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A CONTAI NER  MODULE FOR | NTERMODAL TRANSPORTATI ON AND
STORAGE OF DRY FLOWABLE PRODUCT This invention relates to
cont ai ner nodul es for shipping by rail, truck and ship, and for
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AND STORAGE OF DRY FLOWABLE PRODUCT
This invention relates to container modules

for shipping by rail, truck and ship, and for
temporarily storing, dry flowable product which is
discharged from the container module under pressure or
by gravity.

Container modules for intermodal shipping are
widely used and recently there has been a desire to
develop intermodal containers for transport and
temporary storage of dry flowable product. Such
containers include an elongated tank extending
horizontally in a support frame., Examples are shown in
U.S. patent numbers 5,390,827 and 5,353,967,
incorporated herein by reference. The pressure tank
has hatches along the top and loading tubes on the ends
for loading and hoppers along the bottom for discharge
of the dry, flowable product. While the tank is not
normally pressurized during transit, it is typically
pressurized to a positive atmosphere (about 14.7 psig)
during discharge of its contents and that typically
translates to a design pressure (1.5 factor) of about
22 psig. Several dimensional and other criteria for
the container modules are set out in Intermational
Standard Organization (IS0) standard 1496-4, Series One
Freight Container Specification and Testing, Part 4
Nonpressurized Containers, a standard that is well
known in the art. The support frame defines an
elongated rectangular, parallelpiped envelope for the



5 tenporarily storing, dry flowabl e product which is di scharged from
t he cont ai ner nodul e under pressure or by gravity.

Cont ai ner nmodul es for internodal shipping are wi dely used and
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envel ope for the
10 the tank must be able to withstand specified pressures,

The slope of the hopper walls also needs to accommodate
desired discharge rates. In addition, room must be
provided within the envelope for the plumbing for
effecting the pressure discharge of product. The

15 container modules must also satisfy certain rigorous
tests which include lifting, static loading, and
pressure tests. In addition to the requirements of IS0
Standard 1496-4 referred to above, there is the
pressurization requirement also mentioned above plus a

20 desired internal tank volume of 1450 or 1500 or more
cubic feet, preferably 1550 or 1575 cubic feet or more.
8till further, it is desired that the weight of the
empty intermodular container (frame, tank and typically
limited pneumatic pipes and cones that travel with the

25 container) not exceed 10,000 pounds, or 39500 pounds,
preferably 9000 or 8500 pounds. This represents a very
substantial weight savings over a stainless steel and
steel construction of around 15,000 pounds. Of course,
cost is a concern and it is desired to produce a

30 container at reasonable cost.

All of these competing eriteria must be
reconciled. PFor instance, maximum volume could be
realized by a generally rectangular tank which filled
the solid rectangular envelope. However, this would

35 require use of high strength or heavy materials in
fabricating the tank to withstand the discharge
preasure, thereby adding cost and/or weight. On the
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- 2- i cont ai ner nodul e havi ng di nensi ons whi ch have been
standardi zed for interchangeability. Cenerally, the envel ope is 8
feet wide, 8 feet to 9 and 1/2 feet high, suitably 9 feet 6 inches,
and either 20 WOR29%&et 5 long. O her standardi zed feat ur RECTIUS6QEIE4
nodes at each of the eight corners for stacking and lifting the
nodul es. Additional lifting points are also sp£04fied Maxi mum

wei ghts for the | oaded nodul es have_ bee abl i shed along with
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pressure di scharge dfolmstucs. 5 FPcexample, a module with a generally
5 rectangular tank is available, but it utilizes
stainless steel which adds weight and is expensive.
Attempts to duplicate this structure in aluminum have
pointed to a serious need for improvement.

There is a need therefore for an improved

10 container module for intermodal transportation and
temporary storage of dry flowable product.

There is a more particular need for such a
container module which meets volume requirements while
minimizing the empty weight of the module.

15 There is also a need for such a container
module which can meet the prescribed pressure
specifications without requiring thick, heavy or exotic
materials.

There is a further mneed for such a container

20 module which is strong and durable, and resistant to
corrogion by sea air.

There is an additional need for such a
container module which has uncluttered space for the
necessgary discharge plumbing and can be used with a

35 gooseneck truck.

There is yet another need for such a module
which meets all of the established specifications and
can pass all of the required tests.

There is an overriding need for such a

30 container module which satisfies all the above needs
and can be produced sconomically.

These needs and others are satisfied by the
invention which is directed to a container module for
intermodal transportation and storage of dry flowable

35 product which includes an elongated support frame
having a horizontally extending bottom frame and an
upright end frame at each end of the bottom frame, all



15 cont ai ner nodul es nust al so satisfy certain rigorous tests which

include lifting, static |oading, and pressure tests. In addition to
the requirenents of 1SO Standard 1496-4 referred to above, there is

t he pressuri zation requirenment also nentioned above plus a 20
desired i nt ewet729998k vol ume of 1450 or 1500 or nore FCIASD6/05984
preferably 1550 or 1575 cubic feet or nore. Still further, it is
desired that the weight of the enpt y-i4ternodul ar contai ner (frane, -
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which are engaged by the hanger means for suspending
10 the tank. Also, preferably, the hanger means comprises
plate members secured to top cross beams and corner
posta of the end frames to not only suspend the tank
but also to stiffen the end frames.
Ag another aspect of the invention, the
15 support frame includes corner gussets f£ixed to the
corner poste and the top cross beams and connected to
the pressure tank by channel members extending
longitudinally along the pressure tank.
As an additional aspect of the invention, the
20 support frame includes slongate members extending
longitudinally along each eide between the end £rame
corner posts and secured to each of the hoppers. These
longitudinal members resist angular separation of the
boppers through bending of the tank when loaded with
25 dry flowable product or pressurized. They also
contribute to the overall structural strength of the
container.
In addition, the hoppers along the bottom of
the tank are longitudinally intersecting, meaning that
30 the hoppers are spaced longitudinally closer together
than their full longitudinal dimension. This increases
the volume of the tank while still providing the
required slope of the hopper walls for complete
discharge of product. The longitudinally intersecting
35 hoppers form girth seams which are spanned by girth
plates welded to the adjoining hoppers.
The hopper at the front end of the container
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gooseneck.

The tank is configured to provide adequate
volume for the dry flowable product while withstanding
the applied discharge pressure without requiring a
thick wall, exotic materials or heavy bracing. To
achieve this, the tank has an elongated body portion
formed by a wall having a f£lat upper center section
extending no more than about 12 inches laterally, upper
curved sections extending laterally and downwardly from
the upper center section, flat side sections extending
downwardly from the upper curved sections no more than
about 12 inches, and curved lower sections which
laterally truncate the intersecting downwardly
discharging hoppers extending along the bottom of the
tank. Preferably, the upper curved sections and lower
curved sections are cylindrical sections having radii
of about 37 to 45 inches, suitably 40 to 43 or 44
inches. In the 40 foot long embodiment of the
invention, there are four to six hoppers and preferably
five.

In the preferred embodiment of the invention
these hoppers are frustoconical, although other
configurations providing the deasired slope of 37 or 40
to 45 or 50 degrees (typically 41 to 45 degrees) and a
discharge opening of about 30 inches caﬁ be utilized.

All of the above features can be combined to
provide a container module which is preferably made all
of aluminum except for standardized nodes on each of
the cornexrs of the module which are preferably made of
steel. Preferably, the tank including the hoppers is
made of aluminum plate of no greater than 3/8 inch in
thickness and preferably 5/16 or 1/4 inch in thickness.



specifications without requiring thick, heavy or exotic materi al s.
There is a further need for such a container 20 nodule which is strong

and durable, and resistant to corrosion by sea air
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upright end frame af 2850, C08rodsion” 2221siht  E05tather module for dry

flowable product which can withstand the pneumatic
pressures reguired for product discharge with adequate
margin for over-pressure, without the use of exotic

10 materials and at a reasonable cost.

A full understanding of the invention can be
gained from the following description of the preferred
embodiments when read in conjunction with the
accompanying drawings in which:

is5 Pigure 1 1s an isometric view of a container
module for intermodal transportation of dry flowable
product in accordance with the invention.

Figure la is a bottom view of a support frame
which forms part of the container module of Figure 1.

20 Figure 2 is an elevation view of the right
{as viewed in Figure 1), rear end of the container
module.

Figure 3 is a side view of a tank which forms

_ part of the container modules shown in Figures 1, 1la
25 and 2.

Figure 4 is a fragmentary longitudinal
section through the tank at the center line, line 4-4
in FPigure 2, showing its connection to the support
frame which forms part of the container module.

30 Figure 5 is a fragmentary longitudinal
section similar to Figure 4 but taken 30 degrees off of
the center line along the line 5-5 in Pigure 2.

Figure 6 is an isometric view of a corner

gusset which forms part of the container module of the
35 invention.
Figure 7 is a cross-sectional view through
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-4- defining a container envel ope of preset dinensions. A t ank
extends |ongitudinally along the support frane wi t hin the container
envel ope and has a plurality of downwar dl y di schargi ng hoppers. Hanger
means dependi ngo9B9eBmbst antially vertically fromthe end fra

ends of the tank above the hoppers for suspending the tank fromthe
and frames. The tank has outwardly conweX, -preferably substantially
spherical, end caps whi ch are engaged by the hanger means for

suspendi ng 10 the tiwek tapkstaken «longy the ﬂ-lﬁeeh'ém'be#n igrec 3npi th cgome
plate nmenbers secur gdrie@ keRo¢edSFodRAWTidpd corner posts of the end

f t t onl d the tank o but 2l f d
ranes to not only suspen 1,‘%1?:[] X é‘c?t uEPa &erid :HJ %[QH&H%SSn support

frames. As ano |nven I on,
franme includes cornaecgégsetskﬂxiét?mht the line 8r§9f ;?Gﬁ“ﬁ‘eaﬁd the top

cross beans and gonnect ed to g,f,m;mﬁ p;rcegg_gﬁget 2pkey ishamtebnnegbers
extendi ng | ongldt l:églcri]:gldl aI < oqxtarle &0 :TLaPor intermodal
transportation by truck, rail. and ship, and for the
temporary storage of, dry, flowable product. While
other materials could be used, the container module 1
io of the invention is particularly suitable for
construction essentially from aluminum. To date,
container modules for dry flowable product have
typically been made of steel or stainless steel.
Aluminum provides an advantage in weight and corrosion
15 registance over steel, and in weight and cost over
stainless steel. Aluminum as used herein includes
aluminum alloys. The present invention overcomes the
shortcomings of the prior attempts to produce a light
weight, corrosion resistant essentially all aluminum
20 container module.

