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INTROTUCDICN

’lthough plrsticizers usve baen emuloyed in the pajer indus-
try for many yeere to produce softer end more flexible sheets, the
exrzct anture of the softening mechsnism iz not well understood, inbors-
tory trets reported in the litcrature sre of a practical, rrther than
fundrmentnl, n-ture, “everal theories have been yrogseed, dut none nes
been tot=lly Rccectable and well-est-blished experimentally. ihe
unsntisfactory state of our knowledge of the softening action ir to
rome extent indicated by the veriety of Asfinitions of "softnesa® snd
by the tendency toward the interchangesble use of the teras ¥ilasti-

cizer,® “roftener,® snd "humectrnt.”

webrter (1) defines softness sim.ly =& "the property of
yielding ereily to physical pressure”; this would appsarently reinte

gaper softness most closely to stiffness and coopressibdility,

In the "Uictionary of Irper? (2), however, tne softness of
paper in defined as %,,.one of severcl yroperties of a cheet of paper.
In the crre of tisauee snd towelins, softnese ig oftsn used to indicete
# combinrtion of surfscs smoothnens with stiffness~-o,p,, the shest
mey be crumpled in the hrnd to yield a saensory estimnte of softness,
ithue eatimated, softnass is relsted to surfrcs smcothnass rnd limpness
or lack of stiffners and tnicknese of the shset, In several restric-
tive usee of the terw, softnes= is apjparently reinted to stiffness
alone, As oppored to hardness s evaluated by compreseidility, soft-
ness 18, 4in sore senses of the term, directly relnted to the compree-

sidility of the shaet . ®
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The definition of softnese, therefors, wvarles with the type
of paper considered, In tissus, it is relat-d to surface smoothiness
and the absence of sharp edgas in the crumpled sheest: in rlnssines and
wrapoing prRpers, 1t involves ezse of fldin~ and creasing without elss-
tic recovary; in peper dreperiea, it denotes rheat limpness and good

draping churactoristies.

The same confusion oxists to some depree in the use of other
terms, "Piraticizer” swrests thnt the treated pnper may show the pro-
nerties of a plrstic--i.e., be "crpsble of beins deformed continuously
snd permanently in any dircction without ru.ture” (1). In general,
plesticized papers do not behave in this m nner, deed (2) noted thai,
in t#neile tcste of paper striue, the eloncaticn bafore fallure wee
tncrenged si-nificantly in the cross-mschine Alrecticn dy the addition
of planticizers, dut such deformation ie not eniirely permanent, and
1% ip chnrrrcterietic of only the cross-sachine direction. The uee of
the trrm ";lreticizer" in the restricted asnse of softenin;, huwever,
hes been widely accepted by the prpar incustry . nd ir wholly sstisfac-

tory, if tihle distinction is remenbered,

17oft ner* is probsbly a better term in this connection, for
1t mora n: arly deecribes the function of the arent, liare arsi~, however,
the question arires: whnt is softness? In those cases where only a loes
in flexursl rigtAity 1e involved, the term "flexibilizer® micht be less
confusine, nince it refers only to rheet plishility without rererd to

4te ceurface chirractoristics.
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Cinrildy, the intorehsnrocble vso of Yeofterert ond “humetont®
§molien thng cll euch crengo refvee tho ctifinese of o popor cheot only
by dnerccsing its equilibrium cofoturc contont. fashouch in effect the
two Geprs orp synemyrous for certein plratieisern, Gotriled erpordronteld
stulies (4, §) prove thet, in many crses, the softonins eonmot be ettri-

buted ontirely to the hyrroscopic choractor of the softencr,
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Trrly atterpts to exaloin tho softenine rochonicm desch with
the oirplo observation thnt rolsing the oslcture content of tho sheet
refuecd 1%s otifinece, Obviously thcn vetor itself woo o plrotieirzer
ené, oineo the corron coflcmers ,roved to Do hyrroseo.de in ehrregter,
it wos lodenl to csoume thnt softcnin, urs effeetel Dy roinincz tho
eanilibriun reioturo ¢ ntond éf sho'obcaﬁ. In 1539 tho Lenfitrous 'y
Intordodo Gonmittes of the Yeehniend Ascéb&at&sn of the Julpy cond Yepor
Inf atry (éﬁ. in dooeribing the cost concon gonroreicd plesticicors,
cttrivuted the cofionine ontirely to Sheldr byecroseopie anture, [nnoen
(é} notod thnt ne cveeessful plesticicors of o nenlyeroceopic chorce-
$or wore ccnleycd in the induntry, Ioter work en ~lycerin by Toffing-
well end Fenoor (I), or rlyesid ond corbitol by [otesrin (€) cad by
frorer (Q), cnd on orecehorinie redd depivetives by Tcod (3) eonfirnoed
the elooe relotionchiy betveen tho noftoning offects £2d the hysro-

ceoplde tropertios of thaoce noents,

Covever, steb brogetont coffects ernnet cotisfeelorily exvulein
el} typeo of cofioninn, Pike (L), [ordemburp (10), cnd [cibcroea (3)
deronotrotod thot eheete contoimin~ plyeorin wore coflcr thon untrocted
oheots in the low relotive huridity raége.‘evon éh@m@h thoir raiotmxé
contonto B4 been raldneod Dy tho addition of plyecrin. GLviounly such
slestielizing ot o low rolotive Bundédty eordd nst bo attributed to the
Lhyrroncopie eharcoter of the plyecrin, Piks econciuvded (hot sotoe other
cechonion et be respensiblo ond Lropocod tho éoneept 6f Libor Avhri-

ertion., If the £ibers in o cheot of popor woro lubriestcd, no rocsoned,



ﬁg; o

ghey cenid oldy ovor one omothor wore croily oo sho eheot wen fiomred,

theredy refugins ite rocistenes o Denddrnn,

Thethor thio coftonine 4o producod Dy cere dircet cctien of
gho plesticiser colcoulco 4tself or rerely by the cdditicnol voter vhich
3% holds §n tho ehoot, tho loco in obiffmess nirht be oxulcinod by ono
or roro of tho followin~ nocherdcca: (1) lubricotion of b T4iborn,

nll-

o

(2) veorhkondn: or ruptuse of Zider bends, (0l (3) £loxibildnirg tho

vicurl fiborn,
SUANTENTEG O Wi DROLE

Gonrar ond Lcdolronn (11) comcidored the thoordoc of Seundory
epd $1ndd lubriection ond showed how theoe 2irht De poi~ted $o the
surfreg=bound rainturc ond the e Allsryeconlonred uintor, v cchively,
4n the wnleotieized sheot, TRoy conednded thnt the coftener, woothor
1t 4e uctor or o esmoeredcd Linnticizer, ¢y e feune, firat, 8
aqupfoge-ndnerand sofsencr cnd, cocondly, o CRCORH enftonor boyond tho

ronre 0f Ghe ofcorntive forcee on f£iber supfoees cnd Cosonlted iIn €

st

ec 4llory intorntiecs of the pruer,

Ghen, whon the attroctive forco botween ooloerics of tho lubrl-
eont oftor leotielizing fo lese fhonm thot botreon tho f£idores Lerfore
JAectdelcdns, the cupfroe=-cioorbod cofbcner cketld lover the rcoietnnece

of tho ohcet e beadins by bDoundrpy lubriection,

“ho encess nefioncr micht rodeee tho cheet (41£4no80 fvrthor

by £iuid lnbrientien, im wihieh cono gho fibore wonid be hold cpord
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npehrnierlly, cnd tho frictionn) rosicteneo vould dovend te come Cerpeo
on the viceosity of the lubriecnt, /lthouh cuch ludriention 4s [og-
8ible in the ploeticined cheot, 4t chould Ve rocnobored thot $he dde-
oneen Detucon £ibors cact recaln vory sooll, 19 the popeor 4o to kBsld
torethor, O thielr loyer of lubricent ecuwld not be bHuilt uwp vithout
aieporsin~ tho £itors oad thoreby doctrogins cheet otronnth entircly,
Turthorcore, fluld ludriestion whileh dess not dnvolve cwollirr ond
penoteotion into the choet hrs 14ttlo effoct om ehoot riridity. (heoto

incoroed dn pinercl oil ehov no oirnifiecnt drop dn otirfnoce.

Cho work of leFaorven (5) with Clyesrin dn chrote of olghn

sulp eentributcd to our vaderstonlins of tho iuwbricntion eorecpt., "o
the rlycerin content of tho cheots wee priced, o degrorce in the hyo-
toronie ef thnir moieture ner,tisn loeps wee ebeorved, wilently, ohoe
~igeorin roleeuwles né enterod botween tho fitors, inercesed tho Aio-
cneos bobween st dr curfozes, omé provonted thao eollrpso of tho fitor
strreture nt ley roletive bhurdlisices ond the fqrmatiom of irvevopsible
hondc botueern fibero. 4o dote sliowod thnt tho internnl friecticm of o
shaot contoining Hiyeerin ond woter weos dnescrsed ond thon rofueel by
inerenoinm the ylﬁﬂ%iciﬁﬁf esntent, fouorontly, the Lirst dneroionte
of plocticiser encaol the cheot by roducir~ bondo botwecn fibers cnd
therchy incrceand e intornnl olip. oo without cetord lvbricrtion,
Lojor imercronto, Dowovor, pPefiecd filvid lubriertisw, 8 ﬁhé rlycorin
ond wotor forced cove moorly contimuvsus iryero beturon tho £ibors, cnd

the intornnld friction of tho cb ot 6ro 0 off essordinrly.
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“he strensth of eny shoot of fibrous aonteriel depends leppoly
upor the ottractive ferccs between the fibers ond, if (hose forces cre
verizened or dostroyed im port, o seofter, wcnker slieed will Ye .roduced.
Oueh reduvetion im Tordine oirht De exjected oo o corellory o the lubri-
ention coreest of coftening, for the oftronpth of the unbolenced curfece
forces degcvcosen ropidly vwith éistrneo, @h@xefovo. ony subctonee waleh

w0lds the fibers cpert would roluce tho derreo of bBonding Botwocn thoa,

Tdebhafely ond hin conoelctes (12 ) in evporinentc vilh poly=
vinyl ebloride nlesties repertod thot von der Unels' forecs botvecn tho
plesticdzor end polyvinyl roleenlos €ofornine tho »404d4Cy of ¢ho choet
cnd, therofere, o plonticizer nrlbos the cheot coro pinctie by ococrrtiep

tho ehedn goleculos of Dolyvingl ehlorido.

“hio i sloiler to eno of tho Deslde cochondors deoerided by

Ctt (13} for _lostieizins celluleso Corivatives, Grerhor, ke ¢lcircd,
goftens collivleld by colvntine tho gollinlesc chbﬂn. incrocains the

rro detence betveon ehning, cn‘ thereby rolueins the forcc which

binds ench chedn $o 4to reirhber,

"ecordins to nrother econes;t of choot softcaime, Lovovor, the
nénerbof reftenor copleoculon reduee Lordln, Dotucen £ibers by opticl
ortiofection of the surfoee cottroebivo Lorgno. Eh this cono, the role-
turo corubien ecpredty of the ccllivlore ob eny piven relotive hecdility
ohotl® Vo polfueecd rs the slesticiser content 4o rodsed, Yinie effect

4s novnily ooslied ot tho Bish roletive bw idities beervoo of the



{?
LI $h.d

by voneo, e noture of the wiroticicer, Dub b tho lover ertecio 4t 4o

gore oognPent,

in o otudy of the odloor_tion of piyecein on gotion liﬁtors.
el horoon (5) ecuinred tho oun of the tnicture eonicnts of h clyeorin
rlono ond iie colluvlece nlenc vith the wodoture eontoent of uae tue in
cor Uinntson et dhe cnpo peintivo bhuoddity. doce dnto prevod Shet, vhen

rigecrin 4o brovrut into contoet vith eclluleose, coeh esronent cotice

“4o6 of derot o et of tho otbhar's corndion ersnelty.

Then Do rolced She slyeorin eontont of ¢ho ohooto, Leshoroon
observed o idvenr doercese in Shelr tenoileo otropsrth, ' wop unchle $o
ooko enmoopedle tooto on the individonl puisveod €4hors Boeruno of thelr
ehort lov-the pod, thopeforo, lio substituted eotton boirs., Lholr ten-
©ilo stromrth wos fownd $0 incrense 9iirntly vith She oddition of
~lyeorin, oud g0 4t ooennd asporent thnt tho venkonins of tn@ Flyserin-
srocdod oheete eouvld He noerided only o o woskenine of ¢he tonds
betveon £ibere, Ubothor $his roductior 4n bondins otren~th wnn eruned
eirply Ly oo dncrecso in tho dlcbemen Botueon £4bers or Ly o Coerens

in thelr bondinp ecpredty covdd not bo Coterainod oz crinontodly,

yronably voth foetors vere roo,onaivlo,
TLIZINTROND €7 RITAVETL AL DRI

I picotieizers ernm worlien bonlo botween fivers, 4% 40 cleoo
sorenivrolo thed Shay cdrht sonoseroto f4bors mmd praduce ad itiennd
roftonine Uy o roductien of the Donding Betuecn Interfiber cining, IF

there io ony rolntionciiy;, batween $he rntiffnone of 2o Fibore cnd thet
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of tho oheet, tho rodustion of f£iber riridity in plroticisiee £y con-

triduto towverd eheot coftoning,

Iotorrdn (§) statod that the flexibility of the prper shoct
fepends in port on the strusturc of the cellulose moleculer amd miecllon.
Zhooe elerents @5 not cet oo otiff rols dut cre flerlbie, Lo eleldood,
ond this £1o2ibility %o detoroined by thoir Doisture content, Puue, the
nddition of hyrroscople motoricle to tho £ibors chould ir;rove their
£1ox1bility by roicin~ the uvcter comtomt, (lovevor, tiere cre no ldirect

cnmporisontel (nto ovcdleble to teot this lypothoole.

Gonnop ond Uoleloonn (gg) believed thot tho ceftenins cotlon
of plestieizorc wor the result of hynroscopie cetion, Fiber lubricetion,
or fibor swellder, ecithor cincly er in coldin~tien w th ereh other,
“welline of tho flﬁer. they roported, sbeuldé mrhe 4t coflor mmd Lsre
Hinegie, Thin hod bLeen evarestol dndireetly by Ureos end Ddelkowehy
(g&). wbo studded tho cwelline offccte of o numdor of hydroxyl corpounls
on wool pulp., Chey oboerved that £idern boeoten in mothenold, othyleno
rlyeol, or clycerin weors cwollen end comceavently co plostic thot they
could bo refined vith o minirum of cuttins cetion. Iibers bentem in
meﬂic of leower cvelline efficioneice, however, roininod relotivoly horé

end brittlo, (ald the besting cetiom wes rlucpily ctting,

Uo aipoet roorurenents of tie scftnoco of iy fibers hove been
roportod in the 1litoratire but, in tho fiold of toxtile POOCOPER, | 04F60
cned hio oooselates (gg) howve 0ofe cxtonsive ctnddos of the topnlon-l

riridity of eotten bedrs. Ior untrected eotton, thic rirliity veriod
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inverpely vith tho hurddity, chowins o ldacor rolotlonohiy botuocen 3

rnd 83 por econt reintive hurdditieo, Uoyomd thece 1indts the chorpe

ip torocisnnl Piridity uro oven pronter, oo thet 188 plot o/ odnot

hurddity followed £ nirrpld curwe with o gepetive olopo. Che loos of
rinldity, Teirse eloimed, wes ccusod by the gvolldn:: of the hoire with

o rosultin~ Alctencion ond poarticl rolecse of tho internnl eohcocive
vonde, This ewellins ung rot preporticnal to the totod wrtor centeny
vet only %o tho ortion whieh 8o comolddercd surpfoeco nicorbeds Adiitionnd
tostn vers 0rde with o c0déified Conrlo's pondalun to aorsuro tho flexurcl
riricity of the estbton brige, Altheurh thic teot woo less ogcurnte, it
A8 shey thet Flozuenl #1404ty vorics in the ecoe senco oo the tor~

asierrl viricity for chrncs in polotive hundddty,

“§milor obudics vere roortod Dy Lodrce (16) on the flozural
ririaaty of otoreh £ilon, for whieh the Cccoplete pondulun ecwdd To
cosleyed vith ~recter sgeurcey. [e obeefved © linecr decronse in the
2110 ot%iffnsce, oo the conccatrotion of the curfrcc-cloosrdold wobce wee

inerensod,

e ennlorers otndlos of ¢ho Llczurc) 21X4ELSy of pwly fibers
hnvo beon rudbliched &n tha tcehniorl 1iscretoro, rnd no 088 ovo ovnll-
rhle t0 shay the effect of wntor ond other cofitening nroale on thio

wroporty.

