed, reference should be had to the foll 
lowing description, and the accompanying draw 
ing, wherein: - 

Fig. 1 is a perspective view of a flotation body 
according to this invention in the form of a block: 
which is suitable for floating heavy equipment.10, 
such as military trucks and tanks when, a plu 
rality of these blocks are affixed thereto; 

Fig. 2 is a central sectional view of a block such: 
as that shown in Fig. 1 wherein the core of ex 
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4. 
to permit flow of the polymer therefrom. Dur 
ing flow from the vessel, the polymer is swollen 
by expansion of the gas and is caused to as 
Sume the form of a Somewhat elastic non-brittle 
cellular body composed for the most part of 
individual closed cells. The heated polymer may 
be, discharged from the vessel into open air or 
into another vessel to shape the expanded poly 
styrene stock. The expanded polystyrene stock 
may be shaped in the configuration of a core 
it during this-expanding operation, or it may be 
formed as a larger maSS from which one or more 
cores may be severed in a separate operation. 
To form the tough rather rigid shell, Suitable 

panded polystyrene resin is in the form-of, a 15-plastic.materials are compounded as described 
single block; and 

Fig. 3 is a central sectional view similar to Fig. 
2 of a modified form of flotation body, accord 
ing to this invention wherein the core of poly 
styrene resin is formed of a plurality of discrete 
blocks. 

Referring now to the drawing, there is shown 
a flotation body; according to this invention Eman 
factured substantially in the shape, of a scube 
which, is: adapted when affixed to a heavy piece 
of military equipment to help float the requip 
ment when it is...immersed in water. To float 
(equipment. Such as a truck, a plurality of these 
blocks...would be fixed to the struck about the 
same by suitable fittings, but since these fittings 
and the manner of attaching them to the equip 
ment formino part of this invention and since 
many suitable means for performing these func 
tions.will readily occur to those skilled in these 
matters, they have not been illustrated in the 
drawing. The flotation body according to this 
invention shown in the drawing consists of a 
block: Ofcomprising a relatively large core f of 
expanded cellular polystyrene resin which is com 
pletely, enclosed in a relatively thin shell of a 
tough rather rigid expanded cellular material. 
In the embodiment shown, in Figs... 1 and 2, the 
'core; t is in the form of a single block of ex 
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panded polystyrene resin, and the shell is in 
ithe form of thin slabs or sheets. 2 which have 
been formed to a suitable shape and placed about 
the polystyrene core. These slabsor sheets 12 

arm v. ded to each other in the areas 3 where 
they overlap to forma unitary flotation body or 
preferably...they may be bonded to each other 
in these areas, and to the polystyrene cored 
in the areas, where the slabs abut against this 
core. 

In the modified flotation block. O' shown in 
Fig. 3, the core comprises a plurality of poly 
styrene blocks of 1', which, are spaced apart by 
sheets or slabs. 12'; of the shell material inter 
posed between the blocks if f'. These blocks 
and sheets. 2' are suitably shaped so that a core 
may be assembled therefrom either with or, with 
out, adhering the sheets 12' to the blocks f" as 
desired, which core may be enclosed in a shell 
of the sheets {2 in the same manner as when the 
core...is formed as a single block. of polystyrene 
resin, - 
In forming the flotation bodies according to 

this invention, the expanded cellular polystyrene 
cores it, i l’ may be made by the following 
technique. Solid polystyrene in pulverized form 
and a gas such as methyl chloride are heated in 
a closed vessel under...a pressure at about 30 at 
mospheres to a temperature above the fusion 
point of the polymer, i.e., to about 170° C., to 
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is added to the mix. 

hereinafter, and expanded by a similar process to 
form sheets or slabs Suitable for covering the 
core of polystyrene resin. This shell material 
similarly may be manufactured in the ultimate 
shape of, the slabs 12 during expansion of the 
material, or larger masses may be manufactured 
from which the sheets, 2 of appropriate size and 
thickness are subsequently severed. 
The taugh, rather rigid shell is made from an 

expanded material selected from the group con 
sisting of plasticized polyvinyl chloride, plasti 
cized resinous copolymers of a major proportion 
of vinyl chloride and a minor proportion of a co 
polymerizable, monomer, and mixtures of (A) 
from 50. to 80 per cent of a thermoplastic resin 
and (B) correspondingly from 50 to 20 per cent 
of a rubbery material compatible with this resin. 

