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LOW DENSITY CONTAINER FOR LIQUIDS 
Latane I). Brugh, Jr., Rte. 1, Covington, Va. 

Filed Mar. 25, 1964, Ser. No. 354,551 
7 Claims. (Cl. 229—3.1) 

The present invention pertains to a novel container of 
the type used for packaging of liquids. 
At present, a large portion of the containers used in 

packaging liquids are formed of a stiff paper, generally 
referred to as paperboard or simply, board, with a mois 
ture resistant coating. In the packaging of milk, for ex 
ample, this type of container has, to a large extent, sup 
plemented other types of containers, such as glass bottles. 

In forming paper, liquid containers, certain criteria 
have heretofore ‘dictated the use of a paper stock of rela 
tively high basis weight and density; the term basis 
weight, as used herein, referring to the weight per 3,000 
square feet of board, while the term density is expressed 
as the ratio of basis weight to caliper or thickness meas 
ured in thousandths of an inch. 

Thus, since economic considerations require that the 
cartons be ?lled and sealed on high-speed, automatic 
packaging machinery and because of this, the cartons 
must possess a certain ‘amount of stiffness, a fairly heavy, 
dense board has generally been felt necessary. Similarly, 
in handling and storage of the cartons subsequent to 
?lling .and sealing, the necessity of rigidity and resistance 
to ‘bulge has led the industry to require a paper stock of 
relatively high basis weight. 
An additional consideration, which to a great extent 

has limited the type of paper stock usable in liquid con 
tainers, is the adaptability of the stock to coating with 
a moisture-proof material. For example, if the surface 
of the board is fairly rough or uneven, with ?bers, or 
groups of ?bers, extending away from the general surface 
of the board, the coating will be thin in some spots with 
many of the ?bers and'?ber groups extending through 
the coating. 

This will usually result in an unacceptable carton since 
the thin spots are possible sources of subsequent carton 
failure and the discontinuities in the coating caused by 
protruding ?bers provide paths for moisture to travel 
into the board. 

In prior art cartons, this roughness has been overcome 
by passing the carton stock through a plurality of calen 
der stacks; thereby forming a dense, smooth surfaced 
board. Of course, in producing this type of board, the 
cost will necessarily be 'higher than in the production of 
less dense board of comparable thickness since the ?ber 
content will be proportionately greater. 
Another manner in which unevenness of the board 

might be compensated for would be to increase the thick 
ness of the moisture-proof coating to a point where all 
?bers were completely covered. However, since the cost 
of the coating material is relatively high, this approach, 
‘for the most part, is impractical. 

Closely related to these considerations is another which 
results from the construction of the cartons generally used 
in this type of packaging. Thus, in the formation of 
paper, liquid containers, a longitudinal seam is generally 
formed as a lap joint running the length of the carton; 
resulting in severed uncoated edge of a carton blank 
being placed on the inside of the carton in contact with 
the liquid product. Because of this, it had previously 
been thought that a comparatively high density board 
must be used to prevent absorption by this edge, or 
“wicking,” as it is referred to by those skilled in the art. 

Therefore, for reasons of stiffness, good coatability 
and non-absorption, paper, liquid containers have, as 
noted supra, been heretofore formed from a fairly heavy, 
dense board. For example, in the construction of half 
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gallon containers, a stock having a basis weight of ap 
proximately 286 pounds and a density, or ratio of basis 
weight to thickness, of 13 is most commonly used. With 
smaller cartons, such as quarts, while the same density 
is used, a thinner, lighter stock of 208 pounds per 3,000 
square feet has been found acceptable. 

While stock of this type, suitably coated with a mois 
t-ure resistant covering such as polyethylene, provides a 
satisfactory carton, it would be, of course, desirable to 
reduce the basis weight of the container stock, and hence, 
its cost, if the characteristics of stiffness, smoothness and 
non-absorption present in more expensive container stock 
could be retained. 
The present invention achieves these requirements and 

permits the construction of cartons having the desired 
stiffness, smoothness, and non-absorption of prior art 
cartons but with paperboard of much lighter weight, and 
hence, appreciably lower cost. 