VAR T e Y Ny R LAy 7oy
EUATTRT TR O CLEEE GOFTT0

Deentoo the softnose of o cheot cpperently dozonds vgon o
cordinntion of other . hyelecd frctore, o werloty of toot irotruoonto

heve been Covoloped, oll cvclvntins coftnces 4 teroe of cers eflhor



rore pecsurnble physiec) property. [ost of theoce fetunlly dotermine the
otiffnese of the gpeeimon, the propgerty oot closoly releted to softrese

in o wide rcnpe of popers,

The Cortor otiffoons tester, the Curley ctiffnmcco Secter, ond
tho “clth-Tobor stiffnoes (ooter ell cpply o dofleeting force ot cors
£4xed ddotenee from ﬁheaelcage@ end of the s.,ccicon end then rocoure
strip deflostion vnder o Imowa lond, Zhoce dastruconte hove beon otufe

i0d cad tholr 14citctions for gencrreh hove Doon ddceunsced (}1).

“ho €lorlr goftmone tcoter (18) Giffers from theno throo inctru-
zente in thnt etiffness is rensurod for o wmifercly londnd oiceiren,
rother thon for one $o which o locclised dofloetirns force 2o appliecd.

Yho Clark pinldity valuce Jop o nubor of eencorcicl r0ners cerrolotcd
woll with Ofnte obtoined vaing o ternion pondulun, cad the Glﬂ?k eoLb=-
neas foetors cheeled ¢lacoly vwith cubdjective $onto for the coftness of
faciel siesuos, tovclo, wenod clasocine, ond Urend wroppers, lceordingly,
it oo beoen seeopted oo O tentotivo rethoed (2 B51 o-ig) for the rceosure-
cont of poper goftnesn Ly $ho Jechoienl lscoeintion of the uly copd

Prper IndGuotry,

Goe error lakorcnt in 2ll otetle nocsurcioents of sheot stiff-
neos, however, 4o ceuced by plostic flow, valeh produces o cuange in
sheot doflecticn with $ice. Shue, in woct pogers, sho stronc-otroin
curve 1s not & otreisht line but o leop: ofter the op lliectior end
rorgynl of tho Jdeflectins ferece, tho prper door nob penercily sotvrm

to its orisinel shkopo. In orfer to deterniro tho purely olestic con-



ponent of eheet otifincop, the bendins cust Do follovcd ot once by

relezoticn in order to olininnte flow,

“he methed of the torsion yendulum is gerheps tho mast necu-
rote of such déynepie mecsurements of cheot stiffness., Yhis instruaent
(gg) is 2 syometricel mano suspenced from & wire, ond its vibrotion o
rotationel sbout the vertienl axis of tho wire, If o peyer strip is
elezsod to the suspende cags in sueh fochion that the strip ie bont
whien rotaticn ocecurc, the odded restoriep torgue restiting fron the
bonding of the strip cruses o reduction in the period of retetioncld
vibretion, When o corpopison of tho pcoricds of the pendulum with cnd
without the test stripy cokes 4t sooeiblio to compute the flexursl ri-

£idity of tho etrip.

Ctecnbers, in & recent poper (20), reported the Goterninction
of nurely elcntie stiffness by the ceoccuremont of tho freqrency of vi-
brotion profueing raconrnee dm & test opceimen rounted rs o eontilover
born, Tuch bendire of the s ccicom, ho eledired, wes too repid to cliow
flow ond, eiree the énflcetions aro ccnll, Uookeo's low mny bo £nslied,
Oteonberg eorpored this spuerotus with the Glork coftnocs teotor in ¢onte
on eonerciel ysperc end regorted that the twe instrurents correlnted

woll,

in instrucentotion study of tho Ourley-idll soft-ces-;orosity-
ozoothnecs teoter (21) chowed thet this test is an ladireet ocnd poor
porsuvesent of eoipreocibility; ethor proportics, suek oo crlipor end

seoothaess, cre nlce invoived.



P

in ¢ egudy of peoer nopking, ticcwo, ond touelinr, Vrown (gg)
Govoleopod o Yerusnlef tonter fo deteroimo poper goftnoes. wals dovice

renaured the forge roquired to erurple and escuress © peper serple of

npccificd size into & definite voluro,
PYGEN TN 0P PIED OWITELNT

In epito of the wrrioty of inotrucents censtructed to wonsure
tho floxercl Piridity of chcots, oimiler tects for individucl fibers
heve nob becn fevolopnd, Ctrooseotrotn etulics hove been onde to deter-
nino tho roénli of cleoticlty of f£4boro. “heso, however, ore 6ot ot £ll
orticfoctory, oinen there ooy bo o gonvernion of mma&ipﬁo@_to nlirned
malceulor £nd eryoteliite elements durins loolien of the £iber. Thve,
vhen esllulece i ouboitted to otrecs, come chning im on unfovorcble
ponition oy teko the larpoot port of the geredon cnd brenk or slip clenrs
ono cmether enrly in the éeforcotion, Othor chelrs oririnclly eurled
oy Adsentonsie cpd ppodenily becowe porellel, o such dntormnl flow
pRoprorses, tho éroam-eee%ional eree 0f tho Fider decrcooces ond siresse
ricos cocordincly, co thot t$he pesultine slope of tho ctresc-ctroin

eurve 40 00 verieblio for nceurcte irterpretntion.

Ceyor ond Fotoor (23) determincd the coluluc of olanticity of
nirnsle £ilruonte By cesouring (ho voleelty with wiieh sound voves weore
proporeted An the natopiol.  “tending wovee of o giv.a £PCQvonsy wore
pPofueed in 60-cn. lonrtho of tho extonded filonomtr, end the wrvelenctho
=oPe rocourcd ceevrrtoly. Imewirs the wowelonoth end Froaeency, they
ertovdioted the voloeity from wideh the csdulue of elrsticity eosld be

deterrdncd vith & Jrobable error of cbout ten pop coat.
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Cchiefor, Sourt, tmd Urepf (&4) Cecerfbed on dnctrunont oo
cirned 4o cecoure tho flerupnd endurnage of eobbon bolre ent other
sontile £ibors of sufficiont lensth, 0o ends of tho test opecicen
wero corntod &n Swe rebotin, clcoys pleecd ot richt enslcs to eoch
othor, oo that tho halr cscumod the obrpo of o guorter elrele im the
ondol plone of tho elocys, Cho two elerps were oyncbronised to rotate
o8 o coesd of 1500 revoluntions per odnuto. I eceh potutienm mn
oaeiﬁmﬁ of the fiber prosed throw d o eyelo of tonoicn end garproscion
roseltirs fron flezurpnl deformnticam, cnd Lo muLoer of rotobions ro-
erdrel 6o ecvse fodduro woe o ceactro of the flozveol enfurcnso of the

rpeeinen,

Zedrco cnd hio noosclotes (1) mencured the torsioncl pigdd-
18y of eotton hrirs by tho gonotruection of smnll torcion pontnlurs,
Cno end. of coch bodr ues elotpod £rom ohgve end tho other wrs woeishted
by o chert icnoth of wire, Im the test Sofc vire wos ceb into roto-
sionrl vibection cbont the vorticol oxie ef the hnir, [—cocurerente
of the poriod of wibroticn rade 1t posoible to entoulnto the torcionel

riridity of indivicued eobtton hojrs ot civen husldity levols,

fn opder to (nternminc tho floxvrnl »4r-iCity of those hoiws,
Todreo erployod o oorleto poncolun,  Ywo siodlor porcdlel penduiuns -
were onnasendend by nonpd dE threads ond connoesod to engw ethor Dy ©
aurhor of tont cpccicons. Lozéy eotton hrire were uouclly covntod
tor-othopr rad toeted sirmitmesnely, Sho pendnlucs were o6t to cwincing
oycrotricnlly ond ¢ho peslotoneo of the hndee to bendiny gould be erl-

etinted from tho Lorfod of evins, Ndthourh thio inotrusint 4o quite



recurpnte when elrcle virves end filra ore tcoted, ite cyoliention to

otdffrnonn tents . for £ibor bundlos irtrodeeed Lrrre exrore) tho populdo

vore, Sthercfore, only crorozir te,
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iceent exgericontel otudics of certnin plastielcers Dnve pdded
consiéercdbly to our understrndirs of the corcepts of lubriestion engd re-
Cuetion in Ziber Londing, lowever, the effect of those plesticirors on

the £iborn thorcelven has never been deternsined,

Sheo imnflucres of f£iber propertics én those of the resulting
choet bre been the oubject of rueh conjocture but orly iinited ezpori-
nentel etuly, Dray end Gurron €§§) investiorted the effesd of £iber
corpholory on mony comron stronsth propertics of the cheots, Lhey core
porod chocto elebh v oprincuocd £ibors with thoco rich 4n surromoed
fibers ond oboerved olrnificont (ifforoncer 4m toncile, burnting, crd

terrine otpetotbe, Uo mecsurecento of oheot ctiffncoc wore roserged,

Hhﬁm‘@lcﬁk (26} ctudicd tho offcet ef Z4bor EOﬁﬁéh on cheel
nropertion red sroprrod eheots whieh éiffareo fron coeb othor only in
tho Roneth, tut nod the firencse, of thodr £4borr, Lo notod Ghet the
otiffroce of ¢he proer voried cs thn courre root of 4tho ovorora fiber

len-th,

In the £102¢ of Gemtile recerredk, Crorr (271, Turror (283,
ond Crepdds @gg} cttorsbod urnveecncfelly te coteblioh tho mnluro of
the corrolntion Botuveon tho £idber ctremsth cnd yorm otrencth of cotton
niro. winb cveb o relrticonchis chouwld oxdot coened Xilely, for 4n-
ocreccen An hodr cbronsth vith drercrsirr olotive huoddity o ~Stor
reveoripobion woro roflectod dn pdcller imeronces 4 yorn strepsth,

‘e tke roovlt of mwcorens Adnturbins foolors, hovever, Gho cotediiche
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cont of soch o ecorrelotion proved o be crtronoly Afficeld ozpericeniol-
iy, ond no simificont rolotionobip botween fiber end yorn propoPhics

eonid bo ehousn,

2% 40 oomovont that slonsielisers roduso the otrensth of the
bondo botween pulp 24bers, “hether or not Gho ploctielizor rolosules
¢3ep pomotroto the fibors, rupturc intorncl crosc-iinknroc, pnd thus
rocuce fiber otiffress hro nover boon estcblichod cxporicontnlly. '.von
thourh 1t @y not Yo poscidle to detorsine the influenso of the sirnrio
2ibers on choot obiffness, emy otudy of fiber otiffmcec obovld bo of
corsiderablo fondruonbel intorcot. Lo &squﬁeﬁa ozsopirentel ¢ote on
she offect of woter or coftoning orento on the flozurcd ricidlty 74
nin-la £iberg Love boen publiched, Sueh o study woudd roguire tho
caveloprent of o tcot dnotrucont, olreco calebier Qﬁ?ﬁ?ﬁﬂ@ﬂ%hl cothoés

do mob cive ~ sotlofoetory recovre of £iber flozuend giriddty.

iriefily, then, tho problem for thio diccertodisn involvod
throo phosont (1) the esteblishoont of en cecurste proecdure £or tho
reesuroront of the floxvrnl risidity of fibere, (8) the inveotisntien
of tho offest of pinoticiceors en tho floxzural riglédty of fibers, ond

(3) tho otudy of the influnneo of f£iber otifnocs on cheect stiffnoes,
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et eormorednl dngtruccrnte viich deterolne the fleomarel ri-
ol0i%y of o ohoet ccooure elthor 4te deflcstion under o piven load or
tho lond rognircd to “roduco o riven deflcetion., 4“he primeircd die-
efvontrres o mo0ifyine cuch devicee An ordor 4o Londle odrrle £ilers
rre £iret, thoy eould not Bo redrced cosidly to o cenlo wvhere cnrll dif-
forenecon in £ibor ctiffnone wouldd bo coccvrcble rad, ceogordly, toey
apo 01} fund~oontelly vrony 2n proocunoecirs thot gellvlece £8crs clere
or in cheets rre cloctie vithoud bolinr gleotic, I o fwee cersuro of
lorurpel #i-iddty 4s deoised, tho nloeotie encrcetoriodlen, vhieh ¢pond

on %40, ot Lo olinminntold,

& chondd Do posscidle, hovever, €0 cafcrro oordd chrnres in
the obiffnooe of £ibers whon they ore countod oo contilover Seomo, by
Cotormininr thoir fregooneios of nnturnl vidbrotien., “huo, wéon o been
7ibrotoo 4n roconsmec with of orterral vibeation of LTounm £POCUCPEY,
Licsonenie (gg@ heo oborn that She flozxurcd virsiddty of tho boeon §c
roloted ¢o thip ropsnrreo Svogrorey by

oo @t
vhere U 1o tho veirht por unds lepsin of $ho veon,
w do & (£ 1o thoe weoonrnee £Poqueney),
0 1o o eonotent vieoe vrlve deponce voon the £reo ionath (é) of
tho bocn ond tho tede of vibertion srodvecd (for tho 24pat rode
of wviveotden, cl o 3.8T5),
£ 4o tao ¢ povitotlencd eonstont, ond

2L ic tho flczurcl riridity of tho bern.
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Cueh o cothed chowld ~Avo o tryd Corouro of fRoxwrcd risdidity, for gogdd
vibrotien of Gho tect ogocicon Gueins too%ins nrecurnbly cliniactos cll
pleotio £lew., Oltkovsh 4% Lins Doem ncod 4n other ficlcos, thic vidrotlen
tcebnicue 4o o pesent immovaticn in tho juvln ond poper incustey. (Gceon-
bora (g@) omnloyel 4% 4n o Pocent otudy of ohood o6iffnoos bud 4to

tppliension ¢o ninrle Fibers hoo nat beom reporiod.

TOEOH A CGUNTTUSTICT QU WY APRATNG

Ingteod of vidreting the %ot osceimonn diroetly by o neehoni~
erl eowline $o tho ocouree of vibeotion, 4t woo anlfieicnt to munt the
£ivor r&gﬁéiy oo o eradtilever Loco over o leudeporlor ond indrec the
fopirod vibrction by oound woven, In this vay, 4% veo Loonidlo o ob-

corvo o purhor of tood £iboro oclimmlénncouniy.