The container module 1 comprises an elongated
support frame 3 and a tank 5 mounted on the support
frame. The elongated support frame 3 includes a
horizontally extending bottom frame 7 and a pair of

25 upright front and rear end frames 9F and 9R.

The bottom frame 7 includes two tubular
longitudinal side members 11 joined by longitudinally
spaced tubular cross beams 13. In order to accommodate
a gooseneck truck (not shown), an opening 14 is created

30 in the bottom frame 7 at the front end SF by a pair of
spaced apart longitudinally by extending "Z" section
aluminum members 15 secured to the longitudinal side
members 11 by tubular members 17 and a cross tubular
menmber 19. The "Z" section members 15 have horizontal

35 flanges and a vertical web, the bottom flanges pointing
outwardly and the upper flanges pointing inwardly
toward each other mo as to be able to rest on the



As an additional aspect of the invention, the 20 support frame includes
el ongat e nenbers extendi ng | ongi tudi nally al ong each side between the
and frame corner posts and secured to each of the hoppers. These

| ongi tudi nal nenbers resist angul ar separation of the hoppers t hrough
bendi ng of t woemwrswhen | oaded with 25 dry flowabl e prOdHéhuﬁkmﬁmu
pressuri zed. They al so contribute to the overall structural strength
of the cont ai ner . I n adgi ti on, the hoppers along the-
bot t om of the tank are longitudinally intersecting, nmeaning that 30

t he hoppers are spsradileprgposshesk. y cl oser together than their full
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hoppers. 5 These cdiiferQiBte 31 &8 & Mop MhdChbotlEmCORE S NEY
beams 23 and 25 are also extruded tubular members. A
pair of diagonal braces 27 extend between the bottom
cross beam 25 and the corner posts 21. At the four
corners of each of the end frames 9R and 9F are nodes
10 29 for stacking and interconnecting the module 1 with
other container modules. These nodes 29 are preferably
made of steel and preferably are the only components of
the illustrative container module 1 which are not made
of aluminum. In the embodiment shown, the nodes 29 at
15 the lower ends of the end frames 9F, 9R, raise the
bottom cross beams 25 above the longitudinal members 11
of the bottom frame 7. A pair of extruded tubular
blocks 31 form additional support points for the end
frames 9F and SR. Pads 13a (see Figure la) under the
20 c¢rogs beams 13 lie in a common plane with the blocks 31
to provide support for the container module on certain
trucks. The corner nodes 23 can be made by providing
cast steel node pleces and attaching to those cast
steel pieces suitable members for engaging or attaching
25 to the end post members 21.

The end frames 9F and 9R are comnnected to the
bottom frame 7 by tubular end members 33 which are
braced to the corner posts 4 by tubular diagonal
members 35. Ladders 37 can be provided in each of the

30 end frames 9F and 9R for accesa to the top of the
pressure vessel 5 and there is typically a walkway, not
shown, along the top. The support frame 3, with
particular reference to the nodes 29, defines a
rectangular, parallelpipe envelope 39 of standard

35 dimensions. This envelope 39 is 8 feet wide, 8 to
9-1/2 feet high and either 20 or 40 feet in length.

The tank 5 has a body portion 41, a pair of
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modul e in raised so that its discharge opening is above t he di scharge
openi ngs of the remaining hoppers. This permts the contai ner nodul e
to be used with gooseneck trucks. The support frame is also nodified
at this end VBOBY2997 ongit udi nal openi ng which acconmodat esPEFES96NSIS
gooseneck. The tank is configured to provi de adequate
volune for the dry flowable product vvhi I e vvi-t st-andi ng t he applied
di scharge pressure w thout requiring thick wall, exotic ma erials
or heavy bracing. T&ont 'mdaEﬁ?Ev@q rﬂ’é" t‘l?!' pRA43Rs and & AlgEaLityoad
portion f or neddwawardaly! dbsohdxying hoppeppedscermios earlicaps 43 can

extendi ng no nore than abouts 12 b%}?&qscilat e‘r?;U *adygpeé,n vary Q}i&)ﬁQ

secti-ons extending Iateral y and

ovvnvvar rom ent er
section, flat side f&om 3keubyBRnte #f )L‘GOW'TV\B?EI? q‘lfd‘?ﬂ 1G'Bpér
curved sections 510 suitablanradius n&mg mmnchbentambmm loxwa7 0

secti'ons which I
di schargi ng hoppers i@@e%&?h ¥u§.£ éoﬂt%t %%&oésﬁﬁe&%wwﬁ?dﬁs
Preferably, the uppdmchessed Bebb?oﬁ’é!w:l &@Er instance Figures 4 and 5

the end cap 43 is shown joined to the elongate tank
wall 41 with a sharp transition therebetween which can

10 be a weld joint. In an alternative embodiment, the
transition can be provided as a radius of around 4 to
10 inches so that the end cap 43 has a major radius of
about 130 inches except as it approaches the tank wall
41 where the radius is decreased to about 6 or 7 inches

15 to blend better with the tank wall 41 in which case the
weld would be moved to the left in Figure 5. The tank
5 is supported in the support frame 3 at end regions of
the tank by hanger members 47 which are plates welded
to the top cross beams 23 and the corner posts 21 of

20 each of the end frames 9F and 9R. A semi-circular or
curved edge 49 in the hanger plates 47 is welded to the
spherical end caps 43F and 43R. Thus, the tank 5 is
suspended from the end frames SF and 9R by the hanger
plates 47 which take the weight load in temsion. The

25 hanger plates 47 being welded to both the top cross
beams 23 and the cormer posts 21 also serve as
stiffeners for the rectangular end frames SF and 9R.

Additional longitudinal stability is provided

by corner gussets 51. As best seen in Figure 6, each

30 corner gusset 51 ig an L-shaped plate having a vertical
planar section with a vertical edge 53 which is welded
to an associated corner post 21 and a horizontal planar
section with a lateral edge 55 which is welded to the
associated top cross-beam 23. A bottom, elongated,

35 longitudinal edge 57 of the vertical planar section of
the corner gusset is secured to the body 41 of the
pressure tank 5 which may be by a connecting member 59



curved sections are cylindrical sections having radii of about 37 to
45 inches, suitably 40 to 43 or 44 i nches. In the 40 foot |ong

embodi ment of the i nvention, there are four to six hoppers and
preferably 25 five. In the preferred enbodi nent of the

I nvention wo 9xMeer8e hoppers are frustoconical, although op&Bitsecnsess
configurations providing the desired slope of 37 or 40 to 45 or 50
degrees (typically 41 to 45 degrees) and a- ) - di scharge openi ng of about
30 inches can be utilized. Al'l of the above features can be
conbi ned to pn othelctorm @ft a cbannel Uhembdy othiich dscireldsd yroratiee al |
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ol udi ng-t he hoppEresses 31" gng.with the: crRResting Bemherer 894 hf | han
3/8 inch in uwhedk rhelp drangmitclabeyal/fidraws bind thechréessité Aleaass.
5§ 5 into the end frames 9F and 9R. In addition, the L-
shaped gussets provide longitudinal stiffness for the
connection and also help to stiffen the end frames 9F
and 9R. Additional longitudinal channel members 61 are
welded to the top of the body 41 of the pressure tank
10 and to the center of the top cross beams 23 to further
absorb longitudinal forces on the tank.

As best seen schematically in Pigure 7, the
body 41 of the pressure tank 5 has a wall 63 with a top
center section 63a which is flat, and upper curved

15 sections 63b extending outward and downward from the
top center section 63a. These upper curve sections 63b
transition into vertical flat gpections 63c which in
turn blend into lower curve mections 63d. These lower
curved sections 63d laterally intersect the hoppers 45.

20 The upper curved sections 63b preferably are
cylindrical sections of radius Ry, while the lower
curved spections 63d preferably have a radius Ry. The
radii R, and R, may be equal, but need not be. The
cylindrical sections formed by the upper curve sections

25 63b and the lower sections 63d provide hoop strength
for withstanding the pressure introduced into the tank
for discharge of the dry flowable product by plumbing
{not shown). While a perfectly cylindrical tank would
provide the strongest croes-section for withstanding

30 the pressure, such a configuration reduces the volume
of the tank which must remain within the envelope 39
defined by the support frame 3. The top center flat
section 63a and the side flat sections 63c expand the
cross-gection of the volume which can be contained by

35 the tank 5 within the limits imposed by the envelope
39. These flat sections 63a and 63c are kept fairly
short to reduce the deflections generated by tank
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-6- Crcunferential stiffeners can be provided on the tank

body in the formof |ongitudinally spaced al um num channel s wel ded
across the top flat section and ext endi ng around the ugoer curved
secti ons. 5 WO 97/29978 The above features produce a |ight PHEUEIOSIS4
durabl e, corrosion resistant. contai ner nodule for dry fl owabl e
product which can withstand the pneunatic - 11 pressures required for
product discharge with adequate gin for over-pressure wi t hout the

use of exotic 10 PFeEERFa|inthees %%&%n&ﬁl?‘%d@ﬁ Thus, the A
full understandi ng alectiensnezmtamh 6320 alre kept tgad rlatermdmahbeafol | ow ng
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with the _accoml ng ravgangs I|nn Lgure 1 is
an isometric view o ’ rFBGuPE ary, emhaddment: afispRet at i on
E}‘ S% flgo;/\/gbgebsou invﬁheﬂidﬁ]lé the atctsparﬂamr:eem:usntm |in ablousNs or 7 to he
co%t ai ner nodul e ofq'lré] %fﬂlag %W‘hc ang:Fg 3L(8 V@‘ﬁ% g?eva% on vi ew
of the right Fadellah snqfilone F3C, ane %bm"oﬂ q?eleohahﬁer
nodul e. £or instance about 3 to 7, preferably around 6 inches
high. 1In this configuration, and are roughly around 42
10 inches but could range from around 37 to 45 inches,
preferably 40 to 43 or 44 inches. Circumferential
stiffeners 65 in the form of channels are welded to the
body 41 of the pressure tank 5 to increase the hoop
strength. These stiffeners 65 are chamfered at the
15 ends 65a to remain within the lateral dimensions of the
envelope 39 and tc moderate the astiffness transition at
the ends of the stiffeners.
Hoppers 45 extend downward from the lower
curved section 63d of the wall of the pressure tank 5.
20 The hoppers 45 are spaced longitudinally so that they
longitudinally intersect forming seams 67 (see Figures
3 and 8). In the illustrative embodiment of the
invention, these hoppers are frusto-conical soc that
seams 67 are curved as best shown in Figure 8. As
25 shown there, a curved girth plate 6% spans each seam 67
and is welded to the adjoining hoppers (see Figure 3)
to provide stiffness for this joint. Cap plates 67a
enclogse the space between the girth plates 67 and the
adjoining hoppers. Other shapes of hoppers can be
30 utilized such as truncated inverted pyramid shapes
which would form straight seams between intersecting
hoppers. The sidewalls of the hoppers of this latter
configuration could curve downward (convexly as viewed
from the outside) and inward to increase the contained
35 volume and could curve between their generally
longitudinal and transverse walls. The hoppers 45 are
provided with standard sized bottom discharge openings



