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 ins¥ tlr %Iued creslt As ﬁﬂ\e})cont%pt%’mt betW(taeQ th%rﬁggasporﬁeerroller and

corrugating roller (WhFl’@ﬁeﬁo S'he' S lij?{'e(ﬁ SR igly presdured Hrs .generaily required

Iy Short, Righ pressure

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, dhtetheresbraddbreinsrdesenbisieattinpe fasadas! 4 htoorored o tieestaface oftPC A

typical arrangement of a machine tofgré){_ uce si%‘ le ;rqqedopa er boamd er&gr%tég as gfescribed above is

disclosed in US Paten ﬁ%veéab?f@ Yomas). reamg’cmngﬁj%{gpl(r&eg 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_uﬂi‘lé‘ 4SO RTADEF @Péﬁgﬁ‘i@@ﬂH@ei%ﬁ%@%ﬁﬂbﬁfé@ﬂﬁ%ﬁ@m&%ase the cost of the
machinery and the oparating, CORIR.INIDE BF ARE S SRS Rl -DIHh BEESSIIR SERB.

Pressure can be applied to the joint between the liner and each crest by a pressure
roller arranged to press the liner against the glued crest. As the contact time
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 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 provide a safety hazard during operation of the machine, Typically a heating
engineer is required to operate the baiter and maintain the heating system, adding the cost of additions:
skilled labour., as well as potenhaily stopping production 4 suth an engineer is not avaiiatge.. The
additiorfof a high pressure steam system to the basic elements of the machine inevitably leads to an
increase in the size diehean sckinactrid¢ferafte swiéaspatheapueetdedoperation of the machine. The
requirement for more space adds to the operating costs for production of the single faced fluted board
Furthermore high pregsyieHGARds LANY SRERHE DRI BRI RS ARl eaagiaaLipe machine
exposed to the steam, for example the corrugating roiters, need to be made from appropriate materials.
Such materials, for eranisigindopistee ii@Civtéraird BhdthtenHC H856 3 ttdftamdsare generally expensive
and heavy. A machine made from such materials can require substantial support structure to maintain the
structural integrity of w‘g mm%% %@@%1%\@%89%@@%9%9 Mﬂﬂﬂ@ﬁﬁ%@t‘ﬁ?&ler and | is that
the applied pressure can spread some of the adhesive away from the contact line between the liner and
the fluted sheet acrossrithecreshotilisnwitihgetiretiseifitaeh diregtpapaheAisahisaspraéaehasethegive 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 dRPSIHSRE55FESAGALRIPRIALSOY RN 4YS 48 21 SHH€ to the cost of
production and may lipit,therspees: afdhsRigaeswide siigri-adhesive Gamelrrdristiapsigrred to the

surface of the device applying the pressure teg, idler or belt) requiring the surface of the device to be
continually cleaned, Stoafeshdiyéxiasiiozaivbsurhrasferstadctobiredates weafbigeicithe themdvlioh can cause
problems during stor?ﬂ? when [ollc?dl,cﬁ% I‘IEIﬁh ourin sheﬁ_lts can st#ckt q%\q?r mak{ﬂgépd%'product

orfunately, sta S ues requires, the applicajion o say In .
unusable., Further, the agHeswg Sah mark the surface, adversely a ecting the'appearance and reducing

value of the corrugategiBoarthrAdushendisaduasiags wWiicenyenatesat Mmachisasosishat typically 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, are heated in order to dry out the paper prior to gddition of the adhesive. This is to
roducs the moisture CORUHD SR EEPL A 2 BFSA daE SV S g T Lo CEIER e of igh
pressure steam to hegpkdhe ki He@tiHHNessAREr iR athRAtighaRaRA-sani asedr Rt aigRIicant amount
of energy All of the above ctors on add significantly to the cost of single face fluted board made by

conventional procesSesNaREGTRRLINGEENS: RS EaT Vihjek sOniitenheiserrarf Bstepstoidbe reashinery

foregoingproblems o2 |2t o Bravide i RYRle WilLa USRI EL8I%6n 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.



