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(57) Abstract: In a method of ultrasonically bonding paperboard, first
and second pieces of paperboard (120, 121) are supplied, with at least one
of the first and second pieces of paperboard (120, 121) being provided
with a clay coating. The first and second pieces of paperboard (120, 121 )
are moistened and positioned in a gap (1 15) between a sonotrode (105)
and an anvil (1 10) of an ultrasonic welding unit (100). The ultrasonic
welding (100) unit is activated and the first and second pieces of paper-
board (120, 121) are compressed between 30-70%, more preferably be-
tween 40-60%, to cause the clay coating to mobilize and force the clay
coating material into fiber matrixes of the first and second pieces of pa-
perboard (120, 121 ), followed by cooling of'the tirst and second pieces of
paperboard (120, 121), to bond the first and second pieces of paperboard
(120, 121).
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METHOD OF ULTRASONICALLY BONDING PAPERBOARD

BACKGROUND OF THE INVENTION

[0001] The present invention pertains to paperboard and, more particularly, to methods
for producing paperboard.

[0002] Paperboard has a variety of uses. For example, paperboard can be used to make
packaging for food products. Typically, the fabrication of paperboard packaging requires the use
of adhesives. As is known in the art, both hot and cold adhesive systems can be used. The need
for adhesives increases the cost of fabricating paperboard. Accordingly, it would be desirable to

be able to fabricate paperboard without the use of added adhesives.

SUMMARY OF THE INVENTION

[0003] The present invention is directed to a method of ultrasonically bonding
paperboard. First and second pieces of paperboard are supplied. At least one of the first and
second pieces of paperboard is provided with a clay coating. The first and second pieces of
paperboard are moistened and positioned in a gap between a sonotrode and an anvil of an
ultrasonic welding unit. The ultrasonic welding unit is activated, and the first and second pieces
of paperboard are compressed to bond the first and second pieces of paperboard. The first and
second pieces of paperboard are allowed to cool. Preferably, the moistening, positioning and
activating steps occur continuously.

[0004] Activating the ultrasonic welding unit causes the clay coating to mobilize, and
allowing the first and second pieces of paperboard to cool causes the clay coating to resolidify.
Upon mobilization of the clay coating, the clay coating is forced into fiber matrixes of the first
and second pieces of paperboard. Moistening the first and second pieces of paperboard causes
starch from the first and second pieces of paperboard to gelatinize, and allowing the first and
second pieces of paperboard to cool causes retrogradation of the starch.

[0005] In a preferred embodiment, the first and second pieces of paperboard, each
establishing a layer of paperboard in the order of 0.012 to 0.040 inches thick, are moistened with

water. The water is applied to the first and second pieces of paperboard as a thin layer, thereby
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avoiding soaking of the first and second pieces of paperboard. Preferably, the method is
performed without added starch or adhesive. The first and second pieces of paperboard are
compressed between 30 and 70% during activation of the ultrasonic welding unit. More
preferably, the first and second pieces of paperboard are compressed between 40 and 60% during
activation of the ultrasonic welding unit. The first and second pieces can be formed from various
paperboard products, such as being selected from the group consisting of Kraft board, natural
board, bleach board and recycled board. At least one of the first and second pieces of
paperboard can also have an area provided with an aqueous coating associated with printing of
the packaging.

[0006] Additional objects, features and advantages of the invention will become more
readily apparent from the following detailed description of preferred embodiments thereof when
taken in conjunction with the drawings wherein like reference numerals refer to common parts in

the several views.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is a schematic view of an ultrasonic welding unit usable in connection
with the present invention; and
[0008] Figure 2 is a schematic view of a process for producing paperboard in accordance

with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Detailed embodiments of the present invention are disclosed herein. However, it
is to be understood that the disclosed embodiments are merely exemplary of the invention, which
may be embodied in various and alternative forms. The figures are not necessarily to scale, and
some features may be exaggerated or minimized to show details of particular components.
Therefore, specific structural and functional details disclosed herein are not to be interpreted as
limiting, but merely as a representative basis for teaching one skilled in the art to employ the
present invention. In addition, any specific numerical value listed herein includes a margin of

error of +/- 5%. By way of example, a length of 0.100 inches includes lengths between 0.095
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and 0.105 inches. Similarly, a range of 0.080-0.120 inches includes lengths between 0.076 and
0.126 inches. For numerical values expressed as percentages, the margin of error refers to the
base numerical value. In other words, 20% means 19-21% and not 15-25%.