Figure 3 is a side view of a tank which forns part of the container

modul es shown in Figures 1, la 25 and 2. Figure 4 is a
fragmentary | ongitudinal section through the tank at the center line,
l'ine 4-4 in Figure 2, showing its connection to the support

frame which woomepert of the container nodule. 30 PCT/USOGS984 € 5 i S
a fragnentary | ongitudi nal section simlar to Figure 4 but taken 30
degrees off of the center line along-ty Jine 5-5 in Figure 2. i
Figure 6 is an isonetric view of a corner gusset which forns part of

t he container nndg?b.otypin3113530 dnebesi. ONA slope of 43 degreekitpi45 7 IS a
cross. sect '5822' Vi 846+ 06PUD the horizo&@af@gxggg?c_}{ hopper sidewall is

also preferably provided although hopper wall slopes of

35 to 50 degrees could be useful in some cases. The

5 maximum diameter of the illustrative hoppers 45 at

their upper ends (45° off the longitudinal axis of the

tank} is 132-3/4 inches. The longitudinal intersection

of the hoppers results from a longitudinal spacing

between the centers of the hoppers of 95-3/4 inches.

10 The lateral truncation of the hoppers by the lower
curved sections 634 is a result of the tank having a
maximum lateral dimension where it joins the hoppers of
about 95-3/4 inches. These truncations of the hoppers
longitudinally and laterally increase the contained

is volume while maintaining the deasired slope of the
hopper walls. The hopper 45‘ at the front end of the
container module is raised above the other hoppers to
accommodate for the gooseneck thereby producing a skew
in the plane of the seam 67’ between the end hopper 45’

20 and the adjacent hopper due to the difference in the
intersecting diameters.

With the tank 5 suspended from each of its
end regions by the hanger plates 47, the tank tends to
deflect downward and outward in the center when fully

25 loaded thereby tending to rotate the hoppers apart. In
accordance with the invention, this action is resisted
by elongate tubular members 73 extending longitudinally
along each side of the pupport frame 3 between the
corner posts 21 (see Figures 1 and 7). These elongate

30 members 73 are welded to the sides of the hoppers 45 to
thereby restrain the tendency of the hoppers to rotate
apart. As can be seen in Figure 7, these elongate
members 73 engage the hoppers below the widest lateral
dimension of the tank 5 so that the tank may extend to

35 the maximum width laterally and at the same time the
elongated members 73 remain within the envelope 39
formed by the support frame 3. Vertical struts 75



the tank taken along the line 7-7 in Figure 1 with sone parts renoved
for clarity. Figure 8 is an isonetric view show ng a
section taken through the line 8-8 of Figure 1. 5 Ref erri ng
to Figure 1, the invention is directed to a container nodule 1 for

i nt er nodal WO S8 Wsportation by truck, rail, and ship, anBCTYFI6ORIS4
tenporary storage of, dry, flowable product. Wile other materials
could be used, the container nmodule 1 10 -ol3the invention is
particularly suitable for construction essentially fromalum num To
dat e, cont ai néPagsGuPLeng othedpngifnddpalpide petbare 11 extepdita) |y
been made of steel aheskedongate wémisr 73 to pRbuidauvertinsdldeupporadgant age
in weight and COfrO%h%“el&ﬁgaAfé%&ﬁ&ﬂE%o&gﬁ Abg 'in@ékfkicgeles‘weghl&nﬁﬂd cost

over stainl ess steel. um num as used_hereTn 1nclu al um num
al l oys. The present S5AMenFPBALERRYIMes Thive elongate pembesi73yd80BbPWR #Fi or
attenpts to prodice aarecghhgular tuds @iction, whieh weasld balaboatedt kadl y

al | a! um num 20 GO %Lr,]eingﬂmgf't? lie againat t?nﬂ-rl?%:ﬁo @'tner odU| el
conprises an el ongate sSupport frame 3 and a tank b nmoanted on the
suppor t f r ane AnTFABEBNYat FPWRNRFor elrpgate memeex J3s cpuld be

hori zontal | y extendiprgviidetoas s afght axthpazpiial oftube sectipn @bt thagnt and
rear end frames 9F %Eg %gue is parallel to tank wall 63d and the other

10 faces are horizontal {two faces) and vertical (one
face). The inclined face of the right trapezoidal
section could be eliminated and an unequal leg channel
used such that a short horizontal leg is on top and a
longer leg is on the bottom face of member 73.

15 Providing such a horizontal bottom section face on
member 73 eases attachment of vertical stxruts 75 to
member 73. While there may be some degree of settling
of the tank 5 ontc these elongate members 73, the tank
is essentially mostly suspended by the hangers 47. The

20 tank 5 is loaded with dry flowable product through
hatches 77 in the wall 63 along the top of the tank or
through tubes 79 on the tank ends 43F and 43R. This
product is discharged through the hoppers 45 under
pneumatic pressure by using additional plumbing (not

25 shown). Suspending the pressure tank 5 from the top
crogs beams 23 helps provide space for this plumbing
and for access to the hoppers 45.

The above-described features combine to
produce a container module 1 which meets the prescribed

30 standards yet with reduced empty weight. The cross-
asectional configuration of the tank 5§ with a short flat
top section 63a and flat side smections 63c with curved
sections 63b between them and also between the side
section 63c and hoppers and with 4 to 6 hoppers 45 of

35 the type described provides the required volume and
strength to withstand a pressure of 22 psi which would
be 50% over a discharge pressure of 14.7 psi. In the



The bottom frame 7 includes two tubul ar | ongi tudi nal side nenbers 11
joined by |ongitudinally spaced tubul ar cross beans 13. |In-order to
accommodat e a gooseneck truck (not shown), an opening 14 is created
30 in the bottomframe 7 at the front end 9F by a pair of spaced
apart | ongituwosakders by extending "Z" section al um nuRdTANEE sS4l 5
secured to the | ongitudinal side menbers 11 by tubul ar nenbers 17 and
a cross tubul ar menber 19. The "Z" sectjgon nenbers 15 have hori zont al
35 flanges and a vertical web, the bottom flanges pointing

outwardly and t he uppefertehgaboddinentngfitharidivention, £hvarkbrpreds aixeer

so as to be able toy¢epizgy) t he WO 97/ 29978
PCT/US96/ 05954 trailer gooseneck.
The posts 21 and end pieces 33 and bottom

cross beams 25 can be 6x6 inch “box™ tubes around 1/2

5 inch thick. The cross beams 23, longitudinal bottom
beam 7, braces 27 and 35, and cross members 13 can be
4x4 inch "box" tubes about 1/4 inch thick. The
longitudinal member 73 and vertical strut members 75
can be 2x4 inch tube about 1/4 inch thick. The channel

10 member 65 can be 2x4 inch by about 1/4 inch. These box
and channel members are preferably extruded and,
especially the box members, are preferably in a 6000
series Aluminum Association aluminum alloy. As is
known, a 6000 aluminum alloy contains mainly magnesium

15§ and silicon alloy ingredients along typically with one
or more of copper, manganese or chromium also included.
Alloy 6061-T6 temper is preferred. It is fairly strong
and easy to work with. These relatively inexpensive
heat treatable alloys (6000 alloys) can be heat treated

20 and artificially aged to Té temper amnd exhibit strength
and durability and are weldable. Alloy 6061 contains
about 0.8 to 1.2% Mg, 0.4 to 0.8% Si, 0.15 to 0.4% Cu,
0.04 to 0.35% Cr, balance essentially aluminum and
incidental elements and impurities. The 6000 series

25 alloys useful for extruded members for purposes of the
invention consist essentially of around 0.3 to 1 or
1.5% 8i, around 0.3 or 0.4 to 1.5 or 1.7% Mg; and one
or more (preferably more than one) of the following:
0.1 to 1% Cu, 0.05 to 0.8 or 1% Mn, 0.05 to 0.4% Cr,

30 0.05 to 0.7 or 0.8% Fe as an impurity or deliberate
addition; along with incidental elements and
impurities, balance essentially aluminum.

Hang plate 47 can be about 3/8 inch thick
aluminum alloy plate and the tank walls and hopper

as walls are preferably 1/4 or 5/16 inch thick although a
wall as thick as 3/8 inch could be used and as light as
3/16 inch could be possible. These plate members can



The end franmes 9F and 9R each conprise a pair of end posts 21 joi ned
at top and bottomby a top cross beam 23 and a bottom cross beam 25,
respectively. 5 These corner posts 21 and the top and bottom cross

beans 23 and 25 are al so extruded tubul ar nenbers. A pai r_of di agonal
braces 27 ext HAYHW¥Ween t he bottom cross beam 25 and t RETU8IM8I?post s
21. At the four corners of each of the end franes 9R and 9F are nodes .
10 29 for stacking and interconnecting the ¥dule 1 with ot her

cont ai ner nodul es. The e nodes 29 are pre rab made of eel _and
preferably are the &% §PcBnPBATAIAL Jree té‘i?h%ﬂﬂ’u@ﬁ’ét’ﬂ@ 58§ aFﬁE?”
modul e 1 which are adumintds Associtixinumildom |Astie lxbwodi 5900 skodes t he

nodes 29 at 15 theul I cBRESi 0 Imddifastnd hE2ERE Bkin 9ﬁwﬁh§eaaa§non
bott om cross beans ove the | on |tu i nal irenber of the, bot om

frane 7. A pair of arge Pﬁ oftep,g g"%l"’?‘ﬁ# faaddier; ARIERER Ph
points for the emd one oi:rme Gftﬂmbéﬂ mBaganésSe ¢ cxhxicntinme I!)xeuﬁdeﬁ

the 20 cross beans ef b1 &;gg}&,lrlmeg%tbné%mgpg&ék

provi de support for conta e_Qn certaln or ner
nodes 29 can be madé’"b? ﬁPoﬁ‘dﬁ‘ﬁg preferably apout 2Rk %mzect\?s a?t chi ng
to those cast slredls Mgecalomgliwitl enecobemoré oot calgarH MQZOtoalta::hl ng

25 to the end posty BRITRG! Spedserand apout 0. Ibelew ﬂ §s9§:asdn8R
are connected to the ?tom? uﬁul ar end ers 33, whi ch
are 10 about 0 65 to about 0 35 ox: .4% Cr, preferably about
0.05 to 0.2 or 0.25% Cr if Cr is present; and on a less
preferred basis about 0.05 to about 0.4 or 0.5% Cu, for
instance about 0.05 to 0.2% Cu if Cu is present. Plate
members for the tank (including tank walls 63, hopper
15 walls 45 and end caps 43) and for frame parts such as
hang plate 47, cormer gussets 51 and girth plates 69
can be in various 5000 series alloys as just described.

