METHOD OF FORMING SINGLE FACE CORRUGATED BOARD TECHNICAL FIELD The present
invention relates to a method and machine for o :Mg single face corrugated board. DIcCif, LOUNO.fisfra
Single faced corrugated paper board LS very well known and is used extensively in industry, especially in
packaging where it is used as protective padding and wrapping. It is also used as a basic component in
the production of many structural ts such as boxes, panels, patiets etc. Sheets of single faced corrugated
paper board can 8 bonded together to form muttilayer corrugated paper boards of various thickness and
strength. One reason for the wide use of such paper board is its relatlvi%/j t weight, rigidity and

strength. Single face&‘ggﬁl?éb%':&%w%%ﬂ Eé%?%QHxﬁiH ATHRR t, typically of corrugating

medium (generally recycled paper) paper, onto a liner sheet. The Finer sheet is typically Kraft paper
although other materipésimabeikiged. In a conventional machine for producing single faced fluted paper
board, the fluted sheet is formed by passing a sheet of paper between two corrug.ating rotters. The Iwo
rollers ate arranged sych that there is. an inter-meshin 9 th tee h at eriphery of each roller. A sheet
of paper is fed betwe%h A TRe i T% %?crﬁ fces | @%Caf)neerflgﬁr&)cpﬁ"fp é e?geth of the itillen;
intermesh. The qutedcghagﬁt@Iwg-dn contact with the teeth on the periphery of one of the corrugating
rollers, typically by a vacuum formed within the corrugating cylinder, at least until the liner is added, A line
of adhesive is applied.to the crests of the flutes to bond the liner to the fluted paper. A sheet of liner paper
is typically pressed o a smooth roller so as to bond the liner with the fluted paper to form
s single faced corrugated (or fluted) board.

Single faced corrugated paper board is very well known and is used extensively in

industry, especially in packaging where it is used as protective padding and
wrapping. It is also used as a basic component in the production of many structural

objects such as boxes, panels, pallets etc.

Sheets of single faced corrugated paper board can be bonded together to form
multilayer corrugated paper boards of various thickness and strength. One reason
for the wide use of such paper board is its relativerIIight weight, rigidity and

strength.

Single faced corrugated paper board is made by bonding a fluted sheet, typically of
corrugating medium (generally recycled paper) paper, onto a liner sheet. The liner

sheet is typically Kraft paper although other materials may be used.

In a conventional machine for producing single faced fluted paper board, the fluted
sheet is formed by passing a sheet of paper between two corrugating rollers. The
two rollers are arranged such that there is an inter-meshing of the teeth at the
periphery of each roller. A sheet of paper is fed between the teeth of the rollers
which forces the paper into flutes as the teeth of the rollers intermesh. The fluted
sheet is held in contact with the teeth on the periphery of one of the corrugating
rollers, typically by a vacuum formed within the corrugating cylinder, at least until

the liner is added.



A tanning factor in this process is the requirement to maintain contact between the fluted sheet and the
liner for sufficient time for a bond to be formed. This time can be several seconds or longer at normal
room temperatures and pressures. However, the time can be reduced by raising the temperature during
the bonding process and by applying pressure to the join between the crest and the liner. High pressure
steam is commonly used to heat the cylinders aver which the fluted paper and liner paper move, raising
the 'temperature of the paper. Typical operating temperatures for the corrugating rollers can be around
2004 C. Pressure can lieeapplithesivet Freajerit bistivecietie diribe dnidsiadiraddbe tipea ortbediiiedoller
arranged to press the liner %g insE tlrﬁ lued cresit As ﬁﬂe cont%pté'mt betw%\seg tQ%r%%ESHﬁ%rrO"er and

corrugating roller (Whﬁ’a?eﬁo STRE" HUTE FEEY iR erﬁlsg ofrt, hig 7 BF%S'ssuryes are .generaily required

to significantly speedsdpaths Bencinginee eassWithtdasobme efanagpge Mdheasing ks bigh pressure)
the bonding time can be reduced to a few hundredths of a second, allowing high speed production of
single faceo paper bd&tadHeAEver, one problem with this arrangement is that the high pressure exerted
by the pressure roller can distort the paper and leave unsightly marks on the surface of the liner paper,

reducing ds value. InsemigngRehinpsiheb R eesesdghiRmendicaainails cantbiardiednrges the liner
and fluted sheets together as they move around the corrugating roller, This extends the period of time

pressure is applied, dhtetheresbraddbeeinsréestvisienttine ipseobeptls Refeaieiolisiigegiface oftPC A
typical arrangement of a machine to fgré){_ uce single aqergl Raper boé';}[jg gep’%r%t% as gescribed above is

f
disclosed in US Paten ﬁ%veéab?f@ Yormas). The mac |n%r!3?%fep|§e3 in Satent No 5,951,817 has

a limited contact timeHewsl fenectibenchiime)ddataeen theidltestsheetand theidpere-asenienced by the
fluted sheettliner combination only being in contact with a third of the circumference of the corrugated

wheel Such limited cOMRSEIHRRE PEGERNEARIGISEBA thesei PRIy SsaHEs v S fedSarch based glue

used typically in the industiy. UflrefftullaleiY, starch based glues requires the application of heat (say in

the artier of 150C or spyr@rastiviateichissleadminidisashaniagasas, aectssas halewndtbedgh the uset
can Shorten the e required to form a bond between the fluted sheet and the lirw. and therefore allow high

through-put, it does iﬁﬁ%‘%f_Lﬂﬂé‘ 4SO RTADEF @Péﬁgﬁ‘i@@ﬁH@ei%ﬁ%@%ﬁﬂbﬁfé@ﬂﬁ%ﬁ@mﬁéase the cost of the
machinery and the O%(?Ff?m 9&%&%#%@?@F%&éﬁrrléﬁirﬁﬁoﬁ’érb% BEESRI ISR, the need for

bbiters, pipe work, and housing to ensure containment of the steam at all times. There is a need for
additional safety measures to ensure that the steam is produced and managed correctly and that the heat

produced does not pfyeRfeE Sadty Mgt g ReiaEen BetNCHIAEHARY TepicIR RI9sEHIthg engineer
s required to operate.fie. haller and MAIDiAn e Beating siem . Addn e castaladditions: skiled
labour., as well as potenhaily stopping production 4 suth an‘engineer is not avaiiatge..

between the pressure roller and corrugating roller (which holds the fluted sheet) is .

relatively short, high pressures are generally required to significantly speed up the

bonding process.

With this type of arrangement (heating plus high pressure) the bonding time can be
reduced to a few hundredths of a second, allowing high speed production of single
faced paper board. However, one problem with this arrangement is that the high
pressure exerted by the preésure roller can distort the paper and leave unsightly

marks on the surface of the liner paper, reducing its value.

In some machines other devices, such as endless belts, are used to press the liner
and fluted sheets together as they move around the corrugating roller. This

extends the period of time pressure is applied, and therefore lower pressures can



The additiorfof a high pressure steam system to the basic elements of the machine inevitably leads to an
increase in the size of the machine and therefore the space required for operation of the machine. The
requirement for more space adds to the operating costs for production of the single faced fluted board
Furthermore high pressure steam is highly corrosive to many materials, and those parts of the machine
exposed to the steam, for example the corrugating roiters, need to be made from appropriate materials.
Such materials, for example alloy sleet 48 CM hardened to HAC 58-62 standard, are generally expensive
and heavy. A machineemstesfremnotibhdefateribfsscanaegliine Basthp®ial support structure to maintain the
structural integrity of the machine. A problem with both methods of apptying pressure (roller and | is that

the applied pressure gaaIead RaMeRbHASAUARS Ve AURLI R BERINaELIBS.ReguRsahe ner and

the fluted sheet across the crest, thus wetting the surrounding paper. As this spread adhesive is not under
pressure (once awayasalesthbecirtiact ind3doredd vedhBateetBssarily1{6m @Hvomas) further heating can be
required in order to dry out the paper and superfluous (spread) adhesive, This adds to the cost of

production and may Iﬁ;lét ﬁ%%*ﬁﬁﬁ@d"g&% mwﬁél‘gﬁor pegﬁfgjl ‘%ql?%ﬁiy%ﬁ:rﬂl?e?lggn ‘mgsferred to the

surface of the device applying thé pressure teg, i requiring the surface of the device to be
continually cleaned, Gomasndbesivetoas) behiaanstiesr fedetd st Darid tisulifece- af thadbdresdiyich can cause
problems during storage when rolled, as neighbouring sheets can stick together making the product

unusable., Further, tHEedtR&NNELARSHSAR PRI AILE PalggdrLattatt &ty thid 8B8arance and reducing
value of the corrugateg,aRRSFbrAS UG HIRRAANIARR BN FORYRRHONAAMARBIRGSIS RS beaically the fee.

rollers used to feed the paper (both to be fluted and used as a liner) onto the corrugating miters, and the
corrugating rollers, aré héstatlyindadbesvaisycbutsthstpegherased otdeasditivmiofthis HhediatryThis is to

reduce the moisture goptent offhe pansr and 1p aroduce afanid onding tne The pradugtion of high
pressure steam to healt the Corugating rollers and to pre-heat e paper can require a significant amount

of energy All of the appagecciersOnagdisignifiicanibude thaisashaizipgle eafueddeard made by
conventional processes and machines. It is an object Of the present inventon to address the

foregoingprobiems oL g let 1o eToule e PRI M 3 4361 SIS uiS S BDRFIng Ay poters

fluted sheet and the liner, and therefore allow high through-put, it does introduce a
number of engineering issues which significantly increase the cost of the machinery
and the operating costs for the process. The use of high pressure steam
introduces the need for boilers, pipe work, and housing to ensure containment of
the steam at all times. There is a need for additional safety measures to ensure
that the steam is produced and managed correctly and that the heat produced does
not provide a safety hazard during operation of the machine. Typically a heating
engineer is required to operate the boiler and maintain the heating system, adding
the cost of additional skilled labour, as well as potentially stopping production if

such an engineer is not available.