MI relerencslut:ling any patents or patent applicatrons died in his sp >ltioation 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 thathe e ehpiAse RS camde Pigaly iR RS fRATY, 'Dateliaih FrRbtfes either an

exclusive or an inclusiye eRNiNG QL e AUIPRSAOL NS Steclicatio andnalsss olfistwise noted. the

term ‘comprise’ shall Rave an nclusive m aning - l.e. that 1 en to mean an inclusion of not only
the listed componentseédlitesiyneekefencespripiztdsaaniner nGncspeaattiesicoonpomepks ibglements, 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 PREEARSTMaIREIeREAdRERR A8 B0 aRaRY. Srere HEdd RRIRAAGiPB_come apparent
from the ensuing destripionwhigkrs SR RY WA Oh SXATIPIS PRl ASCREIREAQ g RSPeCt of the

present invention there is provided a method of bonding a substantially planar sheet material to a
corrugated sheet matétisiwsitngrameaindneatieccpretiesmtie atbthoddtiraacterised by the steps of: applying
adhesive in discrete amounts to contact points of the corrugated sheet material, and b)holding the heel

materials together u dp?oRBH%JWﬁB‘fH%ﬂe‘%%@B@%&%%@SﬂEt{?&léh%fﬁéiﬁ(iﬁﬂé‘f%%paper- Kraft paper

is commonly used in the formation of single faced corrugated hoard However, it is envisaged that other
materials may be usegpibthptieespre sentspreedomantiire fatbeestanaydhoutibisoszetiifeation to sheet
material being Kraft pagﬁr only should not be seen as Iimiting. .

between the liner and the fluted sheet across the crest, thus wetting 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



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), 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 \#&&%tood 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 to

form a single faced calrygateshbapaickeard rEacagmuantgierrctrias fHigsdchitrseansoically formed
by passing a sheet of Kraft paper through a pair of corrugating rolfs set in relation to one another so that

the teeth of the corrug@iePYCIRSYRIBINAIGIOPRERRF SiFERHHBSSF 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, (without

limitation) a f!ute can tP%_HF?J!ﬁ!éﬂ%f ﬁ{el;_s%&gﬁﬂM@%ﬂ@%ﬁ&@%{ﬁ@t&é&&@%%@@ o igit other
suftable pealing undulating shape. Similarly, the size or the flute is determined by the equi - sized of the

teeth and may be vatiedraége Hgingbn wié endelsieition for the single faced corrugated board. In a
preferred embodiment the corrugated thetantially triangular section.

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.



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 roils, 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 H%%%%&%Ré&—ﬂﬁﬁ'gf’ﬁ &Xiscrete or distinct amnuns of glue can vary in rm, In one

embodiment, the distinct amounts mayor an interrupted line or dash By having discrete amounts, less
adhesive is applied tad¢berdlbiced sheessbetroishihpresse witntionanks: ieipreitatis fetiibe bfseparation
between the discrete amounts enables some spread of adhesive to occur on to dry areas once pressure

has been applied to PROMREAT IR R RIARE SPRTGIEREH R P SHBIAIRTEHIAHEMARIELNAS appiled

across the crest in spaced ARALLYRRIRSthe method 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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it is envisaged that the droplets will be small round, or pear shaped portions of adhesive that adheres to a
surface, but: this should not be seen as limiting. 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 extefieliihstie titrBugEABDle 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 preferred dropiein the order of 0.5min,

The preferred gap bejwees QRIS iis £alpuigied BiascesipiRethesigrired adheriyaithickness when

spread and placing the .droplets aped so when the spread droplets react that thickness they justt each
other, Applying the arfiresivesesadecplemgprpifrsehie e fivdee dflttrs fykowinglwxiermerhby advantages:

Each droplet is applied direcg)éﬁo tthg %ﬁeﬁt of th(tahfluteﬁl Japer. reduciré%r#g“sam unt th%g?c?sive that may
0 e t

inadvertently be applféag t0d5e’sides eFest brf?u rﬁ%ﬂ]gggugﬁt Us also [eSsehs the amount of

wetting of the paper and giytngr to @ deteitesth dsing shiapjetsdnsitastafisplyimercehreasicirdp or line of
adhesive (as in the prior artzt may siq_nificantly reduce the amount of adhesive applied to each crest,
saving cost. 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.



