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This application is a division of an application Serial
No. 50,107 filed in the Unijted States Patent Office on
‘August 17, 1960, )

The present invention relates to. means for transport-
ing low temperature liquids in bulk, It relates particular-
1y to ship means for bulk transportation of relatively low
temperature liquids: It relates more particularly to a
vessel or tank ship construction suitable for bulk trans-
portation of relatively low temperature liquids at sub-
stantially atmospheric pressure, and it relates still more
particularly to a vessel or tank ship construction suitable
for bulk transportation at substantially atmospheric pres-
sure of liquid materials having normal (atmospheric)
boiling points down to about —75° F. B

Considerable interest has been shown in recent
in the storage and transportation of relative
hydrocarbon materials such as
-mal boiling point) in.the liquid state and at substantially
atmospheric pressure. Under these conditions the cold
hydrocarbons are placed in thermally insulated containers
-and allowed to vaporize or boil off as heat leaks in
through the container structure. The vapors thus pro-
~duced may be either vented directly to the atrﬁnsphere,
consumed as a gaseous fuel, or recondensed by suitable
- refrigeration equipment and returned as liquid directly
to the msulated container.. Obviously the efficiency and
economy of such storage and transportation of relatively

low-boiling liquids are dependent to a large degree upon
~ the effectiveness of the thermal insulation applied to the
liquid container.

Another problem besides that of vaporization loss of
stored materials which arises in the course of storing and
~ transporting relatively low-boiling liquids is that of em-

“brittlement of metallic structural components of the liquid
container. At temperatures as low as —75° F. ordinary
ferrous metals such as low carbon steel may suffer at
least some loss of energy absorbing capacity at high rates
of strain, that is, loss of Impact resistance. Storage tanks
in general and storage tanks abroad ship in particular may
be expected to be exposed to some shock loads during
their working lives, even though such loads be applied
accidentally. - Accordingly, when materials such as pro-
panc arc liquefied for storage and/or transportation
thought must be wiven to the matter of loss of impact
resistance of g stcel-walled container and the attendant
increased susceptibility of this structure to brittle fracture.
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materials retaining significant impact resistance proper-

- ties at low temperatures.
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[t will be readily understood that the physical failure

~ of a wall of a tank containing cold liquid hydrocarbons
in bulk, liguid propane for example, could be extremely
dangerous to both life and property. To minimize the
possibility of such failure. proposals have been made for
storing liquid propane and other cold liquid materials in
steel tanks or container shells provided with internal in-
sulation of appreciable thickness. By placing the insula-
tion on the inside of the steel container shell rather than
on the outside, the shell material is allowed to remain
at substantially atmospheric temperature for its entire
thickness even though the container be fully charged with
cold liquid. In this way low carbon, relatively inexpen-
sive steels may be used in the tank structure instead of
resort having to be had to costly alloy steels or other
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The insulating materials which have been proposed
most frequently for such use according to the teachings
of the prior art are balsa wood and cork in the form
of rather sizcable blocks or slabs. These materials are

rTeasonably effective as thermal insulators, but in the form

applied or proposed to be applied make for a rather
expensive construction. This is so not only because balsa
wood and cork are not particularly inexpensive on a
volume basis, but also because of the carpentry and joiner
work necessary for proper fitting of the insulation seg-
ments to the metal tank shell and to each other.
Whether the insulation comprise blocks or slabs of the

traditional materials or be otherwise constructed, how-

ever, direct exposure of the insulating material to the
cold liquid being stored or transported has usually not
been desired. Accordingly, a liner or inner tank shell
1s placed within the insulating blocks. One possibility
known to the prior art for creation of this inner tank
shell is to have it made of aluminum or another metal
such as stainless steel retaining a significant impact re-
sistance property at low temperatures. For shipboard
containers intended to hold liquids at very low tempera-
tures, for example, containers to hold liquid methane at
about —259° F., an inner tank shell of suitable metallic
material is the only practical possibility. . However, when
liquids- at temperatures not lower than about —75° F.
are to be carried the inner tank shell may be non-metallic
and susceptible of easier handling and installation than
a metal. Likewise in the temperature range extending
down to about —75° F. the insulation material may be
other and less expensive than and at least as easily in-
stalled as the balsa or cork of the prior art.