The addition of a high pressure steam system to the basic elements of the machine
inevitably leads to an increase in the size of the machine and therefore the space
required for operation of the machine. The requirement for more space adds to the

operating costs for production of the single faced fluted board.



are hereby incorporated by reference. No admission is made that any reference constitutes prior art. The
discussion of the references states what their authors assert, and the appficant reserves the right to
challenge the accuracy and pertinency of the died documents. it will be dearly understood that, although a
number of prior art publications may be referred to herein, this reference does not constitute an admission
that any of these documents form part of the common general knowledge in the art in New Zealand or in
any other country. It is acknowledged that the term comprise tray, under varying jurisdictions, be
attributed with either B¥reRENXER/BIGTH RIGSFIEIRISIFAT R APl CROEPIE ISunses e eiafmsspatifieation, and

unless otherwise not%gnghoe; ttr%’l’[];]] élggmeog; : S%&% n%vsg K pn!qg%g%%ﬂetﬁgi&%ﬁ{&égfgn?ggﬂér\é/ill be taken to

mean an inclusion of 'not only the listed components it directly references ther hon-specified
components or elemestsi {bhis iaitefader wilpalstabentugtedawhSudhenteenalcoornaegioaiegmprising’ is
used in relation to one or more steps in a method or process. Further aspects and advantages of the

present Wivewit becSifg! 4B MNP IR EALEHRGIRG B staihich HRiF R Y ERPE)SNEPBE example only,
According to one aspect,of the BERSENhINSRYAR BEHS-iS RieVisler a meliod Ahkpaggha substantially

planar sheet material to a corrugated sheet material using an automated process the method
characterised by the stepsieficappiyiag telsicter idisgrétefdhronatbite contact points of the corrugated
sheet material, and b)holding the heel materials together untd a bond is fanned. preferred embodiment

the sheetferia( is Krafg B,%B%%?I{ﬁg?gﬁpmgﬁogg BHW%S&QJ&FE%% H)B]eﬁ; @ig@ﬁg@ced corrugated

hoard However, it is envisage other materials may be used With the present invention and reference
throughout this specifipglitaiptessheetanateciad bemgdKiiadtqoaperoalyagouidhrotdréaseldr® as limiting. For
example, the corrugated sheet material maﬁbe made from: thin metal such as aluminium; recycled paper

(in a form commonly PERFRIGRE e 5a0d iy AeiRg PRERiARgSRHI St PHEateling the

surrounding paper. As this spread adhesive is not under pressure (once away from
the contact line) and does not necessarily form a bond, further heating can be
required in order to dry out the paper and superfluous (spread) adhesive. This

adds to the cost of production and may limit the speed of the process.

The spread adhesive can also get transferred to the surface of the device applying
the pressure (eg, roller or belt) requiring the surface of the device to be continually
cleaned. Some adhesive can be transferred to the outer surface of the liner, which
can cause problems during storage when rolled, as neighbouring sheets can stick
together making the product unusable. Further, the adhesive can mark the
surface, adversely affecting the appearance and reducing value of the corrugated

board.

A further disadvantage with conventional machines is that typically the feed rollers
used to feed the paper (both to be fluted and used as a liner) onto the corrugating
rollers, and the corrugating rollers, are heated in order to dry out the paper prior to
addition of the adhesive. This is to reduce the moisture content of the paper and to
produce a rapid bonding time. The production of high pressure steam to heat the

corrugating rollers and to pre-heat the paper can require a significant amount of



The liner may also be made from a variety of sheet materials including but not limited to.: clay coated art
paper (which may be pre-printed), giassen paper, as well as some plastics. Reference to a substanbally
planar sheet material should be understood to refer to a sheet or web having a substantially fiat surface,
in which lies with a single plane a plane (at least when viewed with the naked eye). In contrast a
coniugaled sheet mi3leria3 should be understood to refer to a sheet or web in which the surface is
configured into a series of alternating crests and 6 troughs (i.e. corrugations). The corrugations in a
corrugated sheet used'®%6rm a single faced corrugated paper board are camnwry referred to as flutes.
Flutes are typically formed by passing a sheet of Kraft paper through a pair of corrugating rolfs set in

relation to one anothey s #hatibe:teetbrotthasouysatingyaisHelassnesiinga preitires siskaof the Kraft
paper. The shape of the resulting flute is dependant on the shape and size of the teeth on the corrugating

rolls_ For example, (Witke by Irpieaisianal Ripeessss Badmasgines, sinusoidal, trapezoidal, saw-tooth,
rhombic, square or any other suftable pealing undulating shape. Similarly, the size or the flute is

dgtermined by the eqyis S ef 6%&%93&1@%6@@%9%@6@959%@@& &J&%I&rﬂg &Pﬁiiﬁﬁéiton for f[he
single faced corrugated board. In a preferred embodiment the corrugated thetantially triangular section.

An advantage of forntirgrdkinesheavihir avbubsteaftisdhoieangular section is that it is relatively simple to form
using conventionally formed teeth on the corrugating roils,

All references, including any patents or patent applications cited in this specification
are hereby incorporated by reference. No admission is made that any reference
constitutes prior art. The discussion of the references states what their authors
assert, and the applicant reserves the right to challenge the accuracy and
pertinency of the cited documents. It will be clearly understood that, although a
number of prior art publications may be referred to herein, this reference does not
constitute an admission that any of these documents form part of the common

general knowledge in the art in New Zealand or in any other country.

It is acknowledged that the term ‘comprise’ may, under varying jurisdictions, be
attributed with either an exclusive or an inclusive meaning. For the purpose of this
specification, and unless otherwise noted, the term ‘comprise’ shall have an
inclusive meaning - i.e. that it will be taken to mean an inclusion of not only the
listed components it directly references, but also other non-specified components
or elements. This rationale will also be used when the term ‘comprised’ or

‘comprising' is used in relation to one or more steps in a method or process.

Further aspects and advantages of the present invention will become apparent

from the ensuing description which is given by way of example only.



Furthermore triangular shaped flutes may have added strength in comparison to some of the other
shapes, particular against compresSion along the length of a flute. e adhesive used to bond a liner to the
orea fluted sheet, where the liner and the fluted sheet are formed from Kraft paper” is typically a
water-based glue. In the first step of the present invention water-based glue is .appied in discrete
amounts to contact points of the corrugated or fluted sheet matetial. In other words, the adhesive is
applied in individuaily distinct amounts which are spaced apart across each crest of the fluted sheet. The

discrete or distinct amnuns of glue can vary in rm, In one embodiment, the distinct amounts mayor an
interrupted line or da%gﬁ%%%imgimounts, less adhesive is applied to the fluted sheet thar. is
the case with =wanks-lei methods Further, separation between the discrete amounts enables some

spread of adhesive taaegdingmtondryspeeasf ancerpsesisuverias eeniapplietttoathethngoand the fluted
sheet in a preferred embodiment the adhesive is apEiIed across the crest in spaced apart droplets it is

envisaged that the dmﬁiﬂ%tgmﬁﬂﬁﬁ'ﬁﬂﬂ BIepERA SR RP SOHHIRedrRaRBRIE At Eheres to a
surface, but: this shogld, Nl bR8658:8S< iMitAGhod characterised by the steps of:

a) applying adhesive in discrete amounts to contact points of the

corrugated sheet material, and
b) holding the sheet materials together until a bond is formed.
In a preferred embodiment the sheet material is Kraft paper.

Kraft paper is commonly used in the formation of single faced corrugated board.
However, it is envisaged that other materials may be used with the present
invention and reference throughout this specification to sheet material being Kraft

paper only should not be seen as limiting.

For example, the corrugated sheet material may be made from: thin metal such as
aluminium; recycled paper (in a form commonly referred to as a corrugating

medium); and some plastics.

The liner may also be made from a variety of sheet materials including but not
limited to: clay coated art paper (which may be pre-printed), glassen paper, as well

as some plastics.

Reference to a substantially planar sheet material should be understood to refer to
a sheet or web having a substantially flat surface, in which lies with a single plane a

plane (at least when viewed with the naked eye).

