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cuger has widn ond enpied uses dn the elecirienl in-ustry os
an fnculiotor, ‘he ro.erties thrt have mrdo v derfirnble for euen uses
=pe 1te low power fretop, d6e coaily controlisd clelectric constrnt, itr
degirrble hysic 1 sropertier, and its rolotive economy., “ithiousn the
yuysicsl progertise of neper necount for much of it usefulnersr in the
electrierl infustry, the elestricol properties ore of prer ter reienvific
fnterest for two recpors,  ¥irst, the thyelcerl specificeriione (often
risorous) enn be met by e mrmufecturer by conventionsl penne, “eonnd,
widerurerd sdwsnees in the use of .roer in the electricrl field hnve
heen 1imited by the iresent jropertiecs of .ruer dieluctricr., -ortaar
rdyrnecse, tuerefore, rre to be rnticli stec tirasugh the 1o raverent of

the 2oeyr,.

The chief constituent of eleciricrl yroers is csliviose,
eroucinge from Linen emd s1-Ur n ers, which are slieetd jure geliviose,
to unble~ched kroft ;¢ ere, viich sve seriv v 700 celivlore.  uch re-
secrch lice been crprried oul uoon comanredsl oo ers but eouprrrtively
1ittle ntéenidon brg been focused v.oon #n undorstoning 67 the fislec-
tric uropertios of che conetitusmis of tueve ;r ers, Turthersove,
dlelectric srogereler sre ntirstely wolisted to physier) mne enenlerl
etructure snd snighkt grove veeful in Ircersrsing our knowlevrs of the

Chyetesl chendatey of celinicce.

for these roceane, rn inventis tion of tac ddelectric proler-

tiee of eelivloce 1¢ tiely ene deelvcbie, both from & ecicntific rnd

£ yrretie 1 viswpoind,
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A1l materiels may be classified es conductors or as dielec-
trics. Jhe former contain free electrons which move in an electricsl
field end ceuse & current flow. Juch conducting electrons are not
present in dielectrics, in which ell electrons are bound into o space
lettice fremework, In an électrical fleld, 2 distortion of the posi-
tive and negetive centers of chnarge occurs, ‘Jhis 1s known as poirriza-
tion &n@d pives rise to en external field, /. dielectric placed between
the plates of o cherged condenser becomes polerirzed #nd its fleld is
oppoced to the field of the condemser, {ince the charge on the con-
denser is éonstant end tue effective ;otentisl difference is decreccsed
by the introduction of tho dielectric, the.cepacitance of the systenm
(ratio of charge to potentirl difference) is increased., %his noleriza-
tion is characteristic of the dielectric under any perticular conditions
and is commonly expgressed ~s the ratio of the capacitence of & condenser
£i11cd with the dielectric to its vecuum cs.acitence, It is known as
the specific inductive capscity or, more commonly, as the dielectric
constant (€), When the potentinl difference is removed, the positive
and nepative centers of the charge revert to their former position and
return energy to the circgit. Therefore, the dielectric constant is a

measure of the ability of a dielectric to store energy.

In sn elterneting field a similar golarization takes place,
reversing with the applied field., The current is 90 degrees out of
phase with the applicd voltege in sccordance with the classical theory,

Althourh all types of polarigzation tcke place in a stetic field, verious



tyses of polrricrtion rro ngfected diffeorently at Oifferent froauorcies

end, eonnecauensly, the dlelectric constont ic dejendont ujon frequency.

Mt extremely hish {vieiblo) frequeneies, only electrons ore
¢ispicced (eleetronic polerisotien), It hop been cotablished on Both
thesrotienl cnd ex criventad grounée thet, ot ticse frocuercies, the
ddcleetrie constent in egunl to tho scucro of the dndox of rofroetion.
g the fresuency 40 Coorencel to the infrored renion, ntons ore die-
zleced (ctomle polnricntieon) red the diclcoctrie comstont fmerctses, In
cenopcl, this ty.e of rolerizotion do of eLnll ovmitule. Ghose polord-

erfions oro rolertively dndopendent of teo orilure,

As the fraguency is furtier lowerc? into the electricnl renge
adsole polerigetion ooy toke pleee., & polor molocule which 4o freo te
rotote in en 25p3icd £icld cousces an increrse dn tho dlolectric comstont.,

Tohye (1) ferived the followine typo of relntion for euch iolepizelions

= M v o), i)

L
vhero ¥ 4s relcr polavicntion, Ly 8, ond b ove eonsteats for o preti-
euley ontordnl, end 2 ie the nbrolute tew ercture. Tds relotion is
aurntitetive An those crnos vhero the bosle resu ptions {thnt theo mole-
ecule 4n free to rotote rnd no solcculry interaction occure) tre volid,
£e 4n the cree of roses or éilute solutions of olop tolceules in non-
soire solvents, 3n cost Glelocteles, hiswever, the countlons bes only

0 cualitntive sisrnifierree,

In ¢ Leterorencove moteprisl dn walch vorinus consonenge brws
Mg forent clecsricnl proportics, dntorfoeird seleorlcrtlion ooF occur.

O ehnree Busids wy of the Intorfoces bolveon tho difceent cosgoncante,
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. Shooe ehareeg ony bocoro oriented in tho cppliod fiocld, rooulting im o

hichor ficlectric constont., In gormorcl, imtorfoeicl poloricotion toles
ploce ot lover froqnéncioa thon othor typoo of pél&éiaatiow bBeecuse of
the layger maﬁs @f tho @brticlos invelved, ond decrenses ot highor

terperaturcs beenuse of thermel aratation.

it 4o voll mown thot the poloriccbility of o nompoler di-

eleetrie is given by

pe fle - 1)/ +2)] YD), (@

-whoro [ 4e polor golarﬁs@biliby. U 4o coleculor veight, ond N io Gomolty.

If peloriscdility ie comsidered o eonstont choractoriotie of the coleculo

independent of demoity, the @1elocerig.csnmtmnb poy be roleiod to domelty.
(e - 1)/(6 ¢ 2)< D _ {3)

“his 1o onc form of tho clacoienl Clowsiusn-ilocotti rolotien.

1t heo boon found to kold nprroxinntoly for reny ddoloetries in vhich

tho boale ascurptions usefl in itc derivaticn ove not otrictly truo.

Thus for, on idoolised diéleetrle hos Boon concidercd., Im o
rocl dlolestrie, icpuriticn, conéncting purfree lons pothe, z2né inttieo

irropuloritios ccuse direct conduction. Fovover, toot dicloctrics, when

8 18

to 10" obno-go.,

dry, hovo éircet curront rosistonces of tho order of 10

-end enorgy loogos nttribeteblo to thio coupe Cro cenerclly necligible,

1% hoo boom neourmod thot the cemtors ef cheres oltormoto vith
the oo licd olteranting £i0ld without onorgy tbeorption. In & rcel di-

oloetric thie is not truc. Neccuse of thic omorgy leco, o condoagor with
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Aawrefore, tae polintive | r loss ¢f = ddelcoobelde dn o esnioneer is
e eleenie olonent,  here O i dsro end ¥ 4 encdl,
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con Hel tm et = 4f. L WeCE?, 855

hum cower “ooter §0 200 vve dn arg dop diotectrien) tas oouer frotor

x.m(‘ﬁ .5\4\. 1.\uv f‘p,,) O e v</3,({ )I\‘\‘J?E:‘f 637““‘1.

@ lows fretor of » fiolectele ie deficcd re the eafuct of
3te fAoecteie enontrnt o0 Gae errent 0F St dlelecteie lone ool
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inie “delectric loce wey ror~ily be ex Lolned by tae comes 3
of the releystiom tire  lenorenon, -ech Jrrticle wien dis irced by the
o 1ied Ficld recidees i to roturn Lo 1te ordsinsl _osition {beeroge
of imtern=1 posittonce ard inertie), =nd such tive is cisrectorized by
the frelexaiton thiw.? 1€ the _eriod of oscdlisiion of tie s, lied ficld
1 of tae sepe order < the relexstion tive, tuere will be & .arve dif-
farcree potween tie oscilietisng of tae field snd tun  criicle, rmd

enersy will Ve rusorbed #nd cnnveried o fseet,

senning end o8l (27 neve derivad ¢he following fondmuental
meneirl ecuetiors for dislsctric consuent end loss erie, eeguiting onrly

viusg tule oo -ce .t of "relexstion tine" is corrcct,

= [;’0 cos {W5) (") 4 & (6

A

€ =7 sin (w3)9{n) g 3 v

where g@ = € 2t infinite freqrency, and

£ = e penorrl tor: regrecentetive of freisvstion 1 e

Chere esontions shov thet dlelectiric conmisnt ond tie lose
snvle rre fundeuenirily relrtid to ‘relzz-~tion tine” and freg onty. sn
arder to solve thsse eni2tisns, & nuwerierl vrlie for the raisxrtds
furction [¢(6)] wuet be sseumed, [enndne rnd seld seke tae folliowing

eestr tiond

wiers u = e cogstent,
T= ral=x=tion tiie, or the tize for _oriaoet

cordeceer £0 Slsclrrre 0 fe of %o
arivinel ci-rre, ond

time

fer
#
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angorerting of Tuunglons W0y rad (77 cdves

Lurohy rad LoroTn &:j inter retcd dicitectric loec with the
040 af » ey nie 3 rnclery.  Lhey eomeidered tint o carrped potiche
of © Aven reee (leodreed in on clteresetine fleld oo o viomers » foree

- which roctores 4% to ite euvilidriun celtior rre » frickismel ree
siotroes £ 4o ol rectorotion, oy Tooer pethrmrtieni tre teent, tiey

dovive the folliowins cuiurtionsd

Y lr‘) .
€ - €oo® \E =Eaifil s W T emat B ¥ V9

'y 3
£y

et :[u., - Ewﬁwﬂ‘/f@l PR whe)
winve T (€ ¢ dlfleos )T,

eoL with uttione () and (29) rhous the i floeity deivern

‘i‘

3

g polstions depive’ from o fyundrrentol Uoele ond from o seehrales 1
modlel. 40m¢ﬁ3Qﬂ9 oi differcat relrsertion fonctions iy account for

tue Gifferonees,

SAtnove i sueh enretliars ere often Gu-litotively eorroct, bogy
do pnt mprer winetdy with o eriwentol resvlic, Yerer @Eﬁ cgeuned thint
o fiotriintdon of ‘relsyetion $iees,® rother then o sirsle volue, exlcto,
© engvel _hﬁ%, vy rosep selection of fistriLutisn fumetions, sixiite

esrrtione cive resulis in sccord with cloorved voluee,

how, 6 ddodecteic gry be fcwival s onies coloesed of ©

<

reon.. of orlicles of wrrled wooe Tal €O €, poogy dnnd in tiolr



equilibrium Losdticre Ly Interncl forees. “ppentidnge upon tholr mese snd
chrpre, they ere 6iscirced =t different frenienciec. The Qieﬁicctr&c lone
of the rnterirl is the ererpy loot 8 Bert when the rovewents of the
sepbicles become out of nhare with tie 2 iled field, becrure of thelr
rase ond relexation "cimes., Tule loee ircresses st freguency Brnds where
the élelectric constent is earaeipe becruse this Urnd ie O rc;»f;&m in
which .rpticles Just berin to oscilisnte ¢nd, eoneeacently, re not in
shase uitﬁ the 7 14ed £ield, “hie is bnown ms £ resfon of enenrlsue
dispersion, & gochenicrl snslopy coneiders thet theoee .nrifcien one
counter resietrnce 4n thetr rovement &n the o 1icd fleld, wue cieleCe

tric lose iz the Lets loss resulting fronm friction,

eilulose 40 » lincrr coljasce cortodndng wrny et frougs,
tn cenerri, such polymcrs exnibit ircrerced dielectric conntrat ond loss
with incrersinys terersture smA decrevsin: {reuvercy. Tunes (3=73 rnd
Sunes ond  irtwosd (@ heve ehanvn thnt the odsopved dieloctric beurvior
of other . oiynces of this $y,e conpot be auertitrtively ez lrired by the
Sreviourly diecusced reinticons, Lhey eorelofed thet the ovserpved efflects
rre Gua lereely %0 the eoticas of 4% cles 1n wint e effectively »
ceétun of bich vieesedty. In e olyuer of this e, thie €1 oloe oTe
restrrinnd in £oeir oeiticns becrure of tholr stisclaent to the 0ldy=
vep chrdn, ©econdnry wolonce torces oy be coorrtive betweon the cuwine
or .ortivas of them. .JLe uotior of rry ¢ cle »ffecto toe aotisn of
roddthosin 6 ples, ¥ irkwoond né Coose {4y hirve podifiec Tebyole
oricinl theory %o £, 1y ¢ tuds cree with condunirtive vevecnent

with abserved resilis,



L odefinlie reloiinn hetusem mlegiviel ond cechonienl Ceaper-
gieo Lrs been noted, “ilslectrle conotrnt rnd lops very dnverneiy wiga
tao oadnlon of elqnttedty.  Chellaeiy, tae gre“eacm ,f Jireticizers
s70pgte dielectrie e, ersine, Yor oxo. Jde, T0vis, dllgp, mnd cucre
ggg@ faund thet Lo #inlectric corsirnd drerecsed oy toe wnviness of =
serdes of Lircticlzed solsvinyl ¢nrice Jleeties degroreed, o clvr sad
Yepar (1L} ehowed tunt ton delectrio constrng rnd Lgwer frelor were
rﬂlftoé to the irteraction of the cnndne, Un the evse of oolyceere
~othylene ech ernide, they siowed tart decew ond cryetrllinli) end, hccen,
ceererned hyirosen hnondine fnercosed e cielevtric consgent ad oower
feeter, he relntive fresdns of ysl4r wraé:g in & Xinetr Colyer is

reisted $o the ohnarved Sloloctric rooertlics,

Cellnlore i~ o mizture o llne-r i oore with vorinve Jg-
yere of plyeerizetion, corsmeed of erniyiresivenre unite eonmoeted by

sluenedite iotorar, Loswo ore three free soeondnyy ond one {ren el

2oy Bycroryl srouLe for erch unit, Une errbonyl arels 10y ve povent
rt tie end of e ch eurin and e creiDAlity of Lie  resence of ovr-

Boxyi orovps existc,  Lhe cclluloize ehrive npo eresvoed in s oelero-

cemane Feeaion.  TRosose overs, he cundng ere sriented rad suow erpetil-
iine roperties, dncluding ﬁrr"ﬂvéa?nt ety wmis eoilis of Lév“r" O0-
~ithle moddficotinne,  Jie cbrdns ers el toratonp LY seehnery volicnee
“aroes, loglidtinge Lyogo en Bondioo, Do oborp oeeln, e goning ore

.-

fpen go pows rad ore Doune $0 eblor ¢ lne only Ivfrescontly, oonre
aprra clve N Xerry G10,rew o fre declinriod e oner oo, oolHsLs L
14 4s Lroheble tnrd Suive e eovo oriontridan, O sler woiceoios o

senetrsts betvoem e e dne 30 Lnn Sloe Love onodane, uaorers Ly orn
1 . ¢ 3 >
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o odgorbed 49y oot Ve curfige of dho eryetnlilneg recte, mellio,

E

e eellulose.

Me

crtdonde Swouritics mny Lo ofsurded o bosded o U

shen thle eyeten o Jlrced dm en olternaoting clectricnl field
et ‘uower fresuencien,® elecironic olsrizrtions w43l ke lnee, Y
serns of the reirtlicn, € = gf 3. ybere 1 ds tko index of refrrction, the
contribution of thie tyoe of -olrorisritnr to tie Ciolectric conntrnt 1s
found to be zbout 9.9 ar pourhly o $hird of the rcceptod welue of Ged

for wotive cellolonc, TU 88 probovle Shet 1isile (iclectric lozey gteurs,

“tounte | olerizegione oles cocur bud, r5 heee ave cancrelly

of areld seondtudn, they will vot be considered furticr,

Tydrosyl end other | olor srou,s wild Ue efd et Ly tie oo-
J14ed $3eld. Tn mecowdiince Cith Ehe provievely deceries grnce- 45,
thees Frovos fre soctrsined in thedr geitions on tac cuning. it ie
robrble tint & eubrtrmtdsl ortion of the obnerved lose in celluloeo

fe o eonsagrence of 4te olwr £rou s,

iIn the frorcious creeg, Lortione of enndne @ay e % lenst

creginlly free o rolate,

fieilulose 1f Lntowocenpue ond interfrelsl solertzctisng une
Apubeedly ccoup, -hwtuaer Shey moim s echrgovtiad cortrilintion to tre

shecrged lgee rné ddeleeteice conrtent 4o not roun,

2 egornod Wmouritice, sueh of woter and aincpole, wny eontrd-
Bute to both direet covdvetion rod dielegiric leso. Lhere §o shuw ont

evifonen thnt even surll owornts of wrter crure &ie roportlenrie lorter,
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St 1e pobeble t1ag, of loo aletrre eomteny, ooy OX ovler ore Too0d

Lo §br sivfren of the eelfulere v cveh & rrvver oo to Bolove 4T ol

prouse vhien rro recteriepd in (helr geetllrilops Ir tae £iald,

“:ith thite concept of cellulose 5o ~ dirlesntric, the litersoture
rad the rorults obtodned dn thic fnvoetipstion woy be better evrlustod
rré correirntes with the rerent Trowledre of the fundrmergel strccture

cf celluvlose,
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Only ono invootisetion of tho powor fretor of pure celluleso
bro Beom oo arted, olthsusl eseeddorcble work hes Deer Gone wion linon
end beeft pomepn,  who dielectric constant Lro been more thoroushly ine

veetientod,

Heoopo &Ag) corourel the d4clectric connbant and yower footor
of celiulooe in tho form of collophrno over o wide rowre of frequencics
end Secsoraturce. o found the ddcloetric comstont to be 7.6 ot 5° 6,
et o frequency of 1000 eyclos. It dmcrorced slightly ot hishor terseres=
gurcs ond decronced oliphtly et Dicher frouvoereies. e sower fector
poreaed o cdodomn volue of 1,67 at ter_ornturcs frem 20 $0 5@0 Gay thO
tousernture of the minimndorecsins of lower frocuonciece. In oceorls
rage with tho theory of onomnlove (leversisn, the pawer f-otor orowed
o peziran in the freavency ranco whiore $ho Alelectrie conntond ehnined
oot roodfly.  Oonte usen pure eeliviose trircetote ohsved thnt reploee-
rent of ¢he hytrezyl grouss In eelluieso By cectote orousd lovepcl the
Gisleesric constrmt nonrly GO0 and the sower foctor siishtly., “toops
ootributed ocleetric~) loes ia the m%@tian 0f tho ecllnlose einins pothor
thra to the retotion of hydlresyd crous, nincs gtho lottor hrve e resonfnt
Preqneney hirler ther the froquoneios veed, Turthormore, colluiose
ceotrto hed on opprosicblio jover foetor, clthousl &4 eontnims ro hy-
fporyd prowso. (toopo drled bic onzdos of 105° @, vithont ovoeuntion,
Lerronn @2} hre ehowa thnt undor sueh eonfiitioro, o peoldenl rolsture
content 09 birh o9 090 my rerain,  Salo eovld ceeovnt Lor the role-

tavoly Dk powcr focter wolucs of eelinlece ond for the lever velucs
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for celliulose ceotote, aince the moisture cheorption of the latter io

conpidorably oceller under siollor conditions.

Aocording to znﬁérnaﬁidnal gritdcol Toblon (14), tho diclec-
tric constont of eollﬂioae,varica from 3.9 to 7.5. Geoosbell (}i) fonmﬁ‘
a value of 6,7 for & regeneréaed celluloeéb Delucs, €orpbell, and Meces
(559 reported o volue of 6.1 ot 35° 0. @hey peseured tho dielectric
‘conotent of cotton dispersed in hydrocorbon mixturce cnd found the miz-
ture whone dielectric conptont wos not chonped by the prebenee of ¢ol-

T lulese,

tionsen (1]) ond Uon den Akkor (18) found thot the diclectric
conctonts of krafb:and oxploded £iber pulps were rolotod to éenaiﬁy.Bﬁ
the claaaical'Qlauﬁ1§s~ﬂosat§1 rolotion, Tndicott (lgj'cunaiﬁsred @ager
to be o series of fidber resiotinces eitheor 4n garallal~or 4n perien,
fia Qorived rolotiono between tho dleloctric conotont end the donpity
for ecch caaémbtion. Yor & portleuler lraft peﬁer. the oorics repro-
gentotion £ite quite eeguéatel?; Howover, Xﬁrthor énto {rot given)
indientod thct & coabin&@imn'of sorico omd porellol elecente vould bo
ZOre neeurato, Samploycﬁlculétiona with thﬁsé equotions roveel thob |
cuch o combinotion vould effectively give the cpme volude cs the Gicusivo-
ﬁoaoeﬁi rolotion, Gver & wide écnsiby rogee, ndlecott's equetions lose

 volidity,

Hongen tecumed thatzﬁﬁo'leee fnotor wes proportional to den-
sity for o kreft poger, Lnddeott derivod lose Loetor-dencity rolation-

shipe fron tho f@romsncigneﬁ‘esénmyti@na. Fhe p&raliel rosictance ¢tee
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4s idontier) with Hemoen's assumption. Zhe cerdes crpe diffors only

. plightly over codernte domolty ehorges.