While the present invention is applicable, within limits,
to use in the storage and transportation of liquefied hy-
drocarbons generally, it is particularly suitable for use
in the handling and shipment of those hydrocarbon ma-
terials which exist as liquids at temperatures at least
somewhat below normal temperatures, but which have
normal boiling points not lower than about —75° F.
These materials include but are not limited to the fol-

lowing: |

Material: Normal B.P. (° F.)
1-Butene ____________________ 43.3
n-Butane __________________ 32.9
1,3 Butadiene _.__________________ 24.1
Isobutane _______________ 10.9
Propane ____._________________ —43.7
Propene (propylene)______________ —53.9

Essentially, tank structures of the type with which the
present invention is concerned and which are adapted for
installation in marine vessels include a first or outer tank

- shell of rigid and most likely metallic material, and a

plastic insulating material lining the interior of this tank
shell and preferably sprayed in place with an incorporated
expanding or foaming medium of suitable kind. The
inner surface of the outer tank shell, whether this shell
be of metal, plastic, or other material, may desirably be
suitable primer before application of the

insulation thereonto to prevent oxidation
thereof and improve adhesion of the foam.

Preferably the foamed plastic employed as an insulat-
ing material should be one which develops a tough surface
skin which is relatively impermeable by most hyrocar-
bons, and may be capable of serving as the second or
inner tank shell to contain the cold cargo liquid. The
Insulating materia] may also include a fire retardant mate-
rial or be inherently fire retardant, and it is preferred
and may be required to apply to the spraved foam plastic
an extra protective film or coating on its inner surface
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to serve as or at least be a substantial part of the afore-
mentioned second tank shell. For this purpose a plastic
or synthetic rubber coating may be used which is of
enhanced impermeability by the liquid and vaporous hy-
drocarbons contained within the tank structure. This
extra film or coating should also be one which provides
superior resistance to mechanical damage in comparison
with the surface skin of the insulating material alone.

In a modified version of the present invention, the gen-
eral structure just described may be used with the added
element of a layer of balsa wood or cork applied next to
the inner surface of the outer tank shell, that is, between
this shell and the foamed plastic insulation which will be
applied directly or by means of a bonding agent to the
inner surface of the added element.

The balsa wood or cork layer will itself serve as insu-
lating material of a relatively rigid nature. Use of this
conventional insulating material will also tend to lower
the mean temperature of the foamed plastic insulation
sprayed or blown upon it. Reduction of temperature of
plastic foam materials generally will increase their com-
pressive strengths for a given foam density. Accord-
ingly. use of the aforementioned balsa or cork insulation
against the inner surface of the outer tank shell will
usually allow a reduction in density of the next-adjacent
foam insulation for a desired strength of the latter 1nsu-
Jation to resist static and dynamic loading.

The present invention has several advantages. First
the cost of installation of the insulation arrangement pro-
vided according to it is substantially less than the cost of
fitting block or individually molded segments of insulat-
ing material within a tank or vessel shell. Second, a
structurally and thermally superior insulation arrange-
ment is obtained in that void spaces. poorly fitted joints,
and ditficult corner junctures which may occur with tra-
ditienal block or slab type insulation are avoided. Third,
whencver repairs to the insulation are needed they may
be eilected casily by a spraying operation rather than by
resort having to be had to carpentry or joincr work.