Suitable alloys for such include the following:



braced to the corner posts 4 by tubul ar di agonal menbers 35. Ladders
37 can be provided in each of the 30 end franmes 9F and 9R for access to

the top of the pressure vessel 5 and there is typically a wal kway, not
shown, along the top. The support frame 3, with particul ar reference
to the nodes w897zws nes a rectangul ar, parall el pi pe e®CEFUSPHOSEY Of
standard 35 dinmensions. This envel ope is 8 feet wwde, 8 to 9-1/2
feet high and either 20 or 40 feet in IéhggHT The tank 5 has
a body portion 41, a pair of WO 97/ 29978

PCT/ US96/ 05954 front and rear end caps 43F and 43R, and a
plurality of downwar dl y di schargi ng hoppers 45. The end caps 43 can

be curved or spherical. The radius can vary w dely

'2
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.05 to
.05 to

Cr

4.7 to 5.5

2.4 to 3
4 to 4.9

.5 to 1
.5 to 1
.4 to 1

Max.
Cu
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Fe
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fromabout 80 to 200 inches or possibly nore with a 5 sui tabl e radi us
being within about 110 to 160 or 170 I nches, a suitable radius being

bet ween 125 and 135

and 5, the end cap 43 is shown joined to the el ongate tank

inches. In the figures, for instance Figures 4

41 with a shar Wa9788998ti on t her ebet ween which can 10 be a \RGTAUSOEPIP4
an alternative enbodi nent, the . transition can be provided as a radi us.
10 inches so that the end7cap 43 has a mmj or radius of
about 130 inches except as it aasgr oaches the tank wall 41 where the

of around 4 to

radius i s decreased

A osuikahles addoy ipchdse for platepmerbert: tehe AIPY he

tank wall 41 in whi Chefsffeind af temper webdlting Erom meyadntBaidendmyf tandn

Figure 5 The tank

regi ons of theﬂrntébifhanggfﬁggﬁ%eﬂ’éw?%%%é& ate ﬂt‘ﬁg&d

to the top cross beaf@32F*emReIne TBERFS @M”ZB“ Feeratd Yend

frames 9F and 9Rs A
plates 47 is wel ded

dederibed Westeain hardmd/erideuerﬂalm dtabilaeedr

wal |

In

a apd 4 S the
tank 5 is susp% lralaﬂ‘ol%yt %:9.&8%&? g %a’%%&ﬁgghbg% ta-rg%r
pl ates 47 which takefﬂlﬂe apnienl orodeadnsefl 1Gh copddtion) . ha'ﬁg%#e pﬂ%sﬂ
bei ng wel ded to bot haibqniaa: @nOthe art adcHITami3 Mnéybletampard. PO a521

al so serve as
Addi ti onal | ongitudi
As best seen inlPig

15

20

28

30

35
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y TS provi corner gusse 51.

Mn%@ﬁaociation yeazly publication *Aluminum

standards and data®. With the configuration shown, the
body 41, end caps 43F and 43R and the hoppers 45 of the
pressure tank 5 can all be fabricated f£rom 1/4 or 5/16
inch plate of 5454-H32 aluminum although it can be
advantageous to use 3/8 inch plate for the end caps 43
and all of the tubular and channel members can be made
from 6061-T6 aluminum extrusions. If necessary, hopper
stiffener members 81 can be welded to the outer
surfaces of the hoppers 45 as stiffeners. Also, if
necessary, internal lateral stiffeners 83 preferably

‘aligned longitudinally with the hopper openings 71

could be provided as rods or pipe-like members.

The invention to this point is deseribed in
terms of a preferred embcdiment in terms of current
requirements or desired features for general or broad
application. Some of these features can change within
the practice of the invention. For instance, for a
specific application to carrying very dense or heavy
material, the application could be weight limited, that
is, a smaller volume tank could be used because
transport weight restrictions would limit the volume of
such a heavy material that could be carried. Such a
tank might only be around 1400 or 1450 cubic feet and
this would permit a shorter container height such as 8
foot 6 inches. In this case, the side flat members 63c
would be extremely limited in their height or could
possibly even be eliminated. Also, the angle of the



30 corner gusset 51 is an L-shaped plate having a verti cal pl anar

section with a vertical edge 53 which is wel ded to an associ at ed
corner post 21 and a horizontal planar section with a lateral edge 55
which is welded to the associ ated top cross-beam 23. A bottom

el ongat ed, 3BO9Smpagrayi t udi nal edge 57 of the vertical planapcafsbidpssOf

the corner gusset is secured to the body 41 of the pressure tank 5
whi ch may be by a connecting nenber 59 - 18 -WD 97/29978 -
PCT/ US96/ 05954 - 10 - in the form of

a channel nenmber whopperswadlelctb tto tthe horizohbtal)i ¢aididbe adgRiced and the

tank 5. These COrN@ignificaftfyLisuchl arde@Ng7WabPrdlf, CONNECti Ng NMEMDErS
59, if - used, help transmt lateral forces on the pressure tank 55

into the end frames 9F and 9B THf AYSMY &hati ik vas desired to reduce
the height of the overall container while still holding

5 a substantial volume by deleting the provision for a
gooseneck, such could be accommodated within a 9-foot
high frame wherein both ends of the frame would appear
like the rear end pictured in Figure 1 but the tank
would look like the front end of the tank pictured in

10 the drawings; that is, all of the hoppers would be
raised such that the tank could sit lower in the frame
thereby facilitating a lower frame. As just mentioned,
however, this would eliminate any provision for a
gooseneck.

15 Still further, in the event that the
discharge pressure that is required would be reduced
to, say, from one atmosphere to a lower level, such
would facilitate the use of thinner metal in the tank.
Por instance, reducing the pressure by arocund 33% from

20 14.7 pesig to 10 psig would permit a corresponding
reduction in metal thickness, for instance about 80 to
90% of the 33% pressure reduction (respectively around
26% or around 30% for 80 and 90% of the 33%) or
possibly the entire 33% thickness reduction in the tank

25 metal.

In ancther embodiment of the invention, the
tank is supported by vertical plate cormer gusset 51
rather than hang plate 47 although the size of the
vertical portion of the gusset plate 51 may be

30 substantially increased over that depicted in Figure 1.
Additionally, the connecting member 59 may also be made
longer and heavier to accommodate the requirements of
supporting the entire tamk. Thus, the substantially
vertical plate corner gusset member 51 would engage the

35 end region of the tanks above the hoppers to suspend
the tank from the front and rear frames 9F and 9R.



shaped gussets provide |ongitudinal stiffness for the connection and
also help to stiffen the end franes 9F and 9R Addi ti onal

| ongi tudi nal channel menbers 61 are wel ded to the top of the body 41
of the pressure tank 10 and to the center of the top cross beans 23 to
further WEGEHPMongi t udi nal forces on the tank. PCT/US96/05954g
best seen schematically in Figure 7, the body 41 of the pressure tank .
5 has a wall 63 with a top center sectiomt®%3a which is flat, and upper
curved 15 sections 63b extending outward and d wnwar d fro

center section 63a. These uppem“&g?r Eéégf’ ent’ of gﬁsﬁ?'?fh“ﬂﬁo
vertical flat sectiohavé3ceesniddscribed in detnib.l emjwid-tlobleomrefe#md

sections 63d. These LeVEhose skilQWd'ed tRe!aPPsSedd Jadli®hal hiaiPiedersds t he
ey P ndri cai secti one “8 FLesrativas; £ Shops SaEA{iR.cpo1d Beaaygiopes 1n
sections 63d preberabightiovf the avexslk] teathirfige of the dddclofizer] and
Rlerr] may be equal, pfuf& f&%,pott&epa%hﬁuf afYdrdiilenta! aﬁg&im& 4y med

by the upper curve sectlo ower sectl Qns provi de

hoop strength peRRY; tR RS JiIMFSEAELBP c2RYY A0 M%) dABEEIRS 2] KR t ank
for discharge of thetheysé¢dmaadf dnveatidon wWhigh ubditrg be give(muhe studn) .
wile a perfectly CybLogaihale (i Qi appenadi Wld!GdySnd! 4P10CS!
cross-section for wt stan ing 3 ggsure such confl guration
reduces the vol dfe edquivajents m%. ch nust remain within the envel ope
39 :



defined by the support frarre 3. 'The top center flat section 63a and

the side flat sections ced cross-section of the vol unme
whi ch can be contai ned k 5 withinthe limts inposed by the
envel ope 39. These 63a and 63c are kept fairly
short to redwaeoresrsdef | generat ed by tank YOP$0¢/ds959
PCT/ US96/ 05954 - 11 - pressure in
t hese sections of the wall. Thus, the - #ections 63A and 63C are kept ~
to a lateral and a vertical dinension, respectively, of /{Sa@EEN
about 12 inches. In the exenplary enbodicrnp TfMiEe 5 invertlon ﬂgéﬁ
flat section 63A ig_ about 6 Jprcozn._taqn,r mo e | £ S5t erBogh 1S tHADCE
8-3/-8 i-nches wi de and the verti cal %at sect%i ons 6 are about 2 to
10 i nches, transportation and at:orage of dry flowable product, i
comprising:
. 5 an elongated support frame comprising a

horizontally extending bottom frame and upright end
frames at each end of said bottom frame, the cormer
extremities of said elongated support frame defining a
container envelope of preset dimensions;

10 a tank extending longitudinally along said
support frame within said container envelope and having
a plurality of downwardly discharging hoppers; and

hanger means depending substantially

vertically from said end frames engaging end regions of

15 sald tank above said hoppers for suspending said
pressure tank from said end frames.
2. The container module of claim 1, wherein said
tank has outwardly convex end caps and wherein said
hanger means engages said outwardly convex end caps.