\

Yho rolotion betwosn roicture contont and the dioleetric pro-
portics of papers cnd fibers hos been investigated extcnoively. Linephy
£nd collnborotors (20-22) hove showm thot the precence of rolsturo cousco

‘incrensod direct conduction in cotton fibers,

Arpue enrd Ha&sév(gg)tmeasured the dicloctric constent of col-
iviose at ¢ sories of mniaiére contento. bﬁhey cdncluaeé that tho
uotor was incroosingly tightly bound to cellulesc. Omly imcremsamte
éb@vn X5 havé dieloctric conotonte epprecching the volueo of'pmré uaﬁér.
-Garcoa (24) sloo eonelude& thet odeorbed woter bes & lower polorize-
bility in cellul@me then (ooe froo vater., Thopo rosulte indleote that
the presence of & arnli enount of water would hove 1itsle offect upon

the erecurrey of tho diclectric comstont dotorninetion,

%his wee verifiod when Creenfield (gi) moosared the oouilib-
riun dlelectric constont of lraft popor ot o sories of veguums, Po-
duction of tho pressure from 400 te 0.25 mn, éamseﬁ'a decrense of only
35, Undor sinilar c@ﬁ&aeions. the powor foctor decreased €0}, Oreen-
ficld and Uhitohend (26) foand th&t both values werc releted to the
water yrobens in the papet in en expsnential foshion, Beleventi (27)
wos unoble to dofinitely prove that dryinz krcft peper ot 70 C. at &
prossurs of 8 nicrons eliminatod ddoclectric lose reculting fron mole-

| ture, G@rt@a._ou tho other hend, cloirsd that poper could be comyiete-

1y déried ot 60° 6. with tho eirculntion of dry air.
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Studies of Dielectric Properties of Chemical Pulps

III. Dielectric Properties of Cellulose

CHARLES R. CALKINS

A test capacitor embodying several desirable features has
been designed and constructed for use with a Schering
bridge. The loss angle and dielectric constant of native
cellulose has been measured at frequencies from 500 to
4000 cycles per second at temperatures from 25 to 105°C.,

- under conditions that assure no inacc.uracy as a conse-
quence of the presence of moisture. The observed be-
havior can be adequately explained if cellulose is regarded
as a heterogeneous linear polymer with many polar groups.
Similar measurements with regenerated celluloses showed
significant increases in both loss angle and dielectric
constant as compared with native cellulose. When these
celluloses are subjected to moderate pressures, these
values are reduced. A possible relationship between the
observed dielectric constant and amorphous cellulose
content (estimated by moisture regain) was found. How-
ever, the evidence is contradictory (a presumably amor-
phous cellophane was comparable with native cellulose),
and no definite conclusions may yet be drawn.

Parer HAS WIDE and varied uses as an insulator
in the electrical industry, because of its low power
factor, easily controlled dielectric constant, desirable
physical properties, and its relative economy. Al-
though much research has been carried out upon com-
mercial papers, litile attention has been focused upon
an understanding of the dielectric properties of the con-
stituents of these papers, and particularly cellulose.
Such knowledge may lead to a better understanding of
the dielectric behavior of electrical papers. Further-
more, dielectric properties are intimately related to
physical structure, and might prove useful in elucida-
tion of our knowledge of the physical chemistry of cellu-
lose.

REVIEW OF PREVIOUS WORK

Delevanti and Hansen (1) have adequately reviewed
the fundamental theories of dielectric behavior and the
literature concerning electrical papers. Only investi-
gations pertinent to this present work will be discussed
here.

Stoops (2) measured the dielectric constant of cellu-
lose in the form of cellophane over a wide range of fre-
quencies and temperatures. He found the dielectric
constant to be 7.6 at 1000 cycles at 25°C., which in-
creased slightly at higher temperatures and lower fre-
quencies. The power factor reached a minimum value
of 19, at temperatures from 20 to 50°C., the tempera-
ture of the minimum decreasing at lower frequencies.
Cellulose acetate had a lower dielectric constant and
slightly lower power factor. Stoops attributed electri-
cal loss to rotation of cellulose chains. His drying
techniques are questionable in the light of more recent
work.

CHARLES R. CALKINS, Student, The Institute of Paper Chemistry, Appleton,
Wis.; present address, Riegel Paper Corporation, Milford, N. J.
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Dielectric constant values for cellulose from 3.9 to
7.5 have been reported (3, 4). The most reliable value
is that of De Luca, Campbell, and Maass (), who found
a value of 6.1 at 25°C.

Delevariti and Hansen (1) found that the dielectric
constant of kraft paper was related to density by the
classical Clausius-Mosotti relation, where € is dielectric
constant and D is density.

e — 1)/(e +2) =D 1)

They found that loss factor and density bore a linear
relationship. Endicott (6) derived several semiempiri-
cal relations that were adequate over moderate density
ranges. Calculations showed that, over wide ranges,
the relations failed.

The relation between moisture content and dielectric
properties of cellulose-containing materials . has been
extensively investigated. The presence of moisture
has been shown to cause increased conduction in cotton
fibers (7-9). Argue and Maass (10) and Garton (11)
both concluded that adsorbed water is increasingly
tightly bound to cellulose as water is removed. Green-
field (12) showed that, although a small amount of
water has little effect upon the dielectric constant, it
contributes excessively to dielectric loss. He and
Houtz and McLean (13) concluded that water adsorp-
tion follows Freundlich’s adsorption isotherm. Others
(14, 15) have shown that the mechanism may be more
complicated and that dryness is a relative term in the
case of a complex polymerlike cellulose.

Cellulose exhibits an affinity for cations. The pres-
ence of these metallic contaminants has been shown
to lower electrical resistance (16, 17). Their deleterious
effect is enhanced by the presence of moisture (9).
Delevanti and Hansen (1) found that the presence of
ash in kraft paper has little effect at low frequencies.
Vogel (18) attributed increased loss of electrical papers
at higher temperatures to the presence of electrolytes.

It is evident that the effect of moisture and ash must
be eliminated in order to accurately measure the dielec-
tric properties of cellulose.

EXPERIMENTAL PROCEDURES
Electrical Testing Equipment

A conjugate Schering bridge designed according to
A.S.T.M. (19) and a transitron type oscillator were used
for most of the electrical measurements. This equip-
ment was built by Delevanti and Hansen () and is
described by them.

The new test capacitor system is illustrated in Fig.
1. It consists of a pair of electrodes of suitable size
mounted so that considerable pressure can be exerted
upon the test specimen while electrical measurements
are being made. The thickness gage is capable of the
measurement of the electrode separation with an accur-
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Fig. 1. Test capacitor system

acy of 0.0004 inch. A bell jar (not shown) encloses the
electrode system and rests on the base plate. The sys-
tem may be evacuated to a pressure of 0.1 mu. The
apparatus is enclosed in a mounted shielded insulated
box whose temperature can be controlled within 1°C.
from 25 to 105°C.

A schematic diagram of the electrode system is shown
in Fig. 2. The upper electrode and insulator are ce-
mented to the upper plate. The lower electrode mount
rides on a ball bearing on the upper shaft, whose move-
ment, in turn, is controlled by a jack, mounted at the
point indicated in the drawing. The upper electrode is
therefore fixed in position, whereas the lower electrode
may be raised or lowered. The sylphon bellows per-
mits this motion and, at the same time, prescrves the
vacuum. The base plate contains the electrical leads
and connections to the vacuum system and McLeod
gage. With this apparatus, pressures up to 1000 p.s.i.
can be intermittently exerted upon the test specimen.

The electrode separation gage is a capacitor whose
separation is directly related to the separation of the
main electrodes as shown in Fig. 3. The upper elec-
trodes of both the gage and test capacitor are station-
ary. The spacing of the test capacitor is determined by
the position of the lower electrode. The lower electrode
of the auxiliary capacitor is flexibly mounted with re-
gard to vertical movement only and its position is
determined by the main lower electrode, since the glass
rod that acts as the support of the lower electrode of the
gage extends through the center of the main upper elec-
trode and rests upon the lower main electrode through a
hole cut in the test specimen.

The capacitance of the gage capacitor is measured
with a capacitance bridge. Standard shims of known
thickness were placed between the electrodes and the
bridge balanced at a series of electrode pressures and
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temperatures. Suitable calibration charts prepared
from these data were used to obtain electrode separa-
tions.

Method of Making Electrical Measurements

Several sheets of a particular cellulose were carefully
selected for smoothness, good formation, and freedom
from dirt specks. The specimens were inserted in
place, and the apparatus assembled and heated to 105°C.
After equilibrium (15 hours), the specimens were
placed under 940 p.s.i. by the jack. The temperature
and the vacuum were noted and the auxiliary bridge was
balanced. The Schering bridge was balanced at 500,
1000, 2000, and 4000 cycles per second. The lower elec-
trode was lowered, and the temperature allowed to drop
to the next desired value, equilibrium established, and
the procedure repeated. Measurements were made at
approximately 105, 75, 50, and 25°C. The temperature
was then raised and measurements made at these tem-
peratures in a similar stepwise fashion. At the con-
clusion of the run, the vacuum was broken and the
specimen was removed. The area of the specimen
between the electrodes was carefully cut out, the area
measured, and dried to constant weight at 105°C.
The density was calculated as the mean mass per unit
volume between the electrodes. Dielectric constant
and loss angle were.calculated using the approximation
formulas given by AST.M. (19). The dielectric
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Fig. 2. Schematic diagram of electrade mounting system

A, Upper plate; B, upper main electrode insulator; C,
upper main electrode; D, lower main electrode; E, lower main
electrode insulator; F, lower main electrode mount; G, ball
bearing; H, sylphon bellows; I, base plate; J, hydraulic jack
(not shown); K, main shaft; L, jack frame; M, cap nuts; and
N, connecting shafts (only 2 shown).
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constant was calculated to standard density (0.8 gram
per cubic centimeter) by means of the Clausius-Mosotti
relation. Loss angle was calculated to standard den-
sity by the method described by Delevanti and Hansen
(1), assuming that loss factor and density bear a linear
relationship. Dielectric constant and loss angle at
standard density are designated es and e’os, respec-
tively. At these low values, the loss angle and power
factor are very nearly equal.

Sources of Error in the Measurements

The Schering bridge is inherently accurate, and the
frequency of the transitron oscillator was stable and
accurately known. Use of the approximation formulas
was shown to introduce no appreciable error. The lead
loss is small and was neglected. The new electrode
system eliminates error due to spacing between the
specimen and the electrodes. This was confirmed by
measuring the loss angle of a specimen at a series of
electrode pressures. At pressures of 800 p.s.i. or
higher, observed values (corrected to standard density)
became constant, indicating that spacing had been
effectively eliminated. All measurements were made
at a pressure of 940 p.s.i. upon the specimen. The

(€]
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Fig. 3. Schematic diagram of electrode separation gage

A, Spring; B, set screws (only 2 shown); C, lock nuts; D,
brass disk; E, upper electrode; F, lower electrode; G, lower
electrode support; H, flexible support for lower electrode; I,
glass rod holder; J, upper plate; K, glass rod; L, main upper
electrode insulator; M, main upper electrode; N, main lower
electrode; and O, support frame for gage.

Fig. 4. Auxiliary dielectric constant apparatus

measurement of the dielectric constant of several speci-
mens of native cellulose at different densities showed
that the Clausius-Mosotti relation was applicable.
Similar measurements of loss factor showed a slight
deviation from linearity with density. The differences,
however, were small and no appreciable error was intro-
duced in the results by the assumption of linearity.

Equilibrium studies showed that 12 hours were
sufficient for equilibrium loss angle measurements.
The presence of moisture had no significant effect upon
the results when the first stage of drying was at 105°C.
This was shown in two ways. First, no hysteresis
effect was observed in loss angle measurements, al-
though it is known that, even at low gas pressures, hys-
teresis in moisture sorption does take place (135).
Second, several tests were run at gas pressures up to
200 mu, rather than at 0.1 mu. No differences were
noted in the loss angles at either pressure, except per-
haps at 25°C., where the observed differences were
within the experimental error. The dielectric constant
was unaffected by the small changes in moisture con-
tent. .

An estimation of the sources of error in the deter-
mination of dielectric constant indicated that the maxi-
mum error of a single measurement should be about
109,. Statistical analysis of some of the observed data
in the case of native cellulose showed a standard devia-
tion (for individual data) of less than 5%, in good agree-
ment with the estimation. Similarly, the maximum
error of a single loss angle measurement should be of the
order of 109,. Standard deviations of the data varied
from 4 to 69%.

The results show that both loss angle and dielectric
constant determinations may be considered sufficiently
accurateand precisefor the purposes of this investigation.
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Auxiliary Dielectric Constant Apparatus

As this investigation proceeded, the need for an
auxiliary apparatus for the purpose of making inde-
pendent and rapid dielectric constant determinations
became apparent. A plastometer was modified for our
purposes. A photograph of the completed apparatus
is shown in Fig. 4. The upper electrode shaft is per-
mitted vertical movement only by the shaft collar.
The shaft is actuated by the lever arm. The lower
electrode is stationary, and the electrode spacing is
determined by the position of the upper electrode shaft.
The foot piece of a dial micrometer rides upon the upper
end of the shaft. The electrode separation is deter-
mined from the difference in the micrometer readings at
zero and at the separation existing with a specimen in
place. A moderate pressure can be exerted upon the
specimens by loading the lever arm. The system is
mounted in a laboratory oven equipped with a ther-
moregulator and a blower for the circulation of air.
The capacitance is measured with a capacitance bridge
connected to the electrodes through a rigid system of
wires (to insure stable lead capacitance).

Desiccated air was bled into the oven to insure that all
air low was outward and that the specimens were con-
ditioned in a dry atmosphere. [Previous investiga-
tions (10, 12) and preliminary experiments established
that an extreme state of desiccation is not necessary for
accurate determination of dielectric constant.]

Specimens were placed in the apparatus and condi-
tioned at 65 to 70°C. until equilibrium was established.
The door was opened, the specimen placed between the
electrodes, the door closed, the bridge balanced, and the
micrometer reading noted. The specimen was removed
and the zero separation of the electrodes noted. Tests
showed that this procedure did not produce error in the
determination by permitting the specimen to adsorb
significant amounts of moisture during themanipulation.
The density was determined and the results were cal-
culated to standard density in the manner previously
described.

This equipment is probably not as accurate as the
main apparatus. However, no significant differences
could be noted between the results obtained in the two
apparatuses for native cellulose.

DIELECTRIC PROPERTIES OF NATIVE CELLULOSE

Three native celluloses were tested. The first was a
purified Hercules cotton linters (cellulose A), the second
Whatman No. 50 quantitative filter paper (cellulose
D), and the third bleached ramie fiber (cellulose K).
Celluloses A and K were beaten in laboratory beaters,

Table 1. Physical and Chemical Properties of Celluloses

Tested
Carbozyl 0
Degree of milli- regain
Cellu- polymeri- equiv.,/ Copper al 54% Ash,
lose Description zation 100 g. No. R.Hs %
A Cotton linters 1450 Neg. 6.1 0.07
D  Filter paper 930 Neg. 6.15 0.006
E  Regenerated .. .. 10.7 0.1
F  Regenerated .. 0.2 .. 10.9 0.21
G High carbonyl 360 1.6 4.5 6.05 0.12
H  High carboxyl 240 6.3 0.5 6.3 0.1
J  Regenerated 505 Neg. 11.65 0.13
K Ramie 1055 .. 6.2 0.15
I.  Cellophane .. 11.6 ce

@ Regain at 54%, R. H. after 24 hours preconditioning at 25% R. H.
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Table II. Dielectric Constant of Native Cellulose at
Several Temperatures

Temp.,
°C. .8
25 2.42
50 2.36
75 2.41
100 2.50

screened, washed, and extracted with dilute acid as
described by Delevanti and Hansen (7). Sheets werc
prepared by a method similar to the one described by
them. Several experiments were carried out in the
case of celluloses A and D. One short experiment was
carried out with cellulose K. No significant differences
existed between these native celluloses althoughcellulose
K appeared to have a slightly lower loss angle at the °
lower temperatures. These results are not surprising,
since each is pure cellulose, chemically speaking, as
Table I shows. Only one difference is apparent in the
analytical data; the ash contents vary from 0.006 to
0.15%,. However, such differences have no significant
effect upon loss angle under conditions of desiccation
employed in the present work.

The mean loss angle curves at standard density arc
presented as a function of temperature in Fig. 5. The
dielectric constant values at 1000 cycles are given in
Table II. No significant differences were noted at other
frequencies. Using the Clausius-Mosotti relation, a
value of 6.0 is found for the dielectric constant of solid
native cellulose at 25°C. in good agreement with the
value of 6.1 reported by De Luca, Campbell, and
Maass (5). The data show that the dielectric constant
goes through a very slight minimum and then increases
with increasing temperature. Other investigators have
noted the rise in dielectric constant with increasing
temperature, but the presence of a minimum has not
been reported. After thorough consideration it is
congluded that the dielectric constant of native cellu-
lose shows a slight rise at higher temperatures, and that
it is probable that it goes through a minimum in this
temperature and frequency range.

Cellulose is a linear polymer with many polar groups.
In general such polymers show increased dielectric con-
stant and loss angle with increased temperature and
decreased frequency (20, 21). Cellulose is also a hetero-
geneous material and interfacial polarization may occur.
This type of polarization decreases with increasing
temperature and increasing frequency, because of “the
relatively large masses of the particles involved (22). -

If this concept of cellulose is correct, then the ob-

Table III. Increases in Loss Angle of Native Cellulose
As a Result of Degradation

Cycles Ae’M X 103, radians
Temp., °C. 25 60 76 90
Carboxyl Groups®
500 0.45 0.30 0.80 1.60
1000 0.35 0.35 0.55 1.25
2000 0.30 0.35 0.65 0.85
4000 0.15 0.20 0.35 0.80
Carbonyl Groups®
500 0.05 0.10 0.30 0.25
1000 0.05 0.10 0.10 0.20
2000 0.05 0.15 0.15 0.20
4000 0.05 0.05 0.05 0.15

@ 1 carboxyl group per 100 anhydroglucose units.
b 1 carbonyl group per 10 anhydroglucose units.

281



50—
f
40—
LN 2
\‘g 30— 4
w
4 3
- 2
2.0 \
10—
J | 1 | ] 1 1 {
40 60 80 100
Temp.,C

Fig. 5. Loss angle of native cellulose at several frequencies

Curve 1, 4000 cycles; Curve 2, 2000 cycles; Curve 3, 1000
cycles; and Curve 4, 500 cycles.

served loss angle-temperature relationship may be
explained. If interfacial polarizations occur, the initial
decrease may be the result of decrcased loss as sueh
polarizations decrease as a result of increased thermal
agitation. However, the possibility of a low tempera-
ture region of anomalous dispersion cannot be ruled out.
At higher temperatures, the loss attributable to polar
groups increases, and a minimum is observed. This
latter loss decreases with increasing frequency and, as a
consequence, the minimum is shifted toward a higher
temperature at higher frequencies.

The observed dielectric properties of cellulose are
satisfactorily explained if cellulose is regarded as a het-
erogencous linear polymer with many polar groups.

The dielectric behavdor of native ccllulose has been
shown to be related to its polar character. In addition
to the hydroxyl groups, carboxyl and carbonylgroupsare
found in cellulose. Their contribution to dielectric loss
was ascertained by measurements carried out upon sev-
eral oxycelluloses prepared from cotton linters accord-
ing to the method of Birtwell, Clibbens, and Ridge
(23). They were acid extracted, washed, and made
into sheets in the same manner as the native celluloses.
Analytical data indicating the content of carboxyl and
carbonyl groups in celluloses G and H are presented in
Table I. The copper number was used as a measure of
carboxyl groups. Two experiments were carried out on
cach cellulose. In both cases higher loss angle values,
as compared with native ccllulose, were observed, par-
ticularly at higher temperatures.

The relative contribution of cach group to the di-
electric loss was estimated in the following manner.
The increase observed in the case of cellulose H was
assumed to be entirely due to the carboxyl groups pres-
ent since the cellulose has a low copper number. The
net increase at each frequency, as compared with native
cellulose, was determined graphically, and is presented
in Table III, together with similar data from cellulose
G, which have been corrected for carboxyl content,
using the results obtained with cellulose H.

The contribution of carbonyl groups to dielectric
loss is negligible, except possibly at higher tempera-
tures. Since this oxycellulose has a very high copper
number, it may be concluded that carbonyl groups are
not a source of appreciable dielectric loss in cellulose.

The contribution of carboxyl groups to dielectric loss
is extremely high at higher temperatures, increasing

SOHS

with decreasing frequency. Since analysis shows
only one carboxyl group for each 100 anhydroglucose
units, the effect is considerable. It is possible that
cellulose contains carboxyl groups not revealed by pres-
ent analytical methods. However, the possibility that
such groups are responsible for the observed rise in the
case of native ccllulose must be discarded, since the
magnitude of the effect is not so large that one or two
carboxyl groups per 1000 anhydroglucose units could be
the cause.

No significant changes in dielectric constant as com-
pared with native cellulose were noted. This is not
unexpected, since the differences, as compared with
native cellulose, although drastic chemically speaking,
have affected physical structure only slightly.

Several interesting deductions may be made from
these observations in conjunction with other data.
Delevanti and Hansen (/) have reported loss angle
values at standard densities at 1000 cycles for kraft
pulps of 2.1 to 2.4 X 102 radians at 80°C. Native
cellulose under the same conditions has a loss angle of
1.7 X 10-3 radians. If it is assumed that the pulp is
809, cellulose and that its contribution to dielectric
loss is proportional to its weight fraction, the contribu-
tion of the remaining components is found to be more
than one third of the observed loss, even in the case of
the best kraft pulp. Delevanti and Hansen (1) found
that the loss angle of a bleached kraft pulp was only
slightly lower than that of an unbleached kraft. The
source of excessive loss is evidently in the noncellulosic
constituents of the pulp with both lignin and hemicellu-
loses contributing to the dielectric loss. The behavior
of the latter can be explained readily, since it is generally
accepted that most of the carboxyl groups present in
pulps are found in thehemicellulose fraction. Delevanti
and Hansen have shown that lignin contributes ex-
cessively to dielectric loss.

These views are substantiated by the work of Miller
and Hopkins (24). They found that the rcmoval of
lignin and associated materials from kraft electrical
paper reduced the power factor. Alkaline extraction
of the delignified residue with the removal of 49, of
the hemicelluloses (based upon original paper) caused
considerable reduction in the power factor. A limited
extraction of this type would remove the carboxylic
fraction of the hemicelluloses and, as the results of this
investigation show, reduce the dielectric loss. Further
extraction caused large increases in power factor. Such
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Fig. 6. Loss angle of regenerated cellulose at 1000 cycles

Curve 1, cellulose J and Curve 2, native cellulose.
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extended treatment would not leave a pure native
cellulose residue but rather might introduce consider-
able degradation which would account for the increase.
Unfortunately, no analytical data of the residues were
given.