In achieving these results, applicant found that if the 
thickness of the stock used for the cartons was increased, 
the basis weight could be greatly reduced and the stiffness 
of the carton board retained or even slightly increased. 
While this lighter, lower density board exhibited a 

rough or ?ulfed up. surface, unsuitable as a coating base, 
it was found that if it was subjected to a limited amount 
of heat and pressure after formation, little change in 
the overall caliper or density and hence, stiffness resulted, 
but the surface so treated took on a smoothness hereto 
fore found only in denser, more compact stock. Thus, 
a well-formed continuous coating comparable to that 
found on heavier more expensive cartons is attained with 
no increase in coat weight. 

It was further discovered that, contrary to expected 
results, wicking or absorption by the uncoated raw edge 
of the uncompacted board forming the carton remained 
about the same as in cartons formed of denser, heavier 
board. 

These, and other advantages and features of the carton 
of the present invention will become apparent from the 
following description and accompanying drawings where 
in: 

FIGURE 1 is a crosssectional, comparison view 
through a carton wall of the prior .art and .a carton wall 
according to the present invention; ' 
FIGURE 2 is a somewhat schematic representation of 

the manner in which the surface of the stock forming the 
carton of the present invention is smoothed; 
FIGURE 3 is a graphical representation of the effect 

on stiffness caused by varying the basis weights of dif 
ferent caliper boards; 
FIGURE 4 is a perspective view, with portions broken 

away, of a liquid-proof container; and 
FIGURE 5 is a cross-sectional view taken on line 5--5 

of FIGURE 4. 
Turning to FIGURE 1 of the drawings, there is there 

in shown by way of contrast, a cross-sectional view 
through a wall of a carton of the prior art and a similar 
view of a wall of a carton of the present invention. From 
this ?gure it will be noted, that although paperboard core 
11 of the prior art and core 12 of the present invention 
are both coated with polyethylene or a similar moisture 
proof coating 13, board 12 is less dense but appreciably 
thicker. 'This results from the fact that applicant has 
found that while the stiffness and endurance of a carton 
are to some extent governed by the density or weight of 
the board, a more signi?cant factor is its caliper or 
thickness. Thus, considering that the stiffness of a 
homogenous body of material is proportional to its 
modulus of elasticity times its moment of inertia, and its 
moment of inertia is proportional to the cube of its thick 
ness, it becomes apparent that if these relationships hold 
true for a body of paperboard, varying the thickness or 
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caliper of the board will have a much more pronounced 
effect than varying the density alone. For example, 
doubling the size or thickness would result in an increase 
in stiffness 8 times the original. It was determined, 'how 
ever, that in increasing the caliper or thickness of paper 
board While decreasing its density the internal bonding 
of the ?bers was slightly decreased. This resulted in a 
decrease of the modulus of elasticity, and to some extent, 
offset the gain in stiffness and endurance achieved by 
increasing the caliper. Thus, for paperboard a more 
exact de?nition in a case where the caliper is increased 
while density is decreased was found to be: 

where S=stiffness, c=caliper in thousandths of an inch, 
d=density or basis weight divided by caliper and K is a 
constant which varies with the physical'properties of dif 
ferent boards. Or, since where W=basis weight, 

‘It will, therefore, be seen that contrary to previous 
thoughts that a fairly dense board was necessary to ob 
tain the required stiffness and endurance, the density of 
the board can be decreased appreciably if the caliper is 
slightly increased. Or stated somewhat differently, a 
board having a much lower basis weight and hence 
cost can be used if the caliper is increased and comparable 
bulge and endurance characteristics will be obtained. 