In contrast a corrugated sheet material should be understood to refer to a sheet or

web in which the surface is configured into a series of alternating crests and
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The preferred size of the droplet may depend on a number of factors, including the nature of the fluted
paper and liner and the type of adhesive used, However, in all cases the droplet size should be small
enough that the droplet substantially retains  rm and does not collapse under its own weight. This is
important as the relatively high volume to surface area On comparison say to a ship of line of adhesive)
reduces the rate of evaporation of moisture from the droplet, thus extending the time available for the
droplet of adhesive to wet and penetrate the crest of the fluted paper and the finer prior to the adhesive
drying out. A preferrelfedebpieipr 898 éreléansF-0.5min, The preferred gap between droplets is calculated by
ascertaining the desired adhesive thickness when spread and placing the .droplets aped so when the

spread droplets reactihatshickdigss gkl faghiiekeARPYiRGRAIRREY A SHRRlEts providesone

or more of the following exemplary advantages: Each droplet is applied directly to the crest of the fluted
paper, reducing the arapeniiefddiresivendriy rateyradddasfotal, aigspifedyriceik Sidesddithe crest by
other methods and thus also le Sens H}eﬁamou%%‘g\évﬁgl?girofftgo% aper anﬁjsdr ing émgnr 0quwed. Using

droplets instead of aﬁ)ﬁﬁ/slﬁla gf)r%%(fstn% e o ve (asin e'B i ar may’ significantly reduce

the amount of adhesiye-appliast {0 ercheesth sAUBEEasialihtheisameraeanily e aghesive o
the Kraft paper. The shape of the resulting flute is dependent on the shape and
size of the teeth on the corrugating rolls. For example, (without limitation) a flute
can be triangular, sinusoidal, trapezoidal, saw-tooth, rhombic, square or any other
suitable repeating undulating shape. Similarly, the size of the flute is determined
by the equi - sized of the teeth and may be varied depending on the end application

for the single faced corrugated board.

In a preferred embodiment the corrugated sheet material has a substantially

triangular section.

An advantage of forming flutes having a substantially triangular section is that it is

relatively simple to form using conventionally formed teeth on the corrugating rolls.

Furthermore triangular shaped flutes may have added strength in comparison to
some of the other shapes, particular against compression along the length of a

flute.

The adhesive used to bond a liner to the crests of a fluted sheet, where the liner

and the fluted sheet are formed from Kraft paper, is typically a water-based glue.

In the first step of the present invention water-based glue is applied in discrete
amounts to contact points of the corrugated or fluted sheet material. In other
words, the adhesive is applied in individually distinct amounts which are spaced

apart across each crest of the fluted sheet.



pplied in droplet form were to be applied as a flat strip across the crest the adhesive (due to the
increased surface area) would dry out in O relatively short time and may not be able to wet the liner in
order to form a bond. With some adhesives it may be possible for droplets to remain exposed on the
crests of the fluted paper for several minutes, for example if the machine is stopped for a short period of
time, and still be able to wet the liner and form a bond when the machine is restarted. This may not be
possible if the adhesive is applied in other forms, such as in a strip. Preferably the droplets are spar>ad
apart such that, whenfhdifigiets oprissselragamsfisuerei winhie fited paper, the droplets spread to form
a substantially continuous thread of adhesive between the finer and the crest. The thread formed by
compressing the spageshapaBSRRIAHY A ERSURBLAS whsaatialelBer brg Ghashesiye than that in
conventional methods where the ship is applied by a smooth roller pressing against the crest, This
arrangement results imeairvgiffd dhieer centinuous bond being formed along the crest with a significantly
reduced amount of adhesive used in comparison with conventional methods. The time taken to form a
bond between a creg} pf 1 Jiied.aharband e nsl-wik ReaTritqd duandhrshonding rafigd. The
tending period for a particular adhesive depends on the temperature at which the bond is formed and the
pressure applied betwesenwiihecaesinéonklimethbiiswevehethecapplicarictmetsdafe sitrattthe present method
may be used to produce single face corruigﬁa{lted board without the application of heat - La,, substantially at

ambient temperaturéMAERIALRSSORE SRIERHY RINBRVERQIRYE BOIRARF AT RS8N Pas a funothri

of the amount of gidg applisd{asicheplatsirRrdihepirssyanplied between the finer and the ores/ of
the flute, with shorter bonding periods for higher applied pressures and less glue. It should be appreciated

that the choice of adhesive of the present invention is important. As noted in the Background Art, starch
based adhesives redlifePEECRAEBRWMPE B AENRSHR b ARSI 19BES TS esh KSRASEHRBER e would not
be desirable for use yyipdhe present invention. Suitable adhesives that can set rapidly at room
temperature, and has the required strength are discussed later on in this specification. It is of significant
advantage of the presit enables the board to produce without the application of heat. As discussed further

in the pecification, this'TERYRRIS BN IEPFOPIEIMH SIF R CRINENP RRPEFRARRA iR EHEnts. it should be
appreciated that it is fhe.teeogaition dhat dhe applicaligninl diRelgieApauMREs A iRdhesive enables the

significant advantage to be achieved through shorter bonding time at ambient temperatures. In the

second step of the method according to the present invention the liner is
The preferred size of the droplet may depend on a number of factors, including the

nature of the fluted paper and liner and the type of adhesive used. However, in all
cases the droplet size should be small enough that the droplet substantially retains
its form and does not collapse under its own weight. This is important as the
relatively high volume to surface area (in comparison say to a strip or line of
adhesive) reduces the rate of evaporation of moisture from the droplet, thus
extending the time available for the droplet of adhesive to wet and penetrate the

crest of the fluted paper and the liner prior to the adhesive drying out.

A preferred droplet size is in the order of 0.5mm?®. The preferred gap between
droplets is calculated by ascertaining the desired adhesive thickness when spread
and placing the droplets apart so when the spread droplets reach that thickness

they just meet each other.



d against the fluted sheet for a time sufficient to allow a bond to form. This may be achieved by a variety
of means. In a preferred embodiment: the panar sheet is pressed agamst the ¢ magated sheet by a
tensioned endless belt The exertion of pressure on a liner to press it against a fluted sheet by use of
atensioned endless belt, is well known in the art and the equipment to do so need not be discussed in
further detail. The pressure may be adjusted to be at, or just below, theximum pressure that can be
applied ;without deforming the paper (liner and flutedExcessive pressure can lead to creasing :andlor
tearing of the paper. Awdyingimegnesres e @aplfisengyidepeh gty ot et of ke skemMos the liner and
fluted paper. in a pre(fee((}rnqdI emgoo%ir%e t the sheet materials are held tqgether for a period not less than
two seconds. The app’ilca?l?Pi’as ¥SURd that using an endless belt tensioned to hold the liner firmty against
the crests without damaging the liner, and with suitable commerciaily avariabie adhesive, the liner and
fluted sheet need to be préssedrtoiftharfdied Pty t(pressies) oftie iotegeragrinredisinaWe seconds at

room temperature to ensure the finer and fluted board for odb n%.T ically, for pressing times
oot e e ecd SheaE e RO O A B2 LT YR Sge SPLTERRIS 1S

board will not be formed iBseieRrGAS@SIE EhEIRGIOALD RS G thgakeslrheratdtingbiaianbipdereak the bond,
so that the liner comes away from the fluted sheet For itactical purposes at room temperature holding

times between two second@8%#HifEmseEsHi88esirable, with a pressing time of around three seconds
being preferred. Pressing times greater than four seconds may be used, but are not preferred as such

times may significantly redidgg, iegurdHatan satp@fistnglsdagerpsHaried Rerkle (as in the
prior art) may significantly reduce the amount of adhesive applied to each

crest, saving cost.

. If the same quantity of adhesive as is applied in droplet form were to be
applied as a flat strip across the crest the adhesive (due to the increased
surface area) would dry out in a relatively short time and may not be able to
wet the liner in order to form a bond. With some adhesives it may be
possible for droplets to remain exposed on the crests of the fluted paper for
several minutes, for example if the machine is stopped for a short period of
time, and still be able to wet the liner and form a bond when the machine is
restarted. This may not be possible if the adhesive is applied in other forms,

such as in a strip.

Preferably the droplets are spaced apart such that, when the liner is pressed
against the crest of the fluted paper, the droplets spread to form a substantially
continuous thread of adhesive between the liner and the crest. The thread formed
by compressing the spaced apart droplets may result in a substantially finer line of
adhesive than that in conventional methods where the strip is applied by a smooth
roller pressing against the crest. This arrangement results in an effective,
continuous bond being formed along the crest with a significantly reduced amount

of adhesive used in comparison with conventional methods.
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A pressing time of around three seconds is significantly slower than that achieved by some prior art
machines through the use of a combination of high temperature and high pressure, However, an
advantage Of the present invention it4 that amay produce quantities of :single face corrugated board at
an acceptable rate at morn temperature. This provides the advantage of a process and apparatus which
may produce single face C:orrugated board at a reduced cost and in a safe and environmental friendly
manner. The inventor considers the combination of the discrete application of adhesive droplets with an

increased holding tiﬂ@?é@‘édﬁ%ﬁﬁﬁ@@!ﬁ‘&)%w&?mﬁéfﬁﬁb‘g)t%ﬁ!‘.‘ﬂ%dé'?%ﬁ@gim? f.'tS“Hé"’ﬁ_lsed that can
set at room tempera%gemaqroe_%?r{ﬁéjé)%m%dmg tkﬁﬁmﬁ?@i@d"f’&tgrﬁgﬁiﬁﬁ@ digpgision containing