It is believed that the following statement can be
made. Improvements in the dielectric characteristics
of present-day electrical papers are to be looked for in
the elimination of those fractions of the noncellulosic
constituents which contribute excessively to dielectric
loss and, particularly, in the elimination of carboxyl
groups.

DIELECTRIC PROPERTIES OF REGENERATED
CELLULOSE

The previous section of this paper has been concerned
with native celluloses which possess the normal crystal
lattice (cellulose I) and are largely crystalline. Re-
generated celluloses differ in two respects. The cellu-
lose exists in a different erystal lattice and is largely
amorphous as a consequence of the regeneration, ac-
cording to Hermans (25). Most regenerated celluloses
exist in the hydrate cellulose lattice (cellulose II).
The terms erystalline and amorphous are used in the
qualitative sense of indicating regular ordered arrange-
ment and disordered random arrangement of cellulose
chains, respectively.

Changes in the dielectric properties in comparison
with native cellulose are possible as a consequence of
these differences. In particular, if the amorphous
content were related to the dielectric behavior, a valu-
able analytical tool might be developed.

Celluloses I, F, and J were prepared by regeneration
from viscose according to the method of Jayme and
Wellm (26). The viscose was precipitated into a tur-
bulent regenerated bath and the cellulose obtained in a
fibrous form. It was acid extracted, purified in the
same manner as native cellulose, and stored in water.
The moisture regain of these celluloses was almost twice
that of native cellulose. Hermans has reported that
amorphous cellulose has a much higher moisture regain
than crystalline cellulose and, on the basis of his results,
these celluloses must be considered amorphous. All
exhibited plastic flow at low pressures, a property of
amorphous materials.

The shrinkage of shects prepared from these fibers
was so great they invariably split upon drying. Split-
ting was avoided by slowly drying between stacks of
blotters, but the sheets were somewhat wrinkled and,
with few exceptions, were unsatisfactory for testing.
Smooth soft sheets were prepared by drying these cellu-
loses by solvent replacement, using methyl alcohol,
ethyl ether, and cyclohexane in that order.

Two experiments were made with sheets of cellulose
J prepared in this manner. The calculated loss angle
values at 1000 cycles at standard density are presented
as a function of temperature in Fig. 6. A similar curve
for native cellulose is included for purposes of compari-
son. The dielectric constants at various temperatures,
calculated to standard density at 1000 cycles, are pre-
sented in Table IV, together with similar data for
native cellulose.

Similar results were found at all frequencies tested.
Both loss angie and dielectric constant values are sub-
stantially higher than comparative values for native
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Table IV. Dielectric Constant of Regenerated Cellulose
at 1000 Cycles

Temp., Celluloge J Native cellulose
°C. €8 €08
25 3.5 2.42
50 3.6 2.36
75 3.8 2.41
100 3.9 2.50

cellulose at all frequencies. Before the cause and sig-
nificance of these results is discussed, it is necessary to
be assured that these differences are characteristic of the
celluloses.

The solvent treatment had no effect upon the results.
Methoxyl analysis revealed only a trace of methyl
aleohol. Ether is not retained by cellulose (27).
No cyclohexane was retained by the regenerated cellu-
lose, although native cellulose after similar treatment
retained 2 to 5% [based upon gain in weight method
after Staudinger and Dohle (28)]. Tests upon a speci-
men of native cellulose dried by solvent replacement
showed no differences as compared with air-dried native
cellulose.

The auxiliary dielectric constant apparatus was util-
ized to make a series of dielectric constant determina-
tions upon celluloses E and J, which had been dried in
several ways. The condensed results are presented in
Table V. 1In all cases a definite increase in dielectric
constant is found. The regenerated cellulose speci-
mens are of substantially lower density than the native
celluloses. The results are calculated to standard
density by means of the Clausius-Mosotti relation. If
this is not applicable to regenerated cellulose, the appar-
ent increase could be a result of the calculation. In
Table V the dielectric constant of native cellulose has
been calculated to the apparent density of each regener-
ated cellulose sample and comparisons made. Sig-
nificant differences still exist. Therefore, the observed
increases are not caused by an error in calculation.

The regenerated celluloses exist in the cellulose hy-
drate lattice (cellulose IT). It is conceivable that the
observed effects are a consequence of this change. A
specimen of cellulose J was heated in glycerin at 240°C.
for 40 minutes [according to Kubo (29) this largely
shifts the lattice to cellulose I, although Hermans states
the shift is to cellulose IV]. No significant change was
observed in the dielectric constant, although the mois-
ture regain dropped from 11.6 to 9.6%, apparently be-
cause of the shift in lattice. It may be concluded that
the lattice form has no effect upon dielectric constant.
(The influence of this change in lattice on loss angle was
not investigated.)

During the measurements with cellulose J in the main
apparatus, it was noted that the specimens adsorbed
diffusion pump oil from the atmosphere even at 0.1

Table V. Dielectric Constant of Several Regenerated
Cellulose Sheets

Cellulose Density € €. €.5/2-4 e/en®
J (solvent) 0.368 1.75 3.31 1.38 1.15
J (solvent) 0.538 2.30 3.45 1.44 1.26
J (solvent) 0.553 2.55 3.90 1.63 1.38
E (air dried) 0.518 2.08 3.09 1.29 1.17
J (ether)? 0.329 1.94 5.20 2.16 1.34
J (ether)® 0.335 1.85 4.37 2.36 1.27

% ¢y is ¢ of native cellulose sheet at the density of regenerated cellulose

sheet.
b Dried by solvent replacement through ether.
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Table VI. Diclectric Constant of Cellulose L

Density,
Specimen g/cc. € .5
I-1 1.50 4.27 2.16
-2 1.43 3.37 1.99

mu pressure, a phenomenon not observed with any
other cellulosc. The oil could be easily removed with
ether. Although it is possible that the presence of this
oil could affect the loss angle determination, it is un-
likely since oils generally possess low power factor and
the amount present was negligible on a weight basis.
Whether the surface activity demonstrated by these
celluloses is the result of their high amorphous cellulose
content or of their high specific surface is not known.
They are definitely better absorbents than native cellu-
lose.

It would appear that the cause of increased loss
angle and dielectric constant of these celluloses is the
increased content of amorphous cellulose. Ixamination
of the loss angle curves shows that their shapes are
similar to those of native cellulose. The increased
values, as compared with native cellulose, might be
explained by the fact that more hydroxyl groups are
free to oscillate because they are no longer bound in a
crystalline region, where the groups are close enough to
permit hydrogen bonding to take place. Possibly
portions of chains in the amorphous areas are free to
oscillate. The observed increase in dielectric constant
may be similarly explained. A similar increase in
dielectric loss and dielectric constant with increasing
amorphous content has been observed in the case of
another linear polymer (polydecamethylene sebacamide)
by Baker and Yager (30).

If these deductions are correct the dielectric constant
of cellulose L, a cellophane having the same moisture
regain as cellulose J and, presumably, a similar amor-
phous content, should show a similar increase. The
results of two tests are presented in Table VI. Cellu-
lose L does not show the expected increase in dielectric
constant. It has been stored in formaldehyde solution.
Formaldehyde is known to cause cross linkages in
cellulose and it is possible that these linkages could
cause a lowered dielectric constant. Stoops (2) found
a dielectric constant of 7.9 for cellophane at 1000 cycles
at 65°C. If a density of 1.5 gram per cubic centimeter
is assumed, a value of 3.0 at standard density may be
calculated, definitely higher than native cellulose.

These celluloses possessed thermoplastic properties.
Under moderate pressures they flowed and showed sub-
stantial increases in apparent density. This pressing
caused definite changes in the electrical properties. A
specimen of cellulose F was pressed at 2000 p.s.i. for
10 minutes at 110°C., and tested. The loss angles at
standard density at 1000 cycles are presented in Table
VII together with comparative values for native cellu-
lose and unpressed cellulose J.

Table VII. Loss Angle of Hot-Pressed Regenerated
Cellulose at 1000 Cycles

€’y X 103, radians

Temp., Cellulose F Native Cellulose J

°C. (pressed) cellulose (unpressed)
25 2.60 2.80 4.78
50 1.55 1.70 2.60
75 1.90 1.62 2.45
100 3.75 2.13 3.08

ONA

Table VIII. Dielectric Constant of Hot-Pressed
Regenerated Celluloses

Moisture
regain
Cellu- Density, at 54%
lose Description € g./cc. €8 R.H.
J  Solvent dried, unpressed 1.75 0.37 3.31 11.6
J  Solvent dried, pressed 2.51 0.83 2.44 10.3
E  Water dried, unpressed 2.08 0.52 3.09 10.8°
E  Water dried, pressed 1.86 0.68 2.07 10.0
J  Solvent dried, glycerin
heated, unpressed 2.57 0.55 4.00 9.6
J  Solvent dried, glycerin
heated, pressed 4.03 1.19 2.52 ..
F  Air dried, pressed 2.54 0.98 2.15 10.0

Similar comparative results are found at other fre-
quencies. The loss angle at lower temperatures is
similar to that of native cellulose, but rises at higher
temperatures. This rise may be partially explained
by the presence of carboxyl groups in this cellulose.
The dielectric constant is similar to that of native cellu-
lose. The pressing has thus caused significant changes
in dielectric properties.

The effect in the case of dielectric constant was con-
firmed by measurements in the auxiliary dielectric
constant apparatus. Results of several experiments are
reported in Table VIII. The pressing in each case
has reduced the calculated dielectric constant to values
similar to native cellulose.

It is possible that this treatment caused a partial
reversion of amorphous regions to crystalline regions.
This would account for the changes if the amorphous
regions are responsible for the increase in loss angle and
dielectric constant. Cold pressing of a specimen of
cellulose J induced similar changes in the observed
dielectric constant, as shown in Table IX. Even the
short duration of the first pressing significantly reduced
both the dielectric constant and the moisture regain.

Values of the dielectric constant computed to stand-
ard densities obtained in both apparatuses are pre-
sented as a function of moisture regain in Fig. 7. The
mean value from Table IV at 65°C. has been taken as
the value for the main apparatus determinations. A
direct relation between the two quantities is indicated.
If Hermans is correct in correlating moisture regain and
amorphous content, the dielectric constant may be
regarded as a measure of the amorphous content.

o | | |
100 1a5 Tio 15

% Regain

Fig. 7. Dielectric constant of regenerated cellulose as a
function of moisture regain

O J (unpressed); ® J (main apparatus); (D E, F, J (hot
pressed); A J(cold pressed); and A E (unpressed).
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Table IX. Dielectric Constant of Cold-Pressed Solvent
Dried Cellulose J

Moisture
regawn
Density, at 64%
Treatment € g./cc. €. R. H.
Unpressed 2.39 0.537 3.57 11.7
Pressed 15 sec. at
- 2000 p.s.i. 2.67 0.712 3.01 11.1
Pressed 10 min. at
2000 p.s.i. 2.74 0.785 2.79 10.9

However, the data obtained with cellulose L (cello-
phane) are contradictory since, on the basis of its mois-
ture regain, it is amorphous and yet it has a low dielec-
tric constant.

The regenerated celluloses are of low density in gen-
eral, whereas cellophane approaches the density of
pure cellulose. It is possible that both the diclectric
properties and the moisture regain are related in some
way to the apparent density differences. These cellu-
loses are probably filled with submicroscopic small voids.
This concept readily explains the low density, the ease
of compressibility, and the escape of cyclohexane. If
+he surfaces of these voids (e.g., individual molecular
chains) contribute to the dielectric constant and loss by
the presence of free hydroxyl groups, as previously dis-
cussed, the observed differences can be accounted for.
In a high-density cellulose, like cellophane, the rela-
tively close packing might prevent the oscillations of
hydroxyl groups. However, this explanation would not
explain the lowered moisture regain observed upon
pressing. The moisture regain test has nct yet been
applied over wide humidity ranges and its exact mean-
ing is not clear. The possibilities of interference in the
case of the cellophanc test have becn pointed out. In
view of these facts, no definite conclusions can be
drawn.

SUMMARY

A test capacitor system has been constructed for use
with a conjugate Schering bridge, incorporating several
desirable features.  With this apparatus, measurements
of loss angle and diclectric constant can be made at
temperatures from 25 to 105°C. in vacuo of the order of
0.1 mu. Considerable pressure can be exerted upon the
specimen during testing for the purposes of eliminating
crror resulting from incomplete filling of the test ca-
pacitor.

An auxiliary apparatus for the rapid and reasonably
accurate measurement of dielectric constant has been
constructed.

The applicability of the Clausius-Mosotti relation to
native ‘cellulose has been confirmed.

The loss angle and diclectric constant of several
native celluloses have been measured at 500, 1000,
2000, and 4000 cycles per second at temperatures from
25 to 105°C. No significant differences between dif-
ferent native celluloses were noted. Loss angle-
temperature curves exhibited a minimum, the tempera-
ture of the minimum increasing with increasing fre-
quency. Dielectric  constant-temperature — curves
showed a slight minimum and rose slightly at higher
temperatures. No frequency effect was noted. These
observations may be adequately explained if cellulose
is regarded as a heterogeneous linear polymer with
many polar groups.

Similar measurements upon degraded native cellu-
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loses confirmed these relationships. The presence of
carboxyl groups caused increased dielectric loss at
higher temperatures, whereas carbonyl groups had little
effect. The dielectric constant was not affected.

The loss angle and the dielectric constant of specially
prepared regenerated celluloses were higher than corre-
sponding values for native cellulose at all frequencies.
The dielectric constant of ccllophane, however, was
comparable with that of native cellulose. Pressing of
the regenerated cellulose specimens at moderate pres-
sures caused- a lowering of these values. A possible
correlation between amorphous cellulose content and
dielectric properties was found, but the evidence is
conflicting and no definite conclusions can be drawn.
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ingulator are cementad to the up.er plate which 1= fretened to the bare
y1nte by mesns of connectins shefte, The lower electrode rmd 1Us insu-
i1ntor are cemented to the lower electrode mount. IThie ;lece, thraugh o
ball besring, rides on the muin shrft, vhose movement, in turn, is con-
trolled by # hydrrulic jack, Ihe Jrck is mounted in & fr-me which is
bolted to the brse plate =se illustrated. The uper elmctrode iz thus
fixed in position, whersas the lowear eiecirode is rrired or lowered with
the jack, The eyl lion bellows praserves » vrcuum rer] while .ermitting
thig moticn. The bram plate also contains the electrical lnrde angd
connectiong to the vacuum gumg end the Holeod grge, with tuls ap aratus
yrespures up to 1000 L.8.i, crn de intarmittently exsrted uuon tie eam-
+1e between the electrodsr without sffectin. the vreuum, ke com.onent

spris and the conetruction are discusged in detall below,

snge Cinte

The base plate was drilled with & sarices of bolvr for the main
shnfs, the Jack frame, electricsl londs, and vacuum conngcid nsg eg il-
juetrsted in Fipure b, +“he snin shaft war carefully fitted to its besr-
ing, Gther holre weres drilled 4n the customery manner, ihe four
N.5=-inch threrded hoies are for connecting rods to su.,.ort the upper
rlate, They do not sxtend throwh the bree _late {in order to svoid
vicunm lesks), The depression rround the main sheft permitted the syl-
rhon bellows to be solderad to the drre plute, Four ons-Tourth inch
holeg ware “rflled ut the corners to bolt the brne pinve to rnele-

iron sup.orts in the insulnted Dox,
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Jhe main thoft wes manufnctursd froa one-inch drill rod stoc;
the ilmeneions Are given in figsure J. Jlhe lower end wes plven & slient
curvature in order to rrovide a centerad surface to ride ugon the jrck
;lete. The upper end wss rilled out, filled witn Eabbitt ret=i, and
cost into 2 socket for a ball besnring by yreseini # steel bell in place
and allowing the bearing metri to urrden, The shaft wrp cerefully fitted
to the bame plate besring, . brreg {lrnre was brairng to the ennft an
11lustrated, The upper end of the sylphon Bellows wes soldercd to 1te
lower efge. “upvorte to hold the lowor electrode mount in jositien are

fagtenad by bolte to its up.er pnrt,

UEEer Tlate and Connactiqg_kodn

The upper plete wre cut fram 1.5-inch steel; tne dimensions
ar~ shown in Tlgure 7, Cnlculstione grdicated tunt tuie plete wrs de-
flected less than 00,0002 inch when eubjucted to the londe contemplated,
iuis i# 4r,orwang since the thichnens pige wrg mounted wbove the uu,er

plote and & deficction of the ;lste could affvet it reading,

Ths connecting shafts pres through tae five-zixteenth inch
holee, whoso size sllows meni uimtion of the upper plite in order to
slirn the up,er electrade exsactly sver the lower electrode., Ihe omne-
fourth inch hnle in the center permite the thiceness erpe sunft {(des-
cribed lateor! to resch the lowver electrode, Tho tirexded holss on top

g»prve to mourt the tinicknere prre,

The comnacting siinfte are made of ",H-inch 4rill rod thrgtded

at the bottom tc merew into the brae _lute and at the top to nold the
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upper plate hetween nuts, Iuts wire braised onto the lower thrends for
two purposes: firet, to screw the thresads to the _raper de.th and, sec~
ond, to 4inmure that the connecting shefts would be ,erpendiculer when
in plrce.  This wsag zcenam;lished by freing the lower surfrces of the
nuts in A lathe; when tigntened down &gninat the dsse plnte, the shafts

were vertical,

Flectricsl Connections to the Schering Kridge

Two lesds through the bsse plate are needed for the copnec~
tions between the electrodes and the Schering bridee snd one 1 needed
for the electrode sapnration gapre, Such levds hnve to be elecirically
insulatad snd vacuum ticht., Yacuum tubes of the groper ty.e hisve a
vell-insulated lerd through a glass serl on top of & metsl body which
could be roldered in place, Iype 6J7 tubes ware found to be satisfac-
tory. The hottom wae enwed off with 8 hsekgnaw sn¢ the internal connec-
tions {with the exception of the upper lend) were removed, 2 section
nerr the bottom of the cutoff tube was "g un' on & lsthe to insurs m
ti::t 4t 4in the berseplate hole, The ..rotector over the rlass seal on

top was resoved and a bnse plate lerd wam obtnined (Figure B)., These

FIGURY 8
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were solderad in yorition in the bare piate. “hielded coble connections
lend to the Scliering bridge mnd the suxiliery bridge. The comnections

to the reapective crpecitors sre unshielded copyer wires,

Piffuelon Pumy snd KMcleod Gage Connections

t brass pipe, 1.5 inclier in dizmeter pnd JO inches long, was
soldered into the brre plete ns A lead to the diffusion ,ump, The lower

end was turred Lo fit evenly into the 1liy of %the ciffusion pump,

4 one-inch brase pipe 1lU inches lony wrs soldered in the bsre
plate to scrve sm £ lend to the Moleod gupe, fhe lower and wre muchined
to £it into » 24 x 36 female ground-slees joint, - gloss tube lends to

the grpe.

Jack and Jeck Freme

The Jack freme schematically illustrrted in Figure H wss a
o8t of & umed Butier plastic press, The Jsck is x Hein-:arner five-
ton aute Jjrek, taji.ed for 8 yressure yaze, 1he yressure prre and juck
were onlibreted in the following munner, The jnck wes laced in &
hnldwin-"outhwark tester ~nd 2 geries of kmown l:pds was #£;,.11ed., The
rrea reading at euch pramsure was noted snd a cslibration curve was

propared,

Tha jack frame is bolied to the bess yplute ms shown, 7ine
csp nute at the tops of the jrek frame snrfis were & source of lenkege,
and various praketing mkterinls ware tried including lend, neoprene
rubber, silicone rubber, and copjer, In use these gnagkets are subjected

to intermittent heavy losde, under which most gpesketine materisls (such



w30

ég lend) falled to remain vscuvm tirht. Tue only sntisfactory seel
yrovad to be coy,er ¢-gkets which had besn softened by lheating to red-
ness, Theme were pisced in position, grerred with sliicone hish-vacuum
gresse, snd brought up s tipghtly re gonsible. In addition, the ,1lsc-
ins of hesvy lock washiers between the brre .1lste #nd the lower nuts

exerted n constént pressure on the gankets,

slectrodes

The electrodes hrad to meet meverrl requirsments, They hrd
to be of proper gize go thrt their crpacitsnce at the se rrriions de-
sired would be within the rrnge of the Schering bridpe, Calculatlion
ghowed turt, 4f the se;nration veried from 0.3002 to 0.010 inch, three-
inch diapeter electrodes would be sztiefnctory. Ihey hnd to have auf-
fictent cechrnicel strength to prevent distortion at streveee up to
10N0 p.s.i. :dpe effects had to be swxell, becruse construction of a
runrd ring cnyaﬁlo of withstrnding the large forces to be ercountered
would enteil meny difficulties. =cott emi Curtis (38) heve yreynred
on emuiricrl edee correction egqurtion wuich, slthourh desisned for thine
ner alcctrodes thrn those emiloyed in this work, e 7p lienble. A

aim, 1i74ed form of thie reletion {35) ir given below:

g, = (6,147 log D.55/% + 0.0BT £ &, 113}

L

where £ electrode sa.aration, in,,

I

dielactric constany of meteriel,

o

parireter, in,, snd

L = sire correction in micro-microfsrad,

The following corractione were cvlculated by the uge of this formiln,
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TABLE I

ELECTRODE EIGE CORRECTIONS
AT SEVERAL SEPARATIONS

Separation, C, C Edge Correction

- ﬂ'
in, puf Mt Error, %
C.00% ..
.0.0,32 1000 4.5 0.4
0.010 200 2.8 1.%0

The correction is small and, in any case, would not affect

comparative measurements, Therefore, no gusrd rings were used.