“ho ceureo of vibrotion wns cn oinbt-ineh sorconcent oomod
Yook poenter, opeprdced by o lowlobte=snelord ofol 28D3 vorichie
osefllotor cnd o Ueisht [odel KD coolifier, Tho come of tho suonler
hod o ehorpetorintie reconrneco froguoney of 4tc own ot 14D eyeles per
cocond, vhich QE@@E@Q@ foreod vibrntion of Ghe toct £iberso, froquontly
creldn- the tzuo wononcmee vibratione in tant ronro, Lttoo,to to re-
fneo $koso foreed vibrations by wvoiritias the sooclor eono or pedveins
ite ousfcee open vero of Little volve. GLkneroforc, the len/tas of tho
tcot £ivors weore eortrollad co thnt rocenrneo vibeetions woeld Do obe-

todnod ot froauoneicn woll clove thie rernco,

Cubctitubion of cn copphoro wnit ro She coures of vibeotion

woRld hove elininnted thic srobico of forescd vibenticno., (ho godvone
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troren of sueh ¢ oycten, Dowever, wvore (1) viveadione wore 1irdtod Lo
o rorll apen, co ket only onn £iber ecounld Do torted st o tine, cnd

{2) the pover oubput wre %o 801l to .roduec vidbeation of rruer etrico,
& (o { L .

noverioty of mothods for Eouati@p the tcot fibers 1o cornrid-
ercé, Odinee roncurcrents woro to be pafe on o lerge nusbor of onnelicenn,
nechonigel elncpe Cor the Andividanl £40crs vore 666 eUCHEPEOCO. DU~
thorrero, the fFiboro wore %oohlimp %0 pornit ceuntins 4n o molton wvex
or oéhendve, for 01l ottorpto te irtrednco ther enduice into tho rounge
irp colle vero wnoucesccful. “us coot ontdofoetory . obtiod espeleted of
ioyir tho £ibors en 6 rderooeese ©3ide, co %&aﬁ they voro . or onéliecu-
ler te the leneth of tho siide cnd prodesting ovor 460 eére by six te
ciobt oo, Yhon coch fibor woo cneiorod dn pooitlien em tho olide Ly o
drop of codten prreffin vex. Uith cueh countinn severcl opceicomc
corld Be tected vithout covir: eithor the olide er the opockor, Othor
ndicpdves cnd vinen vero eonnidered, Bub pARaffin uex wee preforrod
Deeruoo of 4te dovw coltier point, ite fost-settdne proporsior, ond the
cbeenge of colvents dn 4% wideh ni bt suoll the £iberc. “ince poroffine-
en=popoffin grvo coro setiofretory Yuebttin~? ghon ié poreffin-on-rleos,
“urthor icyrovenont in the cowntins Sochniowe wog obteined by lnydng
coun o thin £110 6f the wox on the olide Bofore the fidbers wore plrced
in pocitien. Uo rrovide shin bree, tho sildoe voro Ai.50¢ 4n ~altom
ver cad the ozecos wos reoevod vdth o zoeor Dlodfe. 74 £idere wore
suaged ovenly cleng the lemnth of coeh wnz-eovered olido ond Dounted
in thoco ponitione By rolton popoffin ~A0od fron on cye=CPop: or.  Lor

tho vibraston ontc Cho 6lide wrg loeed en o moBel 0iodf cisva 4m
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“¢rure 1, ubore 4% weo Rold dn plrec dircesly ovor tho Alohwerm of

the lsudectzer by epelns elljc.

Spovicions vore cloe cofe to toot popor obtelisze with this in-
etrumont. Tegcuce of thodr grentor width, steh obtrigs could net bBo
romnted on o nicgoceopo 0dide in tho como noamor os the £iders, for
~ecurate deterninction of the roconcage frequoncios soquivrod eloco ob-
copvetlon of tho cuceloens clons o pione porpendiculcr to thedr plone
of wibention. Cuah elose reuntirng could have interfersd with thoe
vi6dba2ity of old oteins. Jectwso of thin end €loe dbescuco foucr Sosbe
of otrizs vonid Lo ?eqp&rod for en ceeurnte cvolesticn of cheet obiff-
ness, the cothod of cultiple nounts used for Zibore voo not cloptod for

the otrips,

“heo nogor cheote t0 ve Sccted wore ent irto cirizo of elocely
csoedficd dicomstens oad pleced sip~ly botwoen the garaliol Jowe of o
retel cerou elenp of tho type emgleoyed im o Ceblopsor tencile tootor,
A oondl ternintg tehidnd tho Jovo canéw@lied.ﬁhe zooitlon of the etrd,
no thnt o corstrnt froe loneth of the gpeelomen woo ebtrined cfter the
jrwe were closef, This elon) in term wes countod in o slet on the
otnl shelf over tho lowdopenker end hold da pleseo PIRACLY Dy o ootel

goho end bolts ilivctrated in irars 1,

i orler $E0t SLn codsturo contont of the fidore cnd obhooto
conld De enndrollied of ray desirsd lovol, o ¢obinrob wee Jocisnod ond
eonnspucted S0 provide o oot ehorber b o eonsirnt rolotive hu-idity.

L 40 Alluctrotod in Picure 2. Who volle opd floor of tho ecbinol
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voro £odo of grdvenigod dron, and the jointe were velderod. [ rlese
top covored tho chothor, re thnt 01 Scoblins oporntions esuvld Bo ceecn
fron obasve, rnd cadolin~ eloy forncé the csonl betuoen tho Florc ocad the

coetel velle,

Cingo tho hoirht of tho echiret wee 12.5 inches, erwity
rpoconrnge woo obboined ot $30 eyelce per cecond ond, o o locser derree,
ot 265 eyelen per ocesnd, Shis intopforod in oo cocoe by sroducing
dorcod vibratien of tho Scot Libers ond otrijs, but thove £rlse rocg=
rnonco podntc vers crsily 1dentified o cuch cnd ddcrornpded, Yo oveid
crvity rocconnnce fn Oho uoper frequeney romy-o ond c.ocker roooncnes ob
tho othor ormtromo, She lemnrths of the tect ogcelronc wore wvwowelly ehonen
co thot rocomraco vibratiens wore obtrined betucen 160 rnd 520 eyelco

woP goesnd,

o porto for the apmo of the oporcter ucre ; rovided ot 4 im
Dicnpo 3, elthoush dn prostico onldy tho pigat sort ves uccd, Thuo, the
2oft home uen feee $o econtrol tho ecelllotor omd copdifier., ° larpe
windsw in tho rece et O ollowed for tho entronco ond rerovcl of ¢phoei-
pent cnf oquisoont,  Lken not 4n wre Ghoco (bree norvts wore noclod with
~Ange plotes cionped $4-0ely rzolnot Sho pvileor flonsee, Cho cirenlor
wort ot  betwesn tho $uwo oro kolce poroitted focuoinys the mierecco e,
throven which the counted f4born eould be obeorveld, wad tho o uno

cioced by rliofilo dodlewe.,

.

who ewen Arestly dn front of the vleroseops ure cecwiod by

the loucoportop U rooting on o cosbion ef spense ruddor tn ninirise



“E5m

gidrotion of the chomdor, Over thic the b5f$zom$n1 chelf | wee cone-
otreeted, co chovn i Digvee 3, co thot tho oot otrine or fibers wéml@
be counbtol ddrcetly oveor theo cone of thn spcoier., Cho Peocodnins, opoce
dn the ehocher ven ocecusicd by tha electric hysroroter, by dichos cone
toindns the cporoprinto coturatod oeld selutions to cocint in cendi-
tioninr, ond by roelzs Boldldng tho nieroceopo olides or poper strips,
“upins tho vibroatiomtoota, tho fiberc thoosolvoo uéro not Gouehod; vhom,
Lovevor, pesor obteiys wore tcotod, cent Rendlins of fhe spceinonc wos
wnovoideble, In ouch tocts rubdor-tin od foreops voro uncd to incert
ené rerave tho obtripo, se tint deferrntion ef e pzocirone wes hept of

o pinicma,

Conditienod cir oatorod $ho ehroder Shrourh o tube ot I ond

coecpod rrovnd the fem shofé ot €, .ﬁhig fon vos {rives clevldy by o
sonkl oleetrie ootor rountod outride the tost ehnmber cnd sroceted tho
rato of olr eirculation incice, Iaitiodly, rubber cleeves of domgel
Gro were eenontod on the oro biolee ot A o olindacte alr lonkoro ocleng
tho arn of the oporntor, but corly teste obowod thot thsy woro uncotipe-
frotory o8 o redntore end aleohnl vonor borricr. herefore, theoy were
o Accod by Pliefiln siecvao férﬁod.by oot oooddrsy cdtaewsh theee
inciod the olcstlielity of tho rrdbber, thoy A1d [ rovido £a offegtive
brepioer crndnoct vonor-;Fesouro ehonses Gueire tocting, Al lecirro
botwoen tho orn of the oporclor cad tho clocve vno roduecd by rubdop

tubire wees eé tirhtly ercund tho ovteddfe of the olcevo,

1% wos pesosoery Lo won® o ougrcon's Publop (love on GLn hond

inpide tho teot ehrober to provent the ropid trewnofeor of noloture from



te hrad inte tho onbinot ot low woistive hamiditics, ¥ ohe onply -
phcce of the exsoricontnd work, ouch colcturc lecinso vos mpdlior ro-
cneed Dy the ruwldection of o soft wra to the gloves lctor 4% beecks
apporent thot tho cemo bogrlor could be yrofuced core eonvernicntly by
éupting the hend £iret with toleun cad then weorin, (wo rubler leves

on the hond.

Sho teot ehomber wos ploesd ia o reon in uibieh She Loiloroe
gure voo held et 13 3}80 ?., 86 thot comotont rolotive bumddity eondi-
slons could be cedntoined, Tie olr pacoins inte tho elerber woo
broocat to tho deoired huoniddsy by bubdlins eu Jrocced pir olovly
throuven twe oo uoebing towors contoinier ooropricte sotveatod sols
colutiens. (e norcnd robo of flow wao ©Cn es. por seeond, Tor the
low rolctivo huniéiticn, tho ndr von nconed firct throuwrd two othor
towors of Cosieennt, cince odr from the cor sroocoy wis mgr:x&ly aedto
herdd, fowvever, vaon odr wer $o be eonditioned of o hird huodiddty,

8% urp broveat o coturctien first by bubdling throwsa e touey gontrin=
inr wotor. Othorwise the £rittef-rlesn 4.8 on tho catrenes tubos of
the sneceslin: teucrs voro pluved by eryntollisotion of tho aolt froo
4te aotupotcd eolution, mecut for the initisl study of she cffeet of
urtop cm@ olcelnlc om £iber ris 404ity, oll othor plectieised £ibers end
choess vore tonbed of rointive hundditico (L.} of T2.Y, §0, ond 11,1
per gont, rercpcebivoly. wo refuce the hirn level, oir une dDubbled
shpovrh sntorcsod sclutiens of newaniwvn ahyére-en plochnte, oné diches
eortainin- thie colution wore ploged inm tho ehocbor to neeclerabo ko

econ itiening Hreeccn, fineo the teot rocm wio codngeired ot 90 por et
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P.H., vibretion tests ot this second level were porforved with the
chanrber wide open ond tho eonditioning towers cut off. ¥Finelly, tests
et 11 per cent H.!. reguired budbling nir throush & satureted solution
of 1lithium chloride ond here too, disheso contoining the solution were

inscrted in the test checbor te csoist in the conditioning,

Tne polotive bunidity in the codinet wes worsureéd by clectric
hyerorstere deseribed Uy Ven den Aldrer (}3}, rnd the microfranter wes
rountod olongoide tho tost chember, oo thint f£rcanent rcfilnss covdd be
rede, 9inee, however, the rolicbility of tho hyrrocmeter in éﬁcosgkeres
telov 11 per eent R.U. hod nover beer choeliod, the mpicturo content of
the filrments for tente necr ¢ por cent LLIL wes Cetermdnod by oven
frying welghed scrjples of duplicote filoconts conditioned in the tost
cheorder, &n eolectric hysroumeter oxponed to O rer cent R, wes epsiled,
boeruno later conditioning ot 5O per eent 1.1, ecusef flolidne of the
plotinum £1im, 5 simileor ottecpyt o use cn clectric hygronoter neer
0 per eent N,H, for tho rotosvrements of alcobol ve or preseuroc was olse

vnenecessful; ehansos in conductivity werc obtaired but the rendinps wvere

not roprodueible.

“pperinmonts with volctile moterinlo, ouch cs the eliphotie
rlcohols, peauire proper control of tho rolative vepor pressure in order
to keep the clcohol content of the fibeors ot equilibriun, bbr this pur-
poso, o divided flow systen wis construected end inecrted in the com-
preasod oir liro, /fter yoooing throush the éryleg t@weré. ono froction
of the rir wos bubbled slewly throurh tue cos tovers containing nlechel,

06 thet 1t vos soturoted with alesbol vejor; next it wes posced to o
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rdxine tover, cnd then $o the tect eherder, Lao other froetion of the
Sryine olr woo sonced Eiroetly to the piziar touver. @y vrryings the
pPoportiors of the elcohslesoturcted cir end tho olr ebuntoeé nround the
nlechsl towers, it wos poccitlo te @bhaﬁa‘nay dondred rolotive vegor

proccurc in tho tect chocbor,

In eddition to Cotorninnticons of roconcmee freauengico, thin
vibertion precodmre roguired ceeurato rrasurecnents of fibor length end
woleht, inge tooto wcre %o De £nle b seversl roinkive huoddity levels,
the eorrcosonding veluce for leosrdh ond uelsht under thoso eondigions

wore neoded,

Yho free longthe of the maunted £ibors ond stri s vove Cocswred
to 0.601 mo, with o Cnertner copornter, ond the cooner ip udiek thoce
lon~the veriod with the rolotive hunidity ves deternined in o fwo-towor

locnoh emornolceter doceribod by Ven dem Iier (32).

the rverome wolont per unit lonsth of the fidere wes cotobe
14eh0d by dlroetod wolrdinge on She Dierobeirnge, cftcr tiie fivers hnd
becn broucht ¢o Crymeco over cohiydrone. Gacn S0o wvoisht of tho piroe
ticldcor im ench coricn of trortod f4lers or checte won Catercdned by
vell-oatobliohed snnlytiecl mtheds; sheso will Be eoncliderod in dotnil
in n intor cection. Dinclly, ftho moloture cortomt of tho £0ors ot
tho tont rolative husicition woe poonured fccopdines to the cortion
sroeadure feveleosold by Uink (éﬁ). Taun, & Peotri dich eprtoining the
coenio wne cueended dn o eloced ehomber whoco reletive hunldity wee

eontrollod by tho soturatod cnlt selution belou. ULoirldnns of the
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nespde wore £08e of oquilibelivn with o cerlos of suel ool oolutiens to

Cotornine tho ocolodure ger,tion eurve,
SULUERION oF CINn? PIRIE]

Toooily, tho vibration tests world heve been pode on pulpwood
2ivors, cince then the plroticizer énta woulé bave Lind tho oot practieed
sdpnifiecneoc, Cince the countins ond tooting teehmicuos roquired £ibors
with o zindrun loneth of coven g0., ctudios Booed on weod fibors wore

out of tho qguostion,

teco prelininery vork woo dome with cobtben hoire, ubilch ;oG-
pose onbisfogtory lenath., ©otton, hovoveor, hoo SLo diondwentrnruc of
{1} proot verintien dn tho (docoter ond oboe of d4fforent bhoire, Po-
qeirinsg lowro nuoboro of b0t o yicld ccecpbeble overone volucc, cnd
() o notured tondomgy to twiot ~ad kisl, cokins lenatihs coocurerente
vith the eocporntor coccuhnk unrelichble, Levertheleos, thc flexursl
riridity of 35 cotton Lnirs ot 50 per cent R,7, wre dotoriined by the
vibretion rothod nnd ecaleuloted to be 1.84 =z l0°2 Ayne=-eg, €3, whis
in in Sho scmo renme s tho velue of 3.4 x 10'2 obtained by lCoirce (15)
using o rodified Conrle's pendulun to evelunte rnother gpeeiec of cot-
tor, (hen vibrotion toots woro otterpted ot the other roictive hnmid-
ity leveln, hovevor, tho opirel 24brid oriontrtdon 6f &ho cotton \¥o-
Gaeed pranovneod twﬁsﬁ&ﬂg 0f tho coumtel greelroms. Whorefore, L1
pdrme S0 ersloy cobton in lotor studico wvere rejcetod, Dlcx Delirved
in » sicilior conror,

