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Induced Hydrophilicity in Mehiblown Webs
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t
In practical terms, the significant factors affecting this unsteady fow are
- Gravity: For both upward and dowmward moveinent of fluid, the imy omncc hicightens at large periods of
time from flow onsct.
- Initial moisture; It has been found thoet
contains some initial

a porous medium is faster when the medium

]

al moisture than when ompl letely dny
- Dimensional changes:- There is an assczinted dimensional change ox the porous medium bulk volumewhen

aliquid is imbxbc,c. Depending on the nature of the porous material
when wetted. :

- Trzmsicw*bch'\vi()ur of sub-second thne: Beeause the saturat
kinetic and other energy luss terms, it is not applicable when's
second tiries from the Litial time [10]. ’

- Structural factors: ] Iacucc: Fpore structure quality in terins
distribution, and microscenic homogeneity o i pore structure
unsteady state flow.

There are many studics reported in the Hiterature on the rate at which licuid is absorbed and retained in porous

media. Viost of these tests are based on .\mcx.vnn Stan (L.:c.b of” R‘s: DI\..J.u; Is‘\AS"x‘M) Technical Association

th Cl can be cither a collapse or swell

ion rate equation above fails to account for
ving the txunsicnt {low behaviours at sub-

nneetion, continuity of the pore size
st be accounted for in considering the

L

of Puip and Paper Industrics (TAPPT) standard methods, and varicus other standard testing manuals. These
techaiques of absorben cy mensurcient are all designed ¢ 5 (ACX"E'I""J”‘ the amount of liguid absorbed.  In some
tests, the spacial adva of the liquid are monitored.  Overall, the techniques sither measure spontancous
( n:uds; liould JL)QO‘QL orig tention, In otherwords, all the tests measure the equilibrium absorbeney

rcacl.ui from dryncss or by .\swﬁuion from saturation.
These tests are uscful in R&D screening exercises, but fuil to meet the practical and rigorous requirements of
conunercial end-user specifications, It is on this bns‘s that the flux test used to screen the meltblown ywebs is
formuiated. Data oo[umcd in the {lux test accounts for the non-steady nature of the fluid flow and the five factors
enumerated above, The test gives a uniform yardstict ating the web snimples.

< for evak
Foracustomer, a durable wipe is supposed to stay h}’i:E'O*)‘iil'C fora muson:‘.blo number of wetting cycles. The
rate of absorption of the fluid bccoA 1es seconda x)' The contact angle and I?m\id/v"v)o”fprccsurc relationship are
f no consequence to a mother wi 1058 b 'L rewets “‘c diaper. The ability of an hydrophilic web to allow fluid
passage becomes tnu only issuc con : ‘cha'v > the flux test uses the same amount of fresh fluid -
eachiime asa a Zo'. (,Fu;m 8 zed, The time {or the measured liquid to
ition or loss of the hydrophilicity by the web. Unless a web sample is
13':2@)..0u csample casily. Thie aumount of fluid engaged
. Totherwords dmmy the flux {est is run, when there is
ing Ly fresh fiuid beconies imipossible.
Am cary hg oLILt cﬁu.\ test (Fig. 11 t‘ucx.w s.unpic' hc!u tightly in-between a bi-leve Iopcn-cndcd cylinder such

(o]
k)
,J

1%

flow through 51\'65 an Axl 'x‘.vuol.
"v*;xul), norous, the test is able to reia
ettoug L-:>‘, -ct wwuozu"

that 66er m of the web samy pesed. 2000 of aeucous fluid is poured on the side of the cylmd ¢ onto the
top of the wed, The tume 1§'cn for the Hguid to wick through thewebs is 'mlcc’ The test sample is removed and
t

allowed to dry ovc‘mgl it Thetestis repeated on the same s"m plewith fresh aguesus fluid over a period of seven

’uya or until the web stops \\'cu.ing due to the loss of the hydrg )lnhct mtmcn

durable hydrophilic
cm!!y :10\5- surfactant rewetting
tion and cascade runs) or oth, Tostof the
21