The electrodes were manufactured from three-quarter inch
surfece-ground steel and were three inches in diameter, The upper
electrode has a one-fourth inch hole through the center for the elec-
trode separation gage. A third electrode was prepared es & grinding

surface,

The electrodes were made flat in the following manner, The
three surfaces were polished sgainst one another in regular order with
reversals of the up-down positions, The electrodes were designated A,

B, and C, The order is given in Table II.

TABLE II
ELECTRODE POLISHING ORDER

Electrode Positions
Step Down Up

NI o\ o
rPotot >
-
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The yolishiny technique for each ntep was as follows. The
np, rogrinte polishing comound wes ;laced on tue surfnce of the bottom
aiactrode. Twenty rhort stroies were mede, The u..er electrode whe
turned 45 degrees, and the operrtion ropesated, iThis was continued until

the up.er elactrode h-d roturned $o itm orlziasl position,

he elactrodes were ground with s alurry of lio. 80 crhrliorun-
dum rnd water until no further iw rovement of the surface whs noted
(by inspection under & microscopae) after adiitional polishing, Thie wag’
repepted with Ho, 0D earborundum and, finally, with e dispersion of

alumine in water,

The slectrsdes were then chromium lrnted by the Wisconein
Chromium Compeny, Ap,.leton, “isconsin, - final polichinr was slven with

s water dispersion of alumine,

Tests with an accurate stesl straight edre rovesled no curyr-
ture {indicrtive of flatness to lesg then 12,0001 inch), In addition,

the electrodes sdhersd to ench otber, ar-in indlcnting sn extremely flxt

surface.

A su21l bolt were plsced in the side of ench electrode, sldwey

betwean the zurfeces, to terve ns an electric:l connection,

Zlectrode Insulators

~eversl erm;zles of slectricsl ineuintion plastics of the ghe-
nolic type were obtnined, and tneted for electricel luss, ‘ap lox one-

fourth inch thick snd having sn s,¢, ;arellel rogistance of the order
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of 107 ohme were selected and lathe cut to the dimensisne of the cor-
res; ondine electrodes. Although this is not & prrticulsrly high in-
sulntion resistance, it is large in comparison with the resietsnce of
lou ohme through the Schering bridge to ground, Ae the Amoricen Yo-
ctety for Testing Materinls! method (35) coints out, the only urpose

of & high r:sistance at this pcint 48 to incresse sencitivity and, 1v

practice, the bridge w-s satisfactory.

“lactrode ﬁountiq&

‘The lower electrcde, Sorether with its insulator, is mounted
as shown in Figures 4 snd 5., The ball-joint socket w:s made in the
pApe manner af that in the mein eh»ft, It pormits the lower electrode
to become psrallel to the upjer electrode under pretsure., The uy.er

slectrode ig attscied to the up.er plate,

The electrodes and their ingalsntors were cemented to their
rengective sup.orte with "fedux," a commercicl metsl-binding pleetic,
“mch piece was carefully clesned, The Redux wns applicd and allowed
to eir dry one hour, Tﬁe plecea were nssembled and ressed in & plas-
tic uress st 500 ;..s.1i, and 300° ¥, for 30 sinutens, after which the
excese plastic was romoved, The i-sulators were tasted in situ and an
eloctrical resistance of the ssme order of msgnitude as defore was

ohtrined,

Aegembly of “lectrade System

The first ste; was the soldering of the electrical le:~de, the

vhcuum system pi s, and the syl_ non bellows to the baxe ;late, The
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soldered Joints hud to be vacuum tight, in edditicn to heving mechunical
strongth., The bage .late was larpge and it would be difficult to heat

n localized syot to scldering temuerature wvithout causing distortion,
“he bree plate wes placed ugon A brass plate of siwilar size hekted by
& greoline torch and were slowly brought to the derired temperature.

The warious cowjonents {which bnd Leen cleaned and tinned) were ,lsced
in position and woldersd in ;lsce, The main shaft, to which the sylphon
hed been previously soldered, was sliy.od into plrce and the lower 11y

of the syl.hon wes soldered,

ifter the sssmmbly had cooled, it was mounted in the insuleted

box, levsled, and bolted in place,

The supporting rods were then screwad ia place, The lower
plectrode mount wns set in poriticn on the dall berring of the main
shaft. The four nuts which sug;ort the upper :lete ware ;laced upon
the upper thrended ends of the sup:orting rode, The upper plate and
slectrode wars set on these nuts and were edjusted until level and exact-
ly over the lower eslectroda, Leveling wae accomplished by changing the
positinorne of the sup,orting nuts, Positionins of the upper electrode
was accomplished by movings the upper plate, sirce holes in the upper
plate wers one-gixteenth of an inch larger thsan the dizmeter of the
supporting rod, When positioning was exact, the upper plate was bolted

securaly into position,

The lower elsctrode mount was prevented from tig.ing from
position by three sdjustable su;,orts (sec Fipure J) made from one-cighth

inch steel rod,



PIGURE 9

rach support is held in place by a dolt in the brsss flange on the main

ghaft, and was bent and fitted until the lower slectrode mount was held
substantislly in uroper orientmtion,
CPRCINGE HOLDKER

The cellulose s.ecimens were hnld betwoen the pair of a2lumi-

nug ringe shown in Flgura 10, The rings are pivoted in such & manner

¥IGURE 10
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tret they ewing the rpcclacm In 2rd out tetwern the ¢lectrcder, vher A
rrenet outside the bell jJar sttrrcts the btalance velpht, In this rercner
the r;ecinen could de moved without dresvinys the vecuvm, Frecirers were
cut vith £ epeeinl die ro thet, when the holder wee moved sreinet a for-
verd step, the hole in the certer of the semple colncided vith the hole

in the upper elsctrode,

COMTRULLED TWERTRATURY BOX

Tae elestrode syetem is mount=d in & larre insulated dox,
equip.ed with s hecting unit snd clrculating fen., The jack rnd Jack

frame extend below the box ond sre not nerted,

The box frame (see Figure 3) is welded from 1l.H-inch angle
iron, The box itmelf ix built up of 1/4-inch franaite, 1/2-inch Celo-
tex, 0.M0-~inch copper shesting, and 1/2-inch Celotex bolted to the
frame., The 7ranaite provides insulztion and mechanicsl strength, the

(elotex thermsl insulation, rnd the copper electricnl shielding,

fhe top and front of the box are removable to peramit access

to the ap,aratus,

The heating unit consists of ilchrome hesting wire strung
over Irsnsite mounts around three sides of the box, 4 Powerstat voltmpe

controller outside the box provides repgulation,

4 mix-inch fan ir mounted vpon & verticel shaft extending
throurh the bottom of the box, It ie driven by # fractinn:l horsejower
motor, connacted to tiie ehnft by renne of a belt. Lhe fan provicee
pdequate circulation to inrure tant ali parts of ‘he sp.aratus are &t

s proximstely the ssme temjcrature,
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‘ 11#ht in the heck of the box provides illuzinntion and &
sxrll window arrenred in the box front permite exsuwinatlon of tosir in
srorrere, witch controle, the auxllisry bridre, the cold trag, and
other sdjuncte of the eystem ars wounted u on tne lower frame of the

box,

HIGH VACULE Y0 IRE

Pressurss og low A8 0,1 ricron sre obtrained by means of & dif-
fusion ,ump mnd o Cenco iiVre jump, The prerrure iv vergursd by »
veLeod prre with » renre from 0,01 to 200 microns., The line to the gage
includes 8 leree U woich prsxes through n cold tru, in order to preventg
mercury vipnr from the hclend gape antering tue ep.nratus ond sflecting
the $emts And the suldered Joinus, The trnp ie & large lherros bottle

kapLt st —7”° £. by a mixture of ethyl 2lcchol snd "dry ice,”

ibe coldared Jjointr wers .rinted with {iyptsl (2 resin-type

paint) to insure vhcuum tirhtness,

The bell jar-bsse plate senl crerented n scricus Lrodiem.
Ordinary vecuum yrense or modelins clay wam insdequnte at bieh temyera-
turer. 1In the enrlier ex,erimentzl work, # rerl war prie with gillcune
nig¢n-vrcuum grerse bncked by modeling clsy; bowev r, it wne olten unsetis-
frctory for longar runs, A gmooth sutyl rubber essiet srenzed with
gilicone hirhevacuus sreace (roved 30 te the most sstiafoctory canl snd

wes ured in lrter ex erimental work,



CLECTRO SReARATIVR GAGA

The sccurscy of loss rngle and dielectrlic constant measure-
ments is 6ep9ndent u,on the rccurrte determinrtion of the electrode
se;oration, ‘fter some delideration, # system wre desiyned in which
the syncing of an suxilisry csyncitor wre directly relrnted to the wein
flectrode segnrrtion, The cugpncitence of thls suxiliary condenser wes
pengured by & cr;rcitance bridre, snd & curve of the belancing condene-
er disl rerdirys s inet electrode seperstion at varicus tem erstures

and | redguras wre (rawn,

The auxilinry condenger is illurtrated in I'igure 11, The
ugoer alectfodns of both the auxilisry condenser &nd the test ceuscitor
are sinticnery. The electrode aéy»r:tian of the text cs scitor is
deternined by the position of the lower electrode. lhe lower electrode
of the suxiliary condenszer ir flexibly mounted znd ite Losition is de-
termined by the rain lewer slectrode position since the glass rod tart
sty 5% r sug, ort extends through the center of the riln ui.er electrode

nd rests upon the lower mnin electrode.

The lower auxili:ry electrode is » disk 2-1/2 inches in diam-
ater, wenined from 1/8-inch stsinluns sieel plate {to yrevent .ossible
corrosion st higher temperstures), -mch face is surfrce ground to ir
sure fletness, inir electrode snd n 1/é-inch . lsvtic insulstor are
cemanted with Hedux to the lower 2uxilisry olectrode mount (of siailer
dimensions j which, in turn, iz mounted uuon 8 1/8~inch turended enrft.
“he lower end of the ehnft rerews Into Lne gless rod holder. The finek

rod wee cut to the ,roper length snd cereanted into the uolder,
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Lepend for Figure 1l

Spring

“et acrews (only two shown)
lock nuts

tirass disk

Upper electrode

lovwer electrode

lower slectrode support
Floxidle supports for lower electrode sesemdly
:lage rod holder

Upper ulste

(lass rod

¥nin upper electrods insulatoyr
ksin upper electronde

Main lower electrode

“upporting frase for gsge
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The lower suxilisry electrode eystenm is mounted in 2 menney
vhich permite verticrl but not laterrl movement (since the latter would
change the capreitsnce)., This wes nmccomplished by holding the eup.ort-
ing shaft with two su; orte mrde from flexible s ring steel ns shown

in Figure 12,

FIGURL 12

Lateral motion is impossible bacause of the stiffness of the
stripe in the horirzontal direction, wherass verticel motion is freely
parmitted.‘ The s;ring steel sup:iorts 2re held rigidly between bdrres

blocke which are bolted to the upper mein plate,

In order to obtein the uroper renpe of cagacitence for this
variable auxili=ry condenser, it wrs necesexry to have extremely small
electrode separstions, Furtbermore, the electrodes hed to be parellel.
Fine vertical or prrallel adjustment would be rriber aifficult with the
arrsnrement described for the lower auxilisry electrode., Uhersfore,
the srrenpement 1llustreted in Fipure 11 woe built, The up_er suxilisry

electrode has # centered bolt which extends uy throwh = hole in the
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supporting freme, furing 4 ezerts an upwerd force on the upper suxiliary
electrode., Above $t, » disk of 1/2-inch brass is frsiened to the supyort-
ing frame, This disk hus turee set acrews arranged 120 degrees n art
nesr the perimater, iy adjustment of the et screws the vertical posi-
tion #nd levelnass of the up.er muxiliary slectrode could be controlled
with a high degree of sccuracy, After finasl acdjustment lxd been mode,
the lock nuts on the mel screwe above the braes disk were tightened. lhe
supporting frame wes bent from the one-inch flat steel., The bolts hold-
ing it to the up er ,lste were Lirced close to the shaft so thot move-
rent of the sup orting frame resulting from the deflection of the u..er
plate under lotd would ba similer to the deflection of the meln upuer
slectrode, thus praserving their relative positions. The ralstive ex-
pansion rnd contraction of the vsrisus elements with chanping temyerse-
turs wee compensnted for by the celibration yrocedure, which i dpg-

cribed lster.

AUXILTARY CrPACY PANCE BRITGE

The cr;scitance of the auxilisry cn, scisor wes measured by
means of the capscltsnce bridge shown in Figure 13. The values of il.
RH' and C8 wora varied until experiment showed a proper range and
sensitivity for the desired sepsmrntions. Rl and R2 pre wire-wound
renistances. The entire bridge is shielded, The lead to the insulsn-

tad side of ci is & shinlded crble to the bobttom of the main box,
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0 to 600 puF. Variable Air Capacitor with Ve:
500 B F, Mica Capac itor

22,000 Ohm Wire Wound Resistor

10,000 Ohm Wire Wound Reslstor

Auxiliary Capacitor

General Radio Amplifier Type 51LA

General Radio 1000 Cycle Tuning Fork Hummer

Auxiliary Capacitance Bridge

Figure 13
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CALIBRATION OF ¥I4CTROLE S PARMICH GAGE

Thicknese “tandards for Calibration

7Thicknese standarde wore prepared from commercisl brass ebim
stock, Nraas wis selected rather than steel because it is wmore compres-
8ible and a smell nigh spot would be more rexdily flattened. Semles
with 2 nominnl thickness of 0.002, 0.00k, 0.007, and 0.010 inch were
obtained and cut to approximately 3-1/i-inch squares {2 size siightly
isrrper than the snin aelectrodes)., Their toickness was sersured by means
of a Federsl compreseibility gepe, which 1z considered precise to
0.00002 4nch. TIts accurscy iz affected by difficulties in obtsining r

true xero snd the possible bending of fts shaft under load,

These difficuities were overcome by means of = comparison method
of thickness mepsurement, & set of femler ¢nges, which hsd been cnli-
broted by the Netional Bureau of Standards and may be considered accurate
to within 0.00003 inch, wrs avnilsble. After apuroximsrting & xzero Rd-
Justment with the Yederal grge, n measurcvment wee nade of tnu feeler
gzoge of the eame nominsl thickness nrs the shim belng tested, The cor-
rection wes applied to similar meseuremenis upon the shiwm, Kseh shim
was divided in lfli-inch rows, IThiciness measuremente wers mnde every
1/ inch mlony these rows (sp.roximately 150 separste thickress resd-
inge ware obteired for each shim), At the end of eichb row, # chack was
mide upon the feeler grge to insure that the right corrsction fxctor

was bheing used,

‘fter the shiz hid been messured, 1t was necesgary to cut a

emnll hole in the center for the plase rod of the electrode separstion
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gsge. Since griinery pethods of cutting pight burr or scrsrtch the shims,
the holes were etched by wenns of a techniyue designed to protect the
rurfrces from the rcid, Tt is probeble that the dsie on the taickness
of the shime are accurnte to 0.0000L inch, Shim veluee sre glven in

Table I1Y.

TRELE 11X

TICFEFSS OF STANDARD OHIKE

liominsl Thickness, hgtunl Thiciness,
0.001 in, 0001 In.
20 2,21
iyN Ly
7.0 6.86
10.0 10.c4

serors of the stendards resulting from comprersion and tinermnl
ex.nngdon may be disregrrded, since they sre of the order of magnitude

of 0,17,

kethod gg Calibration

The wege wme calibrated in the following manner, The electroder,

a strndrrd shim, and the auxilisry slectrodes were curefully clesned,

The gnim wes inserted in its _roper _osition betwesn the méin slucirodes,
The bell jer wes lamced over the s, arstue and the vrouum  ump turned

on. ‘fter vecuum and temperature esuilibrium had been obtnrined, the
auxilirry ca&;rcitence briﬁgé w8 halanced at a geries of uressures on

the shim. The terpersture was rriesed ste wisc nnd obeervations were

nede at 5, S50, T, #nd 105° C., sfter which the temperature was de-

crerned ste;wise, with observitions at the foreroing ten eratures, Ilhe
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first calibrstion runs revealcd that the effect of the vacuum wss small,
although there wne R preliminary sdjustment, ,rod=dly as » result of
rachsnieal straseing, These rung further ravesled thst it resguired 12
to 1% hours to obimin tempernture egquilidrius, bucause of the large hent
capneity of the mponratus and the joor heat transfer through the evacu-
nted space, A gerles of calidration runm were mude, A gre.ii at each
pressure wag made for each shim, lotting dial reading as the ordinnte
md temperature ss the rdecisss, Tho hast curve was :dreawn and the dats

were used to ;repars calibration charte as dascribed below.

Preparation and Use of Calibratinn Charts

The ultimate measurement derciraed from ths dial reading s the
separation of the mpsin electrodes, The independent varirdler are
tempersture nnd gage pressure, The gressure is conmtent for esch chart.
The raciprocel electrode separutioﬁ {in reci rocsl centimeters) is the
abrcisen snd the disl resding is the ordinste, * segsrste curve wes
druwn for erch 10° of tenperstura, giving rise to the family of curves

in Fipure 1k,

“rom these charts 1t was hoged Sust the electrode se arstion
could be found mim.ly by balsncing the nuxiliary Lridre and noting the
tenpernture snd pgrge pressure, iLowever, sftar (he calibration was
completad 1t was found thot checks upon individurl shims differed
gllrntly but sipnificartly frow the criibrrtion chart, After crreful
elimination of other ,oseibilities, 4t wne sasumed tiny discreprncles
could be crused only by slight changes in the auxilinry electrode sys-

teu, preduced perhsgs by a grodusl change in the wech-nierl system, mn
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unforsseen jer or, less 1ikely, by eome change of the rasiztance or ca-
pneitence ratios 4m the suxilirry bridze, Tince the Arift wae slow, it
weg felt that recrlibretion (which might hsve to be re;ested regularly)
was n neadlose snerifice of time. Instexd, » aliix could be trrted st
the end of esch run snd & corrccticn obtnined to be spilied to a1l thick-
ness rendings for the run, iwe queéaiens then srore, ¥lrst, would the
correction obtrined de directly syulicuble tn the disl resding or one
npplied throush some mathemnticel forsuls snd, second, could it correct
from one terpernture to snother, or would & com;lcte crlilirstion run
have to be mnde at the end of esnch run? * mechenicnl strain in the gape
or electrode system would be reflected se the enulvalent of & change ir
the ss errtion of the electrodes, Since the chief effect of a tem.ern-
ture vorintion wae a chanFe in the spacing of the suxilinry ce.scitor
hrenuse of the unequsl coefficients of expansion of the comonent

pmete, it mey sleo be reperded ms a change in seprrotion, If that ss-
rum.tion is made, s correction formuls con De derived in the following
manmner, let £ be the p;. arent sepsrntion with joper s ecimens in
place, Ecor.® the actual separ:.tion, B the s, arent seperation with

a gtenderd shim in place, nnd e the actusl thickness of the shis, all
ex;ressad in r@cip;ncnl centimaters, If X rejrecents the 8. . rouriate

separstion in centimeters, then

- 1,Ea’ L= llgi' L 0 1/22' Zeor, © 1”Eccu'. (24)
and
8xmE Xt Rggy "X 1)

“abetituting in “quetion {15) sbove mnd rarrrenging:

By = 2o Bp = (i - Ecor.)lni Eeor, {16}
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Nefining 4 p.... 88 the correction $o be added to p), and 4 p an the
difference betwveen 24 and Bor the following relation ia obtained by

substitution and rearrengment of Zquetion {(16):

A Boor, ™ 4 2 (B) Beor, /o By an

This equation sust be solvad by a method of successive ap-
prozimations and, consequently, & si:;ler expression was desired. Such

an equntion mey be derived from the provious assumptions by meons of

ecelculus,
p=1/x (18)
sp= -1 yx (19)
$L=-x" sp=-1/g° sk (20)
8% ™ 8% = Mp" i, = i e (21)

Rearranging, and reylecing §; with A p,
“Boor, ™ (212/222) AR (22)

Comparison with Tquation (17) shows that, if the corrections
are relatively smnll, thes sguntions are similar. Kquation {22) was
used after 1% was found that, even with the largest devistions noted,

the ragults were viory nesrly the same,

PHOBABLE ERROR OF THE THICKHESS #RASURMMEND

The error of the separation measurement depends uon saversl
factars, The smuxiliary bridge variable cordenmer can be nnianced se-
curately to 0.2 disl unit., This corres;onde to 2 percentrre error vary-
ing from 1.0 to 3%, depending upon the seurrsticn, The disl error in

tonting the standnrd shix regulte in & sinmilsr error in the finasl cor-
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regted separation value., The assumptions used in deriving the thickness
correction ars not exact but, in most cases, the standsrd shim differs
in thickness no more tham 0.001 inch from the gp.ecimen, so thet correc-
tions ars apylind over smell changes in thickness. The megnitude of
differencer between the observed v:lues of the strnderd shims snd the

celibration chsrt wvalues was usually less than three reciprocel centi-

netears,

For exnmple, n sample was found Vo0 hrve r o value of 50 re-
eiprocrl centimeters. The ap.ropriate standard shim (p = 57.2) rave
» value of 54,2 reciyrocnl centimeters. Therefore, & p was +3.0 unite,
Applying the correction formule, o I L found to be 2.5 unite,

Tven large earrors in A will result in smrll percentnge errors-
Eoor.

12 oor.

femperaturs c'n be estimprted within 1° C., which corresjonds
to en error of less than 1% in thickness. The celibrrtion charte may
be congldered scourate, sincs on y the correct shepe and relstions of

the curves are required,

The final elvctrods separstion walua in most cases is prob-
ably within 5% of tho true value, if the preceding estimates of error

are corr:ict.