Ghe omly tuo tynee of fibers rivdicd waiieh possonred orf-

ficicnt lereth but rozmninod otroizht vnder ebrnoing velobtive huoidity
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e maisionn woro renle ond vioease poyon. Dnyen £ilemants were 1denl
fron rv emarirontrl vicwpoint 4n tholr usnifernity, thelr hirh contont
of roprphous celiulose, omé tholr oveollebllity in otreicht oad unlis-
1ted lennths. Cinge rayon contrined a higher proporilon of orarphous
collulone thrn weed, gronter plantieizer esrption nné, therefore, noro
pronounecd softonin woro esjectod. Chuo, 4t seened 1ikoly thot the
offect of plecticisors on wood £ibers oirht be ronificd by the vee of
vicconc filemanto. The viseese filemont seleeted wos Cordure, o highly
oricnted Sirc-cop(! royon cenufretured by Lrv Pont from purified cotion,
Gho gorn wee obtained without twist, pigrent, or Limichins trectcent
end orae £8 o continuous £lloront rother theon oo steplo fivter. aoto-
rieroppnoohs dn the toehnienl Miterctere roverled o nerrly eirculeor

crosn section,

Uemie £iborn, on the othor hond, lccked the wedformity of
synthetic filcmonts dut possoscod the inharent afucmntrro of beoins
petusrl £iders, wore ovedlirdle in coticfrctory lorsths for vibraticn
toots, rnd esuld bo forcod imto cheoto for goasorative studicn of shoot
rmé £3%er otiffnonccs, O svonly of tho dopencod, dlesched renie Fibers

wee obtnined fron Towport fadustrien, Iac,

Uercrne (34) dnvestignted the rntio of orystelline ond ceor-
ghovs cellulooce 4n rony noturel ond eynthotie fibors by moloture oé-
corption cnd heot of ovelling rothkods, by donoity cocsvrenents, ond By
z-rey Ai¢froction dote. [e peportod thet the oraund of crystieliine
celinlose in renic woe obous 60 por cent, in weod julp chout 90 jer cent,

rnd in royon ohout 25 por eent, Ubvs, 4% o epuoront thot the two tent
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24toro @hooen; gerde ond Corduwa, wraled cn toth oléco of vood Litere
in rerord to cryobnllinity. flthoush mo comnorctive dnto vore nvell-
oble en the oricrminticn ipn Cordure, 16 wrg Srobroblo that o sinilop
pltuntion exioted for rocle, woasd, cad CQordvrr 4n tholr derroep of
orientation., I£ olentiledsors QR4 hove nm effect on £ibor otiffnosg,
thooe ehoreetorictice of eryotellinity ond oricntnticon siinvld hawe o
Cefinite iﬁflﬂcﬂ@@hﬁn the ceftonirnm profuced. Wherefore, it won

hopod thot the Dekawvior of plroticized Corluro rmd ronie wisht indién@e

the exseetel effectn of cofbenors on wsod £idore.

ste welrmte Her unlt lonnth of Gordurn cnd renie woro ebfnined
Mroetly on the nlerobricnca, he leorsthe of iz Corlure T4loconts
rmursly 150 en. 1eng vore roconrod cecorntely; these filamanta wore then
brovebt to érynoco over omhyédrone ond wveldrkod soporobely on & nicro-
brlence, Yhe overtre welicht Tor unit lenpth wos crleuvletad to e
2.372 slerorress por oo, with o otrad rd deviation of 0,005 nicrosron
per ¢, irdlerly, 50 ronle Liders with on overogo lenpth of 1) em,
verpo choscn, ¢rrofully strojphtened, ond sersurol for lernpth to tho
nesrend nilliroter. Gbece wvore eut into scnller lepaths for storese
in tho mierowelsding bottles, brourht o Aryhosnc over rnuy@rémoo ond
velrkel o2 four ceporote senples. who avernre welshi peor lencoth wae
6.12 riorerrrog por co, with o obondnrd Poviction of 2,19 riercrrocs

Lor en.
DOUTOTTIR O YICREN0 @GLITCITH

“irce it woo g brent thot lozre mouders of cotrdos ond fibers

world bave to be tosted in order to obtein roliodlo cvoprse vrlucs,



overy offort won cndo to otonéordise ths toot roeecéure, A1) opoeivens
for vibrotion tocto woro mountod ot §0 por eent .I. cné Dreusht to
equilibrivm vith the hickont hucidity toot level. /ftor the first series
of vibrotion terts brd been onde of ¢his point, the huridlty wos dropped
%o tito mext toct lovol, the wowntad sieelmens woro oredn brovwcint to
egquilibrium, cnd the next cories of vibrotlon data wore tohen., 3his
wrocefure wes ropentod o8 often as nccescnry to esrpleto tho o8i£froon
evolungien, oo that £ll teot levels oxecpt tho firet éere ¢ 5. rooched

by decorption, Izeept for the imitinl ctulice of woter cad nlechol,

ell ple~tieired specicene wore tected ot 93, 50, ond 11 per eont .U,
eince this cycle wes gonnidered cuffieicnt for evaluotion of tho cofton-
iny crente, [ oloture corption end hyrroempancivity were deternined ot
the sopo humiditiss end in tho ceme oprder, oo thet errore ecueeld by

hystorecic would not interfore.

Torly oftomyts to consure the hygroenprzoivity of olnnle
Corcups filcmonte vere Lowoly umcuceescful boecuco of the repture
of the speeitcn under temoion, @his wen romodlod Ly cubstistuting loeps
of 20 to 30 filrmente, co shcot $he locd wre dictributed. “wven thourh
tho leoxe were olloved to hens feeely without any cxzternil toneion
botween roodings, o ennld but sirmificent elonrotion of the Gorduro
weo obtnined in the erpcneicotor. Uhen lenrth recdinre vore nnde
cround the entiro teot cyole, 1% veo cosoreont thnt tho rinsipel ereoy:
hrd eceurred in tho firet conditionims cried--i,0., 8t 93 per cont
D, Oinee the counted filozents im tho vibration tonte were mot under

cinllie

eny eormerebleo tencion, thio initicl elorsotion produzcd in tho esponoi-



moter wos irmored, ond bycroorptnoivity volues vore regciculnted on
the brsie of Ghe leoon lemrothp ot 88 por ecnt L., onwocehcd by do-

corpbion,

Jectwce of tholr hirh denree of oryotrllinity, ranie fibers
14 not shew ony sicnificont extenoibility durinc tho hyproezponsivity
tosty, Oinece, heowevor, cpeciran lonsths of over oix inechos wér@ re-
anired, theooe deterpinntions eould not Bo rnde on single remie £ibors.
Jhorefore, £ing ntrends of rocle corefully cochod to olicinote the
locge £ibere yere substituted, Uho escilete test cyele wrs rogected
with no chrrnes obcorved in the leaﬁﬁh recdinss, dodicnting that no

irroversible cliy hed cccurred bdetween the fiders,

In the norcnd Sootirs proecodlure for Gordare rnd renie, the
lenpthe of tho rovnted £ibore wore éeternined ot 50 per cent RLIH,
before the teot eycle bepen, SHhen the ageaiaeao'wera eonditiorod in
the teot chrcher ot 93 por cent R.il. fer LE houre {24 lLours woro ouf-
f4cicnt for the ua leoticicsed mounds) Before tho widbrotion cotsure-
rento vore onle. /After this, c@ndiﬂioninﬂ periole of 84 hours wore
caticfoctery for éll epeeicens ot the §0 ond 11 ger ecent 1.1, toot
levols, Uhis nrocofure wes wmehrnred for the oorly woter ond aloohold
studies, cxeopt thot the Lreqvency moceurcnonte were undo rt four to
oiz lovels of plroticisor content; the conditioning periolo, however,

voreo tho peme.

Tor expericents onr repio cheotn, hovever, tho nroscertion of

tho steioe woe nokewhot (if€ferent, ond the coqeerce of foedins ues
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povorec(, Lho penio cheoto ot 90 por gent .. woro eul into tool
pt2ips of enrofvdly cpcedficd dlronciemc om She ocnylo enttor docdrmod
for the Uobor ctiffneco tenter. Shis preduscd otrips 3.815 % 10,80 eo,,
wvhich woro then ecut erssoviso on o tricnire boord vith o proporly €o-
odrmof temuleto to yield tcot opccicons with overcre dlconcions of
0.3 x 3.615 en. Sheo otriio woro tocted first of 11 por cent L.,
then preconfitionsd ot 93 por sont L.l., conditloned cnd teotod ot

50 por comt DL, ond £inelly conditionod end tooted of 4% por eont
A, It @h@ﬁiﬁ be rotod, howevor, thot the 11 end 0 per cont teot
lovels wero £b1ll epproeched by deoerption, ﬁ@ thet ooisture gorption
end by-rocxpcneivity énta obtcincd dn the uswnl oomnce would not bo
gavolidnted by hyotorenis cffects, Gble rothor owkrord £OGUONEE WLS
poecoctry boecure the stiffrrne of plocticised otrips vorded so chorply
with the felotive humidity thnt the orininn} strips (id not ohou
reconcnee vidbrntions in tho oseoptable froguency rense of 160 to 520
eyeles per pecond ot oll threo toot levolo, Uherefore, cfter the
frequency mecsurcerents Rod heom codo at reletive buniditioc of il ond
59 per cent, the otrips wore skortenod by trimidrs, tho now leasths
voro cocsured, cnd the vidration tosts were consluded at the 93 por

cent level.
THATANQTCD 6F @5 0% LoD

Mter tho ozpsricontnd tcchnigueos bod beem devoloped, 1%
sgeref Conirebleo to cheelr tho cecurcey of tho flexurnl vibrotien by
compnrdng 36 with the torcion pendulua Coseribod by Ura den Akkier (19).

Qeeto wore ende en abtrips cut fron eluninum foil, polystyrene fila,



rné nine eomssreiol poper cheots of orcotioncdly good forcotion, and
tho Pi~404dy vnlans vepe ecloulotod en tho doals of wnit width, oo

dntn ore proecented dn Yobdlo I eméd Figuro 3.

PANLD X

GOIWPARECOL O 13 $L BUAAL, VEODADICH AUD SUTDI0L UL UDW0rD
FOR il [ASTLNTNE OF ClnTR OWIRLITEd
it 12 12f1
Zorpion Penéulun I, Floamurnl Vibrotion 3I,

Cemple Ayne-na, €m, yne=0Q. .
Nuninug foil 2210 1130 0.51
Polyotyrene £ilo 50 27 0.54%
Vemor A 2750 1430 0.91
Prpor B 5260 3510 0.67
Pepor G 5050 2035 0,67
Pesor B 5¢0 320 8.55
Peser 7 420 360 0.06
Prpop ¥ 885 L60 0.52
Proop G 1kEo 670 0.46
- Popor U 270 1870 0.27
Posor ¥ 2500 ‘ 1120 0.457

Mthongh tho abcolute valtes obtnined by zhé two rothede vore
not An cood opreorent, Digure 3 inlicotes thot thore wen o foirly con-
stent rotio of proportionnlity betweon the tuo. fn indc.enfemt doter=
dnrsdon of tho fleoxurol riridity of the clunimun foil was onéo by
cecsupinz the deflcction of tho foil eenced by its own welsht, whom 4t
uyes mountod oo o contileover bern, Chis vonlue chocked reoconnbly woll
with the Sorcion pondmiun firurs. lowevey, oueh o diceropeney Lobween
tho rbeelute otiffnecn voluen €46 rot dotroet from tho fornibllity of

tho Plozurel widbradtion cethod in this inveontirntien, feor rolative effeets
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voro fully 0o olrnifieant o9 tho cobegoluvte voluos dn rovenlin, tho cetien

of plecticisors on fibers,

Lefore vibrotion (Cnts wore beg on the plootisized f£iders,
6 etudy woe codo ef the prinelpsl eourcos of voriotion 4n tho teot pro-
coflupe, Tirrore £ron flvetuntions in tecting corditicme were roduced
to e oinioun by preporing, econditioninrn, ond norsurine tho fibors ond

shocte in o woom bold ot 13 ¢ @0

Fo o8 50 @ 2 per eent R.U, The
oloctric hyprocoters were otendordiscd ever scturcted solt cclutions

of knowvn reintive venor pressure, rnd tho voricble eceilleter vwos ¢nlie
broted cendnot o 60-eyele lins froguoney ovor the rorse of coccpteble
vibration fregroneles, throuvsh tho uco of Tidsendouwn' fisures on the
cereen of o cothodn roy oceillencope. Ghongen dn the cpecicon leneth
end volicht at the voriovs tost levels vore determincd by hyrrecuprnsivity
end sorption eludies. Uhoro otill recolined probobdlo errors o o rosuls
of vanveidcble verlotions in opcclnen olse, in cownting, ond 4n the

ezporicontol tcobolques, %heso woro enlewlatod from stotioticnl

studico vhorever poscible; othorwiese they wore cotimmted,

In the plactictser ctudico vhieh follewed, 56 Cordurs £ile-
cents were vousted for oreh toot soptoo; of thece eboub 25 pove rotee-
urable freaneney recddnss ot tho thres toot levels end, oneeordingly,
the ctiffnceo caleulations vers bosed only on then, Cipileriy, 72
reodo £ibors wore countod for eneh plosticizer toot ond roushly §0
vere soticfectory. Fimally, in the cheot omperimonto, 30 ctrips vere
propered for ench intervol ond, with enly foclotod exee tiorns, all

vere ceceptoble for tho enleulntiono, It 4o truwe thot probeble crrors
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in the vibrction rothod nirat bove bocn rocuced evenm forthcr by in-
erecsine tho nucbor of spoeicons tected, TDowover, thio wovld hove

proloneed tho tire required for testing propertisnately, ond errors
from oldr lenkere in tho géec chomber would hovo becore imercescingly

sirnificont,

It is ioportont to distinculich Letween errors which offeet
only ebselute valuen &nd thoce which also clter the rolative voluos--
i.e., the cereentore chonso in stiffnose Lroduced by & given chrace in
relative huoddity for eny portdenior plicoticizer conteont., Uince the
pore pounts wore used for the teots ot cll three rolotive hunidities,
differcneen in the cocpos, dossity, or Alecetors of tho £ilbers or in
the enligor of the sheots had pe oifegt on ths reletivo charnpges $n
rvercpo obifinesg,  Cartborroro, olnce cecurrde cvsolute volucs were
vnncecosery, the len~thy sbiffmevs coicuiatiens wero sbovbtoncd io-
recournbly by Cetorminotiens of overcre £4iber length ond overore
regoncnee frequency. ‘then ﬁn@ﬁeéd of erlenloding the etiffnest of
eoch flber seprreicly cnd everoning these, o tincle averr:s ctiffness
baaé@ on avercre £1iber lencth end aversre reconcnes £requency wos
enleuvloted in one eperction, lorly eciendet lons mnde by both rethods
showed thnt the shorter procofure grve oboolute voluco walsh were
6 to 8 per cent low. I[owever, thie chortor rothod rode no oirmificont
differonce ia the rolotivo stiffnees volues oad, therefore, it wrs

ndapted for all ovdbrequont colenlatiens,

Uowever, even the rolative volocs were srbiect to eortnin
wnevoldcblo vorintiorns, ond theoc vcre concifered in detril, Fhus, for

fiber studier, thero were four proboble errors:
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1. Oecndins erroro in lepgth cotcurcrents eoucod prireintlly by
porellon omd froo ploy 4m the movinsg otoge of Sho eerporoter. Who stende
crd Ceviction here woo 0.09 on., bor 23 Cordura £ilnoontc, thic produced
o ntondnrd ervor of 0.68 por cent in the ccon flezurcl rizidity; oini-

lorly for G0 romio £ibors tho otondrrd orrer wre (0.48 sor cent.

E.ABOSéiRR arrora in lensth monourenonto craced by £iber curd,
ie veo novor obcopvod &n thio Gordursn f£iloconto bup Aid interferc to
o 1icited dceroe in the ronlo studlen. Im error of 1 por cent in the
ovorore lonnth woo cotinated, ond this eorseoondod to o otonéord ogrop

in the ceon flexurcl wiridity of U per comt fer tho ronie.

3, Teodine oprer in froquoney CorowrcnioRto on $ho vorioble
ooeillotor., A stcnéerd error of 1.6 pe¥ cont wne gsoleunlatofd for cindle
goolingn, Ter &9 Gordura f£iloconto, thls wredueed a nteadngd crpror of
the cern otiffrnoss of 0.7 per ecnt; for tho 50 rocdo fLidors, 40 woo

0.5 nor conb,

4, Jrprors eownod by ehomes da the rolotive bunidity during
tooting operctions, If tho ebnuder rolobiveo hunlcdty over driftod core
then 9§ por eont, the toots were diceontinued until tho origincl lovel
hod boen rennimod, Ancunings o oonirum chonro dn tho everopo rolntive
huricdsy of 3 to U por eont, tho otondord orror of the moon 08iffnose

voo row~hly B sor eont for Doth ronio cad Cerdurn,

In o oiciler conrmor, the peeboble eprore im otwdios of gooie

ohoot obiffnone woFRD:

1, Jerors 00 n rocult of vorictions in tho frco lonrths ef

the test obrips oftor clecsin~. Yo evolurte €uis, 30 otrine vere clocgod
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in vooition for tentins ond theip feeco lenrthe vore thom peacured with
the CGrortner conporntor. N ctenderd orror of 0.1 por comt in the monn
length wrs odtninod, corrosponding te o etcndnrd error of 0.4 por cent

in choot ctiffnoss for 30 tects.

