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Influence of Temperature and Moisture on the Electrical
~ Properties of Leather

Charles E. Wsir

Apparent, or bulk, dielectric constants and power factors of chrome and vegetable
lesther and untanned hide aro n(a_’Ported for mokstice contents up to 30 parsant, at tempera-

tures of 23° Q, 0° O, sod —70° ¢ over the
sonstants of fibera detormined on dry ma
¥ ble §.4; and kangaroo tendon 5.1, A
values 7> 10" chm-con wheno dry o valnes

B ueng
at

range 75 1o 96 kilooyalea, Dielactrle
kiloeyeles and 22° C apa: shrome 5.4;
t direot-currant reslativity decreasss from

10* phm-cm et 30-pereent meisture,  AppRrent

dielactrio conatant desresscs with Irequaney ated terapecaturs at all moisiure contents, the

frequency dependencs inereasing with melsture content.
exhibit similar bebavior. At =707 Q st high maisture cantanta, a

wer factors panerally

Apparent
iffuee etaorption masd-

mum obeerved may be due to fes or to permanent dipoles of collagen whick are freed hy
moigture. Observed behevior is interf}reted ad probabli';" srising from & oovmbination of Intar-
o

facial polarizaticn at srfoees axist]
indicats ¢lectrical mesgurements in
quantitative moisture analyses,

1. Intreduction

Adsorption of meisture by hygroscopic materials
generally esuses a marked changs m the electricsl
properties {(conductivity, dicleciric constent, and
power factor} of auch substances. This effact is gan-
erally attributed to the high diclestric constant and
conduetivity of the adsorbed moisture as compared
to the mucﬁ lower velues exhibited by the dry ad-
sorbate. In view of the larpe electrical affecta pro-
duced by the moisture and the rapidity, relative sim-
plicity, &nd nondestructive nature of electrical meas-
urements, such determinations have been proposed
as methods for quantitative moisture determinations
[3, 14, 411 Unfortunately, the materials of par-
ticular interest in this connection are ususlly powders
or fibrous materiale that possess large adsorption
surface areas and, therefore, the result= of electrical
measurements sre pot easily interpreted because of
the complex physicel structure of the specimens.
Recently, interest bas arisen in application of dielec-
tric meagurements for the determinntion of moisture
in leather [27].

This rgport- deseribes the results of eritical atudies
of the effrets of molsturs and temperature on the
dielectric constant and power factor of leather in the
audio and low intermediate {requency range.

In most meseurements dealing with a porons mate-
riel such se leather, two exporimentsl velues are
recognized, & "real” valus asecciated with the fibers
alones, and an “apgn.mnt.” valus that refers to the
bulk material inclyding the air in the interstices. To
avoid confusion hetween the former and the resl part
of the complex dielectric conatant, the term *“fber
dielectrie constant™ will be used instead. Apparent
valuea a= vsed sre understood to refer to the bulk
material.

T Flguces i Brackats InAisate the ltaratars peiamonos: 6t the end of this paper,

tr the fibrous last)
8 frequency rangs Bre probably ob reliabla [or preeisa

er and dipplar polarization, Hesults

2. Experimental Method
2.1. Electric Apparatus

Measurements of capacitance and resistance were
Ebt;;ad with a B%Bldﬂﬂ rearingmnca-mpacita%ﬁe
Ti containing & Wagner-earthing ebrounit. I
bridgeisshﬂwuzglmnptiually infigure 1. A detailed
discussion of this bridge has been published pre-
vioualy [20]. High-stability input signals in the fre-
quency range 0.75 to 88 ke were provided by
verable frequency oscillator. Bridge balance was
aseertained through direct use of earphones at all
frequencies as high as 12 ke, while ot higher frequen-
cies a regﬁemrat-we, all-wave receiver was used to
detect and amplify the output signals.

Fiber dieloctric constents were determined by the
immersion method [42, 45] in & completely shielded,
cylindrical, guerd-ring sondenser. This condenser
was constructad of heavy brass, and all surfaces were
given a fine machime finish, The guard waz located
nenr the top of the condenser below an opening fitted
with & reservoir that was a5 an overflow. A
second apanﬁ:lg ot the bottom of the condenser was
fitted to permit introduction of lignids and suspon-
siona, capacitence of the empiy condanser was
40.22 uuf, & velue that was reproducible to within
+0.01 puf.