vinyl acetate copolymer. A water-based adhesive containing vinyl acetate copolymer in dispersion may be
preferred as, under rizpeatisise titel seanprmatinazandoivl helistien cefoamet thef dieneremorbapsied safely
provided normal ventilation is provided. Vinyl acetate copolymer dispersions can be retatively quick
setting at room tempBFRYGRE HIfLHRS R ¥filire a high activation temperature - unlike starch based glues.
They have a /ow viscosity, good adhesion and a long open time A relatively low viscosity is required to

allow the adhesive ta-Hilosves adidyafglicantdneisdaeinthitansigsachiroathan mppheaissdathedluted sheet)
while a goad adhesion provides the ability to adhere quickly to a surface. The open time is a measure of

the time. under normaMesHpRS ARRisH BoFFhVie Y dhR aRAV AT R E AT dRp S4B RTIIFA¢ Bthefore it loses
s abity 1o wet the QpgagGSHiRAS BLRPBRUAIBICION I BRAPRIAR SUTAES LRI VR igting and

penetration is required to form an effective bond between the fluted paper and the liner. An adhesive
having a relatively longnopen dsreefisghiefefibd as et atiblesiappiital/(dedopeettbatitbtiz¢rpespirere for some

time prior to application to the flutes, ggesive is Adhettinn’ .Z9129\W, a vinyl acetate copoymer
Subpied by Henket NBRISLBFAEFOce~ A 5 e, 1726 M I AP A RSP 251280 s e
required viscosity, anghlnagnen e irgdurRddey yae with the present invention. For example,
Adhesinl4 791290/ has a viscosity in the range 2100-2200 rri,Pa.S and an open time of between 0.5 to 1

e However, et e e he 5 R S RLcSLer s afeg be uset
important. As noted in the Background Art, starch based adhesives require a
activation temperature in the order of 150°C. Thus, such an adhesive would not be
desirable for use with the present invention. Suitable adhesives that can set rapidly

at room temperature, and has the required strength are discussed later on in this

specification.

It is of significant advantage of the present invention that it enables the board to
produce without the application of heat. As discussed further in the specification,
this removes the need for expensive machinery and energy requirement_s. It
should be appreciated that it is the recognition that the application of discrete
amounts of adhesive enables the significant advantage to be achieved through

shorter bonding time at ambient temperatures.

In the second step of the method according to the present invention the liner is
pressed against the fluted sheet for a time sufficient to allow a bond to form. This

may be achieved by a variety of means.
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Applying an adhesive (such as Adhesion' Z9129W) in droplet form to the crest of a sheet, and pressing a
liner against the crest for around 3 .s to form a bond  en the fluted sheet and liner, provides a number
of significant advantages over the prior art In particular, the method may be used to produce sincle face
corrugated paper board at room temperature. As a result there is no need for heating of the corrugating
rolls or drying out of the single face corrugated board.. This may translate into a significant reduction in
energy use and hence lower the production cost of the paper board. According to another aspect of the
resent invention hicatBraaresptdi A LrABeR<h %{ad'%'c?gfé,t srRGIRed ABRRFhY RGN etracterised uter
surfacg of the relict h@ﬁe@t%@éﬁ%ned%@%ﬁ%@l?”rface can comeina r_1umber of forms and in one
embodiment hey may be dimpled or an irregular surface. In some embodiments the surface May be in the
form of a U-shaped groove, ably however, the contoured surface is in the orm ofcorrugations

The exertion of pressure on a liner to press it against a fluted sheet by use of a

tensioned endless belt, is well known in the art and the equipment to do so need

not be discussed in further detail.

The pressure may be adjusted to be at, or just below, the maximum pressure that
can be applied without deforming the paper (liner and fluted papers). Excessive
pressure can lead to creasing and/or tearing of the paper. The maximum pressure

will vary depending on the material used for the liner and fluted paper.

In a preferred embodiment the sheet materials are held together for a period not

less than two seconds.

The applicant has found that using an endless belt tensioned to hold the liner firmly
against the crests without damaging the liner, and with suitable commercially
available adhesive, the liner ahd fluted sheet need to be pressed together for a
period (pressing time) longer than about two seconds at room temperature to

ensure the liner and fluted board form a good bond.

Typically, for pressing times less than around two seconds, or if the pressure
between the sheets is too little, a single faced corrugated board will not be formed.
In such cases, the tension in the corrugated sheet is sufficient to break the bond,

so that the liner comes away from the fluted sheet.

For practical purposes at room temperature holding times between two seconds
and four seconds are desirable, with a pressing time of around three seconds being
preferred. Pressing times greater than four seconds may be used, but are not
preferred as such times may significantly reduce the production rate of single face

corrugated board.

11



reminiscent of a square wave. Reference to corrucated surface should he understood to refer to a surface
formed into - caries of crests and troughs. In a preferred embodiment the crests (and
troughs)substantially parallel and extend around the circumference of the roller. In a preferred
embodimentcrests tomi a spiral. A series of crests may be formed across the surlce of the roller by
making a spiral cut around the surface of the roller in a similar manner to forming a (non-tapered) screw
thread A spiral out, or screw thread, may be relatively easy to machine into smooth surface of a roller.

This may reduce the RG551T@ g 2FPHPH HEEFOPFRBIMB SIRWICIN Demer HpR &G 2is§Ements of
crests. In other e’,OdE’?%Qﬁ?etﬂﬁo?rzﬁ’?h]iﬁaré}ﬁé(efsoﬁ?réﬁéﬂ‘fﬂgiﬁs%i@%ﬂ&ﬁ@&!%ﬁ%ﬂ@ﬁ%@&goughs may

be formed by cutting for otherwise shaping) a 'V or square shaped groove in the surface of the applicator.

The actual shape of tivel gigiopeessuret eliticalehah advsiaged tre pvesenipretetiediathitis melatively easily

cut into a smooth cylindrical surface. In use, adhesive may be supplied to the applicator by a smooth
ERSAL Y

surfacepick-up roIIer.pﬁﬂ“&&Hﬂb‘fgf%ﬁfai}”@f%f?ﬁﬁf%%t@a BPAH AiPBARERIAY ugh a trough.

temperature. This provides the advantage of a process and apparatus which may
produce single face corrugated board at a reduced cost and in a safe and

environmental friendly manner.

The inventor considers the combination of the discrete application of adhesive
droplets with an increased holding time (as compared to conventional machines)

enable an adhesive to be used that can set at room temperature.

In a preferred embodiment the adhesive is a water-based dispersion containing

vinyl acetate copolymer.

A water-based adhesive containing vinyl acetate copolymer in dispersion may be
preferred as, under normal use, it is a non-hazardous substance, and therefore can

be used safely provided normal ventilation is provided.

Vinyl acetate copolymer dispersions can be relatively quick setting at room
temperature and do not require a high activation temperature — unlike starch based
glues. They have a low viscosity, good édhesion and a long open time. A
relatively low viscosity is required to allow the adhesive to flow readily, (e.g., when
being transferred from an applicator to the fluted sheet) while a good adhesion

provides the ability to adhere quickly to a surface.

The open time is a measure of the time, under normal temperature and pressure,
that the adhesive can have an exposed surface before it loses its ability to wet the
opposing surface and penetrate into the opposing surface fibres. This wetting and

penetration is required to form an effective bond between the fluted paper and the

12



in an embodiment that has a pick up roller, the pickupis mounted adjacent to an adhesive bath such that
as the pick-up roller rotates Its outer surface is coated with adhesive. The applicator is mountrespect to
the pick-up roller such that the the applicator make firm contact with the surface of the pick-up roller. in
this Way adhesive is transferred from the surface of the pick-up roller into the grooves in the surface of
the applicator, with lithe or no adhesive being applied to the crests of the applicator. The gap between the
pick up roller and the roller that forms part of the applicator deterof glue being applied. The mounting of
the applicatsuch Ibcréiges. ohtrrsbgni Atsinmake! Nk g oPRithtRdsCrefersedian thfig@gsineet on the

corrugating roll. With this arrangement as the applicator rotates it picks ag sjve in.the grooves on its
surface as it contacts the %eir?g-%%& ?cﬁ]gr??gr? %%Pﬁpé%f)%gi%g 't Ee%{' gﬁe%f’ ﬁéggﬁ r@&ﬁt{g gﬁtf%)sthe crests of the
fluted sheet. The amount of adhesive for each droplet may be determined by the size (width and depth) of

each groove, while tHé&ferbiationaohtse e ioplitssmayZBE28{e aving ddnjatiee separaticnrpfiedjacent
O, o e BIG DeLhs ProRye el e S e n Thaleshia o agguch dlue

being deposited ontothe paper.eln a preterred embo e e groove isonly 0.5 mm and
width of the groove isgalydndharesdescatilynand Tdwg spal @heosticrevaty iRSRRATHINGrEadRe requirements
of the invention.

invention. For example, Adhesin™ Z9129W has a viscosity in the range 2100-2200

m.Pa.S and an open time of between 0.5 to 1 minute. However, it is envisaged that

other adhesives having similar properties may also be used.

Applying an adhesive (such as Adhesin™ Z9129W) in droplet form to the crest of a
fluted sheet, and pressing a liner against the crest for around 3 s to form a bond
between the fluted sheet and liner, provides a number of significant advantages
over the prior art. In particular, the method may be used to produce single face
corrugated paper board at room temperature. As a result there is no need for
heating of the corrugating rolls or drying out of the single face corrugated board.
This may translate into a significant reduction in energy use and hence lower the

production cost of the paper board.