2. Brrors in froquengy rcadinss cruscd by voristions 4n the
elnazins presoure, oponbed clocpins ot the stre roletive hunidity
profvecd mo sirnifiecnt ehrn~e §n the ronorrneco £recuency of & Gost
otrip, but cono verdation wos ospeetod between difforent huoddity toot
lovels, ‘ocerines that thio prodneccd o ctendnrd devictien of 10 eycles
per second for sipgle roodings, o otondord epror of 2.4 por eont in

tho rorn ctiffness vould hove posulted.

3. Recdinp orrors in froduoncy ronsurecents with the oceil-
loter, 4n error of 1.0 por cemt hnd been enleuloted for sinrlo roods
inpe, Tor 30 vonic otrips, this srodresd o otondord orror of 0.6

per eent in tho onen stiffneos,

L. erorc fron charpes in tho relotive huoldity Ewins toot-
inr, O oowicun ehenro of the ovorerp rolésivo huniddty of 3 to b yor
cent woo corurmed. J4neo chocts oro cush loso reaponoivo Shon £ibceg tO
tronciont flustuntions in the rolotive hvnidity, tho error in meen

etiffnooo for the ohouots whs cotimrted to be 2 por eent.

Yken tho eocDinod offecte of those czpeetod vorintions im the
rolotive ctiffrons vnluecg wore dotermined, Cho rosulto aro preconted
in Yeble T, vhoro tho tetod vorirtions aro ogprocncd as tho over-rll

sioniopd orrers of the everoro ntifincec wvolues,
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146k the develognont of n ecticfoetory Soob rothed for the
evelzotion of cheot cnd f&bbr otAfMmeen, 4t wes occible to proeccd o
o otwby of the verdons roftendns pronte,  Opocifierlly, Qote wero do-
cired So shew how the flezurel riridity of o fibor vorded wich its
~odoture eontont, with dte lostledcor gentons, ond with the chorcetor
of %ho‘glaﬂﬁiciﬂor roleevlo, 1€, for omcrple, tho derres of popor
poftenine wos relnted dn eny woy to the nuﬁbarlaf cortrin funetioncl
provps in tho lcotieisor micenle or to itc dicomsions, thic offegd

picht bo o;,.0peat dn the £iber atiffooee o5 woll,

Opeel (35) reportod thot ineronoirs sho choln lepsth of tho
nelycleoholo docerocced tholr byrroocopieity end, bonco, tholr pleoti-
eicinr effect on poper. Yhus, ctbylone clycol dogorted prontor indbield

£1oz4bi11sy to tho cheot thon 044 clycordn, oltboush tho offoet ves

in turn, weo roro effcstive thea norbitol,

Gn the othor hend, Tocd (5) eotorred tho denroon of coftealing
profueed in rleccine by & coplce a2 oiiphotie cotorn of rlveonie nsid,
“a ngotod Bhnt tho plostleicing ceblion op crontly inepercod vith tho
olge of the oetorifying cleokio} coleenlie. "o eonelnoions, ROVOUCP,
vere booed on foldine onduporee, goncile oteenoth, otrebch, omé toop-

ing obtrennth doto.

Seiofly, thom, tho occend phono of tho ¢zo.orinentol DIorTiT,

n eorzorctivo etuly of coleeted eafgoning crente, woe foodrmed to
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profuee ento in cnovor o ouchh (uectieng oo the follovirns:
low deon fiber otiffness vory with woter conteat?

o fider cofteninc AGspend on the nisze of the lestielzer
palcenley

Poos fiber softenins depend on the pumber of funetionnl proups

in the plastieciser rolocule?

Fow 4o the fiber softonine produced by purely bumcetont orents

roloted to the woter content of the fibersy
I'ow is fibor ceftonins relnted to fibor swelllng?

Tow 45 £4Dor otiffnoas affcetod by oush eoccon gonmoreind

plonticizers op lyecrin end uree?

whe ezjerinentol work woo restrictod $o Cordwen, whoso low

cryetellinity node it core oemoitive thon rosie to softcners. In ths
stufice of cll Olestieisers omeopt wvobtor cad the rliphetic nleochols,
sho tootso wope eorricd oub in the sroconee of wator vo,or of threc
rolotive huciddty levelss 93, 50, nnd 11 per comb. (eftoning roents
vore introdreod inte tho Filroonte Ly ovornisht dcrorolcn of tho
foplurn 40 farcons relntlons of tho reguired plootiedzer eovecnterticnm,
Tho £iirconto vore srocood tvieo botveon ey blottere Uor $vo ninntoc
cpdoee wador cwocnuros of 50 goends por oquore dneh fo rorove tho
recne coftoner nelutien Eaﬂ rllgmné to oo to onmdliibeiun ot S0 per
eont DU LECY woPe R@Wﬁﬁ@@w tricind, ~of rhecuepcd Yo loestih ob

shin hvoiddty dofere tha teot eyelc voo bezwn,



e

“he offcet of vrtor on tho ctiffnone of Gordura £ilcoonts woo
doternined by vibroticn cotowrorapts ob ceven hurddity levele., “efore
the conditicnin~ cyclo wia Bervn, vibrntion tosto woén eace ot 506 por
cont R.il.; then $ho norcnl eyele of Sonto wos 1 ode of relotivo hunid-
itice of 9.9, 75.5. 53.9, 32.49, 11.1, ond nyproricrtoly O Lor eont.
Golewlntiens vore Deced o the 26 £ilrmemrte thot nod cloun POSERINEO

vibentions in ¢ho cege.trble frooumoncy poearo of 0ll %cot lovols,

Whe hyﬁr@oagaﬁaﬂvﬁey wrg doborninod dn o odldlor conney By
conditionin,- éunliento CorCare loocps b the wreious hunidity lovole
48 tholr ordor of vibrotiocn toobings., ofoburc cowption voluco vope ob-
todned by welrdin, dupliecto crovleo ab oaniliveiun with Shene oenge
hunidgtier dn cceordonco vith the rroectere doceribod by Udnk (33).

“he otiffnone Anto cpe surcopicod dn Yoblo FIR ermd Pirvee U,

QA3 XET

THETEN 0 NG L U U O SWTELLTRO QR ERITEON DR TR0
DTEOND LTEEReD R UrUTn
vintor Oontond Flosernd
Tolntive lerddity, (Cveadsy T aois), thoneo dn foncth, D47:884877, 5
7 3 3 (gno-0q. o 1 A0
50 10.7 0 105
67 20,3 1.2 2.65
7h C 161 1.0 .20
33 13.9 0.8 3.35
37 10.2 0.1 3.89
0 {coprox. ) 2.1 =1.9 4,50



Flexural rigidity, dyne-sq. cm. x 102

® Initial stiffness
2.6 O Before water immersion

© After water immersion

2,2 1 | | | | I 1
0 8 16 24 32

Water content (ovendry basis), %

FIGURE L4
Effect of Water Content on Stiffness of Cordura Filaments
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Trure U incdicates thet, between U3 and 11 per cent R,il., the
flexvrel rizidity varled 1hvarsaly ng the wrter content of the filaments,
It 1s also evident thnt exposure of the fllsmwents to s hirh rrlative
humidity produced an irrevereilile loge in initial stiffnesc, for the
oririnel riridity st 90 per cent wes regnined only srfter dryines st
roughly 0 per cent w.r, Frobably internal etraine _.roduced in the manu-
freturing operation were relszed st the high nuridity ievele by the
panetrrtion of water snd subrejuent swelliny of the filsments., “uch
abnornel stroine would not reform in neturcl dryfn~ nt the loweyr teet

levels,

It muet be remewmberecd that these dste sre for dry Cordurs
filnmente, which hnd not hesn er, need to 1iyuid weater, In gubcaquent
atgdiﬂe of coftening rueonte, however, tie fisiente wers impersed in
rieous eslutions of the .inssticigrrs. “Therefore, to rcvise : true
brze for comparirong, the untrasted Cordvra filszents ghuld hove been
teated only sfter s siriler immersicn in water, Uuch déatr for water-
rerked fordurs vere obtsined in the biznk datermirnstione of four in-
_derendent etudd 2 of other :lssticizere, Iltisuprl there rravite will
be cangldered individually later, tney are sumrsrived In leble Iv endg

Tipure 4 to iliustrate the effectiveress of water itselt as & . jssticizer,

secauee varirtions in avernrs filsment diaveters affect the
phzolute stiffners valuee, cnmoprigone of diffsrent gete of £il-nents
eliouid he made only on & relsative beeis, For thet reseon, curnprg in
etifneer with relntive humidity #=re ; resented s r _sreent re of the

stifinrex 2t HO per cent XK.,
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xater Content

Relative’numidity, (evenﬁrywhasia).- Change gn ienrth,
43 £7.8 0.8
50 11,2 0.2
11 505 -0‘5
Flexurrl Hiridity., / /
dyne-sq., cm, x 107 VR ¢ £l f51
Source of “mte y3% B.H,  §0A 1t A0, =150,
Glycerin study 2,40 3.30 4,55 72.8 107.7
flycnl snd sorbitol 2,30 3.0 3.50 Th.3 113.0
‘ren and csilcium chloride 2,40 3.15 3.45 TH.2 109, 4
Fornmmice 2.ko 3.1% 3.590 76.2 111,3
* versre "»’037 3017 5.50 7L‘09 119.3
“gandard daviztion 004 0,07 0,03

The stenderd daviation of the stiffnerc pt each level was
enlenlnted to show the ex.ected variation in sbsclute velues, Iikese
dets were employed luter to determine Af the ep arent softening of
any pleaticizer was roal or simply the reeult of ex ected verietion 4n

filepent sroperties,

FTirure U showe that the plot of .versre filsment stiftness
agsxinat wrter content is rourhly linemr in the ran-e ftudied. The siope
levele off eomewh=t at the hiyh humidity, innicsting thst the leset
{ncrements of weter mry have been held by erplilrry condensntion, fo

tast they nhed little effect on the fihber «tiffnees,
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A comparieson of Trbles III and IV demonstrates that the
femerston in wnter raieed the moleture contente of the filaments at
the test humidity levels, lowever, t:is Incresse in sor;tion cagsc-
Aty nlone cmnnot ex;lsin the Awcyerse in etiffnsse shown in ¥ipure i,
for at equal moisture contente the water-gasled filsments wore cnnsist-
ently lees stiff than the dry filamenta, Ihie difference in riridity
wee enpsclinlly noticesble at the lower huriditics, It sasss yrobrble
that the immersion in wnater crumed vnnjunced filsment eweltirs, snd
tinig wog not ertirely lost as the fllsmerts were cried, Tone, <% low
huriditiee, there swollen filrments ware sl - niflcantly enfier then the
others, However, #¢ the humigdity wes reiered, it sroduced -ome sweiling
of the unsosked fillaments and, accordingl., the differerce in stiffness

bhetween the two errirs was reduced,
ALIVHATIC ALCURGLS

“ince the .laeticizing effect of water hae freguently been
pttributed to its nydroxyl srouy, ® similer degres of softeniny, mirut
be axpected with mlcohols, Therafnre, studire of stiffness were mnde
on Corfurns filsmenta cantaining the lower ali. hatic sleohols, “rey-
Hysslinge and © elch (lé) ehowed by & study of the indicrs of refrec-
tion that such alcohols will prnetrute celluloss fibere, nad rermang
(34) =ctually nbrerved the jenstretion of meth-nol an¢ =thsnol into

his model viscone filamente,

In order to gecure msximum retention of the slcohcls on

Cordura, the filsments were first swollen by ex.osure %o a high rels-

tive humidity or ny immersion in liquid water. Howeavar, subseguent
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anpiysans incicrted that eubeequent Sinmarsion of there molgt filsmants
in the sicohole Aid not effect £ qusntitative dis l-cement of the wrter,
ercert in the crse of methanol, Tharefore, to ~vold the cnmplexities
of an alecohnl-whater-cellulote systam, the fiiera were imersed in water,
preered, conditinned at 50 per cent K,¥,, mounted, and messured for
length, Then they were brourht to drynsss in the taest chirrber st ap-
yraximately 0 uer cent 2.%, and thelr rosonance fraguencies were deter-
wined., The work of Huseell, Msrse, and Cempbell (3]) had snown tnet
such inrersion in water reired the sicohol sarptlion crirelity of cellu~
loge fibers, even when tihls wog followed by dryingz at O per cent relative
huridity. After the first series of vibration tects hnd been coaplsted,
the chember was bhrowht to equilibrium with s water-free, slcohol-s&tu-
rated atmosihere, The vibration tests were rojeatrd at thie marximum

level of rleohol retention,

Fravious studies by welpht measurements of sicohol zasorition
on Cordure hnd establisned the roleticnshls Hetwean alcohol edsorption
rnd. the vagor prerfures for each of the eli_hntic aicochols, diue, by
prager eontrel of the relative wnuor presasure, it wes jonsible to wrry
the a’cohol content of the test mourtas, sné vibrati-n teste were mrde ag
three to five retention levels along the derorgtion curve, “ith in-
creesine chain lensth, however, the sorgtion of the elcschole fell off

ra_idly snd, therefore, no =licohcle showe :ropanol counld be studied,

The datr nre summerized in Ieble V, where the vslues ob-
trined in the atudy of ths effect of water on dry Cord.ra are included

for comgorison, In this t-ble, the relative effect of esch softener
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ie czlculrted on the bHaeis of its orisinnl gtiffn ge st rourhiy O per
cent H.H. The dinensicnel chances are hazed on tne filament length at
5Q per cent X,hH., #fter lmwersion in the water but before drylng at

0 per cent X1,

Since filamente dried at roughly 0O per cent K,H, in the test
chamber #till retsaired an averace of 2.1 ser cent wator, thie moimture
content wan employed 28 the brreline in Table V. Thus, the "molea of
water" reprerent the difference between the true water content and this

residunl 2.1 per cent value,

In the ran & studied, sethenol #..ear:d to be as sffective,
molecvle-for-molecule, as wrter in reducin- the etiffn-rs of Corrfurs,
fhie 48 1llustrated in Figure 5. Ihe chaneres . rodiuced by sthernol and
prouancl were ton &mall to be misnificent, Concelvrbl, their molecules
were too lerge to swell snd penetrrte the filaments, dermane (34) had
obrarvad that ethanol penetrated his dry viscoes rayon filsszents only
rfter saveral daye! ex.osure, Consequently, the mlcohol molecules mey
have been ratrined on the externnl surfrces, whore they woulé have no

affect on fiber stiffness,

These deta emuhnsize the close relaticnehip betwésn sofiening
and swelliny rad cunfirm the firdines of sress And simlkowsky (1k).
They racorted that increasing the chain Ilength of aliphstic mlenhols
reduces their swelling efficiency in cellulose fibersx, Tt 1r not, how-
ever, corrrct to conclude thut the roft nin- effect iteelf is less for

ethanol than for methenol, If wrter-swollan filamente hrd been invmersed
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in thene nlephole, ro thert tharonrh cenetrrtion of ench was obtrired,

quite éifferent trends zieht have been obmerved,
POTYHYTTIC ALOCHOLR

This clees of enampounds includer many of the common com-
mercisl jlasticigers employed in the paper industry., They were se-
lected for the preeent irvvartirstion not only beccuse of their prrac-
tionl rsignificance, hut becsure it wns hoped that such test deta micht
indlcate the infiuence of the number of hydroxyl groups in the ;lasti-

clgzer molecuie,

“thylene glveol, glycerin, and gorbitnl were addsd to the
fil-ments from aqueous solutions according to the standard yrocedure,
snd the retention valure were determinaed by » prriodic oxicetinn
anaiysis develogsed by salaprade (2§) and wodified by Allen, Churbonnier,
rnd Colemen (32). Hyrroexp aneivity end moimture sorytion values wers

setermined in the usual manner,

Ythylene Clzcol

The result:s of this study werr only approximrte, becsuse the
£lycol wag gradually lost from the filmments by eva,oraiion, %ince the
mounted filaments were conditi-ned at 93 per cent R.it, for L8 hours, it
was prodeble that most of the softener had deen lost before the vibra-
tion tests bepan, leaving the filaments scmewhat swollen, pernspe, but
esgentinlly #lycol-frese. lolsture sorgtion dets indicete that the

zlycol increased the water content of the filaments st 2 hi:h relative
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hunidity but reduced it at the lower levels. In the criculations of
flexursnl rigidity, the original glycol content wias employed in the
welght factor, since the exact retention at the time of testing was
indeterminate, Thus, the etiffnexs values are erroneously high, &nd
the ecturl lose in stiffneses uroduced by the glycol is certainly

grester than indicated,

TABLY VI

EPFECT CF YTHYL NE GLYCOL G TLIFIMISS CF CORDURA ¥ILAKENTS

Helative

(1lycol, Filasents numidity, ILergth Change, ater Content, K1,
4 Pested 1 % % dyne-sq. cm. x 10

0 24 93 0.8 21.8 2.30

50 0.0 11.2 3.10

11 -0.9 5.3 3.50

VR 21 93 1.0 31.0 2,25

50 0.0 11.% 2.8

11 -0.5 3.5 3.35

According tc the date in Table IV, the standard deviation of
the flexural ripidity of untrested filmmente &t 50 per cent K.H, is
0.07. In Tadle VI, the obsrrveé deviamtion between the stiffnese vnlues
of trerted end untreated filsments is 0.25. It is probsdbls, therefore,
that ethylene #lycol had a siprnificant flexidilizing effect on the
Cordure filsments &t 50 per cent R.H, but no more definite conclusions

may be drawn from these datas,

ﬁlzcarin

Clycerin ¢ one of the most effecvive commercisl plesticlzers

employed in the peper industry, and lLeffinpwell snd iescer (J) have
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degcribed its ;roperties in mome detmil, MHore recently, its effect on
sheats sroduced from cotton linters has been invertirsated by rciherson
(2), who studied the concepte of .lasticizing by lubrication snd dy re-

duction in fiher bonding.

