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Tecknology for (Trows :
application of pressure sensilive
adhesives — fr particular,
spraged applications of kot meit
adkesives — has smlved to more
efficiently adapt fo the necds af
the disposable sanilery product
ket

f any dynamic induostry, the par-

teipants, whether suppliers or

manufacturers, are all interested
in the futare. Being the first with to-
rarrow's techmologies anad products is
the key to succeading in a rapidly
changlng marketplace, Before dis-
cussing sprayed applications of hot
melt adhesive, espocially in disposable
diapera and other sanitary products,
two points should be made, First, sev-
eral adhestve cquriprment mamifactumars
sell heads that fiberize hot melt adhe-
sives. Second, some of the Tollowing
specific application informalion was
gathered from published data, includ-
ing patents, and commercially available
prodiucts that were taken apart 1o de-
termime how they were put together. By
disrussing specific products and appli-
cations no cliimes wre made regarding
which brand of cquipment should be
used for these applications.

Disposable Product Review

A 1086 sanitary napkin was a ginivple
product consisting of a pad, a nonwo-
ven cover and silicone releagse paper
with garment attachment adhesive,
Similar products were made all over
the world, from the fastest hlgh tech-
nalogy lines bo slow, simple machines
in emerging nations
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Through the first  Contral of

half of 1985, o odhesive spiral.
shaped disposahle

disper with leg clastic wias considered
state of the art. In some parts of the
world, wingfold diagpers were still the
market leaders, From an adhesive polnt
of view, r typdcal diaper line i lided

|
Although well-suited for
product assembly and
other applications, the
hot melt spray method
proved unacceptable for
the disposables market.

one ar two hot meelt tanks and thres hot
melt hesads, one applying beads or a
slot coating lor backsheet lamination
aned o application heads attaching leg
elastic or putting down the wing fold
dots, A diaper incheded about one and a

half grams of hiot melt wilwesine ol no
supsrahsorbent powader.

In the summeer of 1HEG, e st elas-
tie waksthand dispers were introduced
in the Undted Stages, and munufsciurers
all over the world took off on a spres ol
adding product features that conlinees
tio this day.

Beginnings of Hot Melt Spray

At the time these product changes
were under way, disposables manulac-
turers began to look at methods of
gpraying pressure sensitive hol mell sd-
hesives,

The first hot melt adhesive spray
heads drew heavily on high-golids
paint-spray technology. By the time
manufecturers of disposable products
began considering hot malt spray, this
technolosy was already being success-
folly used in avariely of product assem-
bly applications. Utilizing multiple
sources of air, these heads stretehed
the fiber of adhesive and twen movesd it
back and forth across the web in a
“whipping™ action.

This method produces a random ad-
hesive deposition and, depending on
the pdhesive characteristies, appll.ed
eoatings of wp to f-in wide vom a sin-
#le nozzle. Although well-suited for
product assembly and other less pre-
cise applicalions, this method proved
generally unaceeptable for the dispos-
ks kel

Drawhivcks included poor edge con-
trol, limited intemmittent capability and
substrate: bum-through.

The bum-through was caused by two
fwctors. Because the process uses low
welocity, high valume air to create the
spray pattern, the resalting fibers had a
high residual heat eontent that could
deform sensitive substrates, Also, as
the proeess turmed the adhesive back
and forth across the web, the fiber
would often stretch to the breaking
point, forming adhesive droplets, These
droplets hid @ tendency b0 accamulate




rear the edies of the adhesive pattern,
and could deform the substrate In this
Aren.

Im an effort to reduce fber size and
miknimize adhesive droplets, manafac-
turers applied polymer meli-blowing
technigues to hot melt adhesives. Thia
method produces s rmmdom depositon
of very fine films and is widely used to
crepte nonworeen wiehs,

In this process, adhesive 15 drawn
through a barge number of small orifice
neoazless, amad is formeed into filaments by
high volumes of high pressure air. For
broad-use applications, this process
failed commercially, malnly due to the
pxoessive level of maintenance re-

e
Spiraling the adhesive
maintains good edge
control, cools the
adhesive, eliminates
overspray and alse
minimizes the need for
operator adjustment.

guired b keep thé* nozzles clear anad bo
clean overspray from production mach-
inery.