If the same quantity of adhesive a 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 sparBidigssateserctistingt ameentsd ghercrNpydePagainst the crest of the fluted paper,
the droplets spread to form a substantially continuous thread of adhesive between the finer and the crest.
The thread formed by, comprasRing aRPASHLARALLAORISI DORYHERIH IbF @ SvBatastially finer iine of
adhesive than that in conventional methods where the ship is applied by a smooth roller pressing against
the crest, This arrangéenentad Sudtendash.effective, continuous 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 betwegn, 3 (e 3 Qf IS G SRS LANEDE UABHIY BeHERIEIL R AT DHRding period.
The tending period for a particular adhesive depends on the temperature at which the bond is formed and
the pressure applieddastwetbrctiheemtst & mokthuels. Hoviiesre setireadipp ictnt@ntis aiessthat the present
method may be used to produce single face corruggted_board without the aFé)Iication of heat - La,,

substantially at ambi&BPH FEAYEPS CMESPERY Yo N e SR LIS At AFEH 8 BB R RY Seriod may

vary as a funothri of fie grapuRbMDiseaRRlieshapdriorietheand the pressure applied 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, star@rPREEEd StFmeRAR RN 8 SRS AiBRPHEA PRSP if SREHPABFSSE ARBE. Thus, such
an adhesive would ngt,pgdesirable 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 presit enables the board to produce without the application of heat. As

discussed further in the pREFRSEARakHIE FERRISTRYIlTRE SEEY foirck fe RIS IARRH ARSI energy
requirements. it shog&gg@qﬂ@g@;g@g@ggiﬁfg& reRoQRitian hatibe anplicationof discrete amounts of

adhesive enables the significant advantage to be achieved through shorter bonding time at ambient

temperatures. :
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.



In the second step of the method according to the present invention the liner is 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 {ipétnaritieietbeEye as sinplpieaeyidesat IRast avecreasiivpldbrifo¥awidng of the paper.
The maximum pressure W|i;ial var é}lan;')egsding on the material used for the liner and fluted paper. in a
preferred embodiment the SReet materials are held tqgether for a period not less than two seconds. The
applicant has found that using an endless belt tensioned to hold the liner firmty against the crests without
damaging the liner, and witbchuitabid isapriietcladistiave teoiecaldifdbd/iétddeptiner, egsddlogdbiesheet need to

be pressed together for a perio reﬁsin\geti%;f) iong ea\ggratm ﬁbggt twRe%qgcipggigtsrg {Eetgrrgﬁerature to

ensure the finer and fluted'board oar‘rjn%sboo ond! yplca'ﬁl1 Yior SP@ssmg Imes less than around two

seconds, or if the pressurghghwerBitasheetsus 40 lstam sibgladacest cetiHgataseqeart 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 flut@aSARECHBISERRHEFpurposes at room temperature holding times between two
seconds and four secondsdesirable, with a pressing time of around three seconds being