¥o date 2re aveiinble, however, to indicerte the influence of
rlycerin on the stiffness of individurl fibers. Some softening might
well be expected, for ilermane (2&) had observed thet rgueous solutions
of rlycerin penetrated viszcose filarents for all concentrations of
rlycerin under 70 per cent by weight, Above that velue, the glycerin
was retained on the zurface of the filrmente, for Sthers was insuf-

ficient water present to produce the necesshry swelling,

In the prezent study, bath concentrations ranced from 9 to
50 per cent glycerin., Three levels of glycerin-trested filaments were

preparad; the tert drte are susmsrized in Tabdle VII,

TABLY VII
EPERCT OF CLYCHRIN ON "RIFRFNW & (F CORTURA FILARYLIY

Relstive
tlycerin, Filagents iumidity, Jength Chsnge, ‘ater, 22 2
% Teated 4 4 % dyne-sq, cm. x 10
0.0 16 93 0.8 7.8 2.4%0
50 0-0 11.2 3‘35
11 -0.5 5.3 3.55
50 0.0 10.8 3.05
11 -OQu 308 3.75
14,1 11 93 0.8 49,6 2.20
' 50 0.0 11,9 3.30
11 "0.“ "07 3.6
21.3 16 93 0.5 86.0 2.7
50 0.0 11,8 2.90
11 "002 308 3;7@
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It should be noted that the number of filaments tested at
each plycerin level was less than usurl 8nd, accor@ingly, the absolute
values for average stiffnesses were subject to greater proberble error.
The initisl conditioning period of 24 hours .roved to be insufficient
for aquilibrium and, therefore, it was necemsary to re;eat there high
hunidity vibration tests after the entire testiny cycle had deen com-

pleted. Consequently, the numder of acceptadle zmounts was reduced.

The moisture sorption dete showed thet, st hirsh humidities,
rlycerin raized the water content of the filament markedly. :selow 50
rer cent, howavar, the total moisture contents of the trested filaments
varied only slightly with their slycerin contente, Uifferences in the
stiffness at these lower levels cannot be sttriduted, thousrh, to the
softening action of the glycerin molecules per se, for the water contents
actually available for flexibilizing the fillamente weres not necessarily

equsl,

A graph of fllament stiffness apainst tie molsr content of
the water per grom of fiber showed that the flexibilizing of treated
filemente in the low moisture range could not be sx;leined sir. ly by
their increage in water content, Tuls is illustreted in Figurs 6,
Apparently, the glycerin molecule had some softening effect beyond
that resulting from its humectant yropertiex. In order to compare the
affectivenerr of these molecules of plycerin and water in slasticizing,
flaexursl riridities ware plotted apaingt the mointurs content plus the
effective xlycerin content, Various ratior of gl cerin nand water were

exarined to determine which assumed equivnlence of plycerin showed tie
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however, a2 molecule of glycerin ig not ejuivalent to three wolecules of
water, Nechuse of the s;atisl confliurmtion of the hexose units in the
cellulose chains, 4t is hardly likely that all three hydroxyl eroups of

rlycerin would be atirscted to corresponding hydroxyl grougs,
Sorbitol

This plasticirer finds limited ure in the peper industry and
was chomen here to complete the study of the homolorous series containe-
ing methanol, glycol, and glycerin, Foisture sor.tion mezsurements at
the three relative humidity tect levels showed that sorbitol wee only
moderstely hygroscopic &t a high humidity, end it reducrd the water
content of the fliaments at low huriditles, In thie res ect, 1t was
similer to glycerin and glycol. The teet dets sre presented in

Table VIII,

TABLE VIIX

EFFXECT OF SCREIICL OH BTIFFHANG OF COATLHA FILAKRKTS

Relative
Torbitel, TFilaments lHurldéity, Lenrth Change, *ater, ki,
4 Teetod % & %  dyne-sq, em, x 10
0 24 93 .8 27.8 2.30
50 0.0 11.2 3.0
11 -0.5 5.3 3’50
6.3 26 93 0.8 32.6 2.05
50 0.0 12.8 2.90
ll -on 502 3-55
17.1 26 93 0.8 35.1 2.00 -- ==
50 0.0 5.9 3.30 3.95 3.5
11 -0.3 2.3 L. 79 6.20 5.10



-62-

In order to check the apparent satiffening observed with fila-
ments containing 17.1 per cent sorbitol st the low ~nd xedium relstive
humidities, two independent series of similar filements were tested;
their dete ere included $n Teble VIII, Stiffness values for these
mounte could not be determined at 93 per cent R.H,, for the fllaments
were too long to give resonance vibrations in the scceptsble frequency
range, when rigidity valuees for the three runs vwere averaged, it wes
epparent that the high sorbitol content flexibilized the filaments -
only in the high humidity range, &nd this was probably becsuse of tne
softener's humectant character., At lower nuwidities, however, the high
sorbitol content actuelly stiffened the filaments, Such stiffening wis
too graat to be sttributed simply to the slight reduction in the fila-
ment's moisture content at 11 per cent K.%i, caused by the sorditol,
Conceivably, the sorditol had crystallized inside the filament or on
its outer surface, forming a continuous shesth which increased the

resistance of the filsament to bdending,

The effect of the lower sorbitol content, hovever, was dif-
ferent, 4t 11 per cent H.YH, it produced no significant softening or
etiffening., At 50 per cent H.H,, though, the difference in stiffness
between the treated snd untreated filaments was 0,20 x 10'2 dyne~-tq. om.}
since the stendard devirtion of the average stiffneas for the untrezted
filaments was .07, it seems prodadle that the 6.3 per cent sorditol had
a slight flexidilizing effect, Further softening was observed at the
Y3 per cent R.H. level, snd this can probably be ex.liained entirely dy

the hygroscopic properties of sorditol.
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Graphe were mhde of filament stiffness arninst various uro-
portions of rorbitol end water to determine the rolstive effectivenees
of sorbitol molecules ms such in the esoftening mechenism, These graphs
were not especislly enlichteninp, however, because the molsr corfent of
sorbitol present wre very emell compsred with that of the water. #n
pasumed equivelence of one sorbitol to onc wat«r molecule rsve r slight-
1y smoother curve then one of stiffness egainst the moler content of
water slone, but the differonce was within the rance of probable experi-

mental errors,

On the bzsis of the totel hydroxyl contents, 1t was apuarent
that the sorbitol molecule wms not six times as effective ae woter in
reducing filrment risidity. In 1lirht of the spatial co~firsurstinn of
the hydroxyl pgroups in the cellulose chrins, this is not a2t 21l sur-
sriging, It does susgest, however, that the derree of softenins depends
more upon the ability of the plasticizer molscule to swell and penetrete

the fibvers than sim;ly upon its hydroxyl content,

when plotted agsinst the logerithm of the water content alone
(Fipure 9), the stiffnecs values of filsments containin: sorbitol fall

elony straight lines,
CALCIUN CHIORITE

In order to determine how the softening roduced by ,yurely
humectant arents was relsted to the tot:zl wnter content of the tre-ted
fil:mente, the effect of cslcium chloride on fiber riridity wze inves-

tirated, Celcium chlori‘e ie An exsm.le of A hyprotco.ic material
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esployed occasionslly in the industry to produce softeninr et hish rela-

tive humidities. In drier etmospheres, however, zbnormal stiffaning of

the shest iz commonly re; orted,

linlike the j.olyhydroxy plseticisers dercribed previouely, ell
of which reduced the moisture sorption of the treated filaments at low
relative humiditier, calcium chloride sctuelly incressed 1&, a8 shown
in Teble 1X. In more humid atmospheres, of course, the equilibrium

weter content wes unusunrlly high,

TADLY IX

ERERCT OF CALCIUE CHLONIDS OF STIFFNITC OF CORDUNA FPLIIARERTS

Csleium Heletive
Chloride, Filoments Iumidéity, Length Chrnge, -ater, ®1, 2
4 Tested 4 A % dyne-~sg, cm, ¥ 10
0 25 93 0.8 27.8 2.40
S0 0.0 11,2 3.15
11 -0.5 503 3'“5
5.80 27 93 0.5 47.9 1.90
50 0.0 16.3 3.40
11 -005 8.2 h.‘j@
50 0.0 el.3 3.8
11 '005 13-5 6.“0

A study of the moisture sorption expncities of calclum
chloride mione, of untrented Cordura alone, and of the two in combine-
tion with esch other, showed that the last wns definitely lese tiuan
the sum of the firet two. This loss in sorption cnurcity msey Lisve been

caused by mechanical blocking of the avnilnble adsorbine surfzces or
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by uertisl satisfaction of the attrsctive forces on the filament

surfsces by the cplcium chloride molecules.

Vibration tests were msce for calcium chloride contents of
0, 5.8, and 18,1 per cent on the ovendry basis, 3Ihe concentration of
the humnctant on the filaxents wae messured by ashing welirhed semples,

sulfating the agh, igniting, and welrhiny as crlcium sulfate,

Hecruse of the wide difference in stiffness valuse at rela-
tive humidities of 93 and 11 per cent and, hence, in the sprerd hetween
their averspe rasonance fraguencies, it war impcmeidble o obtain se-
ceptabls freyuency rerdings between 160 and 520 eycles , er zacond at ell
tert levels, Therafare, it wae necessary to trim the filaments after
the normrl cycle of tests hrd bDeen completed, remeasure thelr len~ths,

and re est the vibretion tests at 93 per cent KK,

A plot of filnment stiffness ngainst the relstive buwmidity
showed that the flexural riridities for the three crlcium chloride lrvels
ware aqusl st ahout 6% per cent R.H, At hipuer humidities, raising the
humectent content decrenszed the etiffness moderstely; at the other
extreme, it prodiced m sharp rise in the stiffness, Fince # dasiccant
could essentially atri; the filamants of their moisture at very low
humiditics, the stiffening msy de p°rtly the result of the loss in
moisture held by the filrment itmelf, even though the totel poleture
content has been rmised. Conceivably, crystsllization of the salt in

or on the filnments might hnva incremaed their resistzince in bending

aven further.
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In ¥igure 9 the filsment stiffness values were plotted sgoinst
the lornrithms of the moisture contente, ¥#xtenslon of the curve for
the untrerted filaments {nto the region of hi;hpr water contente shows
that the softsning produced by the cricium chloride at the hirher rela-
tive humidities wrs never grentsr than couid be explelined dy the addi-
tional water, A.iarently, thers was no plasticizing action dy the
calcium chloride molecules thamnelves, =nd softenins observed at the

high humiditirs wae caused by the salt's humectant character.
FURFANINR

1f, as Connor and Nadelmen surrested (11), fiber ewelling
and softening are closely relnrted to each other, swelling arents shouid
reduce filsment stiffness conmideradly, tress &nd :imlrowsky (14) had
shown that formenside was mor« effective then water in ewellins cellu-
lose fibvers nand, therefore, its cffect on the etiffnuer of Cordura was
invertignted, Yidration tests were mnde in the usurl munner on fila-
ments with sn initiesl formemide content of_12.0 per cent, This re-
tention value was deteranined by a modified ¥ jeldrhl mn:lysis employing
selenium (L0), However, the test results were only aprroximris, for
the formamide was slirhtly volntile, and its exact concentretion on
the filaments 2t the time of testing could only de estimated, ©Siff-
ness calculatione were hnred on an ap;roximate formamlide content of
2 per cent--a vrlue obtained by » second #Jeldahl analysie of a similar
sample after confitioning in the test chamber for four days. This was
the normel period required for s comglete tert cycle at the three

relative humidity levels. If the ealculatinne had desn bused on the
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oririnel formamide content, the dopree of softening would atill have

been pronounced,

Even thourh the data in Table X are only apuroximate, it is
apparent that the formamide had csused » considerable decrease in fils-

ment stiffness.

TAALY X

SEFECE UF FOREANITY G& STIFFE-E5 OF CORVURA FIL& WIS

Helrntive

Yormemide, ¥ilsmwents Humidity, |“ater, EI, .
A Tested 4 5 dyne-sq, cm, x 10

0 25 93 27.8 2.40

50 11.2 3.15

11 5-3 3‘50

2 N 93 33.2 1.70

50 1.1 2.30

11 L.5 2.55

URzA

Uren has been used widely comwercimlly, especially in re-
cently patented : lasticizing processes., In mill work, &t is applied
either alone or in chemicrl comdination with other additives, usually
inorganic snlts, ¥rom the stendpoint of a fundsmental study, however,
it seerad betier to investipate the effect of urer 2lone, rather than

that of a mixture of compounds,

Hermans (34) obmerved that saturated urea solutions pene-
trated viecose riluments, altbourh the rate of penetration wes much

legre than that of pure water., like glycerin and sorbitol, the ures
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reduced the moleture sorition of the Cordure &£t low relmtive humid-
§ties but raiced 1t considersbly st the higher levels, Thie ie evid-
ent in Table XI. /fter the usual test cycle had been completed, it
was necessary, &s in the celcium chioride study, to repest the vidre-
tion memsurements &t 93 per cent H.H, on trimued fibders, Tents were
nnde on filaments conteining 0, 11.5, 15.7, end 34.8 per cent ures,
after the ¥ jeldshl mnalysie descrited by roe und iirlder {40) hud

extablighed the plasticizer contents.