These and various other advantages of the present in-
vention as well as its nature and substance will be more
clearly perceived and fully understood by referring to the
following description and claims taken in connection with
the accompanying drawings in which:

FI1G. 1 represents a view looking forward in transverse
sectional elevation throush a marine vesse! having an in-
sulated tank for cold carco liquids therewithin constructed
according to this invention;

FI1G. 2 represents a view similar to that of FIG. 1 of a
portion of the wall of an insulated tank for cold cargo
liquids constructed according to a modification of this
invention, and

FiG. 3 represents a graphic portrayal of compressive
strength propertics at 70° F. and 120° F. of two foamed
nlastic materials suitable for use as thermal insulation In
at loast some applications,

Referring now to the drawings in detail, especially to
FIG. 1 thereof. a marine vessel confisured more or less
similarly to a conventional tank ship is designated 10.
Ship 10 is characterized by a main deck 12, bottom plat-
ing 14. and port and starbeard shell plating 16 and 18.
Fxtending fore and aft within the ship are longitudinal
bulkheads 20 and 22. These will go to or through trans-
verse bulkheads which will be located at suitable inter-
vals along the length of the ship. The structural items
of deck. bulkheads, shell plating, and bottom plating so
far designated will scrve to define at least two port and
starboard wing tank spaces such as 24 and 26. These
wing tanks mav be used for storage of materials which
are ordinarily liquids at atmospheric conditions of tem-
perature and pressure. Stuch liquids would include vari-
ous crude petroleums and petroleum distillates.

The central part of the vessel includes at least one com-
partment such as 28 which is bounded fore and aft by the
aforementioned transverse bulkheads, and laterally by
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longitudinal bulkheads 29 and 22. Within compartment
28 there is located at least one tank structure for the stor-
age of cold liquid cargo materials. This tank structure
includes a first or outer metal shell memkber 30, a second
or inner non-metallic shell 32 in non-contacting rclation
to the outer shell, and thermal insulation material 34 sub-
stantially filling the region between the two shells. A cold
liquid storage volume 36 is defined within the inner
shell 32.

The centerline vertical keel of tank ship 10 is desig-
nated 38. This is surmounted by a platform structure
40 which is otherwise suitably supported and braced, and
which provides immediate support for the tank structtire
of which shell member 30 defines the outer boundary.
The tank structure may be secured on platform 40 by
any appropriate and customary means, proper allowance
being made for dimensional changes due to thermal
effects.

Primary location of outer shell member 30 with respect
to the hull structure of ship 10 is, of course, eflected by
its seating and securing on platform structure 49. o
prevent undue sway of this shell, however, with rolling
of the ship it is held transversely centered by such means
as buffer brackets 42 and 44 secured to longitudinal bulk-
heads 20 and 22 near the top of the tank shell. These
brackets have no effect of restricting movement of the
tank structure due to temperature changes, for they are
not actually fastened to outer tank shell 39 but simply
bear relatively lightly against it. Each of these brackets
may be a composite structure including a facing member
of relatively soft buffing material such as rubber or wood
wherewith actual contact with outer shell member 30 is
intended to be effected. Facing members 46 and 48 of
this nature are designated as parts of the structures of
brackets 42 and 44 respectively.

Now considering particularly the structure of the cold
liquid storage tank and its internal and external attach-
ments. outer shell 30 will be of steel. Being internally
insulated. this steel may be of a low carbon, relatively
inexpensive grade. It may of course be of a stainless or
other high alloy grade, but the particularly beneficial
propertics of these considerably more cxpensive steels
will not have significant opportunity of dcvelopment in
the course of such use. On its interior bottom surface,
outer tank shell 39 is fitted with a series of structural ¢le-
ments such as inverted T-beams 50 which support a steel
plate 52, and this in turn supports the bottom layer of
thermal insulation material 34 with which outer shell
member 30 is lined. The heat path from bottom plating
14 of ship 10 to any cold liquid cargo in tank space 36
will be a difficult one, not only because of the bottom
layer of insulation material 34 but also because of the
limited cross sectional area of the webs of T-beams 50
normal to the direction of heat {flow.

As shown in FIG. 1, the sprayed foam plastic insulating
material 34 substantially completely lines the inner sur-
face of outer tank shell 30 and/or plate 52 if this plate
is in fact used to provide an inner bottom for the tank
shell. In view of the large size in which a tank struc-
ture such as that shown in FIG. 1 may be expected to
be constructed and in view also of the motion which
may be expected to be imposed upon this structure,
it will be desirable that insulating matcrial 34 be capablc
of withstanding substantial static and dynamic pressures
over a fairly wide range of temperatures.