Fiberization Technology

Early in 1886, having identified the
limits of both of these technologies,
MNordson began a research progrium
almed at optimizing the spraying of Lot
melt adhesives for the production of
disposable products, The result of that
research, the Controlled Filerizalion
process, wis introduced 1o the ndustry
at the IDEA "86 trade show in Atlanta
and the TAPPT 1987 Hot Melt Symjo-
s,

The process uses o single sel of air
Jets to spim the bead of adhesive, draw-
ing it down into a fine: fiber apglied ina
helix-like pattorn, The spiraling actbon
ls ereated when the six air sireama
strike the awdbesive siream at tangents,
Typical spiral frequencies range from
1000 £ 1EEHD sprirads per gecond.

Apiraling the adhesive (a patented
process] maintaing good edge control,
even in intermitbent applications ap to
&30 m per min. The spiraling also cools
the pdhesive, permitting applications of
hiot melt on heat sensitive substrates,
Simece: the process deally creates & con-
timueones spirnl of infinite length, there is
no overspray. In addition, the single air
source minimizes the need for operator
wtfjustment.

Commercial Applications

Mo matter how good a technology is,
it will not be commercially accepted

withoul strong application benefits, For
spiral spraying of adhesive, this break-
through came &8 manafacturers began
changing from wide natural rubber leg
elastic wo a mult-strand design,

Leg Elastic Attachment, Leg clas
tie was one of the first features added
to a disposable diaper. Starting with a
single strip of natural mbber on eawch
side of the diaper, manufacturers ex-
perimented with a variety of designs
uskng either wider strips of rublser or
multiple strips placed side-by-side, A
major change eecorred when the rk
ber strips began to be replaced by thin
elastic threads,

[ndeially, mamafacturers tricd nenmning
the threads over or through  shol coat-
ing mozzle, or laying them into a bed of
adhesive deposited on e poly back-
shiest,

Mone of these methods proved satis-
factory for attaching stranded rufbber
or synthetic materials, sinoe e beat of
the nozzle and the large amount of ad-
hesive that had to be applied combined
to reduce the retraction capability of
the elastic strands. Testing of apiral
spray for this application first ieeelved
spraying on the poly backsheet and
then laying the elastic onto the adhe-
sive, This methed provided unsatisfac-
tory creep results, since the tack
strength of the adhesive was insuffi-
cient to contain the high retractile force
of the elastic.

In Egrope, an adhesive company
developed a patented process for
spraying through the elastic strands be-
fore they made contact with the sub-
srate. This process 1s now widely nsed
throughout the world. When the adhe-
sive spiral strikes the elastic, hot melt
wraps Tully around and among the
slrmds, enabling therm to bond both to
the paly backsheet and to the nonwo-
ven coverstock. The result s a produoct

with good creep Sioh coo
resS LA, norzle

This process fine lines.

works equally well

with natural rubber and synithetic elas
tie products and permits manufacturers
to attain soft, effective leg enffs while
minimilzing both adhesive corsumpdion
and the amount of elastic material re-
guired. Typleal adhesive usage is 0,12

{18 g per leg cuff.
IucEIhod' Lomination, The great-

eaf potential for material savingts lies in
the backslest lamination spplication,

This application provides the prima-
ey construction bond of a disposable
diaper. From 12 to 32 beads of adhe-
sive, or a complete slot coating, were
typleally used. The heat content of the
heads limited the ability of manafactor-
ers to take advantage of new lechnolo-
gies and to reduce backsheet poly
thickness,

A sprayed pdhesive application pro-
vides multiple benefits, including
source redwction, In this age of envi-
ronmental consciousness, the oooled
filament of pdhesive allows manalae-
turers to redoce the plastic conbent,
product weight and package size of dia-
pers. Reduced poly thickness also pro-
vides drumatic cost soings

Spirnl spry has also allowed use of
and experimentation with alternate
backsheet materials, especially highly
hent-sensitive materials that provide
aotheer prodct. benefiis.

At the same time, the switch to
sprayed adhesivie on the backsheet has
improved the appearance of compres-
sion-packed products. Compression
packing of digpera with fielines on the
hacksheet potentlally increases the de-
formation of the diaper, resulting in a
less-than  desirable appearance,
Sprayed lamination allows the diapers
o compress flat, miving a smoeoth ap-




and wasted prod-
ek,

The material sav-
ings and prodhactiv-
ity bemefits are par-
tinlly offset by a
higher initial coat
for metered tech-
nalogy. However,
once the payback
level is achieved,
the cost savings
greatly outweigh
the higher invest-
ek

0 all the cwreenit
spiral spray appli-
cations, kacksheat
2 laminations pro-

pearance when removed from the pack-
ﬂ.H,l:!.