TASLE X1

EFFECT OF URTA (N STIFFERTS OF CURNTRA PILANEPTS

Relrtive
Uren, Tilaments Humidity, Length Change, ¥ater, %I, P
% Terted 4 4 ~ dyne-sq. cm. X 10
0 25 93 0.8 21.8 2.0
50 0.0 11.2 3.1%
11 -0.5 5.3 3.45
11,5 19 93 1.0 36.3 1.75
50 0.0 9.3 2,50
11 0.5 2.2 3.2%
15.7 21 93 1.0 47.7 1.09
50 000 903 2'55
11 -0.5 2,2 3.40
3.8 21 93 1.0 94.0 1.10
50 0.0 11.3 2,90
11 0.5 2.k 4.30

These dats indiemte that urea reduced filament stiffness at
all test levels and lreticiser ccntents, except for the highest urea
concentrntions ~t 11 per cent R.H, In that zinsle csee, rowe stiffen-

ing did occur either es n resrult of erystallization of the ures or of
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partisl imsobilizstion of the filswent's water cortent by the ures
moleculer, &t 50 per cert H,F,, the difference in stiffnesc betweon
the trerted and tntrested filsments was mt lesat 00,26 x 1&’3 dyne-sa,
em, This ie slmost four times the strnderd deviation of the stiffness
of the untrerted filemente in Table 1V, ~nd so the loss in ricstdity

cannot be expleined by normsl veriations in the untrested filesents,

Finally, the test dats obtnined st U3 per cent K.l show tuat
the rigidity drop;ed off rapidly ss the urea content was raised to
15 per cent on the ovendry besis., IJejond tiis, howevsr, further ad-
ditions of urea did not produce more softening. Ferlaps the internal
ndsorbing surfrces of the swollen filsments wers satursted with ures
at sthis level; then additionml glssticizer wolecules would ©e retsined
on the outer surfaces or im proes cnoillaries, waere they would not
reduce Tl ment stiffness at Y3 ser cent R, Zven in such external
positione, howevar, this excess ures could pffect filament stifiness

at the low reletive humidities by cryetaliigstion.

when filament stiffness wes . lotted apninet the water content
ss in Figure 10, it was evident that urea  roducad & grester degree

1

of softening then could de ex;lnined by $te humectent pro,erties, ‘s
before, & series of yru hs wes presared of filsment risidity ageinst
various reatios of the ;lusticizer ~nd water, in order to determine
the relative effectiveness of the urca molecules, If the stiffening
sroduced st the 34,8 per cent ures level is iprnored, the best cor-

relstion axists when two wolecules of ures sre considered eguivelent

to ona molecule of wrter, av 111&at?ata&.1n Figore 11, iven this
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correlaticn is not er ecismlly satisfactory, but it indicstes thet the
effectivenese of the urer molecule 225.52.1“ the meftenine mechnnisn
is less than that of 2 water molecule., fince urce snd water are go
diesimilar in structure, it 4s not et n2ll sur, risins thrt attem.te to
correlmte their effactivenesses ¢ - lasticizers are less ncceptadble

than thoee of glycerin and water,
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CORRELATION OF FISER STIFFNESS AND SHKET STIYFNLSS

The finsl phase of the experimental program was an attempt
to determine the influence of fiber stiffness on that of the sheet,
Simple remsoning would seem to indicste that, if such a correlation
does exist, it would vary greatly with the degree of bonding in the
sheet. Thus, in a dense, wellebonded sheet, fiver stiffness would
probably be considersbly less critical than the bonding aspecte in
determining sheet behavior, On the other hand, in en open, slirhtly

beaten sheet, the properties of the individual fibere may be highly

significant,

S{nce Cordura filaments could not be formed into satie-
factory shests, ramie fiders were en loyed instend, Ramie was ex-
pected to be less sensitive than Cordurs to the flexidilising action
of plesticiszers, becauss of its lowsr amorphous cellulose content and,
therefors, ramie fider studies wers limited to thrae of the most effec~
tive softening agents--water, glycerin, and urea, Immersion daths of
the appropriate concentrations were prepared to produce ramie fivers

and sheets with spproximately equal plasticizer contents,

Then with fibers and shests at the same plasticizer levels,
stiffness tests were made to0 show how the softeners =ffected both, It
should be noted, however, thet refining the ramie ntock prior to sheet
formation so reduced the fiber length that stiffness memsurexents could
not be made on individual fibers of beaten ramie., Therefore, it was
necegsary to employ unbeaten stock for the sinzle fiber tests and

besten itock for the sheet Sexts. This unavoidsble difference may not
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interfere with the interuyretation of the data, however, for besting does

not incresse the hyproscopicity or sor;tion caurcity of fiders markedly.
FI s+ R STIFYHESS

The plesticizing trestment and mounting procedure were similsr
to those developed for the Cordura tests, The order of testing, however,
wss reversed, since it seemed probsble thet fiber trimmine would be
necenssry to yleld meamsuradle resonance frequencies et the 93 per cent
R.E. level, Therefore, the mounted fibers vere tested first at 11 per
cent R,H,, preconditioned at 93 per cemt, conditioned and tested at 50
per cent, trimmed and remsasured for length at 50 per cent and, tinaliy.
conditioned and tested at 93 per cent. In thies way, the three test
levels were approeched from the same direction as in the Cordurs etudies,
even though the order of testing was different, Iyrroexpensivity de-
terminatione showed that changes in the length of the untreated and
tranted fiders never exceeded 0.1 per cent and, therefore, this factor

was ignored in the fiber stiffness calculations,
watey

The effect of molsture content on the flexural ripidity of
untrenrted ramie fibers before imrersion in vatof wss investipgated eorly
in the experimental  rogram, vefore refinements in the chasber denign
and testing procedure hed rendered the method less seneitive to fluc-
tuetions in the relative humidity. Vidbration measurements were nade
first At 50 per cent R.H. and then at 40, 70, 5%, 3L, mnd 15 per cent,

in that order., Of the 72 fivers mounted, 57 showed resonance fre-
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quencies in the smccepteble range st ell six test levels and were, there-
fore, included in the calculrtions, The test data are yresented in

Table XII and Figure 12,

TAHLE XX

EFFECT OF WATER CONTENT ON STIFFNECS (F UNIRWATVD HAMIE FIBERS
BY.FCRE IMKERSION IN WATER

Water Content
Relative Huwidity, {(Ovendry Baais), B1, 2
% % dyne-sq, cm, x 10

50 5.5 61.0
90 13.0 50.0
70 8.9 55.0
55 6.5 59.5
3" hce 62'5
15 2.1 67.0

Figure 12 indicrtes that the initiel stiffness value at 50
per cent R.H. fell directly in line with those which followed on the
desorytion curve after exposure at 93 per cent R.H, It will be re-
called that, for Cordura, the initial rigidity had been considersdbly
higher than the corresponding value at 50 per cent after conditioning
at 93 per cent, Tvidently, swelling of the Cordura filaments at the
high humidity hed ruptured some internal cross-linkages which did not
reform completely on desorption, Ramie's high degree of crystslilinity
nndAorlontgtlon mey have been sufficient to prevent fider swelling snd

the resulting rupture of internml bonds,

Since plasticizers were to be ng lied to remie fibers from
agueous solutions, however, it wss necessary to redetermine the effect

of moisture on fiber stiffness only after a comparable fumereion of



O Ramie fibers before water immersion
® Ramie fibers after water immersion
© Ranmie sheets

S,

[ | ] |
2 4 6 g 10
Water content, moles x 103

FIGURE 12
't of Water on Stiffness of Untreated Ramie Fibers and Sheats
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the untrented fiders in water, This wne nccompliashsd in throee inde-
nerdent aeriee of terte, whose datn are summarized in Tsble XTI and
Pirure 12. Fxposure to liquid water incremsed the moisture sorption
capacity of the ramlie only slightly, but its effect on fiber stiffness

was pronounced,

TABLY X111

TFFLCY CF RATER CONTENT CK STIF:NLTE (F UNTREATHD RARIY FIBRRS
AFTRR IEMERSICYH YH YATER

Relative
Filaments Humidity, |Water, RI, (EX/xI_.),
Tested 5 % dyne-sq. cm. X 10° ——é—q&a
I 51 1l 2.1 58.5 115
50 6.4 51.0 100
93 15.0 40.0 18
11 28 11 2.1 40,0 113
50 6.4 35.5 100
93 15.0 21.5 17
111 58 50 6.4 4y.5 100

The second series of fibers tosted demonstrated the effect
of & limited sanple size on the adbsolute at;ffnons values, Of the 72
fibers nounicd. only 28 gave resonance vibrations in the acceptadle
range at all three test levels, The fiboru‘had been trimmed so short
initielly thot only 28 of the least stiff vibrated at resonance below
520 cycles per second, The resulting absolute values for fibder stiff-
ners 1llustrate the lack of uniformity among natursl fibers., Cn the
basie of relative stiffness values, however, this second series checks
well with the first in showing the effect of changes in moisture con-

tent, To substantiste the absolute data in the first determination, a
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third independent series of fibors was tested at 50 per cent R.i.; the
avarage stiffnezses for the two were in close mgreesment, as 1is evident

in Table XI1II,

Glzoerin

Rapie fiders at two levels of glycerin concentration were
tested to dstermine the effect of this plasticizer on flexural rigldity.
The perticular glycerin contents were chosen to correspond closely with
the retention by ramie sheets, so that the degrses of softenins could
be compared. Fiber tests were made in the ususl manner; the data are

riven in Table X1V and Figure 13.

TABLE XIV

¥FECT OF GLYCURIN ON < TYFFRESS OF HAMIE FIBLRS

Helertive
Glycerin, Tilaments Humidity, vwater Content, EI, 2
% Torted S % dyne-sq, cm, x 10
0 51 11 2.1 58.5
50 6.4 51.0
93 15.0 40.0
12.3 52 11 1.4 60.0
50 1.1 48,0
93 3.8 42,0
2.1 53 11 1.5 57.0
50 1.5 5.0
93 52,3 3e.0

It 4w ap,Arent that the effect of the glycerin on the rasie
fibers was only siight. In spite of the glycerin and the incressed water
content at high huridities, fiber stiffness values were substantielly

the same Aa those of the untreated fiders. On Cordurs, glycerin had a
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definite softenings effect of its own beyond that attributed to its
humectant character. On ramie, however, neither glycerin nor its as-
asocinsted water produced any significant softening over the entire
huridity range, Frobadly ramie's hirh degree of crystallinity and
orientation prevented sufficlent fiber swelling to allow penetration
of the glycerin molscules into the fiber. Thus, if they were retained
on the external surfacaes, rlycerin molecules would have no effect on
fiber stiffnesr, aven thourn thelr influence on sheed _ro.ertics might

be consideradle,

Urea

The test procedures for ures were identicel with thore em-
1loyine glycerin, Two saries of fibers were prec.ared at different uree
levels, which corresponded with thoss of plasticized ramie sheete., The
results of these vibration memsurements are presented in Tabdble XV,

Yigure 13 compares the softening sction of water, glycerin, and urea,

TAHLYE XV
EXFECT OF URRA ON STIFFNESE OF RAMI4 FIBERS

Helative
lUrea, Filepents Humidity, sater Content, ¥I, 2
: Tested 1 % dyne-sq. cm. X 10
0 51 11 2.1 58.5
50 b.U 51.0
93 5.0 40.0
13.2 55 n 1.0 8.5
50 5.8 6.5
93 34.1 36.0
23.8 65 11 “.5 60.5
50 4.6 L7.0
93 5.4 31.5



The test data in Table XV show that urea probably has & very
1imited flexibilizing effect on ramie fibers at relztive humiditiee of
§0 and 93 per cent. When the total water contents of trested and un-
trentad fibers ere considered st those two teet levels, howsver, it is
appsrent that ures molecules and their associated water molecules are
relatively inoffective as softening agents, espyacinlly when compared
with unbound water. is in the case of plycerin, the ures molecules
were probably unsble to penetrate the fibvers complately and, therafore,

their effect on fider stiffness was only limited,
S YR} STIFINESS

o compare the degrees of softening produced by plasticizers
in fiders and in shasts, ramie fiders were converted into handsheets.
Since the influsnce of fiber stiffness on that of the sheet prodadly
decreases as heating jrogresses, it was desirable to produce sheots of
good formation with & minimum of deating, Sheet uniforuity was essen-
tirl, bacruse vidration tests were to Dbe performed on narrow strigs of
less than 4 mm, width, and a scattered formation would have groduced

undesirable varistions in stiffness amons these test s;ecluens,

Stock prepared in a Dilts Deater wes not scceptable, because
the Schopyer-Riegler freaness dropped to 240 ml. before the fibers were
short encugh to yicld uniform handsheets. Oimilsr attemyts to rafine
the stock in & 1.5-pound Valley beater at normal consistencies were

uneuccessful because of plugring at the backfall,

A 1imited supply of satisfactory sheets was finally prepered

by first cuttings the fibers to 0.25-inch lengths snd then besting at
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n,3 per cent connietancy in the Valley be=ier for 15 minutes with 6500
grams on the bedilate. This ojrrstion produced 8 relatively free stock
with a “chopper-Tiegler froeness of 430 ml, The stock wrs then passed
through 8 12-gage vibrating screen, fractionnted further by & mechanical
stirrer which combed ouvt the rameining lony fibders, sand thenm formed
into sheets in the Jritish mold, The shaets were prassed twice between
blotters at 50 pounds per squere inch to correspond to the trentment

for the ramie fibers described ureviously,

However, air drying sam; les of the presced sheets _roduced ar
undesirable cockle, which would have interfered seriously with the vi-
bration tests, Therefore, the handzheets were dried between dlotters
on & steam oylinder at 230° ¥. for five minutes, and conditioned at
50 per cent K.li, This difference in the drying procedures for fibers mnd
sheets was unavoideble and should not affect the interyretetion of the

test date,

The shests were precared 8t two levels of plasticizer reten-
tion, which corresyonded to the ures and glycerin contents studied in
the ramie fider exgeriments. After conditioning at 50 per cent H.i.,
the sheets ware immersed in glasticiser batos of the ap ropriate strergthe,
allowed to steep overnipht, pressed between dlotters at 50 pounde per
squere inch, drisd on the steam cylinder between blotters, and again
conditioned at 50 per cent R.H. Then thirty test strips of standard
dimensions were cut for each plasticissr level end terted at 11, 50.
and, efter trimming, at 93 per cent R.h., Unlike the individunl fibers,

however, ramie sheets showed sipnificant chanres in length at various
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relative humiditier, and hiyeroexprneivity dats were neceseary for the
stiffnenr crlculations, The principsl experimentel date are presented
{n Tsble XVI. Repeat determinations were made or the untrented sheets
and those containing §.7 per cent glycerin to check questionable valuves:
both series are included in Tadle XVI, OCraphs of sheet atiffness, how-

evar, sre based on the average values for the two,

¥or the untreated sheets, etifiness decrensed uniforely with
increasing moisturs content, showing a roughly linear relstionship in
the ranre ctudi=d, The effects of moisture on the fiber end sheet atiff-
nestas of untrasted ramie ars conmpared in Figure 12, vhere 1t 1is evident
that the fiders are slightly more sensitive to changes in the water con-

tent then are the shests,

In the treated sheete, the addition of the plesticizers pro-
duced marted reductions in shert stiffnesses at the sediur and high
relstive huridity levels, In the lower r:mre of weier contents, the
only rignificant softening was observed in sheaets containing 21 per cent

rlycerin,

It will be recalled thet the increase in molsture content
causad by the plarticiser had little effect on the stiffness of the
{ndividual ramie fibers, When those fibers ere converted to shest form,
however, the additionml water becomes highly significant, This ls
hardly unexpeoted if the water associnted with the plasticizer mole-
cules i¢ held on the fiber surfaces becsuse, in such & position, 1t
1t could reduce bonds between fiders and, hence, eieet stiffnase with-

out sltering fiber stiffness.
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Reed (3) obsarved an axcellent correlation between the Clark
atiffness values and the water contents of sheetis lnsticized with
sodium seccharinaten, saccharinic sacide, sFlycerin, and water, In a
more dethiled study of glycerin, McPherson (5§) evnluated sheet stiff-
ness with a torsion pendulum and regorted that the bdest correlation
between the stiffness of the cotton sheets and their total plasticizer
content wes odbtained when one molecule of glycerin was considered

equivalent to two wolecules of water,

To determine if the softening of ramie sheeta in tho present
study wrs entirely the result of the hyrroscopic properties of the
glycerin end urea molecules, flexural ripgidities were plotted agsinst
the weter contents in Figure 14, These plots indicate that softening
observed in the treated sheets at 50 per cent R.H, gould not de ex-
plained completely by the humsctant concept of plasticiting, TFridently
the glycerin and urea bad an additionel softening effect of their own,

which was distinet from that produced by their sssociated water,

The relative effectivenass of urea, glycerin, and water is
demonstrated roughly by plots of shest stiffness ageinst various ratios
of the molar contents of plasticizer and water, These are illustrated

in Figures 1%, 16, 17, and 18,

Yor glycerin, the bast correlstion waes observed when two
molecules wers assumed sguivalent to one of weter, Thus, glycerin ap-
pafred to be lens effective than weter in reducing ramie sheet and
fiber stiffnesses, whereas e:rlisr it had deen shown to be more ef-

foctive then water in reducing the filament stiffness of Cordura,
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However, such conclusions are baged on rough compsrizons and should be

regrrded rs spproximations only.