. Using droplets instead of applying a broad strip or line of adhesive (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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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. 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 cb¢ &g Fﬁkﬁ_%ﬁ’_f@ﬁhé B?Nﬁraﬁ?ﬁ%?ﬂé! ‘FFR%_&NW?I&HW@@"H%% é'.?ﬁdif‘.%’o‘ﬁ@iders the
combination of the d'ﬁ&?@?&ﬁg%{%@lﬂg O RERESIVE HrRISES WUiHY 28, IBsFe PSR RAlAINGHRR {as compared

to conventional machines) enable an adhesive to be used that can set at room temperature. In a

preferred embodimenttleedsdiresivéispemate rabasgid thespargisriccorthamit theipydsacetatgpigapolymer. A
water-based adhesive containing vinyl acetate copolymer in dispersion may be preferred as, under
rionhal use, it is a noPENEEL LSRRI and therefore can be used safely provided normal
ventilation is provided. Vinyl acetate copolymer dispersions can be retatively quick setting at room
temperature and do RRW@GH|tRetabigibancinatiogetcimpanatpiesent Mide cianah hasest guasdidiey have a
/ow viscosity, good adhesion and a I%réagen time A relatively low viscosity is required to allow the

adhesive to flow readiRg'gdase GATeN g R SRPUTUGN BT 1d ThevRTaatEHEaY) while a goad
adhesion provides the ahilit I AS6FE JUIEKIA 3EHITasS G ARRRLME ISR BERTNSOIdae time.

under normal temperature.ssure, that the adhesive can have an exposed surface before it loses its ability
to wet the opposing surjaceyascafendivate thecatheuopplagisgespiitac@dibregeTha ot pgessdepenetration

is required to form aﬁegt've bond between the fluted gt 2{ ?nd I‘Fbe liner. An adhesivg t}aving a
relatively long open ¥ é?&f’&ﬁ%ﬂ‘s '{ﬁfeaaﬂ SREShY 5‘% %5\9“' %@5%%5%%?5% %GMme time prior
to application to the #§Rsr 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 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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adhesive is Adhettinn' .Z9129W, a vinyl acetate copoymer supplied by Henkel New Zealand Limited. The
applicant has found that Adhesin'm Z9129W has the required viscosity, and long open time required for
use with the present invention. For example, Adhesinl4 291290/ has a viscosity in the range 2100-2200
rri,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 Adhesion' Z9129W) in droplet
form to the crest of a sheet, and pressing a liner against the crest for around 3 .s to form abond  en the

fluted sheet and liner!pRdifdeEed ATRAEPBIRMNRAA SABSHA RIGEEERIAIRE IS aHIRMSShrticular, the

method may be usedsq%gtrgggqgrgggﬁ@fg&qeggrtgé\gated 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 aHt§&pHSpeEPEsERESreR @R e MBS Hieasbista ApplinecharasRefin a discrete,

amount, including a r%hg?%gﬁr%&%§§%glﬂﬁ§'@ TRSRPh R ﬁigh@%%%@mg do S9RQuyed surface

can come in a number of forms and in one embodiment hey may be or an irregular surface. In
some embodiments thet serdacedvayibeiith¢hedaiim of a U-shaped groove,

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



ably however, the contoured surface is in the orm ofcorrugations 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 SUipfEE §ME RIIFEPUTHISTRSErROAHR & tHendlsanty AR 2 BHARRY?In comparison

with other types or agaugemeils of ﬂ&ﬁ%ﬁemm%hw&é@mstmﬂmﬁ SPRYAUR R cirdes.

Preferably the crests and troughs may be formed by cutting for otherwise shaping) a 'V or square shaped
groove in the surfaceaod thighgpplieator Hbive \ectaal sivapegf ohthgmesentisrmetigriticahabittraay shaped
groove is preferred as it is relatively easily cut into a smooth cglindrical surface. In use, adhesive may be

supplied to the appliﬁ%ﬁ?%%ﬁ‘ﬂBﬁﬁfﬁﬂéﬁéﬁﬁﬁﬂm’%f@W rd at an acceptable rate at room