For example, expanded cellular polyvinyl resin 
stocks suitable for, this shell material may be 
formed of polyvinyl chloride, or of a coploymer of 
vinyl chloride and vinyl acetate, or of a copoly 
mer...of vinyl chloride and diethyl maleate. To 
produce a shell having the toughness and other 
physical characteristics requisite in the flotation 
body, shell of this invention, these polyvinyl resins 
are not used alone, but they are plasticized with 
a suitable plasticizer. A liquid plasticizer such 
as dipctyl-phthalate may be used, in which case 
from 15 to 30 parts by weight per 100 parts of 
resin are mixed with the resin to form the shell 
stock or Solid plasticizers such as dicyclohexyl 
phthalate, triphenylphosphate, or diphenyl 
phthalate may be used, in which case 50 or slight 
lymore parts byweight are mixed with the resin 
to form a shell material which when combined 
with the polystyrene core produces a shatter-re 
sistant flotation body. The solid plasticizers may 
be used, in greater, proportions than the liquid 
plasticizers because, the former are not as drastic 

55 in their softening effect on the resins as the liquid 
plasticizers. To produce an expanded cellular 
materia, ving the requisite, density, these 
plasticized polyvinyl resins are compounded with 
from 15 to 40 parts by-weight, per 100, parts of 

60 plasticized resin, of a suitable blowing agent. The 
preferred blowing: agent for this purpose is 

such as diazoaminobenzene, pip'-oxybis (benzene 
Sulfonyl: hydrazide), or alpha. alpha"-azobisiso 
butyronitrile. may be used. As is customary, a 
small-quantity (from 2 to 5 parts by weight per 
100 parts of unplasticized resin) of, a suitable 
heat or light stabilizer, such as calcium stearate 

In compounding the polyvinyl resins, if a. 
liquid plasticizer is used a plastisol may be formed 
of the ingredients by techniques well known in 

cause absorption of the gas, by the polymer. Aa, the plastic.art. See for example the patent to 
valve is then opened in the bottom of the vessel 75 Barton 2,484,397. This plastisol is then confined 
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in a mold under pressure and subjected to heat 
in a manner similar to that taught by the patent 
to Cuthbertson to cause the resin to dissolve in 
the plasticizer and to decompose the blowing 
agent. The material is then removed from the 
mold and subjected to heat to expand it to its 
final shape. When a solid plasticizer is used, the 
materials may be mixed on a mill by techniques 
well known in the plastics art, and the gas liber 
ated from the blowing agent and the mix subse 
quently expanded in the same Way as When a 
liquid plasticizer is used. An additional advan 
tage is achieved in a polyvinyl resin shell, when 
Solid plasticizers are used, for these plasticizers 
do not escape as readily upon aging as do the 
liquid plasticizers, v 

A further example of a material suitable for 
the tough shell is one formed of a mixture of a 
thermoplastic resin and a rubbery material com 
patible with this resin. A satisfactory mixture 
may beformed of from 50 to 80 per cent of a hard 
inelastic resinous copolymer of butadiene and 
styrene and correspondingly from 50 to 20 per 
cent of GR-S. Such a mixture containing 30 
percent of GR-S and 70 per cent of the resinous 
copolymers of butadiene and styrene (these in 
gredients being mixed with suitable quantities of 
zinc oxide, sulfur, an accelerator and an anti 
oxidant as is usual in Such mixtures) Would be 
suitable for the shell material. This material 
similarly is mixed with from 15 to 40 parts by 
weight per 100 parts of the resin-rubber mixture 
of a suitable blowing agent such as those Speci 
"fied above to provide an ultimate expanded cell 
lar material having the requisite low density, 
vulcanization of the GR-S component being ef 
fected during the expanding process. 
A further example of a mixture of a thermo 

plastic resin and a rubbery material compatible 
therewith is a blend of polyvinyl chloride or a 
resinous copolymer of a major proportion of vinyl 
chloride and a minor proportion of a copoly 
merizable monomer and a rubbery coploymer of 
butadiene and acrylonitrile in proportions of from 
50 to 80 per cent of the former and correspond 
ingly from 50- to 20 per cent of the rubbery co 
polymer.'s . . . 