This is illustrated graphically in FIGURE 3 wherein 
curves are plotted for the equation S=KW><c1~7 for 
boards of constant calipers of 27 and 22 thousandths of an 
inch or points and varying basis weights. These two 
calipers are chosen for purposes of comparison since 
the former represents the caliper found satisfactory by 
applicant for his carton and the latter represents a com 
mon thickness of conventional cartons. 
From this ‘graph it will be noted that curve A, which 

represents a board having a caliper of 27 thousandths of 
an inch, rapidly increases in stiffness with small in 
creases in basis weight. Curve B, on the other hand, 
increases much more slowly. The comparison of the 
curves can probably best be made by drawing a straight 
'line parallel to the basis weight axis, which would rep 
resent a line of ‘equal stiffness. If this line is drawn 
through curve B at a basis weight of 286 pounds, a 
commonly used weight for 22 point board, the point of 
intersection of this' line with curve A will represent the 
theoretical weight of 27 point board necessary to obtain 
the same stiffness. Thus, in FIGURE 3, line C represents 
a line of equal stiffness intersecting curve B at W=286 
pounds. Considering next, the point where line C in 
tersects curve A, it will be seen that whereas a basis 
weight of 286 pounds is' needed to obtain the required 
stiffness with 22 point board, a basis weight of less than 
202 .pounds is theoretically needed for the same stiffness 
in a 27 point board. 

Taking into account such factors as stock formation 
and surface smoothness, and allowing a generous factor 
of safety, applicant has found that, (for half-gallon car 
tons, a container stock of 253 pounds per 3,000 square 
feet and a caliper of 27 thousandths of an inch is satis 
factory; while for smaller sizes, such as quarts, stock hav 
ing a‘basis weight of 184 pounds per 3,000 square feet 
and a thickness of 19.5 thousandths of an ‘inch is more 
than adequate. In either case, it will be noted that the 
resulting density is less than 10 pounds per point. 

In comparative tests made between cartonsconstructed 
according to the present invention and conventional car 
tons, the less expensive containers of the present inven 
tion proved at least comparable, and in most instances, 
superior to those formed of heavier, denser board. In 
the tests set forth below, cartons formed of stock having 
a basis weight of ‘286 pounds per 3,000 square feet, a 
caliper of 22 thousandths of an inch or 22 points and 
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4 
a density of 13 pounds per point were compared with 
cartons constructed according to the present invention 
of a stock having a basis Weight of 253 pounds per 3,000 
square feet, a caliper of 27 thousandths of an inch or 
27 points and a density of approximately 9.3 pounds per 
point. In the tabulations below the latter are referred to 
as L.D. cartons and the former, H.D. In all other re_ 
spects, the cartons were, as nearly as possible, identical. 
The tests conducted are standard tests generally re 

fered to as the 45-minute shake test, the 7-day bulge test, 
and the %-ll10h drop test. 

In the 45-minute shake test, ?lled, sealed cartons are 
packed in all-wire, 41/z-gallon case and placed on a me 
chanical shake table; The table is then shaken with one 
inch strokes at 210 cycles per minute for 45 minutes; the 
cartons being rotated each 15 minutes. At the end of 
45 minutes, the cartons are checked for leakers and the 
results expressed as the percentage of good or non-leak 
ing cartons remaining. The results of this test were as 
follows: ' 

Number Number 
0t of Number Percent 

Carton Cartons Leakers Good Good 
Tested 

H.D _______________________ __ 18 7 11 61 
L.D ________________________ -_ 1s 0 is 100 

In the 7-day bulge test the cartons are ?lled to their 
nominal capacity and their maximum dimension from 
front to back and side to side measured and totaled. 
The cartons are then stored ‘for seven days at 45° F. and 
their maximum front to back and side to side dimensions 
again measured and totaled. The ?rst measurement is 
then subtracted from that made after seven days and the 
result expressed as the total bulge occurring in the seven 
day storage period. The average results of this test were 
as follows: 