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
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For example, spray o le may be used of an air blade that passes through a trough. 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 tfehe’dppilietive Heverdp GARIRIHENARPIREDIMThE RieareAG® ik adaspiieatsuch
Ib_crests of the applic?rt]gr géakeerl}ll\él t$:1ont[zrinct V;\’I'i‘tg ér}grg o%tﬁn,olé tpr}l% rfk%tgd ﬁ@ﬁ%tnqg tlipeeﬂgprsrggating roll. With
this arrangement as the appﬂ AloF rotates it pICT(S up adhesive In the grooves on its surface as it contacts
the piris-up roller, and then deposits the adhesive as droplets onto the crests of the fluted sheet. The
amount of adhesive fBreéerehlyitopketherane e dieninithéll Bj\ihe sizd ¢eatitte aprbepthiupbéedth groove,

while the separation gt (e g ORIt I AT el MR S apichs: RSB AT Y ATHaSH Rt A5 PONRS:
has the required viscosity, and long open time required for use with the present
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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It should be appreciated that the groove shoffid 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 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 separahonfseleiadn Ryyarenths 6pTEsTEd 4 eseehiMitrHBME ERe FaBYEF It Some other
embodiments hcreSt%mﬁ}é&%g%faaféﬂ[ﬁ?ecﬂg%.m 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 faced corrugated board by bonding a corrugated sheet material having one or more
crests onto a substafEégplatae SAEEgatRe FWaReHFEHE beiHaderstaed RoeEIAAGUREEPES apply adhesive to
eac.h crest of e corrﬁgrz%}ggig eet materg' cI gpdarqdqresqgng mechanisre for pressing the planar sheet

against the crest of the corrué’aafes r}%%?engﬁ charatensed in 0 the applicator is conk:cited to apply adhesive

in discn&te amounts to the crest of the corrugated sheet material arid the pressing mechanism is
configured to press tiealinefeshd enzyainstntibeceessti@ilcetovorkk 1 fe srestanbietwesalit ant

extend around the circumference of the roller.
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
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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 mU 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 c¥ftgdied Surface substantially as described above. The .cornigated surface of the
app/icator (as describede) is configured to apply droplets of adhesive across a crest of a fluted sheet.

This is in contrast topenygniiaralisiraslinEisith wiskcthetappligaipréypically has w&kaedrdbsurface so as
to spread a relatively broad strip or line of adhesive across the crest of the flute. The applicator is

rotatabty MOU Psucﬁﬁ%apﬂi@&ﬁwﬁ%@ﬁaté%%é@j%@ﬁaﬁﬁieﬁfb? Bi‘ﬁ‘g’@d@l!ﬁﬁsirtlﬂésdf_@ﬁe fluted paper
held on the second GoirUgAINGIglLeIA RIS IEHE L HRROS RS NS PrERI MRS AT isipdensioned

endless belt.
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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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 noted 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 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 réMNMUBEIERAES1ipR ReMG B a8 #RP Rl IRIE ACE B ANDH WERPHERRB RSN 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 rHbeE Relemambbeirsed thathesihaahavaarmexativomatanas ssedmwith heated
rollers, Use of a standard rubber belt may result in less damage to the surface of the liner, and hence a

superior product, In ffe@rasiabeIdiinEmBletieendiesorrIPAENg Ri88e of plastics or synthetic material An
advantage of he present method, when applied at room temperature..is that endless belt may be formed

using heat sensitive ateriRlg RHGTLARPIISES B HIREES A RRM A EHDRYS HREWKIEHIRL be suitable in

conventional, heated processes. In a preferred embodiment the endless belt is configured to press the
sheet materials togetfee rfafiraciedihdrcodsecoigaied heastbicpradienfoeriinaatrdiseashaliessidelt is
configured to press the sheet materials together far tim l?let een aht‘)eogttg slﬁgg_r.}glg '%919 cﬁnhbout4

th Re time ta f

h f a
seconds. Generally with the Beft tensione %%ﬁyagaalsnas? ﬁ)nagr,rt en to form a Bond at

normai room temperature is more than 2 seconds. In genera:, a time of around 3 seconds is preferred as
this has been found tenpronidea celifiplect dmdribivadiieeue theeadrierabrahie ofrarndiehsheptperatures - say