This was incirectly confireed by statisticel anmiysis of the
dstn ohyrined in the dielectric constant measurements upon Celluloses
L snd T, The messurement of electrode separxtion is the major source

of error in toils deterninstion, In Table IV the error cnlculeted from
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the ddelectric conctant data obtnined with Cellvioses ' &nd T &t 100D
cycles is preovented, together with rn ertimrte of the selectrode e .ara-

tion guge error rorponsidle for the devistion,

TABLYE IV

ESTIMATICN OF STANDARD DEVIATYICN OF =LCPRGDY ST PARALICN GAOR
FEGM STARDARD URVIATIGN OF 1IHL-CIRIC QUBSTANT DEINRMIHAUIUM

Observations of Celluloses A and D at 1000 Cycles

ocof € 3.8.?‘ o of Gagc.b
Callulote o 4
n L1 2.4
A 4,15 2.4
IS 3.1 1.7

Rrroa Trble YI
Povtinated
Cone valus, obviously in error, discerded

In several experizents the wacuum wis broken with desiccsted
air, the specimen removed immedintely, snd its thickness mensured with
the Federal compressibility gage. This procedure would tend to give
high rerults (lowered volue in reciprocal centimeters) because of
lowered pressure upon the nyacingn during smeasursement snd the expansion
0f the specimen with moisture rersin, Table V presents soms of the
v2alues obitzined in thie manner and similsr valuecr memsured with the

electrode saparation grre.

These data fail to raveal nay gross error in the sensurad

electrode g8 arntion,

with the svidence deduces? from rtutistical trestment of some

of the detm, the extimation of the scurces of error, snd the comparison
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TRBLE ¥

COMFPARISON UF LLBCTHUDE SEAERATION FUARUKIMERDE
WITH WEATY AT PHICKR D OF SPECIMERS

Boor B of “pecimen,

“mmple reciprocil em.  Teciyrocrl cnm.
J 26,7 .4
¥ 57.0 53.7
G 42.9 k2,0
a 53.6 47.9

with direct mersursment, it msy be concluded that the uossible error
of £ single messuressnt with the electrode mepgaretion g-ge s a..roxi-
mately 57,

HEASUREMENT AKD CALCULATICR OF 10%E ARCLE
ANT DIZLECTRIC CONSTANY

PRCCETLNR 144D IN KARIKG FLUECTRICAL KEASUREMELLS

Two sheete of & prrticular celluloss wore carsfully sclected
for smoothness, good formation, snd freedom from dirt s;scks. The use
of double sherts prevanted the cossibility of conducting prriicles
interfering with the messursment, since the chance of foraing & con-
ducting path acrons both sheets is vanishingly small, The samiyler were
die cut to fit the sam.le holder and slectrode seprration sare. The
Bp, Bratus war agsembled and the system evecuatzd and hested %0 105° c.
After eguitibrium had been rarched (15 hours), the specimens were ;lzced
under L0 p.s.1. pressure by the jack, The temperature end vynguum wsre
noted, the auxiliary bdridee wes bhalznced, pnd the raading was sscertained,
This prreadure weg reperted after the Fc:ering bridee wes brianced at

each frajuency. Memsuremants ware made at %00, 1000, <003, and 07D



cycles per second, »fter praliminery excorimenis hnd saown that the
* cherings bridee could not be brl-nced &t lower frejuoncies at the elec-
trode separation used and tiat mensgurements A% hirgher frequencles were

inngccurnte.

“he Schering bridze was brirnced in the followins =mnnner,
“4th switch ?2 {see Flrure 2} %o ground, the bridge was briznced by
nuccessive sdjuctmonte of cn,=cltore CE end Ck' nlternnting with
+@djustments of the «pymer pround (the lattar belins withA?l to #round;,

snd the veluee of €, in xicro-uicrofarade snd C“ in dial units recorded.

2

with switch €., connacting the test cn scitor Cy to the circuit, new

N

vrluas for ce.scitors Ca and Ek ware obtzinsd. len rendings were tsken

of ca nclitor C-4 nt ench setting,

The terperatures wss sllowed to drog to tie next derired voiue,
eitlibrium w' e eetrblished, and the Lrocedure re.ected, Hesgurenents
ware srde st approximetely 175, 79, b3, ~nd 250 . 'The tempernture wrs
then rrised =m¢ messuroments sode et theve tex.erntures in s similer

stepwire fosiion.

¢t the conclusion of the run, the wvscuum wre broken snd the
eacinens ware removad, Tn later rune, the wrcuum weg broken with nesic-
eated rir, suscimeng were removad im eciastely, »nd thelr tialc-nesses
vore mersured with a i sdersl comgressinility gare. The thiciness rave
correction wie ob¢rined re rfeascribed previovely, Ihe emres of the sjecli-
men between the siactrnien woe chrrefully cut out And e nsured, snd the

g.ecimen wig cried to corstrmt welgnht at 105° L. %trom tiume zmin, lhe
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values of loes sanele and dielectric conetant wers criculated nn‘desw

cribad below,

R

CALCULATYUN OF DIRLACTHIC CC.UTAST AND LOSS ANCLE AL S 0ARTAICY Dot IryY

The sim;lified equations ~iven by the imerican “ociety for
egting katerisls (22) were usgd for cnlculation of the lose sn-le and

the cepncitance of the test crunrcitor,

g = &y - &' (23)

€t = (Q‘ZIEQ 2n £ (G - _zghz/wla {2u)
where

C = the equivalent parrllel cnyncit=nce of tha test cajnel-
¥ tor, in micro-microfarsd,

Cho= the capacitnance of chndentar L, when tne tert ca;:ncitor
is 4n the circuit, in micro-microfarad,

= the cs.scitance of the condenser C, when the test
ca.acitor is disconnected from the circuit, in micro-~
micrnfarad,

E’h’ the capscitance of condenser (), when the test crpuacitor
i% in the circult, in micro-microfarnd,

g, = the capacitance of cundenser (;, when the test cspscitor
in digconnectad from the circuit, in micro-microfersg,.

= the frequency in cycles/wec., nnd

I~

gu = the resistance of resirtor R& in ohmn,

“ince )y 1s 10,%) ohas, :nd “eleventd ham ahown tont ig}u - Eu) in

micro-microferads ir agqusl to QEA x 1.14, where fgu is the chanre in

tiin) rexding of condanser Ch‘ “quation (24} may be simplified to

€' = (:2/%)) 1[‘-_ g“ -1 ?.16 x 10‘80 {S5)
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The dielectric constant of the test crpacitor wns determined
froe the ratio of the observed caprcitsnce (gp) to the calculated wrCuun

crprcltance (§') of ths test ceprcitor,
€ : 26
=& /C,- (26)
“ince Ew sry ve culculated from the ejuation
Cy ™ 1114 Und, n

2eor in defined ne 1/d and A, the elerctrode srea, is 43,7 sq. om.; by
substitution in ‘quations (26) mnd (27) snd rearranpgement, the follow-
ing equrtion, which gives dielectric constant in terms of experimental

data, is obtained,
€= 0.25
= 0.259 Ep/ﬁcor. (28)

1t is mpsumed tast the s _scimen completely fllls the spsce
betwaen the elactrodes so that density (I} is defined ar prans of

s.ecimen er unit volume betweon the alectrodes,

= ¥/dL, (29)

i

where W ix the ovendry weight of msteriul beiween the selectrodes, By

substitutinn of numericel veiuss, » sim 1ified form is obialned:

T () (iicor. 3(0.0229), {30)

These equations enanle tue c-lculetion of 4L lectric congtant
snd lose =nsle ay a given densivy. 'owever, both (roperties very with
denerity. Tince it wag not fersible to ke the deneity of all s;eci-
zeng equn}, the sethod of crlculation to & etandard denrity dercribed

Iialow wee used,
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The dlelectric conatsnt nf » dielectric in which molecular
interaction is not present any be relntd to density by Tquntion (31},

one sirtement of the claesicnl Ulsvsius«osngtl relatl.—,

(€ = 1)/(€ + 2)x D {31)

“imilarly, the lorz factor of fuch » dielectric way be siown
to be directly proportionsl to the deneivy. If the nssumption i¢ mede
that tiese relstinne nre ag.licrdle to cellulone, then the dislectric
constant nnd loss factor mzy be coleulated from tae following equations
using .8 ae standaed dameity snd Indierting the denslity uead =a n

subserist).

(€

0.8 1)[(63,8 +2) = [0.B{ZNE = 1)/(€ + 2) {32)

(€E1Y, g = "BEEH (33)

Finrlly, the lose an<le Bt ntsndepd density w2y be cnleulsted by the

eimple division operation

€'0.8 = (€€ g/6r 5" (4

211 drntn were . l=ced upon » com rrnble bneis by the methode
Jurt dascribed,

CEURETC LY BRRLE Tn fae o SHQTF GF BEBATU . RRLT OF DINLECTARYIC CUUSITANT
SRY LOSS ARG

It will be of vslue to examine the fundemental sccurncy of the
wotiods of messurgment snd crlcuintion, Ihe inherent sccurscy of the
bridge snd e=ch of the ngrumptions used for crlculation snog sim. iiflcs-

tion sre dircucsed below.
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The Scherin~ bridse is capanle of acssurement of the loss sncle
snd the dlelectric constant of the test cnu.scitor within less chan 3.5%,
if the ex:ct bridpe ejuntions sre ured, Televanti, however, hizm shown
List no apcrecisble error ie introduced §f the elm 11fi-¢ forme of the
egunrtions are employcd for the range of snuples and vAlues used in tuie

work.,

‘s noted yraviously it is probrbli thet the froguency of the

Yridge source is accurnte to within 0,55,

The “chering bridre mansuree the loss aAnrle not only of the
spacimen but tlso of the test cr.reitor nmnd its lesdn. “elevanti he@e

shown tnrt the loss anqle of the specimen ia given by the rquation (3%).

= econ‘b./u * 56/3-c) {35)
where
€ comb. = loss anrle of s ecimen and test csp-citor,
Eh = equiverient parnllel resistsnce of sjpecimen, sand
Ec = equivilent prrallel resistance of trst crutcitor and leads,
Farthernore,

€= 1z, &, Wand € = 18, &, o, (36)
where € 48 the messurad loss angle of test c¢s xcitor alone, Typicsl
observed low vilues of the lose anrle are 2,0 X 10™7 rudians ot a
cepreitance of 600 micro-microfsreds, wnsress under no circumatences
did the messured lose arrle of the em.ty test c¢n.scitor excerd 0,2 x ZlQ"3

radisn st 2 capacitence of 100 micro-microfarede, ¢ 1000 cycles the

sctur] lomx snele of the s.ecimen 4= found to bs ejunl to UB” of the
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observed losxz mngle in this cerse. Since this is the mexipum error, no

serious error is introduced by nezlecting this correction,

The error is measured capscitance introduced by a lack of

guard ringe has previously been snown to be negligible,

It bns been serumed that the dielectric is uniforms snd complete-
1y fills the synace batween the elecirodes. It is probsble tunt the
specimens are re uniform 28 it is pozaible to meke in the leboratory,
gince pgrast cure was taken in sheet noking and selection of test sheets.
lelevantd hag shown thnt, if the samp.le does not comyletely fill the
electroder, the loss angle and dielectric constant of the specimen sre

riven by the following sxpresrions:

€ = e [1 +€(d - &)/gand (37)

1
S T VACRETL VI (38)

whers

e'l = observed lose anrle of test crpreitor,

observed dielectric conetsnt of test capmcitor,

B

€

specimen thickness, and

jev
#

4. = electrode separstion,

In a typical sxperimant e'l is 2,00 x 10'5 radians, 61 is 2.k,
4 i 0.007 inch, and ¥ 4s 0,62 srnm, If it issumed that the specimen
comgletely fille the spece between tiie mlectrodes, the celculated velueg

3 radians

of ihe loss snzle and the dielectric constant will be 2.0 x 10
end 2,4, respectively. iiowaver, if % is actuelly 7.0065 inch, then the

values of the dielectric constant and the loss angle of the suecliren sre
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3

2.5 and 2.35 x 107~ redians, The calculated loss sn-le velus will be
gubrtrntially lower than the sgtusl value of the test s ecimen if the
s, ecimen does not completely fill the test crpacitor, althouzh the di-
elactric constant value will not be substentirlly chenged for moderate
differances. This could ba n sirnificant source of error, since such
apecing could ensily be caused by smell irregulerities or perticles in
the teat sieets. ilowever, it is Loeeille in the present &, sratus to
place the s.ecimen under considerable pressure during teesting, for

the gurpose of eliminating euch spreing. Rerults which will be pre-
sented 1rtor show that the test enprcitor system ndeguately accom-

ylighed ite denigned jurpose, and 1t may ba asrumed that no ai/mificent

error in tha finml results is introduced by such spacing,

It hrs been assumed that the Clausius--osotti r=lation is
spplicsble to cellulose, This was verified when the dielectric con-
etont of nntive cellulose wag messured at several denrities as des-

cribed in a lnter section,

It has been assumed algo that the loss factor is directly
sroportional to density. Data obtained for netive cellulose &t reveral
densitiee did not confirm this relation. Inrpection of Figure 1Y (in
n later section) shows that the relation is not linear. However, the
deviation 1a not lsrge nnd, if the correction ix applied over & smsll
range of densities, no serious error should rasult, ¥or exemple, Cel-
julore A hns an mp.arent density of 0.73 p.fcc. 4n observed lons fac-
tor of 3.3 x 10-3 radisng At this censity would rive m c¢rlculatad
value of 3.67 x 10‘3: the true wnlue, rcuording to the curve of Tlrure

17, ir 3.82 2 10'3 redisng. 'n error of lera then 45 1x introduced
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by the assum;tion of a linear relation between lose factor and density.
Specimens of lower then standard density would glve low c¢alculrted re-
sults, whersas tiie raeverse is true ror those of hirher than stsandard
density. If s seriour saystematic error is veing introduced, it whould
be evident 4n the crlculated drts, Thie inventigstion lss established
thet the lose angle of Celluloses £ #nd T nre siriler, 7The dencities
of sheets of Celluloses A snd D are lower snd hirher, respectively,
than the standard density. Therefore, the celeulated lose angles of
Cellulose A at standard deneity should be lower then those for (el-~
lulore T, Thie could not be observed, T¢{ may be concluded, therafore,
thet the apsumption of linerrity between losr fuctor and density for
the .urpose of crlculation of results to standerd deneity is suf-

ficiently sccurate for our Lurposes,

It may be concluded from the previous discussion that the
mergurement of dielectric constsnt ie iniicrently accurate. A small
error, bhowaver, may be introduced in thes pessurement and ealculation of
loss anrle by the assumption that losg factor and density besr & linesr
relation, and by the slight error due to lend loss., No evidence of the
former could be found in the cnlcuisted dats, and, for our urposes,
tre cnlculrted lowe anile may be res+ried s sccurste,

STEAPICTICAT MTALUAPICH OF THE DWRCISIOH OF TUN =7AST RFkERT OF DISLECTRIC
CONTTANT ARD LOSS ANGLE

In the mersurement of los: 8nyle snd dielectric conatant,
random errors ere introduced by inexactness in the determinstion of the
verious experimentsl quantities, An ins,ection of the errors of these

values will enzble an catimation of the precision of the test.
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It hee praviously beon shown that a prrticular slectrode
separrbion mersurement may be reparded ns bairg with 57 of the true

vrlue,

The sres of the syecimen between the electrodes is cut out and
dried at lﬂﬁo C. The error incurred in cutting out the test aresa is low,
pince the semples are clenrly marked by the slectrodes. Furthermore,
the ares is determined snd s correction &= ap.lied if 1t differs from
the known electrode arer, The oven-dried sample is weighed on an snelyt-
fcrl bnlance, iermane {13) has pointed out that & smull smount of water
is present in cellulose even at this temperature as » rogult of the
1sboratory husidity, This, however, wes ignored since the mexirum error
would be lexs then 0,5%, It ir aestimated that the rejorted weight of

materis] between the elactrodes im within 1% of the true velue,

The mersurement of Ea and ga' i very accurate, since the
crncitor C2 i¢ sccurnte to one micro-microfarad and en excellent

cn; ncitance dbrlance may be obtnined with the Schering bridge.

The sccuracy of AQ& is not =e grert, The belance 1s not as
shary and the Vernier dial of crpsucitor ¢, can be resd only to 0.1 unit.
However, ten readings were taren st shch balsnce, and the average vilue
could be eonxidered nccurste to within 2.1 dial unit. Taus, ﬁgh could
be conriderad to be within 0.2 disl unit of the true walue, Thle cor-
reggonds to en error of 35 for most readings where AEM wig & units or
tigher (Rt the hisheet frequency, some randings are lower snd the error

is hipgher),
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"he lsrpest errcr ascocirted with the rexsurement and calcu~
1ntion of dielectric constant is that of the electrode se arrticn, since
it onters the colculetion twice. 3y crombinntion and resrransement of

Fquotions (28), (30), and (32), tquetion (39) is obinined,

60.8 = (1 + 2_}_:.)/(1 - ol ‘59)

»
S
-

wisre

X = [‘)‘259 S = Zoor, | [ 0.8

N R I ERcor.J 0.0229 ¥ B o
& typicsl mample has & measured Ep of 600 micro-microfarnde, X 48 0.537
grem, and Beor. 18 6% rociprocsl ceontimeters., The crlculated dielectric
conatant at standard density ie 2,39, If Equation (39) 4s differentiated
with respact to Eeor., and these velues are substituted, Zguation (&o)
is obtained, s

E P

80, 6/8 Eogr, = - 00 (o)

“
N

An error of 5% in p, . Will cause an error of_146$*1n.€0.8. “ince the
effect of other errors upon the determination is emsll, the estimated

exuerimental error of a sing;a meenurement of dielectris constant snould

be somevhat grerter than!j%}

The observed dislectric constants for Cellulosas A and D at
1000 cyoler were unalysed statisticmlly to check the validity of these
arsumpticne, Hertinent results and the calculated mrxisum probable er-
ror are given in Tnble ¥I. This ie in ngreexent with the estimsted er-

ror of the deteraination.

It czn be shown, in & eimilsr menner &8 in the crse of the di-

electric gonttant, that the error introduced in lore anrles by an error
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TABLE ¥1

CmALPARY TEVIATION OF U8 MIELRCTRIC CCEATAND DETZRMTRATION
(FOR STHOLY GRTERVATICNS)

From Mata on kative Cellulose at 1000 Cycles

Fumber T .
of a for €. ¢ *
Cellulose Chearvations o % e
D 20 0.098 L.
A 20 0.104 4,15
A° 19 0.078 3.1
a - [Z (x - i)aln_gl/ 2, where x is the observed value, X is the mean
velue, And N 4x the number of observations
b Beged upon mesn value of GO 8
c

{ne value, obviously an error, discarded

inp. . of 5% is apiroximetely Ui, The error caused by inaccuracy of

AQ hes been shown, in most cases, to be mbout 3%. The error in the

density estimation and other amall errors is aj roximstely 25. The

maxizum possidble error of & mingle loes anyzle memsurement then shculd

be of the order of 10%. The standnrd deviation of the loss sangle mengure-

nents of native fibers at all frequencles are sumnarized in Iable VII,
TABLE VIY

STARUARD DEVIATION UF 2HS LOSS ALGLY WERZVRMINATL R
{FOR S1:CLE ORSERVATIONS)

From Data on Native Celluloses A and I

b
freyuenoy, o for € ,
Cycles/sec, ot £ 0.8
500 0.092 L4
1000 0.089 4.3
2000 0.139 6.2
Looo 0.157 6.3

®omdtsns x 1070
bBand upon mean E'O g values,



The cplculated error is of the mnwnitude expected at lower frequencies,
Tt incresses somewhat at higher fresuencies becsuse of the grester

insccuracy in Agk values,

These results show that both loss angle and dielectric con-
stant mensurements mey be considered sufficiently precime for the yur-
joses of this invistirmtion., cisce s number of observitions were nnde

in esch cese, the error of the nesns is considersbly less,
AVNILIARY DINLUCTRIC CORSTANT APCARATLS

Ag this investigstion proceeded, the need of an auxiliary
ap; nretus for the purpose of meking indejendent and repid dielectric
constant detarminations becames ap.nrent, Frevious investigntions
(23, 25) and ex eriments which will be desoribed later with the mein
tast cn, acitor system and the Schering bridge have snhown that an ex-
treme state of desiccation is not necsssary for the sccurate aefsure-
ment of dielectric constsnt. Therefore, » vacuum dryins system is
- not necessary. A test cspacitor system which could be nested to
noderate temgeratures and wouid permit an accurate determinstion of

electrode separstion would be sstlsfactory.