Carton Total bluge, inches 
H.D ___________________________________ __ .05 

LD. __________________ .._> ______________ __ .06 

The sA-inch' drop test consists in dropping a ?lled, 
sealed carton 3% inch onto a flat surface, 35 times a day. 
After each day’s drops, the carton is‘stored for one day 
at 40° F., after which it is placed under a 50% relative 
humidity for a one hour “sweating period” prior to com 
mencing drop testing.v This procedure is continued until 
leakage of the carton is detected and the result expressed 
as either the number of days or the number of drops to 
leakage. In tests of this type made on two H.D. and two 
L.D. cartons the following results occurred: 

Carton Number Number 
of Days of Drops 

H.D.1_ 3 105 
H.D.g- 6 210 
L.D.1 _______________________________________ __ 6 210 
L.D.z _______________________________________ ._ e i 210 

In summary, it Will be noted that the cartons of the 
present invention, although formed from stock 33 pounds 
lighter in basis weight than the comparison cartons, ex 
hibited a total bulge after seven days only one one 
hundredth of an inch greater, while in endurance tests 
they proved superior. Since basis weight, as a single 
fact-or, is probably the most effective in ‘determining carton 
costs, the savings in forming cartons of stock 33 pounds 
per 3,000 square feet lighter are obvious. ' 

Thus, it will be seen that applicant has succeeded in 
producing a carton having endurance and bulge char 
acte-ristics equal to cartons using much heavier and more 
expensive carton stock with a lower weight, and hence, 
cheaper paperboard. I 

While endurance and bulge are primary considerations 
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in the formation of papenboard liquid containers, yet an 
other factor must be considered which would seem to 
indicate that low density paperboard is unsuitable for 
this purpose. Thus, while applicant found that, with re 
gard to stiffness, cartons formed of lighter, cheaper board 
performed as well or better than conventional cartons if 
the caliper of the carton stock was increased, the rougher 
surface characteristic of the low density board resulted 
in coating discontinuities or pinholing when attempts were 
made to cover with conventional coat weights. 

For example, when using polyethylene as a coating, 
standard industry practice is to apply a coat weight of 
approximately 18 pounds per ream on the inside of the 
container where intimate contact is made between the 
container and the stored product. Since the outside of 
the carton is normally not subject to the same amount 
of contact with moisture'as the inside, this surface need 
only have a coating suf?cient to resist penetration of 
moisture from less intensive sources, such as from icing, 
condensate, and the like. Therefore, a coating of ap 
proximately 10 pounds of polyethylene per ream of board 
is usually su?icient for the outside of the carton. How 
ever, even though the overall outside coat weight may 
be decreased appreciably from that used on the inside, 
it is still necessary that this coating be substantially con 
tinuous. Applicant found, however, that with the rough 
surfaced, low density stock, it would be necessary to use 
approximately 18 pounds of polyethylene per ream of 
board on both surfaces to decrease pinholing to an ac 
ceptable level. Therefore, even though the stock used 
in the carton of the present invention is much lower in 
cost, the higher weights of coating necessary to obtain 
a pinhole free surface would render its use impractical 
since the increased use of the relatively more expensive 
coating material would more than offset any savings made 
by using the lighter board. 

Referring to FIGURE 2 of the drawings, the manner 
in which this problem is overcome will be described. At 
the left hand side of FIGURE 2 will be seen the un 
treated, rough surface board 12' having ?bers and ?ber 
groups, as at 14 and '15, extending away from the gen 
eral plane of the surface. As the board 12’ travels to 
ward the right, as seen in FIGURE 2, it passes between 
a pair of rollers 16 and 17, portions only of which are 
shown, where it is subjected to heat and a fairly light 
pressure. 