[0010] With initial reference to Figure 1, a schematic view of an ultrasonic welding unit
100 usable in connection with the present invention is provided. Welding unit 100 includes a
sonotrode 105 and an anvil 110. The material to be welded passes through a gap 115 between
sonotrode 105 and anvil 110. When ultrasonic welding unit 100 is activated, sonotrode 105
vibrates lengthwise while the material within gap 115 is compressed between sonotrode 105 and
anvil 110. This results in the material being welded together. In the present invention, ultrasonic
welding unit 100 is used to weld paperboard. Specifically, a first piece of paperboard 120 and a
second piece of paperboard 121 are welded together. Preferably, pieces 120 and 121 are in the
range of 0.012 to 0.040 inches thick and move continuously (i.e., non-intermittently) through gap
115 during the welding process. Although not shown, ultrasonic welding unit 100 typically also
includes a power supply, a transducer and a controller.

[0011] With reference now to Figure 2, a schematic view of a process for producing
paperboard in accordance with the present invention is provided. At step 200, first and second
pieces of paperboard are provided (e.g., pieces 120 and 121). The pieces can be Kraft board,
natural board, bleach board or recycled board, for example. At least one of the first and second
pieces of paperboard has a clay coating (e.g., a clay/polymer coating). In addition, at least one of
the first and second pieces can include an area provided with an aqueous coating.

[0012] At step 205, the first and second pieces of paperboard are moistened.

Specifically, the surfaces of the first and second pieces are dampened. In particular, the first and
second pieces are not soaked through. To accomplish this, a liquid is applied to the surfaces as a
thin layer. In certain embodiments, water is used to moisten the paperboard. However, other
liquids can be used.

[0013] At step 210, the first and second pieces of paperboard are passed through a gap
between a sonotrode and an anvil of an ultrasonic welding unit (e.g., sonotrode 105 and anvil

110 of ultrasonic welding unit 100). The ultrasonic welding unit is active while the first and
second pieces pass through the gap. Accordingly, the first and second pieces are welded
together. Unlike many prior art paperboard fabrication methods, no supplemental bonding

adhesives are employed. Instead, the clay coating and the moistening of the paperboard serve to
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form the bond between the first and second pieces. In particular, the ultrasonic welding
operation causes the clay coating present on one or both of the first and second pieces to
mobilize, and the clay coating is forced into fiber matrixes of the paperboard. In addition, the
liquid (e.g., water) used to moisten the first and second pieces of paperboard mixes with the
starch present in the paperboard, which leads to gelatinization of the starch. Preferably, no extra
starch is added. In other words, the only starch used is the starch present in the paperboard. As
the paperboard exits the ultrasonic welding unit, the paperboard begins to cool. Accordingly, the
melted or liquefied coating resolidifies. Also, as the gelatinized starch cools, retrogradation
takes place. As aresult, a strong bond is formed between the first and second pieces of
paperboard.

[0014] Preferably, steps 205 and 210 take place continuously (i.e., non-intermittently).
During step 210, the first and second pieces of paperboard are compressed between the
sonotrode and the anvil of the ultrasonic welding machine. The amount of compression is
important to establish a strong bond through the clay and starch in accordance with the invention.
Preferably, the first and second pieces are compressed by 30 to 70%. More preferably, the first
and second pieces are compressed by 40 to 60%. This compression percentage refers to the
amount that the thickness of the paperboard is changed from before to after welding. For
example, if two pieces of paperboard have a combined thickness of 2.0 mm before welding and
1.2 mm after welding, then the pieces have been compressed by 40%. The degree of
compression is important since too much compression damages the paperboard and too little
compression does not result in a reliable bond being formed. Therefore, the combination of this
compression, the clay coating and the water provides synergistic results in accordance with the
invention, resulting in a strong bond between the sheets of paperboard.