Thers also is some potential for sig-
nificant adhesive savings without re
ducing the strength of the backsheet
bond. This is ahown in one patent in
which a global manufacturer disclosed
equal bond strengths at nearly 409 ad-
hiesive weight reduction where overlap-
ping apirals replaced parallel lines.

The actual amount of adhesive sav-
ings depends on several factors, eched-
ing the type of application technology
selecied. Adhesive ssoinggs can be max-
mized through the use of metersd head
technology for this application. Meter-
ed hueads are ot melt adhesive applica-
tora that have an individual set of
metering gears for each adhesive
Stream.

This is contrsted with what i85 com-
monly called & “pressure-fed” head. All
the nozzles on & pressure-fed head are
aupplled by a single gear pamp, with
adhesive distributed to the multdple
mozzles by hydranlic pressure.

Although suitable for some applica-
tions, & pressure-fed head wide enough
to accomplish hackahest lamination
hias 50 many nowsles (uswally 13 to 16
for & baby diageer) that it normally re-
quires a high level of maintenance to
gEsure comsistent patterts. The mainte-
nance level is inereased when com-
pa:ed to fineline applications, due tio
the small orifice size required to gener-
ate an optimum adhesive Ober,

Zimee the head relies on hydraulic
pressure to distribate adhesive to the
multiple nozzles, adhesive easily di-
verts from one area of the head to
another if a nozzle becomes clogged.
With metered technology, the close
proximity of the metering pumps ancd
the lack of alternative fow paths will
normally quickly force the blockage
from the noezle, eliminating downtime

with the greatest
potential benefits given material sav-
ings, environmental friendliness and
maching productivity. Typical adhesive
requirements range from bess than 12 g
to 0.8 g of adhesive per prodact for &
gprayed backsheet luminathon
Elastic Walstbands. One of the
earlicst product featares to incorporates
apiral sprayed adhesive was elastic
waisthands. Early walstband attach-

[
The addition of standing
leg gathers to diapers
was implemented using

spiral spray technolegy,
and several methods of

manufacturing this
feature are available.

ment methods included uitrasonic
bomding, slob coatings on fosmed ¢lis-
tic maderials and finelines on heat-act
vated elastics. As in the case with leg
bands, slot coatings for waisthand ai-
tachment peduce the retractile capakdli-
iy af the elastic. The appearoe of the
waisiband on the finished prodect may
also be less atiractive than desiped.

By combining a uniform applhication
af lines on the one side with a sprayed
application on the other, an atirsctive
wiristhand can be prodoced. The maost
uniform waist gather can be accom-
plished by puting the lines on the back-
sheet and spraying the nonwoven.
However, combining lines an the non-
woven with a sprayed backshest also
will provide attractive results. This ap-
plication requires phout 203 g of adhe
sive per diaper,

Core Stabilization. Alihough not
immediately evident to consumers,

core stabilization applications for apieal
gprayed adhesive have played a key
role in manufacturers’ abilities to re-
duce pad weights,

As pads became thinner, they be-
came more likely to separate during
aldpmment or after the indtial wetling, es-
pecially in the case of tri-folded peod-
ucts, which generate twice the stress
locations on the pad as diapers folded
in half, Core stabilization also s re-
quired for diapers using unbleached
fhuff or other short Aber fuff pulp mate-
rials.

& variety of application riethods are
need, In most cases, sdivesive is applied
o the tissue on both sides of the pad,
ag wall as between the tisaoe and the
nonwoven coversiock. & very small
armonnt of adhesive s commonly nsed
for this application, in the range of 0.1 g
por pal. These low welghta cam bae ap-
plied using several different processes,
simce pattern uniformity and integrity
are not really critical on internal appli-
catione, whers the sole funetion of the
gafhassive is to provide some stability to
the pud structure of the product, This
application also 18 sultable to malt-
o techmalogy.