20 3. The container module of claim 2, wherein said
convex end caps are substantially spherical.
4. The container module of claim 2, wherein said

end frames comprise cormer posts and top and bottom
cross beams and wherein said hanger means comprises one

25 or more hanger plate members secured at least to said
top cross beams and affixed to said spherical end caps.
5. The container module of claim 4, wherein said
hanger plate members are also secured to said corner
posts.

30 6. The container module of claim 5, wherein said
support frame also comprises corner gussets affixed to
said corner posts and said top cross beams, and means
connecting sald corner gussets to said tank.

7. The container module of claim 6, wherein asaid

35 means connecting said corner gussets to said tank
comprise connecting members extending longitudinally
along said tank.

| R



for instance about 3 to 7, preferably around 6 inches

configuration, and are r %eéf}ﬁg@édﬁ] ed 10 i nches

around 37 to 45 inches, 40 to 43 or 4
Circunferenti al stif mmﬂaﬂﬁzhe formof cha
t he bod V9728978 he to increase the hodffFTUS96N5954

strength. These stiffeners 65 are chanfered at the 15 ends 65a to remain
within the | ateral dinensions of the erifel ope 39 and to noderate the
stiffness transitio

t h tif
Hoppers 45 extend dgv\nward f roH ?ﬁggfgﬂgf m°"F"‘:'§°Ic° fg'g‘&i‘e& | SherstP spithe
wal | of the pressureomﬁz Pissexry comprine pheshapesl avrletspabeuimmr@ma;dl nal |y

go tgal‘é )‘t hley . ” 8§ae Ak iiald Lol ahsatsss:]gnét;ﬁrgad& saaasséfo&& : jgour es
an n the i ive odi ment o e i nventi on, ese
hoppers are frusto- ﬁgﬁ* %‘i “ngtg 82 BRB™E, ore curved as best shown
in Figure 8. As5 259. shown t'nhoreonaaéncveub@dlq lefpicdadm6D, syemeignaaigeam
67 - and is wel a& tfﬁﬂim&haas &4 mkguéﬁt&lﬁug aldey
provi de stiffness for %A%?S‘t g Bl ate encl os%the space
between the girth pFﬁ?’és’ verg sa Wﬁ?g’ﬁ&pﬂ&f’g“ pes

of hoppers can be BEppexitilized such as truncat ed inverted pyram d shapes

uhi ch woul d for m stigi ght seaify behtReHet MRS de S1atn 9, NARIRIS: IR

sidewal I s of the hoppers of this % g confi uratlon curve
downwvar d ( convéd y SPRATR JAAFe longitudinally interse ting forming girth

seams, and including girth plates spanning said girth
seams and secured to adjoining hoppers.
11. The container module of claim 1, wherein said
support frame, said pressure tank including said

15 hoppers and said hanger means are substantially made of
a material comprising aluminum.
12. The container module of claim 11, wherein
said end frames include non-aluminum top and bottom
corner nodes.

20 13. A container module for intermodal

transportation and storage of dry flowable product,
comprising:
an elongated support frame comprising a
horizontally extending bottom frame and upright end
25 frames at each end of said bottom frame, the corner
extremities of sald elongated support frame defining a
container envelope of preset dimensions;
a tank extending longitudinally along said
support frame within said container envelope and having
30 a plurality of downwardly discharging hoppers;
means supporting said tank in said support
frame; and
elongate members along sides of said support
frame tying said hoppers together to resist bending.

35 14. The container module of claim 13, wherein
said hoppers are longitudinally intersecting hoppers.
1s. The container module of claim 14, wherein

- (O



fromthe outside) and inward to increase the contained 35 v.ol vt
coul d curve between their | | ¢ 1 ongi tudi nalj vaE SHEEN HASr
wal | s. The hoppers 45 a@fs cet Has B "ykeﬁﬁzd wi th standard sizeggmaicepm

di schar ge openi ngs l“\mllﬂ%m
- 12 - PCTivsvémspsacal | y

PCT/ US96/ 0595%0 97/29978
30 inches. A slope of 43 degrees to 45 degrees to the horizontal for
each hopper sidewall is al so preferabl g2provi ded al t hough hopper wall
sl opes of 35 to 50 degrees could be useful in sonme cases. The 5
maxi mum di amet er ofsaiide 1phgitudingliy Hoheseectingthoppers defiineugpethends

(45[err] off the | gegmbUdtNehefXi Sn€¥rddttions ané K1 ddinkd ﬁ/r.ﬁ bﬂﬁé&é
The ‘1 ongi tudi nal inters

| ongi t udi nal spaci r?amggt ! g%%ﬁe%’ffﬁ]ﬁfe’;[@g?e?t g?‘ pgggf"ﬁ%‘i%ﬂa 8?"‘95 3/4

i nches. hoppers.

5 16. The container module of claim 14, adapted for
use with a truck having a gooseneck wherein an end
hopper at one end of said tank is raised above the
other hoppers to accommodate said gooseneck.

17. A container module for intermodal

10 transportation and storage of flowable product
including use with a truck having a gooseneck, said
container comprising:

an elongated support frame comprising a
horizontally extending bottom frame and upright end
15 frames at each end of said bottom frame, said slongated
support frame defining a container envelope of preset
dimensions; and
a tank mounted longitudinally on said support
frame within said container envelopes and having a
20 plurality of downwardly discharging hoppers including
an end hopper at one end of said tank raised above the
other hoppers to accommodate for said gooseneck.
18. The container module of claim 17, wherein
sald hoppers are longitudinally intersecting hoppers.
25 19. The container module of claim 18, wherein
said longitudinally intersecting hoppers form girth
seams and including girth plates spanning said girth
seams and affixed to adjoining hoppers.
20. The container module of claim 1%, wherein
30 said tank is about 40 feet in length, and wherein said
longitudinally intersecting hoppers comprise four to
six longitudinally intersecting hoppers.
21. The container module of claim 20, wherein
said longitudinally intersecting hoppers comprise five
3s longitudinally intexrsecting hoppers.
22. The container module of claim 21, wherein
said support frame includes elongate members extending

) A )



10 The | ateral truncation of the hoppers by the | ower

sections 63d is a result ?\EL?SE‘ eHismetn Beplarhg a maxi riutH'® et?AS BEEN
di mensi on where it joins about 95-3/#4 inc C'Elg?ese
truncations of the hopper sl inally and laterally i ncrease the
cont ai ned 15 WOOTRIMS whi | ning the desired slope of PCAAISI6O5954
hopper walls. The hopper 45' at the front end of the cont ai ner nodul e
is rai sed above the other hoppers to acedmmodat e for the gooseneck

t her eby producing a skew l,ane of the_seam 67' bet vveen t he end

hopper 45" 20 anGlPHQ aﬁfﬁcﬁ'ﬂe mfp&eéddagpt’ertr%fm padpaffirad; ke
I ntersecting di anet @ath of said five longditulinally ahitdrsmetiagdbhdppensn each

of its - end re W%obléal eﬁlﬁwl ates 47, the tank tends to

defl ect downward an out war e cent er when fuIIy 25 | paded t her eby
tending to rotate tR-hopper shafpitl £on yse in acenftainpr mpdufe; fer
i nvention, this sctiitermodali sfatbpor:atibyx ahdngtdradgellnf drynElbwable 3

ext endi ng | ongi t udi I e&&? 0,

bet ween t he cg’@r?lg*cgostsigl 53?%59 s Q%f%% iqhégegéﬁon te 30
nmembers 73 are wel d6@PBe BARA HDE Rﬂ"‘t‘-ﬁ& fopped Y wall bavipgepe
restrain the tendenaipper thaté&sppsrtddrd ekxteiitng no mwrahanAsbeaa b2 seen

i_n Figure 7, these Giln%%qgt faterall {ﬁe g%kZ§r$Q&t :{éiﬁ] Rt 813 | ow the

wi dest | ateral nmensi on o nay extend to
35 the maxi mif wi dateraldyaand devpwardlye f5emesaidinner center

gection, flat pide sectione extending downwardly from
said upper curved sections no more than about 12
inches, and curved lower sections laterally
intersecting a plurality of longitudinally intersecting

15 downwardly discharging hoppers extending along a bottom
of said tank.

24, The tank of claim 23, wherein said end caps
are convex caps intersected by end hoppers.
25. The tank of claim 23, wherein one of said end

20 hoppers at one end of said tank is raised above said
other hoppers.
26. The tank of claim 23, wherein said upper
curved sections and lower curved sections of said wall
of said body of said tank have radii of about 37 to 45
25 inches.
27. The tank of claim 23, wherein said hoppers
have discharge openings about 30 inches across and side
walls converging toward said openings at an angle of
about 38 degrees to 45 degrees to horizontal.

30 28. The tank of claim 23, wherein said hoppers
are frusto-conical hoppers.
28. The tank of claim 23, wherein said walls of

said body, said end caps and said hoppers are made of a
material comprising aluminum plate no greater than

35 about 3/8 inch in thickness.
‘30. The tank of claim 23, wherein said walls of
said body, said end caps and said hoppers are made of a

| ‘R O



el ongated nmenbers 73 remain within the envel ope 39 forned by the

support frame 3. Vertical Thib EokSHad Been Replac WO 97/ 2"517!?8 SHEET HAS BEEN

PCT/ US96/ 05954 - REPLRRGEd al png
t'he | ongitudinal side marrbgﬂm }"HH the .e.l-ang-ag-e—aﬁe-ndeeq——?- to
provi de vert iwebmmampoort f ongate menbers 73 apoguksdnioss

I ntegrate the tank- frame constructlon The el ongate nenber 73 is
shown as 5 a rectangul ar tube section, whigég would be about 2 X 4
inches, inclined to |lie against tank wall 63d as shown in Figure 7

However, el ongate metbeia¥3compridipg aluminpmoplaies stowt di/ghinehapezoi dal
tube section so thghijeknesgOne face is parallel to tank wall 63d and the

ot her -10 faces e hori zo taI face nd vertical (one face).
The inclined face “t he r| ? |35F 3 including stiffeners in

the form of aluminum channels extending circum-

5 ferentially across said upper center section and said
upper curved sections of said wall of said body.
32. The tank of claim 23, wherein said body and
end caps have a total length of about 40 feet and said
hoppers comprise 4 to § longitudinally intersecting

10 hoppers.