4 plastomster, available at The Institute of Pajer Chemistry,
weg modified for shis pur.ose., A photogra.h of the com:leted a8y are-
tus 1 siown in Figure 15, The ugper electrode shaft is permitted
verticsl movement only by the anaft collar, The sheft is actusted by
the lever srm, The lower slectrode im stetionary snd the electrode
spacins 4s determined by the position of the upger electrode shaft,

fhe foot plece of & dirl micrometer rides u.on the up er end of the
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Plastometer

Pigure 15
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shaft, The elactrode seunrstion is cetermined from the cifference in
the microreter resdings 2t zero and the deeirad segrrntlon., A muderate
pressure crn be exerted u.on samples batween the electrodes by losading
the lever nrs. The system is mounted in 2 lsboretory oven euulp.ed

with 2 thersorsrulstor rnd n blower for the circuletion of =ir,

Tn the originsl plastometer the up.er shaft abutted a shaft
of similar size. “teel elactrodas of the derired dizmeter wvere cemented
over them. The upger slectrode consists of & circulrr ¢isk two inches
in dismeter, with n one-inch eirculer depression mechired to fit over

the up er chsft beree =g 1liustrated in Figure 1b. The lower electrode

TIGURE 16

mount is a sisilar pdece to which tne lower electrode und its ineuletor
nre comented with liedux, The depressions were pzinted with [lyptal

and #lip,ed over the orirlinsl electroder, The freces of the slectrodes
ware held tirhtly sorether by lo~ding the laver #»ra until the :lyptal

wes dry. Thie aspured thet the electrode faces would be parsllel,

“lectricsl connecticns to the glactrodes vare mede thronsh a
rigid system of wires (to insure =isble lesad crureitence) to Lolts pleced

midwny betwaon the curfrces of the electrodes,
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lomprensed sir, dried by sresape through # on; er coil lmuersed
in » rafriger<tine beth =t -350 C., woe bled into the oven, 5y this
perng 011l niy Flow wra ocutwerd through lenys in the oven =nd the zamples

vere ¢:ndltioned in n dry mtuos.lere,

‘he crurcliiance of the text cayacitor snd tiie lends wne merg-
ured with A fenersl rrdio impedsnce bridre {iyue H302) connacted to
the aystem by » ricid series of wires, he lend enyrcitance wre found
by serruring the totsl cryrelt nee nt » sariesr of electrode nepnrstions
ané subtrrotin- the crlculstec teet cnpncitor cajrcitance,

PROCH TN FuE LAKIWT DTVLELTCIC GoLTOARD RN UANeRN WM ATVILTARY
RIS S
I

specimens wera pleced in the oven snc canditicned 2t 55 to
70° C. until ejullibrium was estrblished, Inls wes found to occur in
ag snort & time as two houre, srltuourh all pasgiresents were c--cked
et 2 minipum of 15 hours, The toor w'e opined, the 5, rcliman civced be-
twaen the electrudes, the door closid, the bridre bnisnced, #»nd tne
micrometer rending noted.* The s.rcimen wee removed snd the zere

veprratisn of the electrodes determined,

The Aielectric constant wir enrlculrted from the rrtio of the

panaurad test ca;scitor ca.acitrnce to the crleulnted velue.,

I - i 3 ¥
€= (Eobt. &AGFd'/gcal.’ (42)
where N = pbeerved ce_ncitance of test cn, scitor and lends,

=ob%. iy micro-microfarsd,

sIosts ,rover tivt tuls Lrocedure, wnicn prreitted the & ~cimen o #h=
sorb moirture furdne the mont ulrtion, did not 2, pircinoly sf¥act the
neeurncy of the dlnlectric o natrnt determination,
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gieﬂd = gnyreitrnce of lande, 38 micro-microfarad, end
5 = erloulatad vrcuum crpreitence of the tert crpseitor,

~cal,
The value of ECﬁl whe determired by use of ~quation (27). Tince } is

20.34 rq. cm., And @ is mersured in inches, this mry be reduced to the

following,

c

8, Q.?Oh/g (he)

% the conclusion of 2 test, the specinen was resoved, its

, the weight

5
-l

ares mengured, dried to cnrriont welglv st 1&50 .y 2nd
between the eiectrodes, found, Tensity is defined by quation (<9).
Ly subasitution of wvelues 4n “quation (2Y), the following relation,

where 4 ie expressed in incnos tizes 105. was estrblished:

L= %f20,38(d x .54} or
(43}
L= 19,4 :fd.
The dlelectric cenetant at stsndard deneity of 1.8 £./ml, was

celculated 2s previously described.

EREOR GF P AUFTLTARY DINLECTRIC CONETOUT DETMERINC TN

The method of me=rsurement of the dlelectric constant iz simil-r
to thet used $n the pain sp nratur, exceyt that g ecirens #re not plsced
under 8 nish presrure ernd, therafore, a greater yorcidbiiity existe that
the eomule does not £1l1 the electrode sumcing., However, ss reviocurly
pointed out, 1ittle error is introduced At moderste sykcincas »nd it may

be concluded tust the method 1g sccurata,

“he error in the rersurement of cs;ncitrnce, includine error

of laad capncitunce, is estimsted to Le lesr th=n 3 micro-wicrofered,



e

since the bridge crn e balonced with precisicn of one micro-sicrofarad,
The sceurrey of tie diel alcroweter wns estimetse by meraurerent of the
strndrrd sidms reviously descrited., rhe results indicated thet the

micrometer iz rccurria to 0.3 X 10"5 inch in sll seusrations,

‘he errors involved in the determinstion of the density are
glightly hirher thrn in the waln &, sretue, since the sjocimen 1s

s &ller, #nd errors in the detersmin-~tion of tue aran will be atgher,

Tt is estim sed that the arxirum er-or of # sinyle rdeteralna-
tion 4= within 10° of the true valus, Tuis wre canfir-ed by mensuring
the dlelectric conatant of several srmples of Lsliulose ", The rasulis

rre given in Irble VII¥, These results indicnte thnt the mersurement

FASLT VTYIX
TRHGE OF TINIZCONTE CUECTAND THPURYINADIICN
N D= A RTLIARY A ASAMUY
oY ,
; ‘ € a
{ellulore 0.8

"l 2.29 4,6

fim 3-52 “3-3

) 2.40 0.0

aﬁsaed.uyon e welue of 2.4 for Celliulose U

in 5% lenst as sccurnte ue estimated, The precision of tae determina-

tlon ia shown by the re rorucidility of tie walues for the same sgecclaen,
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PRYPARATIUN OF CELLULOSKS FOR TESTING

Pertinent data for the different physical and chemical modi-

fications of cellulose prepared for this work are given in Table X,

The raw material (with two exceptions) was specially puri-
fied cotton linters, The data in Table IX (from Hercules Powder

Company) indicate that it may be considered a pure standard cellulose,

TABLE IX
ANALYSIS OF HERCULLS STANDARD CELLULOSE

D.P. (calculated from A.C.S. viscosity) 1600

Alpha-cellulose 99,4%
Ash 0.01%
Iron 0.0004%

The linters were used without treatment for ths preparation
of the rerenersted fibers, However, their fiber length and papermaking
properties precluded the preparation of suitable test sheets without
further treatment, Therefore, they were beaten in a Valley one-pound
beater to 440 cc. Schopper-Riegler freeness and screened with a labora-
tory screen, Dirt particles were largely removed by the dirt-settling
device illustrated in Figure 17. The slurry at 0.3 to 0.5% consistency
enters the lowver part of the separator, Filtered water enters through
& nosgle on the periphery and gives the system & mlow upwerd circula-
tory movement toward the overflow, The fibers move upward and the dirt
perticles and fiber bundles settle, With proper regulation of the rate
of flow, a clean linters cellulose in suitable form for sheet making

was obtained,
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PATIVE CBLIIIONE

The jreprred cotton linters wes extractod with 1’ hydrochloric
scid for one hour At roor temperature and wsshed with distilled weter
until the washinss sinowed no precipitate with eilver nitrate. Thie was

desi;nated Cellulose &,

wnatmen #o. 50 quantitetive filter peper was deslinnted Cel-

luloge T,

uYleached ramis fibers were beaten in s Dilte lebormrtory beerter
to = freensss of &0 cc, Schopper-iierler, Ihe ramie wre extrected with
1% hydrochloric #cid to which sp . roximetely (.1 yram of crlcium hyyochlo-
rite hnd been ndded snd weshed in the same menner as the linters, It

wae dogicnsted Cellulose

4 cellulose that possesses high renctivity snd is presumably
of hiéh amorphious content wre preysred by repeneration frow cellulose
xenthate socording to the nethod of Jeyme mnd “elim (39). Ihe cellulose
was obteined in a fibrous form by precipitation inte o turbulen; bath,
The mpterisl was further defibered in & hritish disinteprstor, It wes
ocid extrrcted, weshed in the ssie menner as the native fibers, and
yent in water musyension until preparstion into sneets. Celiuloree ¥,

¥, and J were prepered in thic menrer.

* caellophsne manufsctured for use in dislyels bers wag ob-
tained from the Uellulose Jepartment of ihe Ynetitute of Trper Llemirtry.

The shests hrd been kept in r dilute forrrldehyde eolutlon. They were
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waghed and sllowed to sonk in diatilled water overnight. The sheets
vere dried ugon laboratory drying framen, This wae desirnsted Cel-

lulose i..

CiiICALLY MONIFIED CELIUIOTE

The most important typer of celluloms derrndation are hy-
drolyseis of the chnins and introduction of curboxyl groups. Hirtwvell,
Clibbens, #nd Fidee (LO) heve shown thet the type of degrndation crused
by bypochlorite solutions is dejendent upon the pE of the oxidiszing
solution, Two oxycelluloses of different carboxyl rnd cxrbonyl content
were prepared by slight modificetion of their methode, The high car-
bonyl content oxycellulose {(Cellulose G) was greprred ss follows: TFifty-
five grams of nirdry preprred linters were mixed with 750 ml., of M/5
scetic acid =nd 35.6 =1, of sodium hypocnlorite solution (49.9 greme
Ayeilable cﬁlorine per liter) were added. After thorougb sixing the
pH wes 3.5, The slurry was pleced in a closed container in the dark a2t
room temperature until the chlorine wns exhausted (220 hours). The cel-
lulose wos extracted with dilute hydrochloric acid #nd waphed in the

usuel aanner,

The high cerboxyl content oxyceliulose ({ellulose ii) was pre-
pared am follows: Fifty-five grams of airdry prepfred linters wers
nixed with 750 ml., of ¥/10 modium cerbonnte and 35.6 sl, of sodium hy-
gochlorite (Li.Y grams svrilable chlorine per liter} were sdded, After
oixins the pH was 11,2, The slurry wes ylrced in & closed container in
the dark at room temperature until exirustion of the chlorine {650 hours).
It wes weshed to neutrality, extracted with rcid, and purified in the

usunal menner,
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BREFANATION OF Tt SHNWI

In order to prevent contaminmtion of the purified celluloses,
# epecirl sheet-making device {illustrated in Figure 18) wos buils,
The bese is a Hdchner funnel mounted upon & ring stand, A tube of
netural rudbber is cemented around the inside rng r pasket, The mold is
2 cylinder made Dy cutting the ends off & glsss bottle of proper dism-
eter. It rests ujon the gesket and is held in ;lsce by three hooks
connected by syrings to & ring below. 7The hooke cnn be lifted and the
cylinder removed for cleaniny. A large mesh mtrinlese steel wire is
pleced in the bottom of the funnel snd the shest is formed upon a fine
bronge wire. 3Soth wires are held in place by 2 stainless steel ring

thst fits snurly inside the rubber gesket,

The sheet-makings technique wee as follows, The wires ~nd the
steinlens steel ring were jositioned and the glarr cylinder wes secured
in place. The mold wes rinsed nnd then filled sbout turee-yurrters
£ull with distilled wrter. Ihe .ulp wAp Cisgersed in & liter of wrter
mrd addad to the mrtielly fillied mold, The slurry wae ntirred, nl-
loved to settle momentsrily, snd the wrter sllowed to drain, Ffter the
sheat had dreined, the cylinder was removed, The sheet, with the wire,
wag carefully removed and placed between new blottore., The stzck wrs
Fressed ssversl times with s hervy roller. The pressed she:t wes re-
moved from the wire by h-nd =né placed upon & chroxium-pleted metal
plate. ew dlotters wera ap.lied rnd the stack was pressed two minutes
st H0 poundr (gepe) sressure in a lermans hydraulic sheet press, nrans
drying rinpgs (four inches in dlsmeter) wers placed over the most de-

sirsble sres of the sheat, ihe rinrs were held tirhtly ss=inst the shect
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and drying plate by the device illustrated in cross section in Figure 18,
It is 2 board, enuinjped with palrs of thresded shefts, on which the
plater smd rings are placed, A bar slip.ed over the two shafis holds
the drying ring tightly speinst the sheet when wing nuts sre tijhtened

eeninet the bar, The theecis were &llowed to sir dry in this zanner,

Thie techniyue was a=mtis{sctory for all netiva fiber and
oxyceliulose g ulps, liowever, the shrinkayve of the reyenerstved fiber
pulps was eo grant that the sheets invarisdly split upon dryinp,
“plitting was rvoided by slowiy dryins such shects beiween stecka of
blotters, but tiue sheets were somewnst wrinkled and, wito few excep-

tions, were unsatisfactory for testing,

steudinger »nd Tohle (Ml) removed water rnd obtnined rerctive
celivioses by nolvent raplmcement with methyl sleshol, ethrl ether, nnd
cyclohexsne in thet order. ' modificmtion of tale method wrs succers-
fully used to prepar: amooth roft huandsheetr. Wue hendsheegs, prepared
and precczed ns above, ware plsced between blottere in 2 bath of abgolute
mathyl slcohol, which wre casnged swice during 24 hours. rthyl ether
was than substituted :nd chnnged five timer over z ;eriod of two dnyas,
The shersts were then sosked &n c;clohexane for one day, with one churnye

of solvent. The shoats wave then air dried between Hlotters.

Since the methoxyl snalysis revesled & smnll smount of methyl
or ethyl (from the rthyl ether) slcsohiol, the shects were wrshed with
low boiling petroleum ether, +lertelak znd Garosczdwna (42) huve ghown
that slcohol may be removed from cesllulore by ethyl ether; presumsbly

nydrogerbons, which sre not rdeorbad by cellulone, hrve s eirilar
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action., This trertment was succesaful, since only & neglirible mothoxyl

content (0.03°) wrs prosent nfver such washing,

Tt was found thst 2 to 5 of cyclohiexsne wes adsorbed by na-
tive celiulose dried by solvent ropincemant., fimllar tests uson repen-
arated cellulose silowed no adsorption, IV im possible that the reren-
ernted asorphour form permits ercs,e of the cyclohexane, TIhe sirnificence

of this point is considered in a later section,

ARALYTICAL FROCTILRES

Agh
Agh determinations wsre carried out according to Institute

Method 610 except thet, in some cozar, the test samples were ss gmall

as 0.3 gran,

Cnrboxz£ Contans

The carboxyl content was determined by the calcium ecetate
nethod ms demcribed by 'mvidson snd Nevell (43}, The only modification

wrs the gubgtitution of 2 yH meter for the wmixed indicetor in the

astimrtion of the end point,

Legres gg.rolynerization

The derres of polymerizetion wrs vstimstec from the intringic
vincosity of the nitrated derivative in scetons by mesns of the modl-
fied Staudinger equation,

nE = () K (4
where (7) = intrinsic viscosity, and

-l
5» =3l x10 .
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The srmples wers nitrated and the viscosities were messured rccording

to the method deccribed by Atcnison {(4l).

loisture Hepain

The samples were preconditioned overnight at 25> K. 4, and
0% F, The conéitioned weight wig determined at S4% R, N. snd 76° %.,
ueing the technique #nd nap, sretus described by Wink {45). The oven-

dry weight was determnined by dryins &t 105° €, t0 constant weight.

The effect of preconditioning at 25% R.i, rather thesn at D4
R,H, was shown in the following manner, Teveral specimens were vacuum
dried at 50° C. overnight and weighed, They were conditicned at %l%
R, A, in the usunl smsnner, oven dried, and weirhed, oisture regain re-
sults are piven in Table XI, together with values determined by pre-

conditioning mt 25% R.l, The reaulss obtained by preconditioning at
TABLR X1
EFFZCE OF PRYCONDITICNIRG UFON HOICTURE RAGATH

Repadn at 54% K, H.

Freconditioned Freconditioned
ot 0% E,H., at 25% 2.H4.,
Cellulose ‘ %
Y 5.9% 6.15
J 10.75 . 11.65
L 11.40 11,60

4 k.4, are alirhtly lower than those obitnined by preconditioninz st
% R, Yowsver, the differences are not lsrge, Furthersore, the re-
sults are low because of the moisture retsined in the cellulore upon

oven drying ot 105° €. (13), nnd theea errors will tend to cancel.



T

he test is. & compwruasive ons snd, for tYhls purpose, 1t may
be reprrdeil ns entisfactory snd comprrable with molsture repain deter-

minctions carried out under more rirorous conditions.

te%hogz}

The methoxyl content wns determined according to Institute

Copoer Humber

Copper number wns detsrmined rccording to Institute vethod W16,

Cyclohexnne Hetention

‘Thg retention of cyclohexsne wne determined by the geners)
method of “trudinger and ohle {4l). 7Zhe celluloke was vacuum dried at
50° €C. overnight snd weirhed. It was sonked one hour in distilled water,
dried by the solvent replmcement technigue, vacuum drisd »s before, and
weighed, 7The observed rain in welrht wne rejorted ss the cyclohexsne

retention of the cellulose,
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PRELINIRARY EXWHIWANTS

In the method of crleulation previously described, 4t has been
apsumed thet the specimen completely fills the electrodes, that the
Clrusius-Fosotti relation ie applicmble ton cellulose, and that lose fre-
tor and density benr & linear relation, These assumptionas must de veri-

fied 4f the cemlculnted results are to be conrldered walid,

The rata of atteinment of equilibrium must be determined in

order to assure that all meagurements &re mnde at equilibrium conditions,

The poreible offect of the yresence of moisture under the test
conditions must be amscertnined if the wnlues obtsined are to be con-

sidered representative of the cellulose being tested,

In the following sections the rasults obtained in the investi-

gatinn of these problems sre diescussed and svaluated,

RFFECT OF PREFCURW UPCN SrFACIRG BETWEERM SpUCIMIX AKD RLECTROTES

It is posmible to put the test specimen under cunalderadle
prasgsure during testing by means of the yreviously deacribed test
capacitor system, Ite purpose is to eliminmte locrlised high mpots
which are the chief cause of incomplete f{lling of the test capacitor,
The effactivenesr of the system was testad by mensuring the dlelectric
properties of a gpecimen under & series of pressures, KReference to
zgurtion (37) shows that ths loss angle memsurement is exceedingly
sensitive to changee in the specing, and any changes should be reflected

in the crlculeted loss sngle, The experimental dete and calculations of
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a test u.on Cellulosre ' ars given in Table %xIV¥; the pertinent results

are presented in Table XIZ.

FES DRSS & ¢

LFFEOT OF PAMSHSURK N THS CALCULATSD
AIRLRCTRIC PROUSKTIZC ©F CELIVIONE D

Memn of Two Cbrervations at 1000 Cycles

Fresmure,  C0.B €8 o €5 €8 €8 6 PR
R {17%° C.) (780 ) GRS (21° c.)
255 o2k 1.93 204 1.3 2,35 1.60 2,36 2003
520 228 2.05 2.13 1.8 2,31 .1 s 2,93
800 2.2%  2.20 2,21 1.61 2.3 1,78 ST 3.23
G0 4,19 2% o33 1.20 <38 1.7% < hy 3.21

n

]

“ndiene X 10}

One obeervation only

won A% low pressure, tne n rcing is low since there is no
pimmificnnt vsrintion in the dislectric cnrstant, owevar, the wvalue
of the loxs angle incresses with incrensings  ressture w: o B L.s.i.,
indicetins that the sy.reing ie decressing, - furtlhier incresse in pres-
gure hry no effesct, 7rom tois it may be concluded thré the sgméing nng
peen affectively elimineted, "t & ;ressure of 930 p.r.i. (uned 4in all
ax oriments), the Rssum tion that the si.acimen coruletely fills the

wlactrodee i walid,

RYLATION BHIVEEN RLBECTARICA e oEurTC ART AppAn D TULUTIY GO LRIV
[V BN To Ll

The usefulnees of the Claumiue-iorotui relstion for the cale-

culztion of the dlelectric constent Lo 3 stendnrd dene ity hng been

»The detriled gehler hove been asseabled in the Ap;.endix,
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noted, In order to ¢ nfire the s, lienbility of this rolatin to nntive
cellulore, the dlelectric constrnt of saver=i erp.les wes peseured rt

2 geriex of denrities, The #,.ecimens test d woere Cellulgre -, (elluloxe
7, and & hish-deneity cellulore .repered by ;resting reversl s.ectrs of
Cellulore 7 £t -5, 000 ..g.1. for tea sinutes »t room tem ersture, Jue
dlelectric constants regorted for tue lower density frmiles Ere sVerage
vrluer obtsired in the irvestipgstion of native cellulow discussed lat-
er, Those reported for the hirgh-deneity cellﬁioue re resent ocne ox;ori-
rent ra.orted in full in fable 7Y, The regulte, crleuisted to &

gtnndard ceneity of N8 y./cc, 2re glven helow, Ilhis s excellent riree-

£an- ATIT

TIYLECIRTC DOLCTART OF LATIVY COLL 1002 AT 7 AEDARD TURSITY
CILCUL TN FRQM CTAEToge 4T AT CRVARAL TERCTITRS

Imnsitya , €€1.8 €0.8 60.8
Cellulose r.fec. (%0 c.) (50° ¢.) {105° ¢.)
b 1,14 - 2.37 2.50
¥ 0.88 2.38 2.30 2,38
Ab .13 2.5 2.40 .70

Puern wrlue
bIs is probrble that Cellulose A hee n higher dleiectric constant

than Cellulore D at 105° C,
ment, perticularly since the measurecent is not extrarely precire, Tatn
are reported far J00O cyclea only, since thers is nn &, srent freyuency
affect. Corroborstive evidence that the Clauslus-:omottl equntion re-
1ntee the dislectric crnetant s#nd the density ie= obtrined when the di-
alectric constnant of eolid cellulnse is crlculnted from the observed

valuen at 25° €. (u=ing 1,57 ns the ultimate censityl, & vrlue of b.0
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iz found, comgrred with the vrlue of 0.1 experimentally deturmined by
tempbell, Telucw, and Nanss (1b). The use of formules derived by
Zndicott (13}, on the mesumption that ynrer filers any be rerrrded om
ragiatrnce elementa, civea 2 velue of 3,79 for the ymrallel crre #nd 2
negntive reqault for the series cnee, Tt ¢rn be concludad thet the di-
alectric conetent nnd the deneity of native cellulese are ralnted by

the Clpusius-tgrottl equation,

The latter equation wae oripinnlly derivad uyon the seeumy-
tion thst the polsrizebiiity of cach molscule is inds.endant of other
moleculer, Thie is [robsbly not strictly true, since dislectric loss
pay be erplrined by the effecte of internzl forces which restrain the
orcillntion of polsr grouye in an elternsting field, bub it =, enre
thst such interference dnes not nffect this dis;lucewont as the density

is chenprd.,

Televanty showed tnst the lose fnctor of » dielectric ie
proportionsl to ite density $f the _ower loss fa .roiorticeel %o the
megs of the materizl between the elscirodar snd to the sgusre of the
fleld strenrth, nneen ex.erimentelly verified tnis roletion for &
kraft ;ulp., However, thir cnuld not be confirmed for netive celliulore,
#ltnourt: the devinti ne notud were not rrest, 2s shown in Tirure 19.
The nirh density wuluer in Fipure 19 Are those observed with the rpe-
cislly pressed Cellulose T (the ex erimentrl dat> rre ¢iven in Jsble
T¥Wy, The i inte ot 1,8 deneity rre the ;roducts of the mesn oheerved
loss anple rnd the nesn Melectric constent wrlue of nitive celluloss

a8t 50° C. Timilsr results sre found 3t other tem er:tures, Tha
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obrerved relation is not Linerr but, over s smrll denslty ranpe, could
be cansidered go. Ins.ection of iiansen's data slows that r similar
curve could be drawn turough nis exjerimentzl sointe, Blthough 211 1ie

within the ex; erimentel error of the linesr relstlonship,

Ay o7 Wi ARPATNMULT OF BOILIBNIUM VALLS OF DIRLACIRIC SROI-HDT™S

The time necesemry to attain thermal and molsture ejuilibriom
ag reflected In lose angle uergurementes must be determined in order to
ba ceartain thst the reported valucs ere correct, Tuch observatione may
nlso be of value in determinini- the effect of moisture u,on the dielec-

tric .rouerties,

In the normsl .rocedurs, the test s eclmen wne hoated to
10§° 2., 81lowed to cnme to equilihrium, nnd the electricrl tests crr-
ried out. The tempernture wes nllowed to fall to the next desired value
and the ,rocedure wos repested, After roowm temprreture wes renched, the
ten; ersture wre rrised in & similer stepwine menner. In 2 number of
ex;~riments, however, =fter the conditioning nt 105° L.y the tem.srnturs
wrs held at a particulsr value end ssverasl messurements were tnken over

» period of hours, Some of the obmerved results Are sinown in Inble IV,

7g.:11ibrium was resched within 15 houre at all tesgoratures,
including the time necess-ry for heating and cooling, Tince 12 hours
1s the minimum time nececsary for attainment of the thermsl exuilibrium
of the electrode seynration gags, no investipntions were mnde st shorter
intervols of time. A mintmum of 1% nours was mllowed 5t eAch tem;era-

turs fof the attainnent of equilibrium,
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TRELE IV

FITITANIR G R AT VUHICUC DR TRETRAS

Temy., Tima.& Em.g ¥ 103.