[0015] Based on the above, it should be readily apparent that the present invention
provides a way to produce paperboard, which remains in a compressed state in a bonded region,
without the use of added adhesives. Although described with reference to preferred
embodiments, it should be readily understood that various changes or modifications could be
made to the invention without departing from the spirit thereof. In general, the invention is only

intended to be limited by the scope of the following claims.
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CLAIMS

1. A method of ultrasonically bonding paperboard comprising:

supplying first and second pieces of paperboard, with at least one of the first and second
pieces of paperboard being provided with a clay coating;

moistening the first and second pieces of paperboard;

positioning the first and second pieces of paperboard in a gap between a sonotrode and an
anvil of an ultrasonic welding unit;

activating the ultrasonic welding unit and compressing the first and second pieces of
paperboard to cause the clay coating to mobilize and force the clay coating into fiber matrixes of
the first and second pieces of paperboard in bonding the first and second pieces of paperboard,
wherein the first and second pieces of paperboard are compressed between 30 and 70% during
activation of the ultrasonic welding unit; and

allowing the first and second pieces of paperboard to cool.

2. The method of claim 1, wherein:

moistening the first and second pieces of paperboard causes starch from the first and
second pieces of paperboard to gelatinize; and

allowing the first and second pieces of paperboard to cool causes retrogradation of the

starch.

3. The method of claim 2, wherein the first and second pieces of paperboard are moistened

with water.

4. The method of claim 3, wherein the water is applied to the first and second pieces of

paperboard as a thin layer, thereby avoiding soaking of the first and second pieces of paperboard.

5. The method of claim 4, wherein the first and second pieces of paperboard are in the order
of 0.012 to 0.040 inches thick.

6. The method of claim 2 performed without added starch.
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7. The method of claim 2 performed without added adhesive.

8. The method of claim 1, wherein the first and second pieces of paperboard are compressed

between 40 and 60% during activation of the ultrasonic welding unit.

9. The method of claim 1, wherein the moistening, positioning and activating steps occur
continuously.
10.  The method of claim 1, wherein the first and second pieces of paperboard are selected

from the group consisting of Kraft board, natural board, bleach board and recycled board.

11.  The method of claim 1, wherein at least a portion of one of the first and second pieces of

paperboard is further provided with an aqueous coating.



WO 2018/106243 PCT/US2016/065594

7

/- 200

PROVIDE PIECES OF PAPERBOARD

| /-205

MOISTEN PIECES OF PAPERBOARD

210
y -

WELD PIECES OF PAPERBOARD
TOGETHER

FIG. 2



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/065594

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - B32B 37/00; B29C 65/08; B31F 5/00 (2017.01)

CPC- B32B 37/00; B29C 65/08; B29C 65/082; B29C 65/087; B31F 5/008 (2017.02)

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 156/73.1; 156/580.1 (keyword delimited) -

Electronic data base consulted during the intemnational search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2016/0311189 A1 (ROBERT BOSCH GMBH) 27 October 2016 (27.10.2016) entire 1-11
document ¢ —
A WO 2016/087846 A1 (COLPAC LIMITED) 09 June 2016 (09.06.2016) entire document 1-11 _
A US 6,450,393 B1 (DOUMANIDIS et al) 17 September 2002 (17.09.2002) entire document 1-11 e
A US 2007/0003725 A1 (YOUSIF) 04 January 2007 (04.01.2007) entire document 1-11 e
D Further documents are listed in the continuation of Box C. D See patent family annex. o
*  Special categories of cited documents: “T” later document published after the international filing date ordpriority‘ )
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” carlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive__
“Lr dpcgmenl wlgil(;hhmﬁy Lhrgl\{v d(_)ubt(sj on p?'ority }::lam)(s)_ or whiclLis step when the document 1s taken alone :
gitec. to establish the publication date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
special reason (a.s specified) . . considered top involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art —
“P”  document published prior to the international filing date but later than  « g,» ;
e priorit)? date clair':\e 9 1 &" document member of the same patent tamily
Date of the actual completion of the international search Date of mailing of the international search report
02 February 2017 ] 7 F E B 20]?
Name and mailing address of the ISA/US Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.0. 'Bo'x 1450, Alexandria, VA 22313-1450 PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: §71-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - claims
	Page 7 - claims
	Page 8 - drawings
	Page 9 - wo-search-report