33. The tank of claim 23, wherein said hoppers
comprise 5 longitudinally intersecting hoppers.
34. The tank of claim 23, wherein a

longitudinally intersecting hopper at one end of said
15 tank is raised above the other longitudinally

intersecting hoppers.

35. The tank of claim 23, wherein said upper

curved sections and lower curved sections of said wall

of said body of sald tank have one or more radii within
20 about 37 to 45 inches.

36. The container module of claim 1, wherein said
tank has a volume capacity of at least about 1550 cubic
feet.

37. The container module of claim 1, wherein said

25 tank has a volume capacity of approximately 1650 cubic

feet.

3s8. The container module of claim 1, wherein said
tank can withstand a pressure of at least about 22 psig.
39. The container module of claim 1, wherein said

30 tank and said frame have a weight of no greater than
about 10,000 pounds.
40, The container module of claim 1, wherein said
tank has a volume capacity of at least 1500 cubic feet
and can withstand an internal tank pressure of about 20
35 psig and the tank and frame together weigh less than
about 10,000 pounds.

| A



section could be elimnated and an unequal | eg channel used such that

a short horizontal Ieg |$h,95hegtcpﬁs§égg | onger leg is on the bottom
face of nenber 73. a hori zontal bottom section face on
menber 73 eases attachrrent mﬁuﬂu truts 75 to menber 73. Wile
there may be SYRITRVHE ce of the tank 5 ont SCTS86405954

el ongate nenbers 73, the tank Is essentially nostly suspended by the .
hangers 47. The 20 tank 5 is | oaded with-d2§ fl owabl e product through
hat ches 77inthe 63 al o the t pof t he.tan

79 on the tank ends ZI‘3F and 4 %'& 38uR ?gﬁd’f&!hé’#‘ﬁ hfﬁggh

the hoppers 45 undemoppers pneumgktqﬂie@édweibyeuseﬂgimdm gpkbhbi ng
(not "25° shown). sﬂmndhagiﬁmwsﬁﬂht piktasf spdRdiify (sd0d girthCr 0SS

beans 23 hel ps provi de spac for t and for access to the
hoppers 45. ?f#/et"g@gl%ﬁlﬂgﬂgfﬁﬁ?ﬂ?’é% combi ne to
produce a contaifer 42dule 1 whecd!pm:t modplescfi dbaiim A0 wheratdassidyet

wi th reduced enpty \gﬁl,,g@ : £ ShfpSt e £68 t of the
tank 5 wth a short fIatE i p se stel gr?rggéaggg:i%t si d f,geq;lggt Fgﬁg 63c
I

with curved <& Sramas R nent crEReE SYFRAT Sheserhcto
section 63c and hopmadd &mtgkwith 4 to 6 hoppers 45 of 35 the type

descri bed provides tgag requir gpe VedntiR it module éfr@mfnh 410 WnbRakand a

ressure of 22 psi whi,ch woul d be 50%.over a di scharge pressure of
2 4.7 psi. In thﬁo said means connecting saiod corner gussetsg t:op said tank

comprise connecting members extending longitudinally

along said tank.

44. A gontainer module for intermodal

transportation and storage of dry flowable product,
15 comprising:

an elongated support frame comprising a
horizontally extending bottom frame and upright end
frames at each end of said bottom frame, the corner
extremities of sald elongated support frame defining a

20 container envelope of preset dimensions;

a tank extending longitudinally along said
support frame within said container envelope and having
five longitudinally intersecting downwardly discharging
hoppers, sald tank comprising a body portion and end

25 caps, said body portion formed by a wall having a flat
upper center section extending no more than about 12
inches laterally, upper curved sections extending
laterally and downwardly from said upper center
section, flat side sections extending downwardly from

30 salid upper curved sections no more than about 12
inches, and curved lower sections laterally
intersecting said five longitudinally intersecting
downwardly discharging hoppers extending along a bottom
of sald tank, sald end caps being outwardly convex and

35 having a thickness greater than a thickness of said
wall at junctures of said end caps with said body
portion;

THIS SHEET HAS BEEN
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W7/ 29978 PCT/ US96/ 05954

- 14 - preferred enbodi nent of the invention, five hoppers are
utilized. The end posts 21 and end pieces 33 and bottom
cross beans. 25 can be 6x6 inch "box" tubes around 1/2 5 i nch thick.
The cross bewwsy729978] ongi t udi nal bottom beam 7, br aceRC2Ussanssg5, and
cross nenbers 13 can be 4x4 inch "box" tubes about 1/4 inch thick.
The | ongi tudi nal nenber 73 and verti<aé strut nenbers 75 can be
2x4 inch tube about 1/4 inch thick. The channel 10 nenber 65 can be 2x4
inch by about 1/4 inch. Thénangexxmeans depehdinmnmwybstenbialilyre preferably

extruded and, veRELSL1 B |ﬂkohh9ahaxeﬁan§ﬁiﬁas %gaaaﬁ&eaabl Yedibors RH00
seri-es -Al um num Asso& tark a%lolerrg ggg]da‘hopzers for suspanding said
pressure tank f£rom said end frames; and
5 elongate members extending along each of side
elongate support frame between said end frames and
secured to each hopper.
45, The container module of claim 44, wherein
said end frames comprige corner posts and top and
10 bottom cross beams and wherein said hanger means
comprises one or more hanger plate members secured at
least to said top cross beams and affixed to said
outwardly convex end caps.
46. The container module of claim 44, wherein
15 sald hanger means comprise corner gussets affixed to
said end frames and means connecting said corner
gussets to said tank.

heet Has Been Reﬁaoed
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known, a 6000 al um num all oy contains mainly magnesium 15
alloy ingredients along typically with one

mangahese or chrom um al so i ncl uded.
preferred. It is fairly strong

rel atively i ne¥WOR39%7%
heat treated 20
and durability and are wel dabl e.

or

and silicon

nore of copper,
Al'l oy 6061-T6 tenper
and easy to work with. These

heat treatable alloys (6000 al | RFEIUSEEIM e

and artificially agedstg T6 tenper and exhibit strength.
Al'l oy 6061 contains

is

about 0.8 to

1.2% My, 0.4 to 0.8%Si, 0.15 to 0.4% Cu., 0.04 to 0.35% Cr, bal ance
essentially al um num and I ncidental elenents and inpurities. The 6000
series 25 al I oys useful for extgudged erg_faL purgpses of the

i nvention consist essentiall y&if afpum, 073 _t ot AN 1.5%Si, around

0.3 0or 0.4to 1.50r 1.7% My; a

ne \\ I

one) of the follow ng: 0.1
.

r

fafably nore than

% Mh, 0.05 to

0.4% Cr, 30 0.05to 0.7 or del i berate
addition; along with incidenta nts and Li$es, bal ance
essentially al um num i g plat e out 3/8 inch
t hi ck aluninun1alloy<ﬁlaﬁe,a t ank Oogwer 35 walls

are preferably 1/4 or 5/16 int&h

i nch could be used and as Ii%ft
pl ate nenbers can !

8

as thick as 3/8
ggssible. These

& 8 .
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~
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WD 97/ 29978 PCT/ US96/ 05954

- 15 - be in a non-heat treatable alloy such as a 5000 series

Al umi'num Associ ation alloy. As is known, 5000 series al I oys contain
magnesi um as the main alloying addition (in largest armu&#é often
along with sn¥%BR%#%ounts of 5 one or nore of copper,

chromum The 5000 series alloy3 jugeful for the invention contain -
around 1 or 2 to 5% M), preferably about 2 or 2.2 to about 3.5

or 4% My, along with one or nore of about 0.2 to 1 or 1.2% Mh,
preferably about 0.4 to 1.1%if M gs present; 10 about 0.05 to about

0.35 or 0.4%Cr, preferably
presént;” and on a | ess ﬁ
0.5% Cu, for i nstance
menbers for the tank (incldi ng
caps 43) and for frane par

Qu

F,—) @05 to®M. 2 or 0.25% Cr if O is
Ir|fr e b

; hopper 15 walls 4;5 and end
~~—m

~
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0
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hang plate 47, corner gussets 51 and girth plates 69 can be in

vari ous 5000 series alloys as just described. Suitable alloys for
such include the foll ow ng: WD 97/ 29978
PCT/ US96/ 05954 - 16 -
WO 97/29978 PCT/US96/05954
3/78
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[err] W97/ 29978

PCT/ US96/ 05954 - 17 - A suitable
alloy is 5454 for plate nmembers, the alloy being in a tenper
resulting fromstrain hardening and thermally stabilizing by a | ow
t enper at ur e t r ¥ HHINT8 (H32 tenper). The preferred tenpePESTAIaYS/s9s4
generally 5 described as strain hardegn and thermally stabilized
or thermally softened (reduce strength sone but not to full anneal or
dead soft "O' condition). These tenpers are known in the art as H3
and H2 type tenpers. As is wi dely known, alum numtenpers are
described in the 10 Alunin451 lation rly publication "Al um num

T A\

-

\1_:1: N %_)
N
0

Yo 23
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standards and data". Wth the configuration shown, the body 41, end
caps 43F and 43R and the hoppers 45 of the pressure tank 5 can all be
fabri cated from1/4 or 5/16 inch plate of 5454-H32 al um num al t hough
it can be 15 advantageous to use 3/8 inch plate for the end caps 43

and all of theWOapId?® and channel nenbers can be nmade RGIFiHPE0R8YL T6
al um num extrusions. |f necessary, hoppsy 8 stiffener nenbers 81 can be.
wel ded to the outer surfaces of the hoppers 45 as stiffeners. Al so,

if 20 necessary, internal lateral stiffeners 83 preferably al i gned
| ongitudinally with the hopper openings 71 could be provided as rods
or pipe-like nmenbers. The invention to this point is
described in terms of a preferred enbodinment in ternms of current 25
requi£enments or desired features for general or broad application.
Sonme of these features can chang wthin 4ffhe pregtice of the

i nvention. For instance, for a spétific applidation to carrying very
dense or heavy mat eri al , t\ ‘(bLbe wei ght limted,

that 30 is, a smaller vol ure=tank_cduld ha _usg J~fecause transport
wei ght restrictions would |imt the vol une of such a heavy materi al
that could be carried. Such a tank m ght onlY be around 1400 or 1450
cubic feet and this would permt a shorter co\tainer hei ght such as 8
35 foot 6 inches. 1In this case, the side flat mefybers 63c woul d be
extrenely limted in their height or could

43R

FIG. 4
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possi bly even be elimnated. Also, the angle of the WO 97/ 29978

PCT/ US96/ 05954 - 18 - hopper wal |l s
45 to the horizontal could be reduced significantly, such as to 37
degr ees. In the event that it was desired to reduce

t he hei ght of tweospesrsl| container while still holding 5 a Paraisssxsssi
vol unme by deleting the provision for a gooseneck, such could be
accomobdated within a 9-foot hi gh frame wherein both ends of the
frame woul d appear li ke the rear end pictured in Figure 1 but the

t ank woul d 1 ook like the front and of the tank pict in 10 the
drawi ngs; that is, all of the hoppers would be r ai such that the

tank could sit lower in the franme thereby facilit g a lower franme.