As an example of the foregoing, for the storage and
traHSportatiEE of liquid propane the insulating material
should be capable of withstanding static pressure of at
least 10 and preferably 14 pounds per square inch from
the stored liquid without significant crushing, even In
the face of a superimposed dynamic pressure of equal
amount. In general, insulating material 34 should be cap-
able of withstanding a total pressure in the range of
20-28 p.si. Moreover, the insulating material should
be capable of withstanding such pressure throughout a
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range of temperatures extending from at least as high
as 120° F. to at least as low as —75° F.

In addition to possessing definite mechanical strength,
especially in compression, insulating material 34 must
of course offer a great degree of resistance to the flow
of heat therethrough. Preferably, in keeping with work-
Ing regulations of the United States Coast Guard, in-
sulating material 34 in the thickness applied should not
permit a heat flux in excess of 0.075 B.t.u per hour per
- square foot per degree Fahrenheit temperature differen-
tial (0.075 B.t.u.-hr.—1-ft,—-2—° F.1), -

The aforedescribed properties of fairly high mechanical

strength and relatively low thermal conductivity are

not easy to find in combination among foamed plastic
materials. This is because the lighter foams have im-
‘proved 1nsulating properties but decreased strength in

compression. Accordingly, considerable care is required

in the choice of insulating material 34 for use of the
nature indicated in FIG. 1.

Although this invention is not limited to the employ-
ment of any particular foamed plastic insulating mate-
rial so long as the material selected satisfies at least the
stated basic requirements, an Insulating material particu-
larly desirable for use will be a polyurethane foam pre-
parcd by mixing a suitable resin, usually a polyester or
a polyether, with a diisocyanate, and appropriate catalyst,
and an expanding agent or a reactant from which an ex-
-panding agent may be generated. For example, if a
~ polyester resin, tolLlene-2,4-diisocyanate, and a catalyst
such as trimethylamine are mixed with water there. will
be a release of carbon dioxide gas as a reaction by-
product, and this gas will serve: as the expanding agent to
foam the plastic material as it is deposited on the interior
surface of outer tank shell 30. Further information on
chemistry and processes
described may be obtained
booklet publications: .

(1) “Rigid Urethane Foams—II Chemistry and For-
mulation” (HR-26, April, 1958) by C. M. Barringer,
Elastomer Chemicals Dept., E. I. du Pont de Nemours &
Co., Wilmington, Del. |

(2) “Chemistry of Organic Isocyanates” (HR-2, 1-20-
'56) by R. G. Arnold, J. A. Nelson, and J. J. Verbanc,

Dept., E. I. du Pont de Nemours &

by reference to the following

Elastomer Chemicals
- Co., Wilmington, Del.

Alternatively to a mixing and reactive process wherein
the expanding agent is
expanding agent may be added as a mixture ingredient
and carried through the mixing steps and any associated
reactions with itself being changed only in physical
rather than chemical condition. Specifically what is con-
templated is that the expanding agent will be changed
- from the liquid to the vaporous or gaseous ntate.
“this connection a halogenated hydocrabon siich as one
ot the “Freons” marketed by E. I. du Pont de Nemours
& Co. will be suitable as an expanding agent, and is
specifically preferred for purposes of this invention. The
reason for this preference is that of the si gnificantly lower
coefhicient of thermal conductivity or “K” factor of a
Freon-expanded polyurethane foam in respect of that
of the same material expanded by carbon dioxide to the
‘'same density. o | |

The halogenated hydrocarbon known technically as
trichloromonofluoromethane and known and sold com-
~merically -as Freon-11 is especially sdtisfactory for use
as an expanding of foaming agent, this material in liguid
from being substituted as a mixture ingredient for the
water mentioned above. The polyester, the diisocyanate,
and the catalyst will react exothermically as they are
mixed, and the heat so released will vaporize the liquid
Freon—11 which has a boiling point of about 75° F. at
a pressure of 1 atm. Upon this vaporization of the
Freon-11, the plastic material will be expanded rapidly
into foamed form, and it will cure quickly at room or
normal atmospheric temperatures to provide a good in-

relevant to the operation just ..