All messyrementa with thia condenger wore
carried out at 22.2° (U at & frequency of 3 ke in the
following manner: The condenser was with a
suitable solotion of ethylene dichloride in benzene,
Choice of these liquida resulted from previous
studies [26] indicating negligible intsraction between
leather and liquid. The solution was then circu-
Inted through the condenzer by using the two opan-
ings until & steble and reproducikle value of capee-
itence was obitained. TUpon attainment of equilib-
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rium, & suspension of finely pround dry leather or
collagen was made up by vsing & portion of the
excesa liguid, and this suspension was introduced =o
a8 to displace the liquid in the condenser. A change
in capacitanca upon introducing the suepension was
indicative of inequality of liquid and schd dislactric
constants. The ecomposition of the solution was
varied until the dielectric constant of the suspended
material was closaly bracketed botween walues for
two solutions. The usual method of linear inter-
polation to determine dielectric constants by the
mmergion method [111 was difficult 1o apply with
this spparatus as the finely ground dolid material
vsed to minimize anisotropic eoffects tended to
gettle out or surface slowly and render the sus-
pension nonuniform,

Mensyrements of apparent dielectric constant
were made by using & shielded, parallel-plate
uard-ring condenser. Electrodes were made o
Eﬂnvy brass plates ¥ ip. thick, which were given &
fine machine finish. The measuring electrode was
5%« in. in dismeter, and the ne: {Fmpt{'}u plate
separation was approximately 0.04 in. & 4
capacitence was approximately 37 uuf. This con-
denser was used at all frequencies in the range
studied -and at temperatures varying between +-20°
to —70° . At lowest frequencies balance was

obtained to a precision of +0.15 wuf and +0.0002
ohm, whereas at highest {frequenciez balence waa
obtaibsd to within £0.01 upf and 20001 ohm.

The condenser was eguipped with two aeta of
threa projecting enrs apaced at angles of 120° on its
periphery, one sat on the top or movable plate, the
other directly below on the frame of the condenser,
These ears were uzed to measure the plate spacing,
measuremesnts being made to the nearsst 0.0001 in
by tmeaps of micrometers. Such measurements
were made &t the ronclusion of elactrical studies on
each specimen. Thres et acrews mounted in the
top plate, equidistant between the ears, permitied
rezatting the empty condenser to the same spacing
mensured when the tesi specimen wa2 in the cen-
denser. The specings were reproduced to within
40,0002 in. at each ear, and the average of the
three settings wes rteproduced to £0.0001 in.
Measurements on the empty condenser under these
conditions were used to determing the air capae-
itance—assumed aqual to the vacuum capacitance,
In all measuremenis the top plate of the condenser,
which weighed 15 lb, was logded with an additional
2} b to mprove the contact between specimen
and plates, .

The real port of the dislectric constent, desig-
nated as ¢, was obtained s the ratio of the capae-
itance of the condenser contaiming the sparimen to
that of the empty condenser with the same plate
separation. The power factor, designated as coa
¢, was ohtained from tho relationship

cos p=1/1+{R, 00,7,

where B, i the equivalent parallel resistance of the
condanser containing the spacimen, €, it’s capac-
itance, and « the a ar frequency. The smpty
condenser exhibited no losses in this frequency
rnl;ge, therefore all losses observed were sssociated
with the test specimens.

2.2, Test Specimens

Finely ground specimens of kangaroo tail tendon,
chrome hydraulic-packing leather, and vegetabls
crust lea were u=ad in suspension studies. All
specimens wera degressed and washed aftar an
initial grinding snd then reground, Specimens
were dred by exhaystive evacuation st 8 pressurs
of leas than 1 mm of mercury for at least 72 hr.

Disks 64 in. in dismeter of chrome hydraulie-

ing leather, wvegetabls crust leather, and un-
aired cowhide wera aplit to £ uniform thickpess of
approximetely 41002 mm by removing portions
of grain and flesh layers on & band-knife eplitti
machine, The disks were degromsed, washed, an
dried exhaastively in vacuum.

Initial measurements wers made on dry specimens,
which were then permitted to adsorb moisture from
the sir to cbtain moisture contents as high as ap-
preximately 15 percent. For higher moisture con-
tents specimens wers exposed to vapors existing
above suitable saturated selt solutions or water.
Moisturs contenis below spprozimately 10 percent
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were obtained by short (a few minutes to 25 much
as 1 h*) exposures to conditioned air. Uniform
moizgtura distribution wes unlikely under thess cir-
cumatances, but no iﬁpreciahle changs in w
itance or resistance that might be attribu to
redistribution of adsorbed moisture was noted
durlugh?masurﬂmenta that required &8 long & period
a8 48 hr. Above 10 percent of molsture, exposures
t0 conditioned stmospheres wers conducted for at
lenst 18 hr. Despite tha longer exposures, appre-
ciable variations in both capacitance and resweiance
were noted in periods of less than 1 hr. Moisture
contents were obtained by weighing apacimens in &
senled container made of polyethylens film and are
based on the dry weight of the specimen, At low
moisturs contents epecimens gainad and at high
moisture contents lost moisture during introduction
and removal from the condenser. Therefors, weights
ware obtained befors and after study, and the aver-
age of the two Wﬁlghtﬂ was takan to represent the
moisture content dwring measurement, In most
instances changa in weight noted corresponded to
lesz then 0.1 percent of moisture.