Cellulose oL, nr, “radisne
T 104 1 2.15
105 23 § 2,10

7 105 20 2.39
105 23 .23

n 26 12 2.69
26 22 2.64

5 54 16 .74
55 24 1.76

I3 76 12 1.65
13 2 1.63

& L8 17 1.79
50 £7 1.78

L8 53 1.78

A 26 21 2,84
a6 33 2.48

25 47 2.87

RTine from lert equilibrius tem erature

Tt war of interest to detarnine 1f equilibrium wovld dbe st~
teined ax rauidly without drylins at 105° L, Tn a number of ax erimenis
s yreliminery conditioning wee crrried out rt = lower ter_ersture,
resguresentn were mpde st thet tem errture, the £.ecloen wig tnen con-
ditioned s¢ 105° C., #and the experiment was carried out in the urugl
panner., The obrerved lows anpler nfter the _reliminary e-nditi-nins
rnd the mece ted vilue, determined from the mern curve of sll the ob-
served velucs with & .rrticuler cellulose, »re presented in wnble V.,
Celiulose § raschmd agdlibriux av 20° C. snd Celluisse & at H&° €.

However, in both crspe, three out of four obsrrved vrlues are nbove



LiSE 2XAL7 OF CRLIVI0T AFTER THYING
AT INTCRLSTIADY MOMMRRLLLRYC
“guilibret
Trying Trying Freyuency, &t x 10° e'q . lonm
Time, Temp., cycles/ 0,8 * 0.8 *
Cellulose hr. °c. sec, radinns radirns
J 18 g0 500 2.1 2.65
1090 2.52 2,L0
2000 2.53 R
Lonn 2.h9 2.ug
¥ a2 L6 500 3.76 1.80
1000 L. 22 1.47
2000 5,84 £.15
4000 5.62 2.60
o 2% 56 500 1.39 1.77
1000 2.03 1.9%
2000 2,14 2.03
unon 2,28 a.ug

the nccepted weluer, (ellulose ¥ hrd not attrined ejuilibrium at

hﬁo ¢. ¢elluloses T and J ere rerenersted celluloees a2nd, under riven
conditione, would uresumably contrin more molsture thrn 2 native fiber.
“ne rate of wrter rewoval mey be lower in the cnse of rernneratedfcal-
lulosee, eince the ¢ifference in the conditionins tem.ersture between
eilulosex T and &+ is only 10° ¢, “pacimene cpn be conditioned ot
lower sem,.erstures in » rosgonable time, but it 1a » safrr urectice to

ary them 2t 105° C., nn wes done in theee invartigatione.

It e ;orsible to atuain equllibrium even st room tesqerature,
Thie ig $llustrated by the rsaulte obtrined when & & ecimen of Cel-
lulore © weg conditioned at aeversl prg  Tescurcs for sn extended period
st room tem;erature, rhe resulte ars prevented gre hicrlily in Pimre 20

and the complete ex,erimentsl drt: sre given In inble “IVI, “gquilibrium
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rerched at almost exnctly the mean values obtsined from & series
monts 4n the ususl manner, This may be rersrded as evidence

14drium hes been mttrined at roow temperrmture durins the rerular

:tQ.

The effect of lowerins thes pressure in the system 4s illus-
- the rapid drop in loss snyle wvrlues when the yressure ie

ror 200 to 0.1 micron., The magnitude iz glven in Teble XVI,

TAKLY XVX

CHAKGH IN 10S% ANCLY OF CRLLILLOWE 1
CAUCHD BY LOWPRING PREGSUME

€ x 103 ag €' x 103 at

0.8 008 A e' x 103
quency, 200 microns, n.,1 =icron, 0.8 *
esfrac, radians rrdi nr radians
500 3,32 2.2% 1.09
.000 301‘3 2053 ﬂ‘%
0N0 3.9 3.10 n,80
000 4. 65 4,00 N

dbution of molsture to the dimlectric loss decrerses with

g frequency.

“hether the gsame esquilidrium loss anrle values would be at-
, the hirher ;ressurs, given n&fticiont time, cannct be answered
¥. However, if the porticn of the curves at the higher prem-
extended, the &ccei.ted vrlues would not be resched for nesrly
‘2, Certainly, the relative humidity is highsr at the hipher
since the dAifference in totsl pressures nlone could hardly
or the rrpid drop induced by the lower pressure simply on the

more ragid diffurion of wrter from the £ .ecimen, un the other
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hand, the equilibrium molsture content, even at the hipher .ressure,

nignt be low enoush to have no sirnificsnt effect u.on the loss sngle,

_ 5o chsnre in dielectric conatant wag noted. iven the amount
of'moisture(prenent enrly in the experiment crused no si;nificant dif-
gerance. Thim ia in mccord vith the obervations noted in the liters-
‘ture (23, 25) thet & small mpcunt of wrter mnkes no sirnificant contri-

bution to dlelectric constant,

These investigrtions of equilibrium have establiched that
15 hours!' conditirning at any tem.erature is sufficient, provided that
the soecircen was previously conditicned &t 105° C, quilibrium may be
cetrblished st lower temperaturer, including room temperature, It hes
Been shown that the relative humidity at higher (grie) pressures is
sirnificantly ¢rester than st 0,1 micron, but whether or not such dif-
fersrcas sffect the losr angle equilibrium has not been detcrmined,
The dislectric constent determinntion hes been shown to be inde,.endent
of tae rel=tively swtll smounts of water prenent in the cellulosmes

duriny thene studies,
EEPEC? CF &0 BECE OF #QIST! R UrGHE LIZLRCTEIC » RUPAnITS OF CHLLULUSE

The deleterious effect of the presence of moleture upon the
loss angle of cellulose nnd gimilar meterials is well inown., .ven &
definition of drymese is difficult when one ir deslins with » mrierisl
wiich holds water ss tenacicusly 2r cellulose, The s:»fest procedure ia
to astimnte em, iricrlly that the dryness of tie yerticular mrterial

being trented is gatisfrctory. This hee been done in the present
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investizrtion by varyiny the moisturs content in an indirect msnner and
srcertaining that thie varistion hed no significant effect uyon the

sesrgured dielectric jproperties of nrtive cellulose,

reagurements of lose anrle and dielectric constant vere nade
ui.on saxm lee of Cellulose U wiidch had bDeen conditi-ned &nd tested st two
yressure ranres (1 mlcron or less #nd 65 to 2 xicrons). Ulhis is
equivelent to vorying the relative humidity of toa conciticnine atmos-
phere, as shown in the previous scetion but, 1t should be noted, not
necesearily in the rrtioms of the obesrved pressures, Inis is evident
1f one coneiders A gerfect vacuum syrtem, 1he obeerved yressure in such
& system might be completely dus to water vajor, wherers 2 gyeten with
g lenk pernits entry of air whicin cortains oniy A small portion of wrter
vapor #nd the obgerved jressure woulé re.resent both wnter wvajor end
air. The mensurements were node in the customsry wmanner at the low
preszure =ndé then repested at the higher yres:iures on the seme specimen
without bremking the vscuum, 7The results st 1000 cycies zre precented
grazhically in Figure 21 (other frequancies give similer results}.
fbave 50° C., it is evident that no differances sre observed between
the two teries, Unly st room temperature doee thnere aperr to be an
incresse in observed losc angle, ‘owever, these joints sre within the
posreible error of & ningle rensurement and it cannot definitely be
gtrted that the obrarved incresse is resl, In Any cese, the differences
are of swrll mapnitude. A 8 .recrution, observetiine nude at high
yrecsurap 8t room temgerature were discarded. The loss sngle mensured
et tue higher temperrtures mny be reynrded ss tne true loss snple of

the cellulose being tested, since tnis experimant lLiss suown that an
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incrense in water content hivg no effect u.on the observed walues, At
room tempersture the ,osribility exists, however, tiat the observed

dropy with lower pressure 1s roal, sad that & still lower Lressure would
further decresse the loss sngle, {reenfield snd “hitehend (2b) observed
tnat the electricsl lose of sdsorbad water decrersed rr,.idly as the
total amount of water decrnrsed. If thie type of relntion exists at
these low water cnntente 4t is probsble tunt no sirnificrnt chsnre
would be obsrrved by cinditinning the g.ecirenn in the beet rvalisdle

vRcuunm,

Cellulose exhidits » hysterrsis effect upon ndeorption and
desor;tion of moieture, At normel humidities, the desorptisn equilibrium
water content is sensibly hizher than the rdgurution vrlue, ‘“vidence
(28) han been yregented that hyeteresis cccura even nt axtremely low
humidities, Tf the .resence of mnisture were sengibly sffocting the
mengurements, o hynteresis eftect should be noticed in the loss ansle
values., Iypicsrl deta at 1000 cycles sre .resented for two different
celiuloner in Fipure 22. The curves were obisined by Llotting the ad-
sorption and desorptinn ,.oints for 2ll tue dste socured for native

Cellulosar A and T, snd for regenerated Celiulose J. lo hysteresis

aeffect in evident,

It meesr rersoneble {0 #sseume thet the observed lose enrle
valucg of this investipstion re.revent, within the error of dstermina-
tion, the loes nngle of the test sy ecimen without sny sirnificant

coniribution from the solstire content.
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IRYESTIOADPIONS OF 70 1IELROTHIC PROFERITES OF NARYVY. CRIIULCEES

PIELECIAXE 2 OPVRITES OF PURIFIND NASLY: FIBERG

The loss sngle znd the dislactric constant of test specluens
grepared from Cellulose 4 (cotton linters}, Cellulose 1 {filter pager},
ond Cellulose ¥ \(rmmie) hrve been mersured at e reries of frequencies
from 500 to LOOD cycles end over a tem.er:ture range from 25 to 105° C.
Two extensive experiments were crrried out in the cnee of Celluloreg %
end D, The experimentrl dante and results &re preganted in Inbles
YXVIT=XYX., ©ne experiment wes msde upon Cellulore K, the rerults of which

are given in iable XAXI,

The ohserved walues of the lose angle are . lotted ss & func-

tion of tesperature at erch frequency in Figures 23-26.

1o significrnt Aifferences c=n be noted between the lose angles
of Celluloses & #nd I at any frsquency or tem.erature. The loss angle
of Cellulote ¥ np errs to be low At the lower temusratures but it is
within the pozsible error of & sinple messurement, In view of the
1imited number of observations, it csnnot be concluded tast 2 siynificent

difference existe,

The loss anrle of nrtive fivers is similsr regsrdless of taeir
source and purificati-n trestment, at least in this frejuency &#nd tem-
perature 2aniqe. This i not surprising, since erch iz # pure cellulose,
chenterlly s enking, Inspection of lable ¥ shows that 8ll orsess &
hirh desree of .olymerization, =nd that thelr soisture refsain under the

conditisng of this perticulsr test is the srme, This indicrtes that
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they Lotecss the sage modiflertion of the netive cellulose iottice
{Cellulore I) snd, porsidly, thut they sre similrr in their smorphous
cellulore content. In & recent mrilcle “ermsng (§§} hes confiraed

there simileritios in x-rey messuremenisg,

{inly one difference is ag arent from the anslytical dute.
Tha agh contents vary from 0,006 to N0.15%., It is well known thet exces-
give smounts of agh cauwrr an incresced dielectric lose, These datr,
however, show that, »t these low =sh contents, the effact is nesligible.
It may be conclnded thrt, if the ash of & s .scimen of native cellulose
ix reduced tc 0.1%, no sizaificent contribution to the dielectric loss

will cccur in this freguency csn. e,

Fhe loss anple-temueraturs curves at erch freguency sre col-
lectad in Flgure 27. “sch curve snows r minimum uoint, The tem, era-
ture at which tnis minimum occurs incrzssss with incresrsing freguency.
7his 1s similer to the behevior coserved by Stoops (12), although his

vilues ware mich higher (& resuit exyleined by Lvor degiccation),

The dirlectric fongtent values at 1070 eycles, calculsted to
standard density, mre urssented 2s # function of temperature in Fig-
ure 2€. Yo signifieent differences were noted st other fraquencies,

& difference exists betwaen Celiuloses A mnd I', lo resson for this is
sp;arent, In both carer, 1t apcesrs thet the dielectric constant pasres
throurh 8 minipum and then incresses with increessing temparature.

Cther investigators have noted the rise in dlelectric congtant with
incrersing tempernture, but the rresence of & ainlmum lins not baen

re orted, It i Loxrible thut a smell syetemutle error in the deter-
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pinstion of the electrode seperation could account for the minimum, It
1« concluded that the dlelectric constent of pative cellulose shows 8
nignificrnt rise st higher Semperstures, md thet it &= probrbdle thet

4t pasges throurh & minimum in thie tem.erature and freguency ranyre,

The preliminary exjeriments hove indiceted thrt tne contridbu-
tion of ndmorbed water to either dielectric constent or loas anple mhy
be neglected. The effact of seh content hrs been shown to be nerlirible,
Therefore, the ex lenstion of the obaerved dielectric behrvior will be

found in the etructurs of the cellulone.

Contributions to dlelectric loss end dielectric const-ut as
6 result of electronic #nd stomic golprixatiéna will not be furtiher
considered since, ar .reviously pointed out, tuey will be constunt over
this frequency and tem.aersture range, Cellulotne is » linerr polyuer
with many poler groups. In generzl, such polymerse show incrersed di-
electric constant and loss with increzsed temperature and cecresged
frequency. Cellulose is &iso & heterorenaous waterirl and interfscinl
golarizstioms occur. This type of polarization decrerses with increns-
ing temperature tnd incrersing freguency, because of the relestively

1nrpe ussres of the perticles involved (1).

If this conceyt of celliulose is correct, tien the observed
loss anple-temjersture curvee csn be ex. lained., <ne initinl decrergpe
=y be the result of the decr-esed loes as the interfacisl polsriszations
decreswe because of the incresged therssl sritstion. 't the ekme tine,
the lose attriduteble to .olar groups increress end & minlaum ie ob-

sarved. This loss decrerees withh increseirg freguency snd, ss & con-
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gaquence, the ninimum is shifted toward Lizher temgsraturcs at the
nigher frequencles. Ihe ;osxibility of = low ter,errture region of

anomAlous dispersion hovever csmnnot be ruled out.

The pbeerved behevior of the dialectric constsnt ary be ex-
plained in » similer menner, It 1s evident thnt the obeerved minimum

in the curve relating dielectric constent and tem.erature ie resl,

It mey be cnneluded that the cbsarved dilelectric wroyerties
of cellulone arc satisfactorily ex;lmined if celiulore 4 re:nrded am

8 heterogensous linesr polymer with nttrched poler grouys.

TPISLECYRIC SHOPMKTLES CF TRORATED LATIVE CRLLVLOSHE

The dielectric behavior of native cellulose has been shown
to be related to its polar charscter, # imowledge of the contributions
of substituent polar sroups to the clelectric loss is desirsble, with
the exce;tion of hydroxyl groupe, carboxyl And carbonyl groups &rs most
1ikely to be found in cellulose, Jlielr contribution waer ascertsined by
messurements carried out ugon saversl oxycelluloses pre;ared from cot-
ton linters, as previously dercribed, anslytical date for the content
of cnrboxyl and curbonyl greups in Celluloses G mnd [ are presented in
Trble *V¥I1 teken from Iable . The copper number wee us«d to estimate

the crrbonyl ~roups,
TLALY 2VIY
CARBUNYY, 47 CORF WYL COHTLATS OF CRIIUILE =8 G AHD H
Carboxyl fontent,
pilli-tquiv,/
{sllulose 100 g. Sopyer lumber
G 1.6 4.8
i 6.3 0.5
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’n exgariment wne carried ocut with anch cellulose in the
cusntomary manner, The observed dnte and the cmleulstlone are regorted
in Tadbles "5XIT and XXTIY. The loss angle volums st standard density
ere gresanted as s function of ter erature at esch frequency in Figures
29-32, In addition, the mean curve odtained at esch frequency for native

cellulose 4¢ included on ench graph for coxparison,

Both cellulores have significantly hirher loss angle values
than native cellulote &t the Lirher temperstures., The obaerved values
nre higher then those for native celivlose At the lower tem,eratures,
but the differences ere leas than &t the higher temperatures snd mey
not be sirnificant, Cellulose 3. the hieh crrboxyl content cellulose,
rhows the preatest losr, prrticulsrly &t hizher temperatures and lover

frequencies,

The relative contribution of emch group wos estimated in the
followiny manner, /s a first ap roximation, the incranse observed 4n
the cxte of Cellulose H war &zsumed to be due entirely to the crrboxyl
fFrou.s ,resent, since the celinlose has 2 low copjer nuwber, The net
incrasze at a series of temjerstures war cetorained pra licslly and is
pragented ns # function of term_centure at esch frequency in Figure 33,
together with similer curves for Cellulose -, which bave been corrected

for the crrboxyl content from the rasults odtained with Cellulose T,

The contribution of carbonyl zrouys to the dielactric loss is
nezligible, except possidly at the highent temperature. Since this
oxyceliulose hses & very hish cou.er number (corrsspondins tc one car-

bonyl group for each ten snhydroplucose units), 4t way be concluded
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that enxrbonyl groupe Are not ¢ scurce of s rocisble dlslectric loss

in cellulore,

The contributisn of the carboxyl rroups to the dielectric loss
18 extremely hi. h st the higher temgersturas, ,nrticularly since only
one ¢group ir present jer 100 sniiydropiucess unite., (he shage and re-
iation of the eurves of ¥isure 33 ere =imiler to the nntive celluiose
curves at the hirher tem.ernturas, It is .[omsible that crllulome cone
taine carboxyl grouum not revealed by yrosent enalyilcesl methods, The
poseibllity that such groups are res.onsible for the observed risge in
the crse of native cellulose must be discrrded, aince the wagnitude of
the effact is not lrrze ennsurh to be sccounted for by the presence of

one or two carboxyl groups per 1000 anhydroglucose units,

Gellulose T contring sufficient ssh (0.17) to provide cations
for the carboxyl grou.s present, The rasults for an ash-frea carboxyl
celiulose cennot bs yredicted. Church {33) hoe sliown thet fras cnr-
boxyl groups cAure lower direct currant resistivities in condenser
pRper thrn bonded ones, An interesiing Lossidility would be thet only
prrt of the carboxyl grouur rre free and tunt these cruse the obgerved

incronses,

ko eienificant changes in the dielectiric constent, &8s Come~
perad with thet of netive cellulose, vere noted, J[hies iz not unexjected
nirce the differsnces, #s comisred with nrtive cellilose {2although
drastic, cliemicrlly speaking), arve sffected phyeical structurs only

slightly.



