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69 Linerboard and process for making the same.

@ Linerboard is impregnated with a cured resin so as to
remain sufficiently flexible to be formed into standard rolls
for storage and has high strength and better water resis-
tance than comparable untreated linerboard. The impreg-
nated linerboard is convertible to corrugated paperboard by
standard techniques. impregnation of the linerboard with
thermosetting resin and substantial cure of said resin oc-
curs prior to introduction of the linerboard into a corrugation
process. The corrugated paperboard so produced retains
the enhanced water resistant properties of the linerboard.
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LINERBOARD AND PROCESS FOR MAKING THE SAME
FIELD OF THE INVENTION
This invention relates to linerboard and to a
process for preparation of linerboard having improved
5 humidity resistance, wet rigidity and substantial dry
flexibility.

A problem with preserit packages formed from
standard commercial corrugated paperboard is the lack of
water and humidity resistance. The numerous nublications

10 referred to below attest to this problem and to the
numerous attempts to remedy this problem. Almost
invariably these attempts have required use of expensive
coatings, modification of the papermaking process,
modification of the corrugator, reduced speed of operation

15 of the corrugator, substantial modification of post
corrugator processing of the board, and the like., Needless
to say the above requirements all add a cost factor to .
the finished product. In a highly competitive field, such
as, corrugated packaging the game is usually won by the

20 lowest cost solution, all else being equal.

The present invention provides a linerboard
which makes possible the fabrication of corrugated
packages having enhanced moisture and high humidity level
performance, increased strength for a given basis weight

25 of board employed with no modification required of the
papermaking process, the corrugating machinery and process,
or the post corrugator processing of the board.

BACKGROUND ART
The following patents represent background nrior

30 art.
U.S. Patent 2,708,645. This patent teaches the
surface coating of produced paper articles such as two
piece substantially cylindrical cups, with urea formaldehyde
resin. Precoating and cure prior to formation of the
35 object and impregnation other than on the immediate surface

are not suggested.
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thereon which is produced by coating a paper substrate
with an aqueous emulsion containing a synthetic rubber
latex and a wax emulsion and then drying the coated
paper at a temperature the same as or higher than the
melting point of the wax. The resultant paper is said
to be highly capable of repulping.

U.S. Patent 3,196,021. This patent teaches
a corrugated board having good wet strength wherein the
paperboard is treated with wet strength resins and the
paperboard (liner and medium) is impregnated with a
molten blend of wax and thermoplastic resins prior to
assembly on the corrugator.

Other patents of which applicants are aware,
which, while bearing on the art, are deemed cumulative
and thus even more remote are U.S. Patents 3,357,877
3,485,575; 3,644,167, 3,682,762; 3,920,496; 3,936,339;
and 3,984,275. Copies of all the cited patents are
provided for the Examiner's convenience.

The present invention is concerned with the
unexpected finding that linerboard may be impregnated
with thermosetting resin, the resin may then be substan-
tially cured and the impregnated linerboard will remain
flexible enough to be rolled in standard rolls for
shipping and storage. The treated linerboard may then
be fabricated in a standard corrugator at high speed
employing standard medium, either untreated or similarly
treated, to provide corrugated board having excellent
wet crush resistance and enhanced overall wet and dry
strength properties. No wax or other water resistant
coating is required to obtain the substantial improvement
in water resistant peroperties.

SUMMARY OF THE INVENTION

In accordance with the invention, we provide

linerboard having improved humidity resistance, wet
rigidity and substantial dry flexibility, characterized
by containing up to about 15% by weight of a substantially



10

15

20

25

30

35

0071871

cured thermosetting resin,

We also provide a process for making linerboard,
characterized by impregnating the linerboard with an
aqueous emulsion of a thermosetting resin for deep
penetration of said resin into the linerboard, said
aqueous emulsion being applied in an amount sufficient
to provide up to about 157 by weight resin solids in said
linerboard; drying the resin impregnated linerboard and
substantially curing said resin.