Still a further example of a mixture of a 
thermoplastic resin and a rubbery material con 
patible with this resin which is suitable for the 
tough shell of the flotation body according to 
this invention, and the material which is preferred 
for this tough shell, is a mixture of a resinous 
copolymer of styrene and acrylonitrile and a rub 
bery copolymer of butadiene and acrylonitrile as 
disclosed in the Daly Patent 2,439,202. These ma 
terials may be mixed in the proportions of from 
50 to 80 per cent of the resinous coploymer of 
styrene and acrylonitrile and correspondingly 
from 50 to 20 per cent of the rubbery copolymer 
of butadiene and acrylonitrile to provide a shell 
which When combined with the polystyrene Core 
will produce a fiotation body having the requisite 
shatter-resistance, and a preferred mixture for 
this shell is one containing from 50 to 70 per 
cent by weight of the resinous copolymer of 
styrene and acrylonitrile and correspondingly 
from 50 to 30 per cent of the rubbery copolymer 
of butadiene and acrylonitrile. This mixture is 
similarly compounded with from 15 to 40 parts 
by weight per 100 parts of the resin-rubber mix 
ture of a suitable blowing agent to produce an 
ultimate expanded material having the requisite 
density for the flotation body. 
A more specific example of this preferred mix 
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ture for the shell material, and the manner of 
producing it is as follows : 

Parts 
Styrene-acrylonitrile. resin (85-15)-- 65 
Copolymer butadiene-acrylonitrile rubber 35 
Mixture of mono and di-heptylphenylamine 12 
Zinc oxide ------------------------------- 5 
BenzothiaZyl disulfide-------------------- 0.25 
Stearic acid------------------------------ : 
Sulfur ---------------------------------- 15 
DinitroSo pentamethylene tetramine------- 25 

The styrene-acrylonitrile resin and the Buna, 
N rubber are charged into a Banbury mixer and 
masticated for 10–15 minutes at 320° F. All of 
the remaining ingredients except the blowing 
agent and the Sulfur, are added and mixed With 
the rubber and resin until a homogeneous mix 
ture results. The stock is then discharged from 
the Banbury and sheeted out. It is then banded 
On a rubber mixing mill where the Sulfur and 
blowing agent are added without permitting the 
temperature of the Stock to exceed 200° E. m 

If a Snooth finish is desired on the final molded 
cellular material, the stock is calendered before 
molding. The composition is then converted 
into cellular blocks in accordance with the Cuth 
bertson process. The first step, which comprises 
molding under pressure Without permitting any 
expansion, is carried out at 285 F. for 20 minor 
utes. The stock is cooled before releasing from 
the mold. This slab is then expanded freely in 
space or in a larger mold for 45 minutes at 340 
F. The density of the final product is con 
trolled by the amount of expansion that is per 
mitted. To obtain a density of 5th/cu. ft. or less, 
it is preferred to permit the material to expand 
to its maximum volume. w 
A rather large proportion of blowing. agent 

(from 15 to 40 parts by weight) is used to ex 
pand the plastic materials making up the flota 
tion block according to this invention because 
it is necessary to expand the materials to low 

Preferably when used as an equip 
ment float the density of the flotation body does 
not exceed 5 lbs. per cubic foot, for when the 
density gets much above this figure the bodies 
are not too satisfactory for floating heavy equip 
ment such as a military truck or tank. A pre 
ferred flotation body for this purpose would have 
a density in the range of 4.75 to 5 lbs. per cubic 
foot. 

Flotation bodies constructed in accordance 
With this invention having a relatively thin shell 
and a relatively large core are capable of With 
standing gun fire Without shattering or crum 
bling. Thus a body having over-all dimensions 
on the order of 2 to 5 feet and having a shell 
of 1 to 4' in thickness, When Subjected to gun 
fire from a .50 calibre machine gun Will be pierced 
by a hole along the path of the shell. Larger 
calibre shells which do not tumble would leave a 
similar hole. In contrast with this performance, 
a cellular polystyrene flotation body will be blown 
to dust by such gun fire. 

It will be evident from the foregoing that by 
utilizing this invention, a Superior flotation body 
of great buoyancy can be produced, and that a 
tough and durable flotation body suitable for 
Varied uses under extreme adverse conditions 
Will be formed. 