5C - 301°C. material, and

a pressing 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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The production ate of single face corrugated board usmg 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 For example, if the percentage coverage of the

second corrugating rtl3R/ ¢es" e areRedBAN R @BPiFE P IBEHEED A TRller EaMIEALRTBEBFEhoosing an
appropriate diametersﬁﬂgcé%%ngﬁt{é?lwgﬂe%m@cﬁmq 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

Inntion Slows the effiEierropisirdisriersthiie wéet@d%agaﬁéa?ssmmﬂﬁmmmg additional heat
to be appii,ed to the Qé%ﬁg%%ep}@%f%ﬁ%ﬁvésﬁ%?%ﬂ?‘éegé%y 3P§ﬂg§ﬁ%ﬂ8°eft apply 'i@?ﬁag%hnﬁ(%\(‘? o the fluted

paper in droplet form, by pressing t ner against t uted sheet un S %rmed
Application of droplete@lengofiatithactiagply ingqdr éesapp)catoaiypiyaiy redhesivelatsarkitpsordine (as in
conventional methods) followed by pressing, both may result in the time taken to form a bond (and hence
form single face corr[?g%ﬁ[é?ﬁ’%ﬁé?@?‘?'@b%’?@ﬁ@tfﬁ’ 9& IRaetirdie o ATHRE a1 SEIGVEGEIS combining the

two aspects, the time required to fort bond may be reduced to around 3 seconds at room temperature.

form single face corrugatgshheesdisioanmianpacatvies pevidas enewraoedie) ialtewing advantages
over the prior an. Saving in energy cost and a lower carbon, footprint than convenbonal methods through
removing the need t@ﬁﬁ?@@&ﬁ?@@éﬁﬁbt%l%%‘ﬁﬂd@&%@ pRRsE et RSB the requirement for
high pressure steamwyﬁjg&&ww 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

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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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 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 offHiliieressdieastsdht SreATS IBRAIGER Y RESBAECPAAAS!TS SpeYatiticosts. Apart from
reduction energy usarggtegl;hq_ present method may result in significantly less consumption of adhesive.
importantly a machine according to the present invention may bCog that makes it suitable for on-site
production of single lam corrugated board. Conventional heated mathines are typically large, energy

intensive and expensieaty s age atthamiespelarethad whesharrigd steosicienrechiviesateatgiimonly

operated in centralised fications, wilh e single, faged wetqated hoail o prodijcts Made from it
transported to consumers. he siz6 of the machine accoralng?onﬁe esent invention is'scalable, mainly

:because no heating spprsrisiang sefidiiebbdle nee wauraeihibe Aceordingdaviriopsgsratédvention may be
of a size suitable for installation and operation on the site of the consumer, for example to make
packaging on site. THSLH&SFProvide

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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"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. BRIEF DES5istiiiffnah 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!EdRE 28KnaHRSa Ychematiedieltherapsedijevpoian s dhalr appikeidicaccording to

one embodiment o (g5 9V A= IGHIGaAEIANE & SERFIDABS S SISHHORE! Ad) tod sheet

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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adhesive applied to the crests; ,ire 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 subSRhRAR TreReHIORHBARIRTSRIPbF RS RASE dBR MFSNING FOMEPE2). The
corrugating rollers (2 and a}e%%latgmg%rwgg th 633%@,@5@&{%&99@&995@&;9”& (2) intermesh
y nu

with the teeth (3') of the second corrugating roller (3) in thé region indicate mber (16). The first
corrugating roller (2) is posvategditcosttate in a dockwise direction and the second corrugating miter (3) is
powered to rotate in an anticlockwise direction, as indicated by the respective dashed arrows.