Roller 16 is heated by steam or the like and may be 
conveniently made of a polished metal, such as steel, 
while roller 17 is formed of a fairly hard, yet resilient 
material, such as hard rubber. In practice it has been 
found that a pressure of between 400 and 500 pounds 
per lineal inch in the nip formed by rolls 16 and 17 and 
a temperature of approximately 350° F. is satisfactory. 
As noted previously, while the heated roll 16 is con 
veniently formed from a relatively rigid material such 
as steel, roll 17 should be somewhat resilient to permit 
its deformation at the nip. For example, a material hav 
ing a plastomer index of 35 to 40 when a temperature 
equilibrium is reached has proven satisfactory. This de 
formation of the roll 17 as the board passes through the 
nip results in a varying speed of the web across the nip. 
Since the amount of friction between the rubber roll 17 
and the board is greater than that between the polished 
metal roll 16 and the board, the speed variation across 
the nip causes the board to slide against the polished 
roller, bu?ing or burnishing it, and producing the com 
paratively smooth surface 18 seen at the right hand side 
of FIGURE 2. 
At the same time, the resilient roll 17 also tends to 

smooth the surface 19 of the board, although not to the 
extent that surface 18 is smoothed by roll 16. Of course, 
if it were desired to have both surfaces of the board 
equally smooth, both could be treated in the same man 
ner by, for example, using two pairs of oppositely dis 
posed rollers. 

10 

15 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

, . , 6 7 

However, in the speci?c application contemplated here, 
i.e., liquid containers, this is generally unnecessary. This 
results because, as noted supra, even very rough textured 
board can be coated fairly satisfactorily with, for example, 
a polyethylene coating of 18 pounds per ream. Since, 
after treatment by the roller 17, the surface 19 of the 
board is much smoother than before treatment, the 18 
pound coating is then more than adequate to provide 
a good continuous coating. Therefore, since a polyeth 
ylene coating of 18 pounds per ream is standard on the 
inside of conventional cartons, if the surface 6 is used 
as an inside carton surface, no increase in coat weight 
will be necessary when using the lighter board. At the 
same time, due to the burnishing by the roller 16 of the 
surface 18, a coating of polyethylene of 10 pounds per 
ream on that surface is su?‘icient to prevent pinholing. 
This, as noted above, is the conventional coat weight 
used on the outside of liquid cartons. Thus, although 
both surfaces may be burnished if desired, it will be seen 
that by burnishing only one surface of the rough tex 
tured board, increases in coating are completely avoided. 

It will be apparent, therefore, :that by treating the rough 
surface of the low density board in the manner described 
above, both surfaces are smooth, although to different 
degrees, allowing a pinhole free coating of 18 pounds per 
ream to be applied to the inside of the carton and a 
similarly continuous coating of only 10 pounds to the 
outside. It will thus be :seen that, although the weight 
of the board is decreased appreciably, no increase in coat 
weight is necessary to obtain'the degree of coating con 
tinuity previously obtainable only in the heavier, denser 
board. 

Referring to FIGURE 4 of the drawings, the problem 
of raw edge absorption, or “wicking,” will now be con 
sidered. In FIGURE 4 is shown, for purposes of illus 
tration, a carton 1 of fairly common con?guration. In 
this type of carton, a one-piece blank is severed from a 
sheet of stock material suitably coated with a moisture 
resistant coating and folded to the con?guration shown 
to form an upright side wall portion including side wall 
panels 2—5, a bottom wall 6, and a gable top 7. While 
the carton shown for purposes of illustration exhibits 
four distinct side wall panels, it will be apparent that 
the carton may take the form of any one of several dif 
ferent con?gurations commercially available, such as that 
wherein the side wall portion is formed as a truncated 
cone and a separate insert is secured in place as a bot 
tom wall. Regardless of the particular con?guration 
chosen, in most coated paper containers of this type, at 
least the side wall portion is formed from a single piece 
of stock and folded to form a tubular shape. The free 
ends of the blank are then lapped, as at 8, to form a 
longitudinal seam. 