generated as a by-product, the.
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sulating structure having a dense and relatively imper-
meable surface film or skin. This skin will define the
inner boundary of insulating material 34 as this mate-
rial is applied to the inner surface of outer tank shell
30, assuming that a polyurethane ‘material is in fact
used, | | |
Plastic foams of the kind described adhere quite tena-
ciously to steel surfaces, Insulating material 34 may,
accordingly, simply be blown onto the interior surface
of outer tank shell 36 to build up on this surface and on
itself to the desired thickness, about 215 to 314 inches,
without the erection of any forms or molds. For truly

- durable adhesion of the insulation to tank shell 30, the

interior surface of this she!l should be cleaned of ut
least mill scale, oil, and paint prior to the blowing on
of insulating material 34, this matertal cxpanding to a
foamed condition as and after jt strikes the tank surface.
Suttable cleaning of the interior surface of the tank may
be effected by sand blasting. After cuch cleaning, an
adhesive primer of any appropriate n:ature may be applied
to the inner surface of outer tank shell 30 if desired.
Density of the plastic material constituting the thermal
insulation of the tank structure shown in FIG. 1 may ke
formulation. and may range from
less than 2 to more than 50 pounds per cubic foot in
the expanded or foamed condition. The problem of
crushing of insulating material 34 has been mentioned
already. Such crushing, if it takes place, may be not
only of a sudden nature upon application to the insulat-
ing material of a breaking compressive load. but also of

a quite gradual nature as in the case of compressive

In order to hold creep deformation of the in-
sulating material within tolerable imits, that is, hold it
short of crushing to eventual failure, & minimum com-
pressive strength of 90 p.s.i. will often he desired for the
thermal insulation of tanks in the sizes contemplated to
be constructed according to this invention. Correspond-

‘Ing to such a creep resistance requirement. the minimum

practical density for insulating material 34 in the foamed
condition will be about 5 Ibs./ft.3. In the smaller sizes
of tanks with accompanying lower compressive loads
imposed on the insulation it may, of course, be permis-
sible to wuse plastic foams having densities less than
5 1bs./ft3 and correspondingly reduced compressive
strengths. - - |
Although a tough skin and one relatively impermeable
by most hydrocarbons will be formed on the inner surface
of plastic insulating material 34 as this material cures
In place on outer tank shell 30, this skin will not ke any
great-thickness and may be subject to mechanical pune-
ture. Should it be so punctured, low boiling hydrocarbon
liquids and their vapors in contact with it might effect
considerable permeation of the celiular structure of the
nmain body of insulating material 34. Such parmeation
would reduce the thermal insulation property of this
material to a great extent, as well as cayse loss of cargo

- Iiquids and create at least some hazard of fire.

60

70

75

In order to substantially eliminate the possibility of
such mechanical puncture of the insulation skin and
subsequent hydrocarbon permeation of the insulating

~material bady, a second or inner tank shell 32 is formed

or fitted onto the interior surface or tough inner skin of
insulating material 34 to define the cold liquid storage
volume 36. According to the present invention it is con-
templated that shell member 32 will be fabricated of
non-metallic material. | |

An eminently suitable material for inner tank shell 32
15 a polyester film known commercially as “Mylar.” and
manufactured by E. I. du Pont de Nemours & co. This
film is essentially a highly durable, transparent, water
and hydrocarbon insoluble polyethylene tercphthalate
resin. It is characterized by outstanding strength and
chemical inertness. It is characterized further by a high
degree of flexibility even at temperatures well below
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..75° F. Mpylar is available in thicknesses up to about
icn mils (0.017), and in strip widths up to about 54
inches.  Strips of this material may be joined to each
other hv butt fusine or welding upon coating them with
benzyl alcohol and subsequently making application of
heat as from a hot iron. or by lapping and the use of a

suitable adhesive material.
In effecting the installation of inner tank shell 32,