Having thus described my invention, what 
claim and desire to protect by Letters Patent is: 

1. A buoyant flotation body comprising in 
Combination a core of expanded cellular polystyn 



7. 
tene resin; and a shell about the core formed of an 
expanded cellular materialselected from the 
group consisting of plasticized polyvinyl chlo 
ride, plasticized resinous. copolymers of: a major 
proportion of vinyl, chloride and a minor-propor 
tion of a Copolymerizable monomer, and mixtures. 
of (A) from 50 to 80 per cent of a thermoplastic 
resin. and (B), correspondingly from 50 to 20 per 
cent of a rubbery material compatible with: said 
resin. 

2. Abuoyant flotation body comprisingin-con 
bination a relatively large core of expanded cellu 
lar material and a relatively thin shells of a 
tough expanded cellular material, said body have 
ing a density not greater than 5 pounds per cubic 
foot, said core being formed of cellular poly 
styrene resin and said -shell: being formed of a 
cellular material selected from the group cons 
sisting of. plasticized polyvinyl chloride, plastin 
cized-resinous. Copolymers of a major. proportion 2 
of vinyl chloride, and a minor proportion of a 
copolymerizable monomer, and mixtures of (A). 
from 50 to 70 per cent of a thermoplastic resin 
and (B) correspondingly from:50 to, 30.per cent 
of-a, rubbery.'material-compatible With said resin. 
3. A flotation body adapted to float. heavy 

equipment in waters when fixed thereto compris 
ing in-combinations a score of. expanded cellular 
polystyrene resin and a shell having a thickness 
in-the-range of.1 to 4 inches: completely sur 
rounding said “core, and ribonded thereto, said 
shell's being formed of...a tough: expanded cellular 
material. selected... from the group consisting of 
plasticized polyvinyl chloride, plasticized resinous 
copolymers of a major proportion of vinyl chlo- 3: 
ride and a minor proportion of a copolymerizable 
moraoner, and mixtures...ofi (A). from 50 to. 80 
per cent of a thermoplastic resin and (B), cor 
respondingly from 50 to 20 per cent of a rubbery 
material compatible: with said resin: 
4. A flotation block comprising in combination 

a core-of-expanded-cellular polystyrene resin and 
a relatively, thin shell of a tough expanded cellu 
lar material bonded to the core, said shell being 
formed of a mixture-of. 50 to 80::per, cent Of...a d? 
thermoplastic resin -and correspondingly; from 
50 to 20-pers cent of a rubbery material com 
patible, with said resin. 

5. A flotation body, adapted to maintain heavy 
bodies afloat in-water when attached; thereto. 

0. 

2 

40 : 

8. 
comprising a core of expanded cellular poly 
styrene resin and a shell of tough expanded cellul 
lar material, said, shell. having a thickness in 
the range of 1 to 4 inches, said shell-being formed 
of a mixture of 50 to 70 per cent of a resinous 
copolymer of styrene-and acrylonitrile and cor 
respondingly from 50 to 30 percent of a rubbery 
copolymer of butadiene and acrylonitrile. , 

6. A flotation body having a density not greater 
than 5 pounds per cubic foot, said body come 
prising in combination a core of expanded cellul 
lar, polystyrene resin and a shell of expanded 
cellular, material completely enclosing said core, 
said shells having a thickness in the range of 
'i to. 4 inches, said shell being formed of a mix 
ture of from 50 to 70 per cent of...a resinous 
copolymer of styrene and acrylonitrile and cor 
respondingly from 50 to 30 per cent of a rubbery 
copolymer of , butadiene, and acrylonitrile. 

7. A non-shattering flotation body comprising 
in combination a core of expanded cellular poly 
styrene resin, a shell, of expanded cellular ma 
terial surrounding Said core, and bonded thereto, 
said shell being formed of a plasticized poly 
vinyl resin and having a thickness, in the range 
of 1 to 4 inches, said flotation body having a 
density not greater than 5 pounds per cubic foot. 

8. A flotation body according to claim 7 in 
which said shell is formed of plasticized poly 
vinyl chloride. 

9. A flotation body according to claim 7 in 
which said shell is formed of a plasticized co 
polymer of vinyl chloride and vinyl acetate. 

10. A flotation body according to claim. 7 in 
which said shell is formed of a plasticized co 
polymer of vinyl chloride and diethyl maleate. 

JOHN J. HOFEMAN. 
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