Referring now to FIGURE 5 of the drawings, a cross 
sectional view of the lap joint formed in the construction 
of the carton is shown in more detail. As therein shown, 
the two edges 9 and 10 of the carton blank are secured 
in overlapping relationship, with edge 9 overlying inward 
ly folded edge 10. Since the paperboard core is coated 
with a moisture resistant coating material 13, such as 
polyethylene, it will be apparent that the carton is, for 
the most part, liquid proof. However, since the carton 
blank is stamped from the sheet of stock material after 
coating, the edges thereof will be uncoated. This presents 
no problem with uncoated edge 9, since it lies outside of 
the carton. Edge 10, however, is in direct contact with 
the stored ?uid, where it provides a possible means for 
liquid to penetrate into the material of the container. 
While a slight penetration is permissible, if the liquid 
tends to travel into the board or “wick,” delamination of 
the carton board will occur and carton failure will result. 

Prior to the present invention it was thought that, in 
order to prevent substantial penetration through this un 
coated portion, the board would have to be made rela 
tively dense, that is, on the order of 13 pounds per point. 
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Applicant has found, however, that the density of the 
board may be reduced materially without substantial 
wicking. While the reason for this phenomenon has not 
yet been fully explained, one possible explanation is, that 
the suspended solids carried by many edible, liquid prod 
ucts, such as milk, are ?ltered out by the ?bers at the raw 
edge and seal off the path therethrough. Of course, the 
surface tension of the liquids may also have an inhibiting 
effect on the natural tendency thereof to migrate through 
the minute interstices of the carton material. However, 
regardless of the reason, applicant has found that with 
cartons formed of board having a density of less than 10 
and used for the storage of milk, for example, penetra-_ 
tion through the raw edge, or wicking, is negligible as in 
cartons formed of heavier, denser stock. 

It will be seen, therefore, that although the basis weight 
and density, and hence, the cost of the board are decreased 
by increasing the thickness of the board while decreasing 
the ?ber content, raw edge absorption remains negligible, 
as in heavier, high density boards. 
From the foregoing it will be apparent that applicant 

has devised a paperboard liquid container with character 
istics of stiffness, adaptability for coating and raw edge 
absorption heretofore found only in heavier, denser, more 
expensive cartons but at appreciably lower costs. 

While speci?c details of the invention have been de 
scribed above, it will be apparent that changes may be 
made therein within the scope of the appended claims. 

I claim: 
1. A liquid-proof container comprising: 
(a) An upright side wall portion, 
(b) a bottom wall portion attached to said side wall 

portion at its lower edge, 
(e) at least said side wall portion including a paper 
board core, 

(d) the ratio of the basis weight of said core in pounds 
per 3,000 square feet to the thickness of said core 
in thousandths of an inch being appreciably less 
than 13, and 
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(e) a moisture resistant coating laminated to both sides 

of said core. 
2. The liquid-proof container of claim 1 wherein: 
(a) Said basis weight is approximately 253 pounds 
per 3,000 square feet, and 

(b) said thickness is approximately 27 thousandths of 
an inch. 

3. The liquid-proof container of claim 1 wherein: 
(a) Said basis weight is approximately 184 pounds per 

3,000 square feet, and 
(b) said thickness is approximately 19.5 thousandths 

of an inch. 
4. The liquid-proof container of claim 1 wherein: 
(a) Said ratio is less than 10. 
5. The liquid-proof container of claim 1 wherein: 
(a) Said carton is formed from a unitary blank folded 

into tubular form, and 
(b) longitudinal edges of said tubularly formed blank 

are overlapped forming a joint extending longitudi 
nally of said carton. 

6. The liquid-proof container of claim 5 wherein: 
(a) Said side wall portion is formed of substantially 

planar side wall panels. 
7. The ‘liquid-proof container of claim 1 wherein: 
(a) The moisture-resistant coating laminated to one of 

said sides of said core weighs approximately 18 
pounds per ream of said core, and 

(b) the moisture resistant coating laminated to the 
vother side of said core weighs approximately 10 
pounds per ream of said core. 
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