As just mentioned, i\ al
N/

43R

FIG. 6
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however, this would elimnate any provision for a gooseneck. 15
Still further, in the event that the di scharge pressure that is
requi red woul d be reduced to, say, fromone atnosphere to a | ower
| evel , such would facilitate the use of thinner nmetal in the tank.
For instance, WSHTIEPHE the pressure by around 33% from 20  1RCHUSERNSE o 10
psig would permt a correspondi ng .qugcti on in netal thickness, for :
i nstance about 80 to 90% of the 33% pressure reduction (respectively
around 26% or around 30% for 80 and 90% of the 33% or possi bly
the entire 33%thickness reduction in the tank 25 netal.
I n anot her enbodi nent of the invention, the tank i s supported by
verti cal ‘plate corner gusset 51 rat her than hang plate 47 although the
size of the vertical portion of the gusset plate 51 may be 30
substantially incred®ed over_that dépfcted in Figure 1. Addi2%onal |y,
t he connecti ng nmenbey 59 nméal so be Ymde | onger and heavief to
accomodat e the req ment s fof 63 ytpport+neg the entfle tan rhus, the
substantial ly i cal [‘I atgq cor -'my 1 woul gage the
35 end region of tie ftanks abge”T he Igopper§ to swsp€nd t t ank
fromthe front and rjear framgg”9k and/9R 2|

630 %
//

2!

29 20
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WD 97/ 29978 PCT/ US96/ 05954

- 19 - Wi | e specific enbodi nents of the invention

have been described in detail, it will be appreciated by those
skilled in the art that various nodifications and alternatives to

t hose details cwWOI9n2998 devel oped in 5 i ght of the overal PCraseinNsesgs of
t he di scl osure. Accordingly, the @ﬁ;gjcular arrangenents di scl osed
are nmeant to be illustrative only™and not limting as to t he
scope of invention which is to be given the full breadth of the

cl ai rs appended and any and all 10 equi val ents thereof.

-

N7
FIG 8
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SUBSTITUTE SHEET (RULE 26)



}
cont ai ner nodul e for internodal transportation

CLAI M5 ~ . 1B A

and/ or storage Eﬂm laced, - hduct conpri si ng: _ (a) a :
support frane ha & tally extending bott;q an
upri ght end frangl (b) af THIS SHkETe HAS BEEN

| ongi tudinall'y along said support frame; _o¢. (ROPLACED ural ity of
downwar dl'y di scharging hoppers communicating - Wrhrsara- rank;

(d) an attachnment neanshafpef &lelinsdépénding dabstRitfallfBRftcally from s5idBNd Trddses
with said support  frame and said tank; and (e) said container

conpri sed i n-¢ngagingrendregions ef s3id dank abfove sgidrhpppens for suspendingisaid ppéssural it y

of wel dabl e ' alloys. 2. A container nodul e for
i nt er nodal t%%%ﬁ??éﬁgﬁwe& 3%4 orage of dry flowable product
conpri si ng: elongdie nviRIOOHASIREL 2R Rhdh b ST efonBREistpptit 2

hori zontal |y extending bottom frame and upright end Tranes at each
end of saisd bEemebetwesmsaid; ¢nd frames andcssewned te eaehohopress of sai d el ongat ed

support fr ane4§ef i_ni N9 2n& 8&& inQretrnodule of cla?rrr]lvﬂ, %PheererL sg{deesn%t frz(ljrhgse cnos'fxiq%]s%;
corner posts and top and bottom cross beams and wherein said hanger means
comprises one or more hanger plate members secured at least to said top cross
beams and affixed to said outwardly convex end caps.

10 4e6. The container module of claim 44, wherein said hanger means
comprise corner gussets affixed to said end frames and means connecting said
corner gussets to said tank,

47. A container for intermodal transportation and/or storage of dry
flowable product comprising;

15 a) a support frame having a horizontally extending bottom frame and
an upright end frame at each end, :

b) a tank extending Iongitudinally along said support frame,
c) a plurality of downwardly discharging hbppers communicating
 with said tank,

20 d) attachment means whereby said attachment means communicates
with said support frame and said tank,

é) said container comprised in-part or entirely of aluminum alloy.

48. The container of claim 47, wherein said attachment means is welded.
49, The container of claim 47, wherein said attachment means is bolted.
25 50. ° The container of claim 47, whc':_rein said tank is generally cylindrical.
51. The container of claim 47, wherein said tank is generally
- noncylindrical.
52. The container of claim 47, wherein said tank comprises an end cap.
53. The container of claim 47, whereiri said attachment means is bolted
30 and welded.
54. " The container of claim 51, wherein said end cap is spherical.
AMENDED SHEET
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(b) a tank extending longitudinally along said support frane,

(c) a plurality of downwardly di scharging hoppers communi cati n§EPLACEMENT SHEET
with said tank; (d) an attachment neans whereby said
attachnment neans comuni cates with said support frane and 95?8““ -4
tank; and (e) said contgiyygfg conprised in-part or inits
entirety of a singular and/ or pruratity of wel dable al um num

al | oys. 1. Ragtsiner module for intcmo&a%@ﬁﬁ%tﬁ‘%é\g%ﬁl%{j%%?& dry

i nternodal transportation and or storage o e pro
conprfisivagle product comprising(a) an el ongated support frame conprising a
hori zontal | y extendi ng bottom franme and upright end frames at each
end of said bot {a)m Sappoxt, frame having a hexizonsalhesxtending bottony framed el ongat ed
support franme definjng a_containe envel ope of preset dinensions;
(b) a tankakmARTisnt enshfrmenteark $04) ong sai d support frame within

{(b) a tank extending longitudinally along said support frame;

(c) a plurality of downwardly discharging hoppers communicating
with said tank;

(d) an attachment means whereby said attachment means
communicates with said support frame and aid tank; and

(e) said container cormprised in-part or in its entirety of a singular

and/or plurality of weldable aluminum alloys.

2. A container module for intermodalitransportation and/or storage of dry
flowable product comprising: |

(a) an elongated support frame comprising a horizontally extending
bottom frame and upright end frames at cach end of said bottom frame, the
cormer extremitigs of said elongated support frame defining a container
envelope of preset dimensions; ‘

(b) a tank extending longitudinally along said support frame;

(c) a plurality of downwardly discharging hoppers communicating
with said tank;

(d) an attachment means whereby said attachment means
communicates with said support frame and raid tank; and |

(e) said container comprised in-part ¢ r in its entirety of a singular

and/or plurality of weldable aluminum alloys.
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sai d contj;u ner envel ope and having a pl urality of downwardly dpmﬁgﬁm? SHEET

hoppers; oTT et rrr(¢y Tan Tat tachnment neans wher eby said at

means conmuni cates with said support frane and said tank; and

(d) said container conprised in-part or inits entirety of a singular

and/ or pIurallty of wel dabl e al um num al | oys. 4. A
contalP 2Ddule for internodal transportation and/or storage of dry

f 1 owabf &8 oduct conpri si ng: (a) an el ongated support frame
conprising a horizontally extending ' bottom franme and upright end
frames at each end of said bottomfrane, the corner extremties of

reset di mensi ond. A contamer modute KuiembR tBhrarion U MREREEY a1 ong
;?L?ais ?@%ﬁ éommévﬁé)l@l%l S¥har gi nSal @ oot alhgglroeregvel ope and having a
(a) an elongated support frame comprising a horizontally extending
bottom frame and upright end frames at each end of said bottom frame, the
comer extremities of said elongated support frame defining a container
envelope of preset dimensions;
(b) a tank extending longitudinally along said support frame within
said container envelope and having a plurality of downwardly discharging
hoppers;
(c) an attachment means whereby said attachment means
communicates with said support frame and said tank; and
(d) said container comprised in-part or m its entirety of a singular
and/or plurality of weldable aluminum alloys.

4. A container module for intermodal transportation and/or storage of dry
flowable product con;prising: 5
(2) an elongated support frame comprising a horizontally extending
. bottom frame and upright end frames at each end of said bottom frame, the
corner extremities of said elongated support frame defining a container
envelope of preset dimensions;
(b) 2 tank extending longitudinally along said support frame within
said container envelope and having a plurality of downwardly discharging

hoppers;

REPLACEMENT SHEET
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Page 3. = = - (¢ an attachnent means wher eby said attacm S
communi cates with said suppori~frame to secure said tank to sai SHEET

frame; and (d) said container conprised in-part or inits
entirety of a singular and/or plurality of wel dable alum num all oys.
Page 4 5. A container nodule for internodal transportation

and/ ofp gggr age of dry flowabl e product, conprising: (a) an

el ongataL support frame conprising a horizontally extending bottom

frame and upright end frames at each end of, said bottom frane, the
corner extrenit i@é%ﬁnmcﬁlﬁﬁ%‘@ge§%ﬁmﬁﬁ“£§?§n§ﬂfﬂﬁ ng a contai ner
envel ope of et  di I X fanlic a%ﬁ:ﬁ ng
| ongi t udi naqq%ﬁﬁﬂgﬁ%sggﬁﬂi S%@%ng?nf#agln%toﬁ%cﬁ#lmd Bs Btt"
frame; and ' |
(d) said container comprised in-part ot in its entirety of a singular

and/or plurality of weldable aluminum alloys.
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sai d contal ner .envel ope and havi ng a plurality of downwardly di schargi_ng

hoppers; (c) an attachment neans whereby said attac CEMENT SHEE]
nmeans comuni cates with said support frane and said tank,

transmtting | ateral and gravity forces which apply pressure to said
tank relieving said pressure on said tank by directing said | ateral

and ggayi y forces into said end frames wherein said directing

subst af®y |1y reduces the localized effect of said | ateral and

gravity forces on said tank; and cont ai ne

. : d) sai :
conpri sed i n- paft AoFortaines maswls f‘gt‘?teﬁpogﬂs"fﬂﬁaf’é‘?&‘m fndof Stgﬁ‘iﬁeo‘?tr Surality
of wel ablbff al u 'gum al L gys. 6. A container nodul e for
i nt er NSO ?Pﬁ?@‘ﬁ r@mlmx%'nd storage of dry flowable product, conprising:
(a) an el ongat e%ﬁé&?%?ﬁ;aieﬁ?ﬁiﬁ&ﬂ'ﬂ%ﬁé todipAsingrd Waioakdlly eutrdidbng

uprig en

bottom frane an anes at each end of said bottom ?rarre, t he

corner ext iffol framef athigstgtendatanesatpgach end odseiddeftiont figne, dont ai ner
envel ope of preset di nensions; . )
corner extremities of said elongated support frame defining a container

envelope of preset dimensions;