According to another aspect of the present invention there is an applicator for

applying adhesive in a discrete amount, including
aroller

characterised in that

the outer surface of the roller has a contoured surface.

" The contoured surface can come in a number of forms and in one embodiment
they may be dimpled or an irregular surface. In some embodiments the surface

may be in the form of a U-shaped groove.
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In a preferred embodiment the crest may take theof a sharp edge. Preferably, the. 'V-shaped grooves are
arranged such that each groove abuts the adjacent grooves to form a sharp edge so that a section
through a series of grooves forms a continuous zigzag pattern. This arrangement may provide the
minimum separahon between adjacent droplets (for a (Sven width of each groove), In some other
embodiments hcrests may have a flat section, rn which case he separation of the droplets may be
correspondingly larger. According to another aspect of the present invention there is provided a machine
for making single fac¥@ eGPl RWAVBDHARE BRNIBIRARY RER FUR e PEREfiRsART4WHNAHg one or more

crests onto a Sumta%iﬁﬁ%%ﬁ?ﬂf ;Q&ﬂm{%‘maehine including lic .Aot configured to apply adhesive to
eac.h crest of e corrugated sheet material, and a pressing mechanisre for pressing the planar sheet

against the crest of the corrugated material charatensed in O the applicator is conk:cited to apply adhesive
in discn&te amountsReferenesdstatarisostrysiRe shedd Pratedarter iR ire s meufREehanism is

configured to press t%%i&fer heet against ti}g gre ;ounHLa bond is former.1 between them. A machine for

. . n series of cre u . : ;
making single face corruga{ea Boar accorélng to hegpresent invention has many features in common
with some prior art machines in particular a fluted sheet is formed by passing a sheet material between
the intermeshed teeth affieétreascegdmoimieobinagatig (rolkirquasshaedssheleniigihatdralrdiard the second

corrugating roll, which xtté/rp%ca}lcl)xnr(lfﬁ eacligg%Feglamet?{h%h%rﬂ etrhe first corrugating roll, by a vacuum created

.. a ence o
inside the second co?ruga ing roll,

In a preferred embodiment the crests form a spiral.

A series of crests may be formed across the surface of the roller by making a spiral
cut around the surface of the roller in a similar manner to forming a (non-tapered)
screw thread. A spiral cut, or screw thread, may be relatively easy to machine into
a smooth surface of a roller. This may reduce the cost of forming an applicator in

comparison with other types or arrangements of crests.
In other embodiments the crests may form concentric circles.

Preferably the crests and troughs may be formed by cutting (or otherwise shaping)
a ‘v’ or square shaped groove in the surface of the applicator. The actual shape of
the groove is not critical, but a 'V’ shaped groove is preferred as it is relatively

easily cut into a smooth cylindrical surface.

In use, adhesive may be supplied to the applicator by a smooth surface pick-up

roller.

For example, spray nozzles may be used or an air blade that passes through a

trough.

In an embodiment that has a pick up roller, the pick-up roller is mounted adjacent to

an adhesive bath such that as the pick-up roller rotates its outer surface is coated

14



As the second corrugating muU rotates the fluted paper passes an adhesive is applied to the crests of the
fluted sheet. In a preferred embodiment the applicator in luderoller having a corrugated surface
substantially as described above. The .cornigated surface of the appl/icator (as describede) is configured
to apply droplets of adhesive across a crest of a fluted sheet. This is in contrast to conventional riradlinEi$
in which the applicator typically has e knurled surface so as to spread a relatively broad strip or line of
adhesive across the crest of the flute. The applicator is rotatabty MOUPsuch that the outer surface
(crests) of the applicttyFteasdvagainst the crehe fluted paper held on the second corrugating roll. In a
preferred embodiment he pressing mechanism is a tensioned endless belt. An endless belt may be

configured to move ariuishRcRIbH AityohtallRit g selley haprrRIpd SleBUbRinheHalidstdield in contact
with the liner as the liner and noted sheet move around the periphery of the second corrugating roll.
the applicator make firm contact with the surface of the pick-up roller. In this way

adhesive is transferred from the surface of the pick-up roller into the grooves in the
surface of the applicator, with little or no adhesive being applied to the crests of the

applicator.

The gap between the pick up roller and the roller that forms part of the applicator

determines the amount of glue being applied.

The mounting of the applicator is also such that the crests of the applicator make
firm contact with the crests of the fluted sheet on the conugatiﬁg roll. With this
arrangement as the applicator rotates it picks up adhesive in the grooves on its
surface as it contacts the pick-up roller, and then deposits the adhesive as droplets

onto the crests of the fluted sheet.

The amount of adhesive for each droplet may be determined by the size (width and
depth) of each groove, while the separation of the droplets may be determined by

the separation of adjacent grooves.

It should be appreciated that the groove should be sufficiently shallow to avoid to
much glue being deposited onto the paper. In a preferred embodiment, the depth
of the groove is only 0.5 mm and width of the groove is only in the order of 1mm.

This may of course vary in according to the requirements of the invention.
In a preferred embodiment the crest may take the form of a sharp edge.

Preferably, the ‘VV’-shaped grooves are arranged such that each groove abuts the
adjacent grooves to form a sharp edge so that a section through a series of

grooves forms a continuous zigzag pattern. This arrangement may providé the
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This arrangement may be achieved by placing two end guide rollers spaced apart around the periphery of
the second corrugating roller; the spacing defining the distance over which the belt contacts the liner. The
two end guides may be mounted so as to provide pressurehe bet) onto the liner as it initially contacts the
fluted sheet, and again just before the single face fluted sheet is rerno-ved from the second corrugating
roll. , belt May be tensioned by adjustment clone or more of the tmaining rollers so that the belt applies

pressure to the liner to press it against the fluted sheet. As there is no heat_in%required, a standard rubber
belt may be used, ratfHTHAR SPRAFARR RetyRETAIRFPASHRRIE I AGHRY YRR ade%Pe'8tandard

rubber belt may result in less damage to the surface of the liner, and hence a superior product, In other

embodiments the englgsshiaeltnBaanhR dasiasahplastitsdysyiibatianaatesialihniaeyamnéageeof he present
method, when applied at room temperature..is that endless belt may be formed using heat sensitive

materials such as plastrasatigneidie grapigts srae PaIspErSRARINEAUIN#RSt be suitable in conventional,
heated processes. In a preferred embodiment the endless belt is configured to press the sheet materials

together for more thap23eRgnganbarigied eeirenpesimeniirendiess polliieeantisiad to press the
sheet materials together far a time between about 2 seconds and about 4 seconds. Generally with the

belt tensioned tightly fagaiakingreniirelace apmedtike Ragyddmbantvac 2erteriad ies! eapétature is more

than 2 seconds. In genera., a time of around 3 ,seco d§ai§ig[ef§rred as tpigﬂg%%%?efen.foyu%gnéo provide a

. \Y one or more crests pnto a.subs anar shee | .
reliable bond throughout'rfﬂe normal range of ambien tempeﬂ’tures - say n&. Blche production ate

of single face corrugated board usmg such a machine depends on several factors, including the diameter
of the second corrugatirappithttiepémeeddg emfitzdipsistie saoh thess etthed-covantedisieedll that the belt
is pressed against, and the speed of rotation of the second corrugating roll, These factors may be varied
so that pressure is adﬁﬁtgﬂaﬁeﬂn een the liner and the fluted sheet for the time required to form a bond at
room temperature. Once a convenient arrangement has been found: the production rate can be
determined by scaling tinessing mechanism for pressing the planar sheet against the crest of the

corrugated material
charaterised in that

the applicator is configured to apply adhesive in discrete amounts to the crest of
the corrugated sheet material and the pressing mechanism is configured to press

the liner sheet against the crest until a bond is formed between them.

A machine for making single face corrugated board according to the present
invention has many features in common with some prior art machines. In particular
a fluted sheet is formed by passing a sheet material between the intermeshed teeth
of first and second corrugating rolls. The fluted sheet is held against the second
corrugating roll, which typically has a larger diameter than the first corrugating roll,

by a vacuum created inside the second corrugating roll.

As the second corrugating roll rotates the fluted paper passes an applicator where

adhesive is applied to the crests of the fluted sheet.
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For example, if the percentage coverage of the second corrugating roll by the endless belt is fixed, the
production rate can be varied by choosing an appropriate diameter and speed of rotation of the second
corrugating roil, The main advantage of the method of the present inventionit provides the ability to form
single face corrugated board at 00in temperature at a rate that may be comparable to conventional
methods. In other words, the present }nntion Slows the efficient production Of single phase corrugated
board without requiring additional heat to be appii,ed to the process. This feature is achieved by theb

ration of applying adHe3iRE R aEeMRed PG RERERALY 1BRHItSIRWEY BVt asAg dissther against the
fluted sheet until pongJjﬁaggrg%gtﬁmghi);gg(ags%gégggggealone (without applying pressure), or applying

adhesive as a strip or line (as in conventional methods) followed by pressing, both may result in the time
taken to form a bond (and hence form single face corrugated board) is too long to be practicable

commercially. HoweVéeispredrnisifiyiase donapricgotiestintcrestirea s RPERETIEHEY be reduced to
around 3 seconds atafgﬁquﬁgﬂﬁ @‘égﬁeswe acrolILA0AIP JAGR GG ARINON I ARRIY temperatures

provides one or more the following advantages over the prior an. Saving in energy cost and a lower
carbon, footprint thar«oervesio neddmetaods/iviotighappiratintytlallyeed tokhedddeartarsgaiing rolls and
to dry the paper. This removes the requirement for high pressure steam: which is very energy intensive.
Saving in the cost of hERRREA CREVANRIARASTHBCrdGRIPEadRENS REPERJARiESSt LMBYR not requiring
boilers, pipe work and containment for high pressure steam. Further, as the machine is operated at room

temperatures it can beeapplisaeied fedambiynplenaackiessrexpensiver sirtatia|sesughasg without limitation)
ceramics, plastics or wood. As such materials are generally easier to form and lighter than the materials
(generally hardened applicator press against the crests of the fiuted paper held on the second

corrugating roll.
In a preferred embodiment the pressing mechanism is a tensioned endless belt.