0 RESULTS: Theobiective of this stud y\\ as to find the most practical means o
propcny to polypropylencmeltblovn \\Lbs Inthe investigation, various commer
ageats were tried, as cither topical treatment or i vm -addiiive (:'w z




~b

cts most applicable as
as to give the desired

lu
(
th

cae glyeol-monolaurate (PEG-
)oi; at hy lene ov*c—alkylphcnol

) the ts for the cascade runs. Table 3 st s for Jr‘ L"")‘CCI tzvntmcntaccomphshcd
: 1 : B A T TET R . ne nf iln roenepiiuy
y dipping meltblown web in acgueous solutions of the respectiy

4.0 DISSCUSSI
t by far, more active
meliblown web. 'I“s..c.ws 10¢

7
ofailthe rewetting agents, 3

ted inthe Lluuc tables FC-171 is,
ic other . wvetiing chover way itis i 'ucoq)omtcd to the
cubtthal the temperature history inthe extruder has some influence on the elfectiveness
1 =S Lof effectiveness achieved in topical
>cr?cnced, that addition of the

1
S BID) H 1% )
IS CU AuuS,\ﬂ.u..Ul.,

treatment with those of others wi 1 mparature extrusion conditions are exy

s‘xrf"tctmun the melt provides su z)"‘or ?czm‘v LI 1op;c‘ freat ' comparing Tables 1 and 2, it can be
inferred that the melt mixing achicved in methods 2 and ficiont \\I"\l co*rvspondlng levels of
additives are compared with niethod 4. lnmethed 4, theme troduced tnto a molten polymer, and

the aid fL 1¢ cascade arrangement
r

Tabde 1. Effeetiveness of varicus sunfnetant reweliing ageats as melt  better mixing of the additives and the

additives mlten polymer is achieved. It can be
— . PO e PR N pu inferred that methica 4 is g 10r t -

A|PEG-ML200 |Duy1 Day2 bay3 bave Davs Day 6 Day7 | bferred i I-L.Ch-ll.s'supcrl(')r. to ol.hcr
1% Non-wetting methods of incorporating additives into
1% (anncaled) - |Non-wetiing i A _ meliblown web; it must,. however, be
3% 755 1535 1915 2055 >300s >300s >300s .

1 .
: - p] { t ca i
C’OA‘( nnealed) 3 Nan-wellin pomntec ot i hat it iscle iy more difficult

L gs <

D[ Thiton X100 |Day1 Day2 Dav3 Dayd Davs Bayg Layd (0 runasaprocess method than the other
0.5% Non-vwelling ) methods,
0.5% (uuealed); 35 385 80s  >300s  Non-weliing No mention is made of data from method
o 8 >300s Nomsulling 1 because non-uniformweb samples were
1% (anncaled) | 4s 45s 525 >300s  Non-weling O”CH‘S N \)'}r}l C oy V] F ' 1b!'t'

" . - N N " - - " ~ artne The VI ed 3
¢ | Twiton X-102 Day1Day2 Day3 Davd DayS Dayd Bay7 coticcied. © revel of addiive
; 035% [Nonweling - incorporation varied from sample to
Co]05% uincaled)] 25 70s >300s  Nen-wetting sample, as a consequcence of hopper resin

1% 300s Nonw

. bridging and screw slippage.

00s Non-wel LH“'

¢ Triton X405 v3 Dayvd Davd Bav6 Day 7 This S.L;:dy confirms the ability Of,the
0.5% : - rewetting agents to be incorporated into
0.5% (anixcalcd) Notw el oz)icz{hy treaied web. »\' bcs! though, the
1% Notiaveitng saples mnde using topical trealment can be
1% (annealed) | Nou-weiting considered non-ne "”W‘l. Products from

e | TC-171 Day1Day2 Day3 Bayvd Day3s I,,n 6 Day? lopical Lrealment Vj” only therefore mect the
0.5% 6s 1ds 75 2iTs  >300s >300s >300s| CAmEE S sesible applications.
05%@ueded) | 55 205 s s dds 75 ilds 2 ey renimant, 471 proved belter
1% A 35 175 485 57s T0s s than Triton X-105. Arwater solvble polyner,
1% (anneaied) S 38s 39 103s [50s  200s >300s