The linerboard thus treated are sufficiently
flexible to be formable into conventional rolls for
subsequent processing or storage, of having enhanced wet
strength, and of being formable into corrugated paperboard
having enhanced wet strength. The board may be fabricated
on conventional corrugating machinery employing convention-
al techniques of fabrication and conventional commercial
speeds. Subsequent formation of carton blanks and .
cartons may also be accomplished employing standard
machinery and techniques. The usefulness of the tangible
embodiments in the fabrication of packages is, thus
evidenced.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In describing the process of the invention, for

convenience of disclosure, reference will be made to a
kraft linerboard impregnated with urea formaldehyde resin,
Standard kraft linerboard may be treated in
standard application apparatus, for example, a three roll
coater, with an aqueous emulsion of a urea formaldehyde
resin, for example, an approximately 65% solids content
emulsion sold under the designation PR-274 by the Borden
Company. In addition to the three roll coater, other
standard applicator devices such as size presses, may be
employed at the convenience of the operator.
The configuration of the applicator roll, if
a three roll coater is employed, is not critical but it
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has been found convenient to use a gravure roll rather
than a smooth roll. The gravure roll provides more uniform
pickup and application of the emulsion to the board
thus permitting easier control of resin application, It
has also been found that a reverse three-roll coater
with smooth rolls provides emulsion application equivalent
to that obtained employing a three-roll direct coater
with gravure rolls. The use of a reverse three-roll
coater so equipped is also preferred.

The board containing the resin emulsion may then
be heated in conventional fashion, conveniently in a
drying oven or with heated rolls or a combination thereof,
to remove moisture and to substantially cure the resin.
The board containing the substantially cured resin may
then be stored in conventional fashion, conveniently in
the form of rolls for use when required in conventional
fashion in a conventional corrugator. In the alternative,
it may be passed directly to the corrugator without inter-
mediate storage, although, this would not be preferred.

Corrugated board may be formed from the liner-
board containing the substantially cured resin in
conventional fashion employing conventional corrugators to
adhere at least one corrugated corrugating medium to at
least one substantially cured resin contaning board. One
skilled in the art will recognize however that, in addition
to kraft linerboard, any paperboard normally considered as

suitable for use as linerboard in the manufacture of

corrugated paperboard may be empluyed. One may employ any
desired, suitable corrugating medium in combination with
the cured resin impregnating linerboard of the invention.
Adherence of the corrugating medium and liner-

board may be accomplished by conventional methods long
known in the art. Conventional starch based, acid
catalyzed adhesives containing vinyl emulsions to enhance
water resistance such as those of U.S. Patent 3,984,275
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bagic
may be used as well as known/starch vinylemulsion adhesives.

It will also be obvious that the process of the
invention is applicable to the manufacture of modified
versions; i.e. any desired weight basis of linerboard and
medium, single faced, single, double, or triple wall
contruction etc., at the option of the artisan employing
said process.

After formation of the corrugated board it may
be cut to any desired shape, slotted and scored for forming
into containers in standard fashion.

In addition to the urea formaldehyde resin
emulsion, PR-274, specifically referred to above, other
equivalent urea formaldehyde resin emulsions including
Pacific 2027 supplied by Pacific resin and chemicals may
be used. In fact, any thermosetting resin emulsion known
to those in the art may be employed. Illustrative of these
are emulsions of phenolformaldehyde and melamin formaldehyde.

The resin emulsions may also, if desired, contain
other conventional additives, such as cure catalysts.