An endless belt may be configured to move around a plurality of rollers, the rollers
arranged such that the belt is held in contact with the liner as the liner and fluted

sheet move around the periphery of the second corrugating roll.

This arrangement may be achieved by placing two end guide rollers spaced apart
around the periphery of the second corrugating roller, the spacing defining the
distance over which the belt contacts the liner. The two end guides may be
mounted so as to provide pressure (via the belt) onto the liner as it initially contacts
the fluted sheet, and again just before the single face fluted sheet is removed from

the second corrugating roll.

The belt may be tensioned by adjustment of one or more of the remaining rollers so

that the belt applies pressure to the liner to press it against the fluted sheet.

As there is no heating required, a standard rubber belt may be used, rather than
the more exotic materials used with heated rollers. Use of a standard rubber belt

may result in less damage to the surface of the liner, and hence a superior product.
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19 steel) used in conventional machines that use steam, the machine may be cheaper to make and be
supported by a lighter frame, again saving on material cost. Saving in space. Removal of the apparatus
associated with hez result in a machine that requires less space than conventional, heated machines.
Improved safety. As the machine operates at room temperature, the hazard associated with production
and use of high pressure steam are no longer present, Saving in operating costs. Apart from reduction
energy usage, the present method may result in significantly less consumption of adhesive. importantly a
machine according taRE'PEERREIMEEHIGE AIAPICSY thay %eane@eipéaleasﬁ FEEUHISHE production of
single lam corrugateqnla%%r . Conventional heated mathines are typically large, energy intensive and
expensive to construct and operate. As a consequence such machines are commonly operated in
centralised ktcations, with the single faced wet:gated board, or products Made from it, transported to

consumers. The sizeAsf #eaniagh rldrecesremdehpd woenerriedtid iR tenasiatyiraishad&tause no

heating apparatus is [egltel. F1eno8, MACIING R0 Snd iod e Brereninyepiign nay be of a size
suitable for installation and operation on the site of the consumer, ¥or example th make packaging on site.
This may provide "sasjngetiostbedconst roBe e pRiyldveit Bebaicandrpllethiyntivasonsiteder, and there

would be no transport and handling costs from off-site production.
processes.

In a preferred embodiment the endless belt is configured to press the sheet

materials together for more than 2 seconds.

In a preferred embodiment the endless belt is configured to press the sheet

materials together for a time between about 2 seconds and about 4 seconds.

Generally with the belt tensioned tightly against the liner, the time taken to form a
bond at normal room temperature is more than 2 seconds. In general, a time of
around 3 seconds is preferred as this has been found to provide a reliable bond

throughout the normal range of ambient temperatures — say 5°C - 30°C.

The production rate of single face corrugated board using such a machine depends
on several factors, including the diameter of the second corrugating roll, the
percentage of the periphery of the second corrugating roll that the belt is pressed
against, and the speed of rotation of the second corrugating roll. These factors
may be varied so that pressure is applied between the liner and the fluted sheet for
the time required to form a bond at room temperature. Once a convenient
arrangement has been found, the production rate can be determined by scaling the
factors. For example, if the percentage coverage of the second corrugating roll by
the endless belt is fixed, the production rate can be varied by choosing an

appropriate diameter and speed of rotation of the second corrugating roll.
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BRIEF DEbistiiiffnah OF DRAWNGS Further aspects of the present invention will becomeapparent from
the following description which is given by way of example only and with reference to the accompanying
drawings in which: Figure 1shows .a schematic side elevation of part of a single facer machine according
to one embodiment of the present: invention, and shows a close up of the applicator portion of the
machine in Figure 1 according to one embodiment of the present invention. Figure 2shows a schematic
view of an edge portion of an applicator according to one embodiment of the present invention, Figure
3Ashows a schemati¢sideat S¢4ERRYT o MasteiRes MrP@sHiIdtySTiaaiesiobitRprideast the crests;

ability to form single face corrugated board at room temperature at a rate that may

be comparable to conventional methods.

In other words, the present invention allows the efficient production of single phase

corrugated board without requiring additional heat to be applied to the process.

This feature is achieved by the combination of applying adhesive to the fluted
paper in droplet form, followed by pressing the liner against the fluted sheet until a
bond is formed. Application of droplets alone (without applying pressure), or
applying adhesive as a strip or line (as in conventional methods) followed by
pressing, both may result in the time taken to form a bond (and hence form single

face corrugated board) is too long to be practicable commercially.

However by combining the two aspects, the time required to form a bond may be

reduced to around 3 seconds at room temperature.

The ability to form single face corrugated board at room temperatures provides one

or more of the following advantages over the prior art.

. Saving in energy cost and a lower carbon footprint than conventional
methods through removing the need to heat the corrugating rolls and to dry
the paper. This removes the requirement for high pressure steam which is

very energy intensive.

. Saving in the cost of machinery. As heating is not required, there is a
significant saving in not requiring boilers, pipe work and containment for high
pressure steam. Further, as the machine is operated at room temperatures it
can be constructed from simpler and less expensive materials, such as
(without limitation) ceramics, plastics or wood. As such materials are

generally easier to form and lighter than the materials (generally hardened
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Jire X3ematic perspective view of a ftutsd sheet wh a line of spaced apart droplets of adhesive along two
of the ores and BEST MODES FOR BARRY/Ng, OUT THE A portion of a machine foring single faced
corrugated board is generally shown by arrow (1) in the schematic side elevation shown in Figure 1. A
first corrugating roller (2) has teet (2') arranged around the periphery of the first corrugating roller (2): the
teeth ') extending lateratly across the width of the first corrugating roller (2). A second corrugating Fidler
(3) has teeth (X) around its periphery. The diameter of the second corrugating roller (3) is substantially
larger than the diameter o858 HFSH dBAYSRHR POMADYESTRR! HafrBi§ath FOMErSILE A1y 8% are arranged
such that teeth (2') of the gﬁﬁ%ﬁ&”ib'mgaﬁﬂlk%é@ﬂﬂﬂmgI?@{m%rtnﬁrﬁﬁegﬁﬁ')sé’\fzi%%ﬁecond corrugating
roller (3) in the region indicated by number (16). The first corrugating roller (2) is powered to rotate in a
dockwise direction and thexstecahebsiorrugating miter (3) is powered to rotate in an anticlockwise direction,
as indicated by the respective dashed arrows. A planar sheet inatenat in the form of a sheet of Kraft page

), is fed around the first cqery atirqg r %Ler%&%?(%(?f%e%éﬁﬂQtaesrégaglé%%%eﬁggpﬁuiemg gion of arrow

. ° avi I :
(16) The action of the teet as%heypfn erm the paper Into a series of crests to form a fluted
sheet (S). result in a machine that requires less space than conventional, heated
machines.
. Improved safety. As the machine operates at room temperature, the hazards

associated with production and use of high pressure steam are no longer

present.

. Saving in operating costs. Apart from a reduction in energy usage, the

present method may result in significantly less consumption of adhesive.

Importantly a machine according to the present invention may be of a size and cost
that makes it suitable for on-site production of single face corrugated board.
Conventional heated machines are typically large, energy intensive and expensive
to construct and operate. As a consequence such machines are corﬁmon!y
operated in centralised locations, with the single faced corrugated board, or

products made from it, transported to consumers.