assuiming the material of it to be the aforedescribed
Mylar. it will of course be nccessary to obtain a firm edge
joint between abuiting strips of the polyester film to in-
sure the creation of a tank shell that is both gas and
liquid tight, and it will be at lcast highly desirable to
obtain 1 bond bhetween the Mylar strips and insulating
material 34 to prevent any collapse or significant degree
of deformation of inner tank shell 32 once it has been
fabricatcd. Such a bond may be obtained by applying
a licht coating of a cementing agent such as a thiokol-
epoxy adhesive compound to the tough skin or inner
surface of insuwlating material 34 before the polyester
Alm strips are set in place thereupon and joined to each
aiher.

It is to be understood that when inner tank shell 32
ix made of polvester fitm it may be given any desired
wall thickness by cementing together in superimposed
relution a plurality of fiim sheets.  Such cementing may
Lo offected By an epoxy compound or other suitable ad-
hesive,  bikewise, any convenient degree of prefabrica-
tion of the polyester fitm inner tank shell 32 may be car-
ricd out Jdepending upon the construction sequence chosen
for erection of the cold cargo liquid storage tank. Such
prefabrication would be in contrast to laying up indi-
vidial inner fark shell panels of polyester or Mylar film
After the cold cargo liquid storage tank had been substan-
tially completed otherwise.

A number of elements and systems make connection to
and penetration of the tank structure of this invention
from and throueh main deck 12 of marine vessel 10.
These inchule cargo vent conduit 54 extending from
careo liquid space 36, cargo liquid filling conduit 56 ex-
tending into cargo liquid space 36, and steam turbine or
other nrime mover 58 wherefrom sleeve 61 extends down-
wardly to a deep well pump 62 ncar the bottom of cargo
liquid space 36. this sleeve containing the turbine power
fransmitting means such as shafting of conventional na-
ture for pump 62. and also containing the discharge line
of pump 62 wherethrough cargo liquid is removed from
tank space 36. Cargo vent conduit 54 intended to carry
cold eascs or vapors, and cargo liquid filling conduit 56
intended to carry cold liquids are provided with thermal
insnlation coverings 64 and 66 respectively.

It is contemplated that the several conduit and sleeve
clements passing through main deck 12 will each have a
fixed point at the deck lcvel. Consistent with this, it
will he desitable that each such element be flexibly con-
nected 1o the tank structure of this invention to allow for
dimensinnal chanees in connected parts owing 1o changes
in their temperatures, for example.  Flexible connections
of the Lind desired may be effected through bellows joints,
1nd have heen so made for purposes of itlustration. The
Fellows joint structure associated with pump sleeve 60
will ke identificd and discussed in particular as being
representative of all such joint structures shown in F1G. 1.

Sleeve 690 poasses through the material of the outer and
oner (ank shells 30 and 32 with ample clearance, but 1s
ioincd to these two shell members with bellows elements
68 and 70 respectively.  Bellows 68 wiil preferably be of
setal for attachment in any suitable manner to the outer
tank shell 30 and pump slecve 60 which will both be
fabricated of metal. Bellows 70 will preferably be of
polvester film for separate attachment fo 1nner tank shell
32 us shown by a suitable cement. or for integral forma-
tion with the inner tank shell.  Securing of bellows 70 to
pump sleeve 66 is shown as effected by a clamping ring 72.
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It may be seen that by use of the illustrated bellows
arrangement a two-shell barrier is maintained all around
the cold cargo liquid space 36. It may be seen further
that by use of this arrangement the cold liquid storage
tank structure of this invention may flex quite freely due
to temperature variations, working of vessel 10, or any
other reason without there being danger of rupture of
either tank shell surrounding the cold cargo liquid or of
any undue stressing of structural parts.

As pointed out earlier, the polyester film Mylar is an
eminently suitable material for inner tank shell 32. This
tank shell may, however, be formed of other non-metallic
materials if desired. One other material suitable for
fabrication of the inner tank shell is a plastic coating
composition known as “Plasite No. 9120” which is sold
commercially by Wisconsin Protective Coating Corp. of
Green Bay, Wis. This composition is formulated of
epoxy resin, asphalt. phenolic resin, polyamide, and a
suitable curing agent. It has been dcmonstrated to be
impermeablc by liquid propane under pressure for ex-
tended pertods of time.