. Saving in space. Removal of the apparatus associated with heating may
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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A planar sheet inatenat in the form of a sheet of Kraft page ), 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 (S). 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) i8RIEEHESIRANNOALBNUMERL (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 trayghs ydpichseterbrUANthiBickGIMiessncaphina aligl tHhickests are formed
by a spiral V shaped cut extending around and across the surface of the glue roller (4). Adjacent 'V
shaped troughs (2 , 283seéo0 nhidanés Vet b4 vEdesrestig Zo)ris avidherisredertagshown in Figure 2
such that the series o; é:crgrﬁtsa}‘]oggn raz&gza{gigaﬁgcr!, in cross section. The glue ro/ler (4) is rotatabiy
mounted alongside the Secon cgrrugaﬂﬁg rofler IE'B), the axis of rotation of the glue roller (4) being
substantially parallel to the axis of rotation of the corrugating roller (3). The axis of the glue roller (4) is
displaced from the axiSaefélle secehawsorrsriatirgiaslter By #ipa ofistaheeasingiefrereactests (20) of the
glue roller (4) hold against the crests of thetfluled Sq?c%f.%.%) Pef in the teeth sqcond corrugating roller (3).
A pick-up roller (5) is rotatably moﬁ?ﬁgﬁhgﬂ Sy a8 susstanta ly Bgrfgﬁ%'ﬁb”’(ﬁa '39!538? the glue roller (4),
and is arranged such that the surface of the pick-up roller (5) makes firm contact with each crest of the
glue roller (4). 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).
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A bath (8) contains adhesive in the torn of Adhesintl" 29129W. The balh (6) is arranged such that the
outer surface of the pick-up roller (5) is coaled with Adhesiniu 219129V11 as the pick-up rollerrotates. 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 pafBe @)HaRtgAFReSritaetdine 19) EeWATR ABIHEHe LU O & B nsferred from the
troughs (21, 22) Onte%@%%ﬁaé&@ &5) e A9EEL S f&%‘?é&#}@@ﬁﬂﬂ&é%&i&}@%ﬁﬂ& @fig sheet of fluted

paper, in which drople en deposited onto the crests (18), is generally indicated by arrow 17 in

Figure 3A, Figure 3B3fiawe aeSiohematiepésspaatiee(viw of a plurality ofdropleis (19) deposited along a
crest (18) of a sheet of fluted paper. 23 Referring back to Figure 1, a second planar sheet of Kraft paper,

in the form of a liner g) istpresseqi a e flirted sheet {g?ebxaa

ainst nsioned belt assembly generally
I ioated by srow (P TRESHIE PRI Pie el 6l S TN 2 RERIAIE el AR 9

corrugating roller (3) dadhe astienteidheldirss)guistevend tolierald i) asesnobgude ensttiolies(12): two guide
rollers (14) and a tensioning roller (23) as known in the prior art.
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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The separation of the first guide end rollerfrom 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 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 pointW?_é#@'ﬁ_dﬁuag@) f§;E%%FW'W’EHE’F@M'BW:?@%WB?Q%HW@JSFYHE IRV&F ehd/or fluted
paper, occurs. The t%né"%dﬁ tBERJeaHRES Y F&%Hﬁ?b%ELH&EEEM?MEJr%\lSh@ﬁL R dhgslowest tension

below this threshold where damage does not occur The amount of tension applied to belt (13) to achieve
the cx3rrect pressureaétibe deld E3yagaimstdite (3)gerh@adepeihdgion migny4fpstdipineddiog 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 bod?8 #5)°7AhSiERPH) GeTyeatag iAl'er &) YA HARTE AR aBr §18sEURR end roller
(12). The pick (24) isdiseddad RIRreieasR thiRonAedraligls fRca eaiTuIgRIqE) hRRIth thakdeam being held

by the vacuum inside the second corrugating roller (3). The rate of production of single face corrugated
board (15) in this arrahtiernesnnd cetegatinecPlsr (e diameter and rotation speed of the second
corrugating roller (3). With the endless belt (13) extending around approximately three quartets of the

periphery ofthe SeooNdCIAALRGI IR 4Bh iR 455 U dPialon i ioURfL R IRy dlons per

minute, independent of the diameter of the roller (3). However, the amount produced is dependent on the
diameter, D (measurettive phetredyr ¢)thadaodierréBpehdushdha thfsuittaeecarifigurditiop @ésctied above) by
2anD metres per minute, le,, around GBQH]rge the di ete[ of r?ller 3) (measured in metres) metres per