Tor urea, no simple whole-number ratio of ureaivater produced
an especinlly satisfactory correlation of shaet stiffness snd plesticlzer
content. Tigure 14 indicriss that urea had & definite plssticizing
sction of ite own, but this wes not at all comperable with that of water.
As expleined bafore, this is not unexpect~d, because urea aAnd water are
20 unlike i{n structure, Water alone produced # uniform decrense in
stiffnesn over the entire range of soisture contents studied, ns is
apoarent in Figure 12, Urea, however, reduced sheet rigidity sharply
only in the resion of low water contents; at higher moisture levels its
effect was mich less pronounced, Fipvres 17 and 18 show the spresd of
values obtrined when one And two molecules of ures were sssumed eguiv-
alent to one molecule of water. In an apiroximate way ures and water
sppecr to be equnlly effective molecule-for-molecule in reducing sheet

rigidity.



GENERAL SUMMARY

This fundamentel study of softening was concerned chiefly
with the effact of plasticisers on the individunl fibers, The econcepts
of roftening by lubrication and by a reduction of the bonding bdetween
fibere had deen investigated previously by other workers, o ex eri-
nentel dete vere avallabdle, however, to indicete the action of soften-

ing ngents on the fibers themselves,

Since there were no setiesfactory methods for the measurement
of fiber rigidity, the first phase of the experiﬁental work was the
development of =n accoptedle tert instrument and ;rocedure., In the
nethod finally adopted, the fibers were mounted &s centilever bdeams in
» fileld of strong sonic vibrations, and the frequencies which ;roduced
rescnance vibration {n the fibers wers determined, “ith these fre-
quencies and accurate date on fiber lengths and wveighte, the flexural

rigidities of the fibers could be eslcvlated,

A test chamber was constructed so that measurements of stiff-
ness could be made under controlled humidity conditions, and a divided
flow syetem wan introduced into the conditioninys system to produce the
desired vapor presrsuras, Hy such control and by other refinements in
th; tasting techniques, the ex;erimental veristions were reduced to a
mininum, s0 that the standard errors of the resan stiffrness were under

six per cent,

Thisx vibration method wes aleo adopted for meagurements of

sheet stiffness by proper modification of the mounting ,.rocedure. In
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this way 1t was posnidle te determine the purely elastic component of
pheet stiffness, for rx;4d vidration of the s.ecimenr during testing

eliminatcd ;lastic flow,

The accurncy of thir method wnz checked by & toreion pen-
dulum, Flexurel ripiditiec of a nuﬁbar cf commereisl foile and pa .ers
vere deter:ined by both inrtrumsnts, rnd the data were comprred, *Al-
though there wne poor sgrecrent hetween the sbeolute volues, on &
relrstive breis, the two inetrumente correlr=ted well., Thersfore, tle

flexcrsl vidbretion meathod wns epccepted =8 £ vrlid meacure of stiffness,

fince wood fibers were too short for this procedurs, however,
the stiffness messurements were moade én viscose rryon and ramie. 7The
reyon filsments were employed in the recond phase of the experimental
work, a comprrstive rtudy of wvariour softening spents, becsune of
rayon's high sorption capecity. In the final phace, the study of the

correlation between fiber and shret stiffnesses, ramle fibers were used,

‘The second phase begsn with an investigation of the effect of
the wnter content on the stiffnese of untrerted filnrente, The test
dnta reveeled that the flexurnl rigidity veriled inversely with the
wntey content in the range studied, Imacrsion of the filsments in weter
readiced all subsequent stiffnses values, presumpabdly by intormal swell-

ing And a decrenze in the bonding within the filamente.

A study of the softening efiect of siiyhrtic alcoilols was
limited in sco.8, becrune of inepufficient adsor.tion of alcohol waors

on the Ary filrments. The vidration teste w re nmnde 8t O per cent k.H.,
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80 that variations in the water content would not intarfere. ﬁuring

the test cycle, the alcohol content of the filaments was varied by

yroper control of the chamber's atmos_here, Thase teste, however, were
preceded by adeorption studies which relzted the malcohol retention on

the filagents with the relstive va,or pressure of the surrounding eir.

It wag spparent that 1ncroni1ng the chain length of the alcoho) molecules
reduced their sorption on the filsments msr-edly., Thus, the adco;ption
of ethanol and propanol were too limited to show sirnificant softening
effects; haowever, on a molsr besis, methsnol appeared to be as effective

as water in decreasing filament stiffness,

Polyhydroxy alcohols were investigrted to determine the effect
of the molecule size and the number of hydroxyl groups on the softening
macheniam, Fthylene glycol, clycerin, =nd sorbditol wer: selected for

thie atudy as rsuressntative membars of a homolopous scries,

The glycol tests, however, were not conclusive, hecsuse of
the piasticiser'e volatile charncter., 1t was 8p . rrent that some flex-
ibilizing had resulted, but the date were too s..roximste for com.ers-

tive~;urposes.

(lycerin had » pronourced softening effect on the rsyon
filsments, and graphs of the dmta indicnted that thie sction could not
be explrined entirely by glycerin's hyproecozic charscter, Flots of
rtiffness agninat various ratios of glycerin and water showed the best
corralantion when one molecule of glycerin wse eesumed eguivalent to one

or two molecules of water, Thus, on & molar brsie, rlicarin per ge wus
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2t leagt as effective as water in reducing fibar stiffnesr, However,

in terme of its total hydroxyl content glycerin wes not euuivalent to
three moleculer of water, £né the softenings, therefore, was not directly
jroportionzl to the hydroxyl content of the plaesticigzer, Qther fectors,
such ms moleculer size ~nd the adility to roduce swellinyg, were _ro-
beably more criticsl, The further nddition of rlycerin beyond an oven-
dry content of 15 pwr cent had little effect on fiber stiffnese, indi-

ceting that the filarwents were ,robedly seturated with slycerin st

'

" this level. Apjarently, later increments were retrined onm the fibare!

external surfaces, where they could not affect flber stiffnese,

Sorbitol at hish humidities had & lese srorocunced flexibilizing
action than slycerin, snd the softening observed may have been Aue
entirely to sorbitol'e hyrrosco.dc Aropvrtieé. In th: extrermely low
humldity ranre s hish sorbitol content . roduced stiffening; this may
neve been caused by crystallization on or in the filmments, rlote of
stiffnees sgainst various ratios of weter and sorbitnl were rather in-
conclusive, but they did indicate that the degree of softening ;roduced

whs not directly ,.rocortionsl to sorbitol's hydroxyl content,

Celcium chloride was inveatipnted rs an exam.le of # purely
humectent pleeticizer, At low hunidities, even » limited crlcium
chloride content had e remarkable atiffenins effect, This msy hnve
been partly because of the cryetrllizntion of the salt on the filaments
or the desiccetion of the filsments by the salt, At high huwmidities,
however, sirnificent softsnine ses obtained, but this was never grester

then could be explzined by the additionml water held by the plreticizer,
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Thus, there was no evidence to indicate softening by the calcium

chloride molecules beyond that attriduted to their humectant character.

Foraomide was included in the plasticiser study becruse of
its remarkable ability to awell cellulose fiders., In this respect
forsamide is more effective than water, Hecause of its volatile char-
acter, howevor, the resultis of the vibration teste were only sp.roxi-
nite. Tven so, it was apiarent that formaxide had an appreciadle
flexibilising effect on tho reyon filaments on a molar besis probebly
surpassing water as a softening sgent, 7This provides additional proof

of the close ralationship betwsen fiber roftening and svolling.-

The last plasticizer to be considered was ures, which reduced
fider §t1ffnose et all plasticiser contents at the 50 and 93 per cent
R.H., test levele, In the low humidity renge, however, a high plasti-
cizer content produced some stiffening, probadbly dbecause of crystellizs-
tion of uree on the filaments., urea hrd a ¢re:ter softening action

than could de expl:ined simyly by its humectant cherscter. Attempts %o
determine the relative effectivenass of water and ures se softening
sgenta were not especially successaful, probably decause of the differ-
ence in the structures of the two but, on a molar basiz, urea snd water

were juet rbout equally effective,

In the third and 2innl yhnse of the exyeriment:l pyrosrsm, the
effects of plasiicizers on fibers and on sheets were co. »red. Water,
Flycerin, ~nd urea were selected as the coftening apents, Since rayon

filemerts ecould not be formed into eatiafactory sieets, ramie fiders
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were employed, The rapie etock weer demten poderstely rmd converted
into shests which weres then presred rnd dried according to © standard
grocedure, The sheets and saz, les of individual fibvers were immersed

in approprinte  lasticizing bathe to »bsord equel contente of the soften~

ing sgents,

The individual remie fibers vwere tonted firet, and the effact
of water on the untrested finars proved to be similer to that obmerved
with the rayon filaments, In the rance studied, fiber gtiffnese de-
crearsd linearly ar the water content wos rnised, There weas no flatten-
ing of the curve in the hirsh humidity range to indicate that the last
incremsnts of w-inr were held in ;ross capillaries or on the externsl

rurfocer, where they would not effect fiher atiffness,

Imnaraion of the dry filsments in water before the vibration
terting apparently covped some fiher swelline, for the stiffners wes
reduced sipnificantly without any marked chenge §n the moisture sorp-
tion. TYor these wrter-gonked fibere, the avernge stiffnese still wvaried

inversely se the fider's water content in the ranre studied,

Glycerin, however, showed no gronouncad softening action on
the ramie fibers, It 4id reduce fidrr stiffness sli-htly at 50 per cent
R.H,, dut this effect was not evident at the 11 per cent level. At 93
per cent R.H,, whers the plycerin wore than doublrd the fidart's equi-
1.brium mointurs contant, thers was no significant decrasre in ntiff-
nesa, ‘Thus, neither the plycsrin molecules nor their aa?ociatcd water

molecules seamad to affect the rigidity of reaie fibers seriouely.
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T'ren was only slightly more effective than plycerin in its
action on the individunl ramie fibers, Both levels of urea content
produced a limited degree of softening at relative Lumidities of 50 and
93 per cent, but these were not at all progortionsl to the attendant

increnaes in moisture content,

It seemsd evident from thase results that the glycerin and
urer molecules wers unable to Lenetirate into the highly crystalline,
well-oriented remie fibers, Apparently, molscules of unbound water suc-
ceeded in diffusing into the intermicellar oa;lllsries, where they
werkenad internal bonds and therady reduced the fiber stifiness, (ly-
cerin and urea, onr the other hand, were [ robsbly retained on the fider
rurfacee or in pross capillsries, eo that neither thei nor their as-
gocinted water could affect the fider riegidity, The slight degree of
flexibilizing .roduced by these plasticizers may have desn the result

of limited penetretion into the amor.hous regions of the ranmie,

Thus, softening sgente proved to be cr.zble of plesticising
highly amorphous rayon filaments but hed no comparadle effect on the
mors crystalline ramie fibers, Consequently, their mction on wood fibers
cannot be deduced from there dats with any degree of certaminty, It
seeped likely, however, that some softening by urea and glycerin might
be expected, becnuse Cady and Willisms (U41) observid thet these mole-
cules diffused fraely into wood samples of cedar, fir, hemlock, and
pine, Since, however, stiffness measurementa could not be mede on the

wood fibers directly, this hy,othesis csnnot be checked ex.srimentally,
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The effect of these plasticiccrs on ramie sheets was quite
pronounced, For the untrazted sheets, as for the untrested fiders,
etiffness varied inversely with the moisturs content, revesling s linesr

relrtionship in the ranfe of retentions teested,

1t is of interest to note thet the aversge stiffness of the
individunl fibers was pore rensitive than that of the sheet to chenpes
in the molsture content., This mny srrve indiractly to irdicate that
fiber stiffness does not slay a mejor role in determining sheet stiff-
nees., An increzse in the moisture content would de ex; ected to in-
crense lubrication detween fidbers or docresse their degrees of bonding,
Therefore, if sheet rigidity deenced to 2 sirnificent degree upon
fiber riridity, it sbould have decransed at least ss rapjidly 2s fiber
stiffnese, wien its water content wrs raised, Sirce thie waes not the
ezse, it would seem thet fider rigidity in this case did not have a

critical effect on the stiffness of sheets made from moderately bdemten

ramie stock,

In the rlasticixed ramie sheets, uren and glycerin molecules
were hirhly effective as softening arents, The studies of fiber gtiff-
nees domonstratcd that molecules of there ,lusticizers were ,.robsbly
retrined on the fiber surfaces, where they apyarently reduced sheet

stiffness by wenkoning btonds between fibers,

Graghs of sheet stiffnees againat the total water content of
the trested shests revesl~d that the softening ,roduced dy urea and
plycerin was not entirely the result of their hysrosco.ic character,

As a crude epyroxiuation, rlscerin molecules ap esrad to be only half
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as effective ns water molecules in softening the ramie sheetw, Cn the
other hand, ures was roughly equlvalent to water in this resgect, dut

coupnrignng bnsed on such graphs are 1lkely to be misleading,

No direct data could de obtsined to indicete the influence
of fiber stiffness on shect stiffnass after Llaeticliszing, 1If 4t s
true, however, that the rigicity of the individusl fibers does not iave
a critical effect on that of the un, lrrticized rhert, its i. ortance in
the plnsticised sheet would probebly be even less, for the sofiening
apent would cauge lubricetlion and a,redu;tion in flber bonding, so that
bending of the sheet would produce internal sliy.ore between flibers

rather than flexure of the fibers,

In the dense wnll-besten sheets for which ;lasticizers are
usually employed commercially, fiber stiffness hus ,.robably been am-
sentially destroyed by the heavy beating, and the stiffness of those
shests before plnsticiszing must de, erd slmoet entirely u.on th: strenpth

of the bonds between the fibere,



CUNCLUS TGRS

1. An instrument hrs been develojed to messure the flexural
rirldity of fibers and filements ra.idly and without interference from
plastic flow, In the terting .rocedure, the sample sizes were suffi-

clent to give rt-=ndnrd errore of stiffness not exceeding eix por cent.

2, By sultable modificaticon of the rou~ting jroce ure, this
instrumenc could measure the flexural ripidity of paper sheets with a
gtandard error of the stiffnees of only three per cent for eamples of

IN etrips,

3. The flexural rigidities of untrested rayon filements and
remie fibers varied dnversely as & linear function of their weter con-
tents., Such softenings wag .robsbly caueced by a werkening of the fiber's
internsl donds by water molsculre, which ;enetrszted the fibers and

separzted their cellnlose chains,

I, The addition of methanol to rayon filaments roduced a
roushly linesr decrerre in their stiffness; water and methenol appeared

to bte egquslly effective in softening filsmente,

5. The etudies of polyhydroxy alcohols showad tihnt filament
softening was not proportional to the totsl hydroxyl cortent of the
rlesticiser, (n a molsr basie, glycerin was At leant ar effective as

wnter, but the relstive effectivenesses of ethylene glycol and sorbitol

could not be estsbliehed,

6. Cryetslline softening meents such as calcium chlorice,

sorhitol, snd urea sroduced fiber softening in the hirh humidity



~103-

range but, in sufficient concentration, they caumed etiffening at the

low humidities,

7. Uret wns rouwrhly as effective ag wrter in sofiening

filamonte ~t hieh and medium reletive humiditiesn,

8. (flycerin and ursa had only limited effecte ar softening
asents on remie fibers, Probnhly they weres unsble to swell nnd ;enetrate
the hipghly cr stalline fibers, Thus, 1t seemed evident that . lssti-
cizere softened fiders only when the ,larticizer molecules elther were
srall encuph to . enetrate the water-ewollen fibers or wers able to pro-
duce the additionsl fiber swelling necersery for penetration. A; .arently,

fiber roftening and twelling were closely rel:sted,

9. 'The relationship between the weater content and the flex-
urel rigidity of untrest~d ramie sheets was subetantizlly linesr, The
rddition of urer and glycerin, however, yroduced greater softening then |
could be ex;lained by their hyrroecopic ,rogertiee; as & rough ap-
-roxim=tion, two molecules of rlycerin or one molecule of uren was

aquivalent to one molecule of water in giicet softening,

10, The stiffness of the indlvidusl fibers was _rob=bly not
hirhly sisnificant in deterainins shaet stiffnass, aspécislly in the
plarticiszed sheat, but this could not be definitely ‘emonstrated ex-

»arinentally,
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