B
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Tabie 2, Results Tor the caseade runs

polyvingl alcohol (PVA) dissolves inwater at 4%
level and when topicaily applied produced a

Al PR Yo \ Prav T tievd iYau S o .
* EJS\;,,,“” 3\'.“" ! *,L‘l v2 Day3 bevd Dayl puay 6 Dav 7§ oeseonanent® treatment to the web, albeit with
\ Non-welung . . .
:4(57 2% L 25T 25 2 2% s 2 ionger fluid retention times. PVA when
9.96% 25 155 225 39 57s 5% 58 nicorporated into the web cakes on drying,
1
. ———— —— thereby "plugging” some porcs.
5] I:'xlif;\ N-100 | ;\;an I Dav2 Dayd Davd DavS Day 6 Dov7 As cartier noted, the loading of surfactants at
N —
jg(yc 91051 “L,:—l;'_; T1s 3005 Mon-weltine fevels higher than 1% may not be econontically
. L o i - R1O}30d (1S3
4 5% % Z>s 55 9s | 1ds P 1055 | Justifiable. However, the cascade method proved
- -~ he A0 Ly
7.7% 2s 3s 3s 4s 45 10s 995 | that high'levels of fluid can be incorporaied inlo
il, &% ) 2s 2s 2s s 3s 3s 45 | the melt region of meltblown process. The
13.6% is 2s 2s 25 2 2s 3s pfoce::mﬂ nroblem of screw slippage is not
¢ | FC-171 | Day1 Dav2 Dayd bav4 Lay5 Day6 Day 7| expericnced bocause the fluidis intioduced where
0.5% 2s 125 1&s  2is 22s 30s  27s | orafier all the solid resins have melted. The
0.8% 2s 2s 2s 25 3s 3s . 3s | benefifto be reatised from this process sucess is
2.0% s 2s s 2s 2s 2s 2s 1 tatexpensive compounding ol liquid additves
~ ' .
‘fo% 2s 3;5 s 775 £5 %5 25 | may not be necessary if this cascade method can
>0 o oo s ls Is ;q <18 ] s inplemented to introduce additives into the
11.4% Is s Is s is Is 15 | cliblown mater
ncliblown materials,
. TR T l el 2
Table 3. Effeetiveness of varicus surlactants anplied fopicaify inmoslofthe rewaunga; gents studied, enhanced
activity was witnessed whcn web samples were
Laaenfe ’ , ; ey - Ty s TYoyvr T 7 Lol T4
Surfactant Dav1Day?2 Day3 Dayvd Davs Dav6 Bay 7| annenied between hot rolls. This could be
S0/, 1< o Q0 ‘ST A Sy - . .
O.j A)FC"171 . l/b 325 .)\()S >J(,‘vb >J-JOS >JO\)S >)OOD (\lu“\:'\llo.l {o bloanung rlowg \1':hcrcb)l more
0.5% Triton X-100 | 32s Non-welling
=70 : ol vudHs . o , | Iycphilic ends of the swfactant molecules are
18“? iCL-l’/l\, 100 1(gs ]1165 ‘:\,s l-us 120s 1625 2335} ¢ posed. It can be further inferred that such
0 LTHON A~ 04LS S o~ \\;\ul il e yrer e sonl . -
4.0% Polyvinyl aleohol {3005 3005 >300s 53005 >300s 33005 3300 | MOCCHar rearmngement weakens the bonding
of the swlactant molecules to the web. Most

annealed webs fail to meet the {lux test durability standard or in other words the rewelting ability is lost afler few fluid contacts.
Last but not the least, this study suggests that there may be a critical loading factor for some rewetting agents in the web. Looking
at the data of Tab 2a especially, at higher level of loading, t o '( web seemns to be losing its hydrophilicity faster. This further
emphasizes tie importance of anchorage of the surfactani molccu!cs to the mehibicwn web matrix. At higher loading, higher
menolayer overturning and desorption is experienced, pointing cut ‘J‘c act that for each surfactant the maximum loading has to
te dezerm@ned for the method of incorporaton utilized.
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