Plasite No. 9120 may be spread by any convenient ap-
paratus onto the tough skin or inner surface of polyure-
thane insulating matcrial 34 to a finite thickress, a thick-
ness of 60 mils (0.060"") for example, and allowed to set
and cure to form a tank shell structure in and of itself. For
complction of this structurc a separate Mylar bellows and
clamping ring such as 70 and 72 discussed alrcady can be
used to make the final joint to pump slecve 60, the bel-
lows being cemented to the Plasite inner tank shell by any
suitable adhesive agent.

Referring next to FIG. 2, the cold cargo liquid tank
wall structure shown therein is identicual to that shown 1n
FIG. 1 except that a relatively thin layer of blocks or
slabs of balsa wood or cork or other at least semi-rigid
insulation 74 has been applied next to the inner surface
of outer tank shell 30 with the polyurcthane foam mate-
rial 34 being sprayed upon it in turn. When such an
insulatine layer as 74 is used for the reason given earlier
in this specification, the blocks or slabs which it comprises
should be rather carefully fitted and secured by appropri-
ate means to the inner surface of outer tank shell 30.
This fitting, although it should be careful, will be much
easier and less expensive for thin layer 74 than it would
be for a full balsa wood or cork insulation system.

Referring next to FIG. 3, the two foamed plastic mate-
rials tested for determination of their compressive strength
properties were Freon-expanded polyurethanes. As noted
by legends, one material was expanded to a density of
4.5 Ihs./ft.3 while the other, with less expansion, had a
density of 5.1 1bs./ft.3. Compressive tests were carried
out in a standard laboratory testing machine which
strained the test specimens at the rate of approximately
(0.05 in./min. As noted further in the legends, tests on
material of each density were carried out at about 70° F.
and about 120° F. The latter and somewhat elevated
temperature was achieved and maintained by a heating
chamber enclosing the test specimens in place in the test-
ing machinc.

Material spccimens of each density tested at about
70° F. were rectangular blocks having dimensions of ap-
proximately 3 in. x 3 in, x 1 in. Those of each density
tested at about 120° F. were likewise rectangular blocks
but with the somewhat different dimensions of approxi-
mately 2 in. x 2 1m, x 1 in. In all tests the specimens were
strained 1n compression on their shortest dimensions.
Load readings taken from the machine were converted to
stress values on the basis of loaded areas of the specimens,
and strain or deflection readings in absolute values were
converted to proportional values on the basis of the
oricinal values of the strained dimensions of the speci-
mens.

For all tests the data show the existence of a substan-

tially linear stress-strain relation up to a rather definite
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yield point, especially for the lower temperature and the
more densc material. Qualitatively the data indicate that
for a given material density there is a tendency for com-
pressive strength to increase with decreasing temperature,
at least over the temperature ransc explored. Quantita-
tively they indicate that polyurethane foam having a
density of 4.5 bs./ft.3 will not develop the aforementioned
compressive strength value of 90 p.s.i., at least not at
normal temperatures, but that this value will be developed
by the 5.1 Ibs./ft.3 density material at femperatures at
least up to 120° F. It may be concluded that the latter
material will be of general application as thermal insula-
tion in tanks of substantially all the sizes contemplated
to be constructed according to this invention, whereas
the former will be limited in application to tanks of the
smaller sizes.

The tank structure of this invention is considered to
be highly useful for the storage and transportation of
hydrocarbon liquids which are at least moderately cold.
Its utility is not, however, restricted to employment with
hydrocarbons only, but rather extends to employment
with at least somewhat refrigerated liquids generally.
For example, it is contemplated that the tank structure
of this invention will be suitable for the storage and
transportation of ammonia, chlorine, some Freons, etc.,
in liquid state.