It has also been found that; while not critical,
the presence of a surfactant in the emulsion as a penetra-
tion aid assists in obtaining more uniform distribution
of the resin emulsion and consequently the cured resin
within the paperboard sheet. A non-ionic wetting agent
has been found advantageous for use with urea formaldehyde
emulsions. _

In addition to treatment of linerboard with thermo-
setting resin as disclosed, it will readily be apparent
to those skilled in the art that corrugating medium may
similarly be impregnated for it to remain sufficiently
flexible after resin cure to be stored in roll form and
to be fluted on the corrugator. The use of such impregnated
corrugating medium is comprehended in the terms '"corrugating
medium'" and ''standard corrugating medium" herein and in
the appended claims, unless the context specifically

.requires otherwise.
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One skilled in the art will recognize that
subsequent to formation of the corrugated paperboard of
this invention, it may, as part of its subsequent processing
be further treated with additional water resistance
supplying or waterproofing materials. Coating of carton
blanks with wax is an example of such a process.

The amount of resin emulsion applied to the
paperboard so as to provide a desired final concentration
of cured resin and the final concentration of cured resin
in the paperboard may vary within wide limits and is not
critical.

7 For linerboard having a basis weight of about
42 pounds per one thousand square feet, a final cured
resin concentration of from two pounds to about six pounds
per one thousand square feet may be employed with about 4,0
pounds per one thousand square feet being preferred,

For corrugating medium having a basis weight of
about 26 pounds per one thousand square feet, a final .
cured resin concentration of from about one pound to about
three pounds per one thousand square feet may be employed
with about 2.0 pounds per thousand square feet being
preferred. »

As used herein and in the apvended claims, the
term '"deep penetration' means penetration of a particular
paperboard approaching and/or including the midpoint of
the thickness of the paperboard as contrasted to a shallow
or a surface coating which penetrates only a slight degree,

The following examples further illustrate the
best mode contemplated by the inventors for the practice
of their invention.

In the following examples, the resin employed
is a urea formaldehyde resin emulsion sold by the Borden
Company under the designation PR-274. This material has
approximately 65% solids content and for convenience in
application it is diluted with water to about a 557% solids
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content immediately before application., ¥hen a cure
catalyst is added, it is a 257 aqueous solution of ammonium
sulfate and is added in an amount 27 by weight of the resin
solids. The paperboard employed is standard 42 pounds
basis weight kraft linerboard and the corrugating medium
is standard 26 pounds basis weight corrugating medium.

Testing procedures employed to obtain the physical
data are all well known in the industry.

Example 1

Linerboard samples are treated with urea formal-
dehyde resin emulsion, dried, and simultaneously cured, to
about six to eight percent moisture content. The physical
properties of treated samples and of an untreated control
linerboard are tabulated in Table I which illustrates the
improved wet tensile and ring crush properties for
linerboard treated with resin compared with untreated
linerboard and illustrates generally the effect of resin
treatment on the physical properties of linerboard in
comparison with untreated linerboard.
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Example 2
Sample media are treated with urea formaldehyde
resin emulsion, dried, and simultaneously cured, to about
six to eight percent moisture content. The physical
properties of treated samples and of an untreated control
medium are tabulated in Table II which illustrates the
effect of resin treatment on physical promerties of
corrugating medium in comparison with untreated medium,
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Example 3

Corrugated paperboard is formed from linerxrboard
samples described in Example 1 and from untreated medium.
As an additional comparison, a board is formed wherein
the previously untreated 42 pounds linerboard is treated
with the urea formaldehyde resin and subjected to a
brief period at drying and curing temperature in line
during corrugation. The treatment and heating occur
immediately before gluing to the medium and during the
glue drying and setting process. The properties obtained
are tabulated in Table III which illustrates the physical
properties of corrugated board formed with resin treated
linerboard wherein the resin is applied off-line as
contemplated by the instant invention or in the corrugator
line as in current industrial practice in comparison
with standard untreated corrugated board. It particularly
illustrates the improved properties under wet or high
humidity conditions and the greater crush resistance of
boxes formed from treated board. It also shows that the
properties obtained from off-line treatment are substan-
tially similar to those obtained through the known in-line
process. '
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Exanple 4

Corrugated paperboard is prepared from linerboard
samples prepared in Example 1 and from untreated medium,
as well as, medium prepared in Examnle 2. The corrugated
is run at speeds of 200, 300 and 400 feet ver minute.
Properties of the boards so prepared are tabulated in
Table IV which illustrates.the physical properties of
corrugated board prepared with resin treated liner and
untreated medium compared with those of corrugated board
prepared from resin treated liner and resin treated

medium.