The size of the machine according to the present invention is scalable, mainly
because no heating apparatus is required. Hence, a machine according to the
present invention may be of a size suitable for installation and operation on the site
of the consumer, for example to make packaging on site. This may provide
savings to the consumer, as supply would be controlled by the consumer, and

there would be no transport and handling costs from off-site production.
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The Kraft paper may be recycled or virgin paper and ideally in the order of 90 to 150 gsm. The
secondroller (3) includes open passageways (not shown) so that a partial YaCLIUM can be created
inside, the corrugating roller (3) by connecting a vacuum pump (not shown) to one end of the corrugating
roller (3). This partial vacuuminside the second corrugating roller (3) is used to hold the fluted sheet (8) in
place against the teeth (3') of the second corrugating roller (3). An applicator in the form of a glue roller (4)
has an outer surface conflgured asa serles of crests and troughs which extend around the circumference
of the roller. The cres&RREHBPRIHL & ghaped cut extending around and across the surface of
the glue roller (4). Adjacent 'V shaped troughs (2 22) me(2 0) of the roller (4). Each crest (20) has a
sharp edge as showndp{rigWgecalish b 3rdbenbRrEsoh Wit Tsctne  FdaZag HRALRE idibHASS section.
The glue ro/ler (4) is rotatabiy mounted alongside the second corrugating roller (3), the axis of rotation of
the glue roller (4) beirgssupteabit) [saaaielowae ehaxaoinetany et W cfaiggetityivsller (3). The axis of
the glue roller (4) is dlsglaced fr%m rg%%ms of Lhehsecond corrugating roller (3) by a distance such that the
crests (20) of the glue roﬂelpabv'hgl aga st the crests of the fluled sheet (8) held in the teeth second
corrugating roller (3). A pick-up roller (5) is rotatably mounted on an axis substantially parallel to the axis
of the glue roller (4), digliis Arrangegthwactsthatmites sigdatevaichefpisk-ofjpolige @renalassifitm contact with
each crest of the glue roller (4). A ba é{') ontains dheswe the torn of Adhesmtl" 29129W. The balh
(6) is arranged such that the outer SGFAEE ??Hg% 2 IIT'roltler REE6R ed’wﬁﬁ’ Aaﬁesmlu 219129V11 as
the pick-up rollerrotates.

Figure 1A shows a close up of the applicator portion of the machine in Figure 1

according to one embodiment of the present invention.

Figure 2 shows a schematic view of an edge portion of an applicator

according to one embodiment of the present invention.

Figure 3A shows a schematic side elevation of a fluted sheet with droplets of

adhesive applied to the crests;

Figure 3B shows a schematic perspective view of a fluted sheet with a line of

spaced apart droplets of adhesive along two of the crests; and

BEST MODES FOR CARRYING OUT THE INVENTION

A portion of a machine for forming single faced corrugated board is generally

shown by arrow (1) in the schematic side elevation shown in Figure 1.

A first corrugating roller (2) has teeth (2') arranged around the periphery of the first
corrugating roller (2), the teeth (2') extending laterally across the width of the first

corrugating roller (2).

A second corrugating roller (3) has teeth (3’) around its periphery. The diameter of
the second corrugating roller (3) is substantially larger than the diameter of the first

corrugating roller (2).

21



The first corrugating rollers (2), second corrugating roller (3), the glue roller (4) and pick-up roller (5) all
have a width comparable to the width of the fluted sheet (8). Adhesive is transferred from the surface of
the pick-up roller 5) into the troughs (21, 22) of the glue roller (4). The adhesive is carried by the glue
roller (4) as it rotates at a peripheral speed corresponding to the corrugating roller when the glue roller
contacts a crest of the fluted paper (8) along the contact line (9), at which point the adhesive i5
transferred from the troughs (21., 22) onto the crest (18) in the form of droplets. A schematic side

elevation of a sheet Jﬁﬁdﬁﬂiﬁﬁﬁ@rmmﬁrﬂ#ébﬁﬁaﬂ%{‘ﬁ%wa@ﬁﬁéﬁ%?i"bf?fb%@%ﬂé‘éts (18), is generally
o o ~Edaiuie Sfer IO SRR Rl s Ue derspsriaMmaal ALY

ofdropleis (19) deposite a crest (18) of a sheet of fluted paper. 23 Referring back to Figure 1, a
second planar sheet (0f itraE paperindidchedaymahbeiges)(10) is pressed against the flirted sheet (8) by a
tensioned belt assembly generally indicated by arrow (17). The endless bell (13) is held in place against

the periphery of the sec corrugating roller (3) by the action of. the first guide end roller.(11); second
guide end roller (12)?'%/5%%%1?(%? ?é? %‘Pri‘%ds)ap er?s'.?gre]}l%éor% er éf‘%s‘%?r?o‘%ﬁé}ﬁo aen[EJ)rﬁ‘(])er art. The
separation of the firstgriae naddaliesirarr 3eisponaetgtidets@dnaieinticlockwise direction, as

indicated by the respective dashed arrows.

A planar sheet material, in the form of a sheet of Kraft paper (7), is fed around the
first corrugating roller (2) and between the intermeshed teeth in the region of arrow
(16). The action of the teeth as they intermesh folds the Kraft paper into a series of

crests to form a fluted sheet (8).

The Kraft paper may be recycled or virgin paper and ideally in the order of 90 to

150 gsm.

The second corrugating roller (3) includes open passageways (not shown) so that a
partial vacuum can be created inside the corrugating roller (3) by connecting a
vacuum pump (not shown) to one end of the corrugating roller (3). This partial
vacuum inside the second corrugating roller (3) is used to hold the fluted sheet (8)

in place against the teeth (3’) of the second corrugating roller (3).

An applicator in the form of a glue roller (4) has an outer surface configured as a
series of crests and troughs which extend around the circumference of the roller.
The crests are formed by a spiral 'V’ shaped cut extending around and across the

surface of the glue roller (4).

Adjacent ‘V’ shaped troughs (21, 22) meet at a line to form the crests (20) of the
roller (4). Each crest (20) has a sharp edge as shown in Figure 2, such that the

series of crests form a zigzag pattern in cross section.
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(12) determines the length over which the endless belt (13) applies pressure to the liner (10). This
separation corresponds approximately to three quarters of the periphery of the second corrugating roller
(3), this being approximately the mannum length available (so as to leave room for the first corrugating
roller (2) and the glue roller (4). Tension is applied to the$ belt (13) by adjusting radially (with respect to th
axis of the second corrugating roller (3); the position of the tensioning roller (23). In practice tension in the
belt (13) is adjusted to the point wheredamage, typically in the form of creasing or tearing of the liner

and/or fluted paper, Jéﬁﬂﬁ!emi‘?féﬁ)s'ﬁ%i’ﬂtﬁatﬂéH‘Péﬂif’é’eﬁi%?%é%mﬂé%ﬁ’iﬁé‘t@H%i’(gﬁﬂw@_'f@Il@'f)-(z_s) to the
o est terision below's HSHIRR R bRtk SR AR A BN Q&%ﬂé%Qﬁ(%’%%h@lﬁ&fﬁ@%ﬂ&"&fapp“ed fo belt

(13) to achieve the cx3rrect pressure of thebell (13) against the roger epends on many factors
including the nature obtthiershetet mategiatisgusder i) thidineisarfthé gled shee). i¥ hep&Eoeddgrofithe liner (10)
to fluted paper (8) forms corru%%ted board (15). A pick (24) is located in the vicinity immediately after the

guide end roller (12) ig@5iok EAeo0< &0 THORENS ralsnsd) P stiss St AL SRR SR board (15)

from being held by tB?tN@ﬁ!ﬂé%iI&?iﬁ? bR §659§QI@&HQ§@F%EQ*[§E&%&E“M%@&Emﬁ@%@ﬂon of single
face corrugated board (15) in this arrangement is determined by the diameter and rotation speed of the

second corrugating roflthe(SycWithictinegetittlasieh€}.(13) extending around approximately three quartets of
the periphery of the second corrugating roller (3), this fixes the rotation time at around 20 revolutions per

minute, independent ot e, fiagnetes)of BRIk iR AMGHRIPIRALRR I dependent on the

diameter, D (measured in metres), of the roller (3) and is given (for the configuration described above) by
2anD metres per mimiftihelglyaroiand4p Rtidie stlhegtidmetethef ol enrf8)« wfdbs niadum nalletrés) metres per

minute. For example, a second corrugating roller (3) having a diameter D1 1.6 en producemin of singled
face paper board. Fié"ﬁﬁeiﬁrfg ?8‘8?&5‘{5%?%8@%5%&% eoWlh m igure 1 and shows more clearly the

corrugations on the glue roller 4A.
A bath (6) contains adhesive in the form of Adhesin™ Z9129W. The bath (6) is

arranged such that the outer surface of the pick-up roller (5) is coated with

Adhesin™ Z9129W as the pick-up roller (5) rotates.

The first corrugating rollers (2), second corrugating roller (3), the glue roller (4) and

pick-up roller (5) all have a width comparable to the width of the fluted sheet (8).

Adhesive is transferred from the surface of the pick-up roller (5) into the troughs
(21, 22) of the glue roller (4). The adhesive is carried by the glue roller (4) as it
rotates at a peripheral speed corresponding to the corrugating roller when the glue
roller contacts a crest of the fluted paper (8) along the contact line (9), at which
point the adhesive is transferred from the troughs (21, 22) onto the crest (18) in the

form of droplets.

A schematic side elevation of a sheet of fluted paper, in which droplets (19) have
been deposited onto the crests (18), is generally indicated by arrow 17 in Figure

3A.

Figure 3B shows a schematic perspective view ofa plurality of discrete droplets

(19) deposited along a crest (18) of a sheet of fluted paper.
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Aspects of the present invention have been described by way of exampleand it should be appreciated
Mat modifications and additions may be made thereto without departing (Torn the scope thereof as
defined in the appended claims. STATEMENTS OF INVENTION A method of bonding a subpi at sheet
material to a corrugated sheet material using an automated process the method characterised b he teps
of applying adhesive in discrete amounts to the contact points of the coirugaled sheet material, and
b)holding the sheet materialsr until a bond is formed between them, 2. A method as claimed in claim 1
wherein the sheet mA&BHIBRPaFRIeFvEHT - @ second planar sheet of Kraft paper, in the form of a

liner (10) is pressed against the fluted sheet (8) by a tensioned belt assembly

generally indicated by arrow (17).