It will be understood that in any of its particular ap-
paratus embodiments various modifications may be made
in this invention without departi ng from the spirit thereof.
Specifically the use of foamed plastics other than poly-
urethane as insulating materials and the use of materials
other than Mylar or a Plasite compound for the inner
tank shell are contemplated as being within the scope of
this invention, these other materials having in each case
properties appropriate to their intended use. It is pro-
posed to secure protection by Letters Patent of all these
embodiments and modifications within the broadest inter-

pretation of the following claims that the relavant prior
art permits. |

What is claimed is:

1. A thermally insulated tank
low temperature liquids, said tank
for installation in marine vessels and comprising (1) a
first shell member of a material which is subject to at
least some reduction in its impact resistance property at
the normal fow temperature of said liquid, (2) a relatively
thin layer of a first thermal insulation material in sub-
stantially continuous contact with the inner surface of said
first shell member, said first thermal insulation material
being at least semi-rigid and applied to said inner surface
of said first shell member in block form, (3) a layer of
substantial thickness of a second thermal insulation ma-
terial in substantially continuous contact with the inner
surface of said first thermal insulation material, said sec-
ond thermal insulation material consisting essentially of
polyurethane applied to said inner surface of said first in-
sulation material in sprayed form and expanded to a
foamed condition by the vapor of a halogenated hydro-
carbon, and (4) a second shell member of & plastic, non-
metallic material in substantially continuous contact with

Structure for containing
structure being adapted

10

20

30

40

0D

60

and occupying a substantial

10

the inner surface of said sccond insulation material, said
second shell member defining a low temperature hquid
storage volume within its own inner suriace. |

2. A thermally insulated tank structure according to
claim 1 in which <aid first shell member consists essen-
tially of a Jow carbon steel and said first thermal Insula-
tion materiz! consists essentially of balsa woaod.

3. A thermally insulated tank structure according to
claim 1 in which said first shell membar consists essen-
tially of a low carbon steel and said first thermal insula-
tion matcrial consists essentially of cork.

4. A thermally insulated tank structlure according to
claim 1 in which said first shell member consists cssential-
ly of a low carbon steel and said second shell member
consisis essentially of a polyester film.

5. A thermally insvlated tank structure according to
claim 1 in which said first shell member CONnsists essen-
tially of a low carbon steel and said sccond shell member
consists essentially of a formulation of EPOXY resin, as-
phalt, phenolic resin, polyamide, and a curing agent there-
for. |

6. A thermally insulated tank structure according to
claim 1 in which said lavers of first and second insulation
materials taken together are of a thickness sufficient to
permit a heat flux thercthrough not in excess of 0.075
B.t.u.-hr.—lft—2__°F ~1

7. A thermally insulated tank structure according to
claim in which said second thermal insulation material
has a compressive strength of at least 00 D.S.1.

8. A thermally insulated tank structure according to
claim 1 in which said halogenated hydrocarbon consists
essentially of trichloromonofluoromethane.

2. A marine vessel for bulk transportation of low tem-
perature liquids, said vessel comprising a basic structural
hull and at least one tank structure motunted in said hul]
portion of the interior vol-
ume thereof, said tank structure including (1) a shell
member of a metallic material, (2) a relatively thin
layer of a first thermal insulation material in substantially
continuous contact with the inner surface of said shell
member, said first thermal insulation material being at
least semi-rigid and applied to said inner surface of said
first shell member in block form, and (3) a layer of sub-
stantial thickness of a second thermal insulation material
in substantially continuous contact with the inner surface
of said first thermal insulation material, said second ther-
mal insulation material consisting essntially of poly-
urethane applied to said inner surface of said first insula-
tion material in sprayed form and ¢xpanded to a foamed
condition by the vapor of a halogenated hydrocarbon, and
characterized by a tough skin at its own inner surface

which is relatively impermeable by liquid and vaporous
hydrocarbon materials.

10. A marine vesse] according to claim 9 in which said
metallic material is a low carbon steel.,

11. A marine vesse] according to claim 9 in which said

second thermal insulation materia] has a compressive
strength of at least 20 p.s.i.

No references cited.
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