minute. For example S8 iLRBR Y PRSP HAGIAY S diShiter D1 1.6 en producemin of singled

face paper board.
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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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 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 shBefafiaghatsieftauEeobRPREOFREATERREER! iigfhpaper, 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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2. A method as claimed in claim 1 wherein the sheet materials are made from 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 wheRSRINE B RENG-¥25pIRdasIE bR deFRNdFeRHPALTE1IE % ether is applied by an

endless tensioned belt. A method as claimed in any one of claims 1 to B wherein the time that the sheet
materials are pressethogathgpbisdtiless: hadldacesnidsted board (15) 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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O. A method as claimed in claim 9 wherein the time is between two and four seconds. 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 o§¢ltemeNT PoFNVENNBNChine 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 appik is mounted with respect to the pick up roller such that the crests of the applicator make
firm contact with the surfagereftibe ¢fibkngngodl eubstantiabh pignasstiedtesatdrizty zomerojatiedms 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 cotltaet MAtR &' YR8 BYHBAA EIGSEST sheet material,

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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18. A machine for making single face corrugated board by bonding a corrugated sheet material having
one or more crests onto substanhall 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 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 contigate@hoafdEEIRGrat tpEeedde SRYIRGRATtRaIMRINGd MaRTREYIIE BrE#RYeto 10. 20. A single

face corrugated. board map %8%8%%&@%@&%9?&%@%3@{%?% i5b |%|m ]a; 9. di8ss 22 An applicator

substantially as herein described in the Best Modes Section and illustrated with reference to the
accompanying drawings. femackd®dtibstaotaHy as herein described in the Beat Modes Section arid
illustrated with reference to the accompanying drawings.

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 use of a roller to which adhesive is applied to transfer discrete droplets from
the outer surface of the roller to a corrugated sheet material wherein the roller includes: a contoured
outer surface having a series of grooves and ridges alternately positioned there along; wherein the
depth of the groove is substantially 0.5mm and the width of the groove is substantially 1mm and wherein
the axis of the grooves intersects the axis of the corrugations of the sheet material such that discrete
droplets of adhesive can become applied to crests on the corrugated sheet material, via the troughs of the

roller, upon contact bEing frRaehtAeAs paiiee i I PR e AR thEs e HIEINEIRMERIN claim 1
wherein the adhesive rolleypicks, R adPeRivR. 858 ROMRSAYENGE IO6HRA follah ARG, 3n use of an

adhesive roller as claimed in claim 1 or claim 2 wherein the grooves are parallel to one another and
extend around the circumfangire®ofdhegaiters dhakedse obatadlletabelarsiedithelapmugatdrerein the ridges

and grooves are in the form of a spiral.
sheet material.

18. 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.

19. A single face corrugated board manufactured according to the method as

claimed in claims 1 to 10.

20. A single face corrugated board manufactured by the machines as claimed

in claims 11 to 18.

21. 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 use of a roller to which adhesive is applied to transfer discrete droplets

from the outer surface of the roller to a corrugated sheet material wherein

the roller includes:

- a contoured outer surface having a series of grooves and ridges

alternately positioned there along;

wherein the depth of the groove is substantially 0.5mm and the
width’ of the groove is substantially 1mm and wherein the axis of the
grooves intersects the axis of the corrugations of the sheet material such
that discrete droplets of adhesive can become applied to crests on the

corrugated sheet material, via the troughs of the roller, upon contact being

made there between.

2. A use of an adhesive roller as claimed in claim 1 wherein the adhesive

roller picks up adhesive as a consequence of the roller rotating.

3. A use of an adhesive roller as claimed in claim 1 or claim 2 wherein the

grooves are parallel to one another and extend around the circumference of

the roller.

4. A use of a roller as claimed in claim 1 wherein the ridges and grooves are

in the form of a spiral.
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