(b) a tank extending longitudinally along said support frame within
said container envelope and having a plurality of downwardly discharging
hoppers; :

(c) an attachment means whereby said attachment means
communicates with said support frame and said tank, transmitting lateral
and gravity forces which apply pressure to suid tank relieving said pressure
on said tank by directing said latexal and gravity forces into said end
frames wherein said directing substantially 1':cduces the localized effect of
said lateral and gravity forces on said tank; and

(d) said container comprised in-part or in its entirety of a singular
and/or plurality of weldable aluminum alloy.s.

*

6. A container module for intermodal transportation and storage of dry
flowable product, comprising: '
(a) an elongated support frame comprising a horizontally extending
bottom frame and upright end frames at each end of said bottom frame, the
comer extremities of said elongated support frame defining a container

envelope of preset dimensions;
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Page 5 k . " (b) ' a tank extending longitudinally along said

support frame within sai d contai ner envel ope and having a B '

of downwardly di schargi ng hoppers; (c) an attaﬂgﬁgn%“r%m SHEE]
means whereby said attachnment neans comuni cates with said support

frame and said tank; and (d) said container conprised in-part

or i rpd'l%rﬁ]sj entirety of 5000 series al um num al l oy or 6000 series

alumn al |l oy and/ or some conbi nation t her eof and/ or therebetween

wher eby said 50 and 6000 serjes_alum.nu ) al | oy are el dabl e.

7. A contai ner M&Fﬁ@%&%ﬁwﬁﬁ%&%m e W8 age of dry
fl owabl e p . C Lsing; VR ‘e sypport franme
conpri si ngg’ag&I E%‘E‘WD‘%@%@%%&M‘W& ap lurahlyté)ffc%ogﬁ]ﬁfagg%ﬁg%h%ij%gg i ght end
frames at rend of said bottomfranme, the corner extremties of
sai d el ongatéd support frame defining a container envel ope of preset
di mensi ons; (c) an attachmefibineans avhlerabyt santlattarhbengirteads nal | y al ong said
support frame within sai d éont ai ner, envel ope and having a plurality

of dommrmwmﬂi%ﬁdsuPPOﬂ YHpap ,suﬂﬁéﬂélﬁ}idsai d container nodul e
compr [ ses 1 educks el Alieaimer compriced in-part P kn BY B3y S50 g™ o o

frames and said
aluminum alloy or 6000 series alaminum alloy and/or some combination

thereof and/or therebetween whereby said 5000 and 6000 series aluminum
alloy are weldable.

7. A container module for intermodal transportation and/or storage of dry

flowable product, comprising:

(2) an elongated support frame comprising a horizontally extending
bottom frame and upright end frames at each end of said bottom frame, the
corner extremities of said elongated supportframe defining a container
envelope of preset dimensions; : |

(b) a tank extending longitudinally along said support frame within
said container envelope and having a plurality of downwardly discharging
hoppers, whereby said container module comprises reduced weight;

(¢) gussets engaging said end frames and said end regions of said
tank above said hoppers to suspend said tank from said end frames,
whereby said gussets transmit both gravity dnd logngitudinal forces on said
tank; and

(d) said tank, said frame and said gussets comprise a singular and/or
plurality of weldable aluminum alloys.
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tank above-sai d hoppers td suspend said tank fromsaid end franes,

whereby said gussets transnit both gravity And | ongitudinal foRE i
tank; and (d) said tank, said frane and said gussgtﬂsmmm? ngET
conprise a singular and/or plurality of wel dable alum num all oys.
Page 6 8. A container nodule for internodal transportation

and sgo&age of diy flowable product, conprising: (a) an

el ong £ support frame conprising a horizontally extending bottom

frame and upright end frames at each end.of said bottomfrane,

he
corner extrem t Ped emiainesmadyle fardntesmofal TaysSPaTEneR pRd S%REE oA ner
envel gpe L r eé di_nensi ons; ~ (b) a tank extending
| ongi ﬁﬁéﬂaﬁ ?FV%S‘F YOS qé'P%‘u_pport frame within sai d cont ai ner
envel ope and hayiyy @oRkiedsuppoRtifrAnvedmbaAkngd KEngiidextending hOPPEr s;

bottom frame and upright end frames at each end of said bottom frame, the

comner extremities of said clongated support frame defining a container
envelope of preset dimensions;

(b) a tank extending longitndinally along said support frame within
said container envelope and having a plurality of downxyardly discharging
hoppers; '

(c) hanger means depending su_bstantially vertically from said end
frames engaging end regions of said tank above said hoppers for suspending
said tank from said end frames; and

(d) said container comprised in-part or in its entirety of a singular and/or
plurality of weldable aluminum alloys.

9. A container module for intermodal transportation and storage of dry

flowable product, comprising:

(a) an clo‘ngated support frame comprising a horizontally extending
bottom frame and upright end frames at each end of said bottom frame, the
corner extremities of said elongated support frame defining a container
envelope of preset dimensions;

(b) a tank extending longitudinally along said support frame within said
container envelope and having a plﬁrality of downwardly dis;:harging hoppers;

(c) means supporting said tank in said support frame;

(d) said container comprised in-part or in its entirety of a singular and/or

plurality of weldable aluminum alloys.
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(c) hanger '‘means dependi ng substantially vertically from said end
frames engagi ng end regions of said tank above said hoppers forpgmndi ng

said tank fromsaid end franes; and (d) said con MENT SHEFT
conprised in-part or inits entirety of a singular and/or plurality
of wel dabl e al um num al | oys. 9. A container nodule for

i nt erBag? transportation and storage of dry flowable product, conprising:
(a) an el ongated support frame conprising a horizontally extending

bot tom frame andounty QBhuRd of LARRS a!39RSNsend ol o Wddipkdi@Bidia . the

corner extremties o |'ongat ed support frane defining a container
envel gaerslty yligieicakdi nensi ons; (b) a tank extending
| ongitudinally alo said support frame within said cont ai ner

n
envel ope and ha\lﬁnQ%annMiqulaém ldduwhwaSdby 7.8, seddmdicraip kg pamkss
(c) nmeans supporting.said tank in said support frane; (d)
sai d EW%&YIE&I‘ Bﬂ‘ﬁfg'f‘égd in-part or inits entirety of a singular and/or
plurality of wel dable alum num all oys.

12. The container of claim 1, 2, 3,4, 5, 6, 7, 8, and ¢ wherein said tank

compnses a pair of end caps.

13. The container of claim 1, 2, 3, 4, 3, 6, 7, 8, and 9 wherein said end caps are
spherical.

14. The container of claim 1, 2, 3, 4, 5. 7, 8, and 9 wherein said weldable
aluminum alloy is selected from the group consisting of 5000 series alumipum alloy or 6000

series aluminum afloy and/or some combination thereof and/or therebetween.

15. The container of claim 1,2,3,4,5,6,7,8,a0d 9 wherein said tank
has a volume capacity of at least about 1550 cubic feet.

>

16. The container of claim 1, 2, 3, 4, 5, 6, 7, 8, and 9 wherein said tank has

a volume capacity of approximately 1650 cubic feet.

17. The container of claim 1, 2, 3, 4. 5, 6, 7, 8, and 9 wherein said tank can
withstand a pressure of at least about 22 psig.

18. The container of claim 1, 2, 3, 4, 5, 6, 7, 8, and 9 wherein said tank and

said end frame have a weight of no greater that about 10,000 pounds.
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Page 7 ' y 10. The cont ai ner of claiml1, 2, 3, 4, 5 and
9 wherein said tank is generally cylindrical. qEMGéM%NT SHEET
container of claim1, 2, 3, 4, 5, 6, 7, 8, and 9 wherein said tank is

gener ally non- cylindrical. 12. The container of claima1,
7 5 6, 7, 8, and 9 wherein said tank conprises a pair of end caps.

13 ®ont ai ner of claim 1, 2, 3, 4, 5, 6, 7, 8, and 9 wherein said end

caps are spherical. 14. The container of claiml1, 2, 3, 4,

5, 7, 8, and 91%hEheicontmhet ofdigiabli £2,5, uyisnenT 4, l.au 9 wheRlesdig iy QU0 t he
group consi stl n: of. 5000 series al um num al | og or 6000 series al um num

al | dyvelNmerapssity of ghinashi PO cubierfeetangresnovi Cbammmmaltankpressure
5, PO Gl e S 1
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16. The container of claim1, 2, 3, 4, 5 6, 7, 8 and 9 whereffb §4idd 1 &nk
has a volune capacity of approximately 1650 cubic feet. !pgg,i
17. The container of claim1, 2, 3, 4, 5 6, 7, 8 and 9 wher eigosai d Joa‘gk
can wthstand a pressure of at |east about 22 psig. B[P 18.

The cont ai ner of T m 1, 2, w&bﬁmﬂngmom%&per ei n XMyt ank and
said end frane a wei ght of no griesgeten! Buepat about 10, 000 pounds. A
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A container module (1) for intermodal transportation and temporary storage of dry flowable product includes a pressure tank (5)
supported by hanger plates {47) welded to end frames (9F, 9R) of a support frame (3) defining a standardized container envelope. The
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discharging hoppers (45). Elongated beam members (73) extending along each side of the support frame (3) tie the hoppers (45) together
to resist bending of the suspended tank (5).