The endless belt (13) is held in place against the periphery of the second
corrugating roller (3) by the action of the first guide end roller (11), second guide
end roller (12), two guide rollers (14) and a tensioning roller (23) as known in the

prior art.

The separation of the first guide end roller (11) from the second guide end roller
(12) determines the length over which the endless belt (13) applies pressure to the
liner (10). This separation corresponds approximately to three quarters of the
periphery of the second corrugating roller (3), this being approximately the
maximum length available (so as to leave room for the first corrugating roller (2)

and the glue roller (4).

Tension is applied to the endless belt (13) by adjusting radially (with respect to the

axis of the second corrugating roller (3)) the position of the tensioning roller (23).

In practice tension in the belt (13) is adjusted to the point where damage, typically
in the form of creasing or tearing of the liner and/or fluted paper, occurs. The
tension, is then reduced by backing off the tensioning roller (23) to the lowest
tension below this threshold where damage does not occur. The amount of tension
applied to belt (13) to achieve the correct pressure of the belt (13) against the roller
(3) depends on many factors including the nature of the sheet materials used for
the liner and fluted sheets. The joining of the liner (10) to fluted paper (8) forms

corrugated board (15).

A pick (24) is located in the vicinity immediately after the guide end roller (12). The

pick (24) is used to help release the bonded single face corrugated board (15) from
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3. A method as daimed in ciagn 2 wherein at least one of the sheet mat are made from Kraft paper. A
method as claimed in any onewherein the adhesive is a water based glue. A method as claimed in claim-
4 wherein the adhesive includes a vinyl acetate copotymer dispersion. A method as claimed
inadhesiveviscosity in The range of 2100-2200 tniPa.S and an open time of between 0,5 to 1 minute, A
method as clalmed in any ane of claims 1 to 6 wherein the dt orete t of adhesive is in the form of a droplet
A method as :Aimed in any one of claims 1 to 7 wherein the pressure applied to bond the sheet rnatenals

together is applied b§eie Sald¥dhe MarHRYNSME e tereBd SRHRaIREJAPaR) one of claims 1 to B wherein

the time that the sheet materials are pressed together is not less than no seconds. O. A method as
claimed in claim 9 whegeinde gitiRdsdpaiiaeletiociic igufe8araRndls! 5) in this arrangement is

determined by the diameter and rotation speed of the second corrugating roller (3).
With the endless belt (13) extending around approximately three quarters of the
periphery of the second corrugating roller (3), this fixes the rotation time at around
20 revolutions per minute, independent of the diameter of the roller (3). However,
the amount produced is dependent on the diameter, D (measured in metres), of the
roller (3) and is given (for the configuration described above) by 20D metres per
minute, ie., around 63 times the diameter of roller (3) (measured in metres) metres

per minute.

For example, a second corrugating roller (3) having a diameter of 1.6 m may

produce around 100 m / min of singled face paper board.

Figure 1A is a close-up of the machine shown in Figure 1 and shows more clearly

the corrugations on the glue roller 4A.

Aspects of the present invention have been described by way of example only and
it should be appreciated that modifications and additions may be made thereto

without departing from the scope thereof as defined in the appended claims.
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An applicator for applying adhesive in a discrete amount to a corrugated sheet material, the applicator
including, a roller, characterised in that the outer surface of the roller has a contoured surface An
applicator for applying adhesive in a discrete amount to a corrugated sheet material wherein the
contoured surface is in the form of corrugations. 13. An applicator s claimed in claim 12 wherein the
crests of the corrugations on the roller form a spiral. 14, A machine for making single face corrugated
hoard whichincludes applicator as claimed in any one of claims 11 to 13. 15, A machine as claimed in
claim 14 wherein theaghesieRiSHNREIPriBR applicator by a pick up roller. 16 A machine as claimed in
either claim 14 or claim 15 wherein the appik is mounted with respect to the pick up roller such that the
crests of the applicator make firm contact with the surface of the pick up roller. A machine as claimed in
any one of claims 131to 1Awihehethotttemimgriing ebthielgpicatenaeitmaespéat doctheigagechine is such that
the crests of the applicator corrugations make firm contact with the crests of the coreigated sheet

material, 18. A machine o RFIGRE YA YRR FEPTREEI ¥EER by bonding a corrugated sheet material
having one or more crests onto substanhall planar sheet, the machine including
the method characterised by the steps of

a) applying adhesive in discrete amounts to the contact points of the

corrugated sheet material, and

b)  holding the sheet materials together until a bond is formed between

them.

2. A method as claimed in claim 1 wherein the sheet materials are made from

paper.

3. A method as claimed in claim 2 wherein at least one of the sheet materials

are made from Kraft paper.

4. A method as claimed in any one of claims 1 to 3 wherein the adhesive is a

water based glue.

5 A method as claimed in claim 4 wherein the adhesive includes a vinyl

acetate copolymer dispersion.

6. A method as claimed in claim 5 wherein the adhesive has a viscosity in the

range of 2100-2200 m.Pa.S and an open time of between 0.5 to 1 minute.

7. A method as claimed in any one of claims 1 to 6 wherein the discrete

amount of adhesive is in the form of a droplet.
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an applicator configured to apply adhesive to the crest of the corrugated sheet material, and a pressing
mechanism for pressing the planar sheet against the crest of the corrugated sheet materiat, characterised
in that the applicator is configured to apply adhesive in discrete amounts to the crest et the corrugated
sheet material and the pressing mechanism is configured to he'd the planar sheet against the crest until a
Wild is between, them. 19. A single fate contigated hoard manufactured according to the method claimed
in claims': to 10. 20. A single face corrugated. board manufactured by the machines as claimed in claims
11 to 18. 22 An appfcatoPdupbeshtafiPReA &Sy 988 I5EIMA 1He BWEEIAIBIRS e ™GR and illustrated

with reference to the accogr&B iH%ﬂ@W@&?e&MtﬁHgﬁ@%%ﬂ&i@ﬁ g?;‘%ilg'gﬁé’gibed in the Beat

Modes Section arid illustrated with reference to the accompanying drawings.
tensioned belt.

9. A method as claimed in any one of claims 1 to 8 wherein the time that the

sheet materials are pressed together is not less than two seconds.

10. A method as claimed in claim 9 wherein the time is between two and four

seconds.

11.  An applicator for applying adhesive in a discrete amount to a corrugated

sheet material, the applicator including,
a roller,
characterised in that the outer surface of the roller has a contoured surface.

12. An applicator for applying adhesive in a discrete amount to a corrugated

sheet material wherein the contoured surface is in the form of corrugations.

13. An applicator as claimed in claim 12 wherein the crests of the corrugations

on the roller form a spiral.

14. A machine for making single face corrugated board which includes an

applicator as claimed in any one of claims 11 to 13.

15. A machine as claimed in claim 14 wherein the adhesive is applied to the

applicator by a pick up roller.

16. A machine as claimed in either claim 14 or claim 15 wherein the applicator
is mounted with respect to the pick up roller such that the crests of the

applicator make firm contact with the surface of the pick up roller.
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WHAT WE CLAIM IS: 1. A corrugated sheet product which includes: - at least one planar sheet; - a
corrugated sheet; wherein the planar sheet is bonded to the corrugated sheet via a water based vinyl
acetate copolymer dispersion adhesive which is applied to the crests of the corrugated sheet in discrete
droplets having dimensions of 0.5mma3. 2. A corrugated sheet product as claimed in claim 1 wherein the
corrugated sheet product is single face paper board.

17.

18.

19.

20.

21.

A machine as claimed in any one of claims 13 to 15 wherein the mounting
of the applicator with respect to the machine is such that the crests of the
applicator corrugations make firm contact with the crests of the corrugated

sheet material.

A machine for making single face corrugated board by bonding a
corrugated sheet material having one or more crests onto substantially

planar sheet, the machine including

an applicator configured to apply adhesive to the crest of the corrugated

sheet material, and

a pressing mechanism for pressing the planar sheet against the crest of the

corrugated sheet material,
characterised in that

the applicator is configured to apply adhesive in discrete amounts to the
crest of the corrugated sheet material and the pressing mechanism is
configured to hold the planar sheet against the crest until a bond is formed.

between them.

A single face corrugated board manufactured according to the method as

claimed in claims 1 to 10.

A single face corrugated board manufactured by the machines as claimed

in claims 11 to 18.

A method substantially as herein described in the Best Modes Section and

illustrated with reference to the accompanying drawings.
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23.

An applicator substantially as herein described in the Best Modes Section

and illustrated with reference to the accompanying drawings.

A machine substantially as herein described in the Best Modes Section and

illustrated with reference to the accompanying drawings.
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WHAT WE CLAIM IS:

1. A corrugated sheet product which includes:
- at least one planar sheet;

- acorrugated sheet;

wherein the planar sheet is bonded to the corrugated sheet via a water based vinyl acetate
copolymer dispersion adhesive which is applied to the crests of the corrugated sheet in

discrete droplets having dimensions of 0.5mm?.

2. A corrugated sheet product as claimed in claim 1 wherein the corrugated sheet product is

single face paper board.
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