- 16 -

oavl

1c
€01

1384

08
AR
A At
[l

-1
00v

ommF
(44
101
9V
¢8

191
gzl
-
5-'1
00¢€

oLV L

ve
96

(A4

9L
191

g cvl
(Al

51
go¢

918 AL
98€1 124
91 1Al

06 G6

A (A%
€1 €1

b9 L1T

p 861 9°191

g el A A
1013u0) - T1033u0)
-1 -1
00V 00€

Al 3149Vl

veL
v6ET

0t
c8

LE
L
EL

0°¥91
9°0v1
T013u0)
-1
00¢

HY $06/d006
HY 30G/doEL
(qr) ‘a/1 uorssaidwod xod
ay pz ‘3IaM
HY %0G/do€L
(1sgd) uotsaypy Uuid
{rsd) uysniad 3eTd
ay vz ‘3I=M
g9 306/do€lL
(qT) ysna) uwniod
(*ut 100°0) 32dTTED
(dSW/d1) 3ybtaM stsed
9p0d WNTPINW
opo) 1oul’l
utu/33 ‘pa3ds 103e60110D



0071871

- 17 -

Examglé 5

Corrugated paperboard is prepared from samples
of linerboard prepared in Example 1, from an untreated
control linerboard, from medium prepared in Example 2 and
untreated control medium. The properties of the boards are
tabulated in Table V which illustrates the physical
properties of corrugated board prepared from resin treated
liner and treated and untreated medium compared with board
prepared from untreated liner and medium. It particularly
shows the similarity of and improvement of properties,
particularly under wet conditions for the corrugated

having treated liner and both treated and untreated medium.

]
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Example 6 ‘
Corrugated paperboard is prepared from linerboard

prepared in Example 1 at various times after treatment.
The properties of the boards are tabulated in Table VI
which illustrates that storage of linerboard prepared as
contemplated by the invention for an extended period does
not result in substantial variation in properties in
corrugated board made from it when compared to properties
of corrugated board prepared from the same liner a
relatively short time after treatment.

“4
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Example 7

A sample of linerboard prepared in Example 1 is
tested at various times after preparation. The proverties
of the treated linerboard and of an untreated control are
tabulated in Table VII which illustrates that storage
of resin treated linerboard prepared as contemplated by
the invention has substantially little effect on promerties,
Properties of an untreated control sample are included
for reference and further illustration of the superior
properties under wet conditions provided by resin treat-

ment.

B

&
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CLAIMS

1. Linerboard having'improved humidity resistance,
wetrigidity and substantial dry flexibility, characterized
by containing up to about 157% by weight of a substantially
cured thermosetting resin.

2. Linerboard according to claim 1, characterized
in that the thermosetting resin is ureaformaldehyde

resin.

3. Linerboard according to claim 1 or 2, character-
ized by a corrugating medium adhered to the cured liner-
board.

4. A process for making linerboard according to
claim 1 or 2, characterized by impregnating the liner-
board with an aqueous emulsion of a thermosetting resin
for deep penetration of said resin into the linerboard,
said aqueous emulsion being applied in an amount suf- .
ficient to provide up to about 157 by weight resin solids
in said linerboard; drying the resin impregnated liner-
board and substantially curing said resin.

5. A process for making the linerboard of claim 3,
characterized by adhering at least one corrugating

medium to the linerboard before curing thereof.

6. A process according to claim 4 or 5, character-
ized in that the aqueous emulstion of a thermosetting resin
is a urea formaldehyde aqueous emulsion.

W
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