In-Line Frontal Tape Produc-
tion. An application that hes been ex-
clusively tested but is in limited com
mercial use 18 the in-line costing of
fromtal tape with spiral spray. Cormment-
ly, pre-adhesive applied tapes or tapes
made m-line with full coatings or lines
are used. Spiral spray provides some
podential for reducing tape thickness
wnad maflegive consumption while main
taining tape integrity and edge control.
An adhesive comparty evaluation fouand
that significant savings were possible
with in-line sprayed coating of the Lape.

Standing Leg Gathers. With ao
mary proven applications worldwide,
the additlon of standing leg gathers bo
diapers was implemented using spiral
spray tectmodogy. At least three meth-
ods of manufacturing this feature are
on the market today, and & maximum
of eight adheslve applications are re-
guired.

In the first, the leg cuffs are created
and then added to the top of the non-
wover. In this methad, the elastic is at-
tached to the cufl, the cull held togeth-
er for its full length, attached to the
nonwoven and tacked down at the ends
of the diaper. Nommally, the elastic at-
tachment application, which also may
accomplish the euff seal and end tack
dowm are done with spiral spray. Beads
are commaonly wsed to attach the coff to
the nonwoven.

A second implementation creates the
cover and cufl structure from threes
separate pieces of nonwoven. Elastic is
attached to the side sections, which are
folded and attached o the center sec-
tiom, The ends are then tacked down to
the diaper,




The third methaod actually involves
twao steps. The topsheet Is an extra
wide shect of nonwoven. The elastic B
attached to the Mt sheel with a spray-
ed application that aleo will seal the
sides of the cull together. Two pleats
are then pulled into the nomwoven, cre-
ating the eufT arcund the slastic. Coee
the nonwoven i5 joined o the rest of
thee dimper, the ends are tacked down.
This method eliminaves the need for
bw applications fhat abtach the coff to
thae cliagier.
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The interest in finer
fibers and greater
uniformity in adhesive
distribution has led to a
re-evaluation of melt-
blow technology for
spraying PS5As,

Fluff-Free Napkin Core. The core
slabilization appllcations discnssed car-
lier also apply to current desipns of san-
itary napkins. As floff cores have bae-
come thinner or, in some cases, dis
appeared ontirely, adhesive applica
tions have been sdded to provide stabal-
ity and to fix superabsorbent powders
In place

Finer Fiber Requirements

Ewen with the acceptance of spiral
spray, there continue to be require
ments and requests for finer wdhesive
fitsers amd meome uniform coatings. With
any geometric spray process, there will
be some arens of greaber and Lesser
copting weights, With spirl spray, the
hesvier areps pre those where mdivicdu
al pattermns overlap or whene the spirals
themselves cross cach other, These
arens of nnequal distributicen can be
minimized by controlling the overlap,
generally by one-third on each side.

This interest in Miner Ners and a
greatber wniformily in adhesive discribo-
thon has bed oo re-evaluation of meli-
blowm technalogy for spraying pressune
sersilive adhesives,

Re-evaluating Melt-Blown
Technolagy. As mentioned earlier,
madt hlowing of pressure sensitive ad-
hesives wis Orst implemented in 15356
AL thad thme, it was adopted by diSpos-
aliles manulfactarers for intermal appli-
cations swch a8 oore stabilzatkon.

Ag lime passed, manmitaciirers fomd
that melt-blown technolopy has several
disadvantages. First, the very fine adhe-
give fibers, although desirable from a
produet perspective, had a tendency to
become entrained in the air carried
along by the web, These fibers of pres-
aure senaitive adheslve would then

- 19BS, 1992,

Above: Diopers
hove become
thinner Wh the
past eight years
{right ta hﬁ:
1993). Right:
Control Coat
permits ]
comtral nﬁ
infermittent
capability,

altach themselvies
by the machine,
causing mainte-
nanee problems
and accelerating
wigtr of bearings
nnel medor skl

Second, Lhe
many small nozzles
required o melt
blow an adhesive
created an unac-
ceptable level of
requilred malnte-
nandce in a high-
Mull environment.
Very small orifice diameters and 10-25
nogzles per in were nsed. Also, the vol-
urmee and velocity of alir reguired by this
process had a tendency to dismupt nomn-
poreus weba and to blow adhesive
fibers through porous wehs, Finally,
the combination of small fibers and
high wolumes of air limited the melt
blown process to continuous apglici
tioms, Technology was not availabbe to
permit & clean cut-an and eut-ofT for in-
termitient patterms.