PIECUEST B UF ROUTLIS OF T00LT UPON RARIVS CYLLGOTE

seyarnl intereating deductions msy be msde from tuese obser-
votions end the jublished data, iansen (17) bas reported loss angle
values at standard densitics &t 1000 cyclas for kraft pulpe of 2.1 to
2.4 x 10'3 radiang A% g° C. Native celiulore under the srme condi-
tions hns a loss sngle of 1.7 % 10'5 radirns, If it is seeumed that
the pulp ie 807 cellulose and that 1ts contribution $o the dielectric
losx is progortionel to its weight fraction, the contribution of the
repnining components i¢ found to be more thep one-third of the obd-
nerved loss, even in the cnse of ithe bewt krafy pulp. * dleached kraft
with sn obrerved loes angle of 2.04 x 10"3 {e only £lirhtly better than
an unblenciied kraft. The source of excessive losz is evidently in the
noncellulosic conatituente of the pulp, with Uoth lipnin and the hexi-
celluloses contributing to the cdielectric loss, The behrvior of the
letter csn be ex lnined rendily, since it is ronerally sccepted that
wost of the carboxyl groups cresent in pulps are found in the hemi-
celiulosic fraction., lHensen hee shown that lignin contributes exces-

givaly to dielectric loss,

These views are substantirted by the work of iiller and lopkins
(4]). They found that tne removsl of lignin nnd essocisted mrteriels
from kraft electricrl peer reduces the power foctor., Hlkaline ex-
traction of the delignified residus, with the removal of L% of the
hemicelluloree (based upon the oririnsl paper), ceused n considersble
r ¢uction in the power factor, / limited extraction of thils type would
remove the carboxylic froctinn of the uemiceliuvloses and, 28 the results

of this investigrtion show, reduce the dlelectric lors, Further
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extraction caused lrnrge increnses im the jower factor. Such extended
treatment would not yield & pure nutive cellulose residue but rather mlsht
chure considersble degradation which would sccount for the incrense,

Unfortunately, no #nalyticnl date are given for the resldus,

The comparison of recorted dete and the evalustion of the re-
gults rre not Alwrys entirely relisble, Hevertheless, it is believed.
that the following statement crn be made, Imurovements in the fielec-
tric charscteristics of ,rerent-day slectricrl ps ers may De achieved
by the elimination of those fractions of the noncellulosic conetituenta
which contribute oxcessively to the dielectric lors and, uprticulerly,

in the elimination of the carboxyl grou.s.



«11l-

THESNDIGATION OF TWE DITLACTRIC SROPSRITIT OF TROTUOIRATED CHLLYICUE

Fravioue sectione have baeen concerned with netive cellulowses
which poseens the normnl crystel lattice {Celiulore I} 2nd are larpely
crystnlline, Hegenerrted cellulores differ in two respecte., Tha2 cel-
1ulose exirte in n different crystal lattice and %e larrely amor; hous
as a congesuence of the reremeration, fccording to iiarmens (13}, Most
rerenerated celluloses Lossess the hydr:te cellulose lxttice {Lellulose
7)., The teras cryrtnlline and apor.hous are used in the yunlitrtive
gensa {(discusrad enrlier) to indicate regulsr orcered srran-sment snd

disordered random Arrenpement of cellulore chrine, reriectively,

Cnanganr in the dlelectric praoperties, in compsrison with na-
tive csilulose, ere ; naridble as & conseyuence of these differences., In
shrticuler, if the amorphous content wers reinted to the dielectric

behavior, » valueble analyticel tool mirbt be developed,

Cellulomen %, F, and J ware prepared s previcusly descrided,
‘“haets were msds and dried doth convanticnelly and By tolvent replnce-
ment, The moisture re »in of there cellulorer wos 8p roximately iwice
that of nstive cellulore, Jerzans hre repnrtod that smorpbous cel-
lulose has £ much hipher moisture reg=in tiian eryatzliine cellulose and,
on the brris of hie results, these celluloses must be considersd amor-
phous, Celluloser ¥, ¥, And J &1l exhidited plectic flow &% low pret-

sures, £ ; roperty of amorphous materisls,

A preliminrry test uson & spncimen of Cellulose I indiented

thot the dielectric constant st rock temperature &t etanderd density
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wag 8, roximstely 3.3, in comprrison with & wnlue of 2.4 for native cel~
juloee. ZIhir wnr not conclusive eince eguilibrium, re avidenced by

lose sngle memguremants, wne not rerched.

HBecruse of the difficulty of obtnining actisfactory test
;pacixana by sir drying, the .revicusly described solvent re,;l cement
technique wns utilized to ;reprre & series of specimens of Celiulose J.
iwo experiments were mnde with these sheets, ihe resulte sre glven in
Tables XYLIV Aand XXXV, 7The cnlculsted loss snsle vnlues nt strnderd
deneity are precented =e n function of temgerrture in Yigures 34-37.
rimilsr curves for native cellulose are included on esch firure for com-
arison, The dielectric comstant deirn, crleulrted to standard density
at 1006 cyclee, ﬁre cracented in Tigure 38, toﬁathar with a similep
curve for native cellunlosze, Similar reaults were found at all freguen-
clee terted, Hoth lors #=nple #nd dielectric ccnetent vrlues ~re i h-
stantinlly hirher thsn sre the corrss;onding vrluea for native cel-
lulote. nefore the crure snd significrnce of these rreults sre dis-
cursed, it ir necamesry to be certeln thet tucre d1ffarancet rre CLNTEC=

terirtic of the cellulosas,.

The possible efiscts of the solvent-ra il cewent trertment
mst be investirsted, It has been snown praviously tnet » very swuxll
nmount (N.37) of methyl rlcohol wrr mhsorbed by the cellulore, =nd that
~ finsl werh with etroleum ethar veduced this to 0.0k-, & nezligible

gqurntity.

Tt was Assumed thnt no ether couid be present, since “lertseink

and Garbrevdwns (L2} have re; orted thst etliyl ether ie not retr-ired by
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cellulore upon heating, Any ethyl &lcohol which might bs nbrorbed by
the cellulose from the etiior would be Incluced in the rethoxyl deter-

ninntion, but weuld be removed by the petroleunm ether wesh,

A nongolar hydrocnmrbon, such »s ¢yclohexstne, would not be
expectsd to be retrined by cellulose to any degres, iowever, “trudinger
snd Tohle (bl) found that native cellulose retsins 5 to 8% of cyclo-
hexane nfter drying by this tachnigue, Jents carried out ms previously
described show that native c¢ellulose =usorbs 2 to 4L.57 of cyclohexene,
Yests ucon Cellulose J indicnied thav no cyclobexane was retsined,
rvidently, the open miructure of the nror hous cellulose permits the

cyclohexane to escape,

The presence of £ smrll amount of cyclohexsne should have
1ittle effect ujon the electricel mersurements, It is not probzble
that such & sisple nonpolsr molecule re cyclohextne would snow high
dielectric loss. Cruwood rnd Iurner (L4E) re,orted the rielectric con-
stent of cyclohexane %o be 2,0 st 20° ¢, with & low temgerature co-
efficient, TITherefore, the effect of its ;recence would be to ilower

the obeerved dielectric constant of the cellulore,

The wvalidity of these obrervstions wrs confirmed in the fol-
lowing manrner, Ueveral sheets of Cellulose U were drisd by tne solvent-
replnacement techniyue snd $r:ted in the usual mrnner, The experimental
datas are presented in inble XXZVI, A comprrison of the final rerulie

with the values for untrested (elivioms T is _remented in TaAbls IVIIX,

The éifferences noted =re not eirnificant ~nd it mey be con~
cluded that the solvent {rertment has no sffect upon the observed dielec-

tric .roperties of cellulose,
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PABLYE TYIIX

EFFKCT OF SULVERT T ADORND UGN Tik DIRIZCIRIC
TROBURIYFC OF CWLOTIONE D

8

3" 3

Freyuency, Temp., 00.8 x 107, E‘O.S x 107, 60.8’ 60.8'

Cycles/sec, %t frented Untrested  Zrented Untresrted
500 97 2.63 2,40 2.53 2.39
1000 2,10 2,04 2.51 2.39
2000 1.9 1.82 2.53 2.39
4000 1.83 .71 2.52 2.39
500 60 1.63 1.60 2.27 2.3%
1000 1.81 i.06 2.27 2.3
2000 1.88 1.80 2.21 2.35
KOS 2.30 2,19 2,27 2.35

& oudiane

The suxilimry dielectric conatant ap.aratus was utilized to
meke & gserier of determinstions upon Celluloeer % #nd J, which hsd been

drisd in sevarsl ways. The condensed rosults are presented in Iable XIX,

TAHLE XIX

CIVLTCTRIC CORSTART OF UEVERAL
FEGEHRHADND CRLIVLONYS

¥athod of Tansity,

Cellulose  lrying g./ce. € €, € g2l € re.”
J solvent 0.368 1.7 3.3 1.38 1.15
J solvent 0.538 2,30 345 1.4 1.26
J solvent D.553 2.55 3,90 1.63 1.38
2 air dried 0.518 2.08 3.09 1.29 1.17
J ether® n.329 1.9 5.2 2.16 1.34
J ether? 1.335 1.85  L.37 1.82 1.27

&8 EN 4s € of nrtive cellulose thest at the density of the regenerated
cellulose sheot,

b Dried by solvent re lncemént through ether.
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Tn 211 ermes & definite incrrase in the dielectric constsat
is found. The regenersted cellulose g scimens sre of substentirlly
lower density tiisn the native celluloses, The rasults sre csiculated
to standard density by means of tha Clousius-Hosotti relation. If this
is not ap.licable to repenernted cellulose, the a,. rrent increase could
be & result of the calculation. In Irble ZIX the dielectric constent
of native cellulose has been crlculated to the ag.arent density of
aach regenerated cellulose sample. Significent differences atill exdat,
Therefore, the observad increnses &re not cauned by sn error in cal-

cuistion,

It is pomsible, perticularly in the auxilisry dielectric
conntant 8 aratus with eir-dried celluloses, tnet the s, 6cimen does
not completely fill the sunce between the electrodes, However, tho‘
effect of thie error, &s previously shown, would be to lower the ap-

parent dleleotric constant,

It has been shown also that the possible presence of a amall
amount of water in the s,ecimens in the auxiliary ap;sratus will have

no sirnificant effect upon the cbrerved dielectric constant.

Therefors, it may be concluded that the gbserved Lhenomons
sre not £ result of the drying technijues, the condition of the tast

spacimen, or the inherent error in the method of crlculstion,

The regsnerated celluloses possess the celiulose bydrrte
inttice (Cellulose II). It 4s conceivzble thnt the observed effects

are characteristic of thuis lattice structure, Xubo (i49) bes re.orted
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thnt heating Cellulose Il in glycerin st &#n elevated temper-ture shifts
the lsttice to Cellulore I (nstive cellulose)., .iermans (13}, however,
beliaver that the tra~tment shifts tihe lattice to Cellulose IV (very
siniler to native cellulose) and may cause some crystallizstion of the
amorghous arers, The letter is unlikely in this crre, A will be slown
below., The dielectric conztent of A epecimen of sclvent-trrated Cel-
lulore J wes mersured in the auxilisry apraratus, “he speciren wos
herted in / glycerin bath st 240° €. for L0 minutes, a .pocedurs adopted
from 7ubo, The s, ecimen wss thoroughly wnshed with distilled wrter and
reteated, The results nre presented in Tedle X¥, * g _scimen of Cel-

lulore T wre cerried throurh the srme procedure rnd tegted, o chnnre

TABLE XX

” . N vy . ISR « - Lo g
FFSGT OF REARING AT 280 C. Th O LYCRRIE
UPOX CRLAUINOTE

€ oleture feprsin
3.8 nefore, After,
tellulose Before ‘fter % gt
t‘ 2.3 2'.5 bols -

hee been introduced by this trerteent. The wolsture rerain are dropped
only 2.0%.  crystallization, which would mrke the cellulore comprrsble
with netive cellulose, would reduce the moisfure rerein to 5,195 4f the
12ttice wag gnifted entirely to Celliulose ¥, Fince the treviment h=d no
etrnificont effect upon Cellulose ™', the possible retention of rlycerin
or other extraneous effects sre not froicre which should be ennsidered,
1t mry ba concluded turt the latiice form hes no significent effect u.on

the dlelactric constant of cellulosne,
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Turing the mensurements with Cellulose J im the xzain Ay 8T8~
tus, it was noted thet the e _ecirens adsorbed diffusion jump oil from
the atuos,here even at 0.1 micron pressure, # plenozonon not cbservad
with sny otber celluloss. The oil could be removed ersily with ether,
It s possible that the .resence of this oll would sffect the loss
sngle determinction 4im two ways. Firet, 4t could contridute directly
to the dielectric lose and, esecsndly, it could yrevent thorough drying
of the syecimen., Tae first is unlikely, since olls generally jonscrs
low power f:ctor snd the sikoust present wrs negligible on & welgnt
basis. The second yoseibility was discarded for the followiny: resson,
In one csse the amount sdsorbed wis definitely hl,lier ({because of &
loss of vacuum Shrough gower failure). No differences were noted in
the results of the two experimente, which would be expected if the

presence of the oil sipmificantly affected the drig,

whether the surfsce activity demonstrated by these cel-
luloses 4is $he result of their high 2morphous cellulose cheracter or
to their high specific surface is not known, They are definitely bet-

ter nberorhtante then native calluloss,

1t would appesr thet the csuze of the increared loss angle
ané dielectric constant of these celiuloses iz due to the increzsed
percentage of smorphous cellulose pressnt, Fxrminstion of the loge
angle curves shows that the el ~8 are similsr to compersble native
celiulone curvos. ihe obmerved minimum is ex,.lained by the previously

discusrsed concegt of celluioss ss s hetarorenous linear polyaer. “he

increased velues, 8z comgared with native cellulosc, @iphv be ex iained
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by the fact that mors hydroxyl groups are free to oscillate, since they
are no lonprer bound in 2 crystzlline area wiiere tne groups are close
enough to permit hycrosen bonding, Vossibly, portions of caning 4n the
amorghous areas are free to cacillate, The obgerved increese in dielec-
tric constant may be ex.lained in the game woy. & similar incresse in
dirlectric lose and dielectric constrnt with ineressing smory.hous con-
tent hns besn obeerved in the cree of anotier linecr solymer (;o0lydeca~-

methylene sebacrmide) by hsker and Yager (11).

If these deductions are corract, the dielectric constant of
Cellulore L, = celloyhane having the same moisture repnin as Cellulose
J snd, presumebly, » similar smorpghous content, should show & rimiler

increase, The results of two tests are resented in Tadble %XI.

T28Le AX1

DIVLECIRIC CONSTANT CF CHLIIIOB. L

Density,
Sseciman g./ce. € eg.g
L-1 1.50 L.27 2.16
1-2 1.43 5.37 1.9y

Cellulose L dors not show the expected increrse in dielectric
constant values, It had been stored in formrldehyde solution previcus
_to drying, JYormeldehyde ig known to csuse cross linkares in cellulose
£nd it is poseidble that these linkages could crume » lowered dislectric
constant, Stoous {12) found & dielectric constsnt of 7.9 for cellophene
at 1000 cycles at 65° €. If a density of 1.5 g./cc. is mssumed, a value
of 3.0 at standard density may be celculsted, definitely hisher than

that of native cellulose,



The regsnerated celluloses, whether air dried or trested with
solvents, showed thersoplastic properties, inder modernte jpresrures,
they flowed snd suffered substantirl increases in a;.arent donsity,
Lative cellulose, even when pressed nt much higher prousure@. d44 not

show 2 similsr behsvior,

Investizetion dieclored that this pressing causrd definite
changes in the obrerved alectrical properties, / a.ecimen of Cellulose
F wag pressed at 2000 p.s.i, snd 110° C. for ten minutex and tested in
the ususl menner, The experimentsl catn snd results are ;resented 4n
Tpble AXAVII, ihe loes angle valuer ai stsndard deneity at 107%) cycles
nre presented in Fiiure 39, torotier with similsr curves for nutive cel-
lulose and unpressed repenersted callulose, Similar rasults were found
at other frequencies, The loss angle vslues At lower tam eratures =re
similsr to those of native cellulose, but they rise considerrbly At
higher temperstures, JIhis rise mey be sccounted for, At least partielly,
by the presence of carboxyl rfrouys and the very hirh ash content of
this cellulose (see Tnble X). The dielectric constant velues are aim-
11er to those of netive cellulose, The hot prassing crused a change

in the obearved dislectric properties,

Thie sffect, in the crse of dielectric constant, wag confirmed
by studying several of the celluloses in the suxilisry ay.saratus, press-
ine the fpeclmens #s demcribed, and measuring the dlelectric constent
of the .reseed epecimen. Tuae results of seversl ex.eriments are re-
yorted in Table XXTY, The srees ing in ench ceme raduced the crlculated

dielectric cnnstent to vnluse simlinr to thoee for native cellulose.
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TABLY XXYII

TYHELECARIC Qourqav] §F pubreh]d
RYGESRATID GRLIVICHES

Ueneity, Lolsture regsin
Cellulose Description € g.fec. €, . et SN RN, T
J tolvent “riaed, unpressed 1.75 0.368 3.31 11,6
J “olvent dried, ;resred 2.51  0.83 ER 10,3
b weater dried, unpressed 2,08 0518 3.C9 10.75
7 seter dried, .reseed 1.86 .68 2,07 10,1
J Solvent dried, xlycerin
hested, unpresged 257 0552 L,00 4,6
J %olvent dried, glycerin
herted, pressad 4,03 1.1 2.5¢ -
¥ Air dried, yresged 2.54  0.978 2.15 10.0

It is posrible thet this trertrment crueed & reversion of amor-
phoue to crystelline srcas, This would mccount for the chanper if the
spor hous 2reds are responsible for the increrse in the loes urple and
dlelactric constont, Cold preseing of Celluiose J induced cnirnges in
the cbeerved dlelectrlc constant in the sz2me direction, shown by the

dete in Toable XYY,

TABLE %111

nLY C‘I‘":IL CONBTANT GF COLD-URWESKED
SGLYENT T :i C? LUIRY

Tansity, oisture re;siun
Trestment € ».Jee, € o at 54% R.b,, 7
Inprecsed "3y 2.537 3.57 11.6
Fressad 15 unec.
at 20 p.e.d. 2,67 n.712 3.01 11.1

Iresead 10 min,
st 2000 p.s.i.  2,TH 0.7%85 2.79 10.&5
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“wen the short duration of the First preseing significantly
reduced both the dlelectric constant nnd tue molsture regrin, Turther
pressing, slthough 4t substantislly increased the density, lowered these

values only eliphtly.

The crlculnted dielectric constant values obtained in both
ap, eragus ere yresented os a function of molsture repain in Figure L0,
The mean value from Figure 38 st 850 C. hap besn token &g the wrlue for
the mein apoaratus determinttions, A dirsct relation betwesn tie two
quentities iz clearly indicated. If Heruens (13) is correct in cor-
relating moisture regain end amorphous content, the dlelectric constant

xay be regarded aas » mersure of this groperty.

However, the data obtained with Ceslliulose 1. {(cellophene) are
contradictory since, on the bagis of its moisture regain vslue, it is

sporphous and yet it has & low dielectric constant,

The regensrsted celluloses had, in genersl, & low denmity,
wheress the cellophsne mprronched the density of pure cellulose, It is
possible that both the dlelectric ;roperties snd the molisture regain
values are releted in some wey to the ajp;arent density differences,
entirely apart from the differences in density between crystalline and
amorphous cellulose rejorted by Hermans, The regenerated csliuloses
nre yrobably comwprrable to & ejonge, filled with small voids. <This con-
cept readily ex;leing the low denmity, tha esse of compressibility, &nd
the ercage of cyclohexane, If the surfrces of these voids contribute
to the dilelectric constant and dislectric loss by thes presence of free

hydroxyl groups, As discuesed before, the observed differences can be
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agoounted for. Portiong of ehnina in the amorphous sreas would be free
to move in the field and contribute to the dielectric lose, In & high-
density cellulose, such ns cellojhnne, the ralatively close srcking would
Lrevent the oscillations of chains and, perha; s, the freedom of hydroxyl
groups. The swelling nction of wrter would explain the hirh molsture
regrin valuas of this cellulose, However, this ex lanation would not
agcount for the lowered molature repains observed upon pressing, since
Lresumably water would séill be =ble to penstrate theane srens 2s in the
cose of cellophana. The moisture ragsin teat hes not been apslied over
wide hunidity ranges snd lts exsct meaning is not clear, The .cesibili-
ties of interferance in the cuse of cellopiene hes been pointed out. In

view of these facts, no definite conclusions csn be drswn,

However, this investization has raverled & ossible reletion
between the regulerity of the polymeric structure of celluloss and its

dielectric properties, Further investigation seees werranted,
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CUGHARY ARD COUCLUSIVISG

A test ca.scitor system ahas been constructed for use with the
Schering bridgs of The Institute of Poper Chemlstry, incororrting
gseveral desirsble festures, With thig ap.eratus, messurenents of loss
angles and dislectric constent can be made at temperatures from 25 to
105° €. in & vacuum as low &8 0.1 micron, Considersbls ressurs cen be
exertad upon the s ecimen during testing for the  urpose of eliminating

the error resulting from incomplete £11ling of the test cupacitor,

An spparatus for raid and ruasonadbly accurate mersurement of

dislectric constant has beon constructed,

The applicebility of the Cleusius-Hosottl relation to native

cellulose has been confirmed,

The loss angle and dielectric constuﬁt of ssverzl native cel-
lulonns have been messures &t 500, 1000, 2000, and L0OOO cycles per
sacond at temperatures from 25 to 105° C. No sisnificant differences
wers noted between various native celluloses, loss enple-temcerature
curves sxhidited & minimum, the temperature of the minimum incressing
with increasing frequsncy, DIielectric constant-temyerature curvas
showed # slight siniwum end rose slightly &t highsr temperatures. Ko
frequency effect was noted, These observations may be adequately
explained by the present theory if callulose is regerded ns & hetero-

geneous linesr polymer with mwany ;olar proups.

Simpiler messurements upon derrrded nntive celluloses coufirmed

these relsti~nships, The presence of cerboxyl groups caused an increage
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in the dielsciric loss ut hiylwr tegperniures, wierecs carbonyl .Toups

iad little eflect. ‘The diclectric constant wne not affactad,

The loss sngle and dielectric constants of sgyscizlly pre-
pared regenersted celluloses were higher than the corresponding velues
for native cellulose At all fretuencies, The dielectric constent of
cellophane, however, waAs comgzrable with thnt of native cellulose,
Pressins of rsgenarcted cellulose specizens at moderste praessures crused
a lowering of these velues, A ;ossible correlation between the amor-
ghous celluloge content snd the dielectric propertiee wae found, but the

evidence ias conflicting end no definite conclusions cen be drawn,
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