Blost of the melt-blown heads put on-
lime in the mid 1980s were eventoally
replaced by other technodogies. Late in
the 19805, melt-blown technolagy for
PSAs was agrin commercializsd, with
several improvements. This technology,
hcernsed from Exxon, has bean relined
to improve edge controel, reduce over
spray and increase intermittent capididl
ity

Although necepted for some niche
apgdlications, this technology has ved 1o

find wide application for the manefe
ture of dinpers and sanitary napkins.
The shorteomings identified carlier
continue to lmit aceeptance.

The Control Coat System

With manufscturers still intereated
increasing pattern uniformity and re-
ducing fiber size, and the limitations of
mmvislb-Beloown technology well known, a
new type of spray techoology has been
develaped. Called the *Control Coat
System,” these heads minimize fber
siee and produce uniform coatings with
good edge control and intermittent
capahilicy. The effect 8 actually closer
Ler & alol coating than a typleal apraved
ddilveaive coabing.

The head combines alements of both
lot coating and melt-blown heads.
Adhesive is distributed to the desired
pattern widih through internal channel-
ing. As the adhesive iz extroded from



the nozzle, heated mir impinges on the
adhesive from hoth sides, stretching
the adhesive ond breaking it into very
fine fibers, The design of the pir chan-
nel allows the fiberizing air to enbrin
ihe fibers, controlling their placement
as they are carmied to the weh,

By virtue of this design, overspray is
eliminated, edge definition is optimizel
and small fiber size is maimtained.
Timed control of the Hberizing air also
perrmits intermitient applications with
o] pattern cul-60T and cul-on. Here,
the timing sequence ensures Lhat the
fibers remurin entrained in the fltering
air until they are placed on the guk-
striate. This technology, when com-

]
Including metering

technology in the head -

would maximize both
pattern uniformity and
adhesive savings, and
increase maximum
width capability.

pared to melt blowing, also redeces air
and mainienance requireamenis

The head is designed For use of low-
volume, high-velecity fiberizing air,

Fiherizing air peussagde desgn eliminates
ruption of the web and permils ap-
plication on poroas substrates. This de-
sign also eliminates the many small
noxzles regquired for melt blowing.
By extruding the film of adhesive
through w narrow skot amd inchading a
filter in the hepd, eezle plogging is e
duced, even in high Mol environmsents.

Early testing found this technalagy
Lo be potentially well suited for narrow-
wil applications such as pad stabiliza-
tion in Bsoth diapers and sanitary nagp-
kins. In diapers, stripes of adhesive
along the sides of the pad would pro-
vide stability while keeping adhesive
oul of the center section of the pad.
Thiz would allow some engineering of
the pad oo reduce thicknass withoar in-
hibiting any of the designed absorb-
equcy. In sanitary maplins, this technolo-
&y k8 kdeal for bonding the pad to the
poly liner, for internal bonding of the
pied or for positicning supershsorbent
powder in the product,

Potential disper applications also in-
clude bonding one side of the elastic
walsthand to the diaper and in-line
coating of fronal tape. In either case,
this technology permits a non-contact,
uniform coating with PSA. Bond
strength can be mescimized while mind-
miing wdhesive wse.

As discussed with the spiral spray ap-
plication on a dinper hackshest, inclod-
ing metering pomps in the head woald
maximize both piattem aniformity and

adhesive savings. Metering technobogy
alsn incredses U maodmam width eage
ability of this prooess.

L also may permit the in-line mano-
Tacture ol diaper backsheets using a
thin padyethylens combined with a non-
woven on e outside of the prodoct,
Ouisice the disposables market, this
technology bias been tested in applica-
tlona as diverse ag boaskbinding wnd
sealing the mecks and corks of wine
bottles.

Summary

Technolegy for fbrous applications
of PS&a have quickly progressed

= Proaih iesifications of ollver devices
it technology speciflically designed to
apply adhesives to disposable products;

= from equipment difficall to operite
andd maintain to equipment designed o
agply adhesives to disposable products;

* [rom i technology unknown on
high speed disposakles production
limes o the standard technolopy for dia-
per and sanitary napkin prosduection.

Looking to the foture, opportunities
will continue to improve disposable
products through technologies that
make it possible to add new product
features and pay hack investments in a
repsnnalle tiree, through materinl sa-
ings and productivity improvements
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