2.3. FHect of Temparature

All messurements below room temperature were
made in a double-wallsd insulated container. The
parpllel-plate condenser and ita external loading
weight were placed in the innermest conteiner,
whirh was then covered, An ice-water bath, or a
dry ice-gretone bath was placed in the outer container
to obtain the desired low temperature. Tempers-
tures were measured with & copper-constantan ther-
mocouple mounted inside the condenser. The refer-
ence junction of thia thermocoupls was maintained
at 0° C. Measurements on spacimens were generally
made after axposure to the desirad temperature for
6 hr, and altho thermal equilibrmm was usually
net attained in thia time, the g}umge in temperaturs
i:'lurﬁlng the time required for measurements was neg-
1zble.

3. Resulis

3.1. Dislectric Constants of Dry Lenther and
Collagen Fibare

The results of measurements of dielectric con-
atants of leather and co n fibers by the immer-
sion method are piven i table 1.

Duplicate mensurements on each specimen are
designated as run 1 and run 2. Following run 1,

TaklR 1.  INeiectric conatantis of dry collegen ond feather filera
Tampersfurs X 7, fragiemer 8.0 k0
.I'
Material

Eun 1 | Humn 2 ATE
benon S Y Bz 532
I TS S 5L b
Vppptsbls Mather. ] wm 8,30 w2

gpecimens were axposad to conditioned air at ¥2° P
and 50-perceat relative humidity for 14 days, then
redried in vacoum and the dielectric constants rede-
termined. Dwmta obtained on the second measure-
ment are referred to as run 2. The agreement
between these duplicates indicatea that the drying -
technique employad is ressonshly reproducible or
that very low moistura contanis have little effect on
the dielectric properties. The data in table 1 were
obtained by bracketing the unknown dielectric con-
stanta batween solutions differing by not more than
.15 unit in &#. The values ;iven are considered to
be accurate to within £ 0.05 yoit n #,

The value for eollagen is ahout the ssme as the
value reporied hy Errera and Sack (11] on wool—5.4
at 8 ke—ae well as v general ae with data of
Kremen [‘261] {¢*=4.2 for unianned hide, and &€ =46
for chrome leather st 11 Me). It is to be noted that
chrome leather exlibita a walue of & alightly higher
than that of collagen, but considerably lower than
vegotable leather, These dota agres with the order
reported by Evemen on chrome leather and hide.
The values reported here and by Kremen are ron-
siderably larger than those caleulnted from the indices
of refraction at aptical frequencies of approximatel
1.5 as observed by Biarriot [30] and Newman ETE
This fact was also mentioned Errera and Sac
[11] in eonnection with nylon, silk, sand wool.

3.2, Apparent Disleciric Congtant and Power Factor
a. Elfsct of Muistors

Mensurements on chrome, vegetable, snd wo-
tanned leather disks of varicus moisture contents are
riven in tebles 2, 3, and 4, whils & portion of the data
on chrome leather is showan in fipures 2 and 3,

The following behavior iz noted in the data of
tables 2, 3, and 4: ¢’ increases with incressing mois-
ture content at all frequencies; + deereases with
increasing frequency st all moiature contenis, the
Irequency dependence being lesst for dry meterisl
and preatest for moisture contents of 15 percent or
mMOTE; 08 ¢ INcreases T]:I'-‘-I:Bth }nﬂrﬁm}éﬂﬂbﬁ ocon-
tent; cos ¢ appears to he velati wency inde-

endent unt.ilp E?gh Tioieture lave]sj;re macha{l, that
12, 15 percent or more; ¢os ¢ decreases strongly with
increasing frequency at higher moisturs levels,

For moisture econtenta below spproximetely 15
percent, all measured capacitances and resistances
appeared to be independend of tame, being reprodie-
ithle to within 0.1 pereent after several hours. At
maisture contents greater than 15 percent, definite
tima dependence was noted, the effect baing an in-
creazed capacitance ang in most instances n decreasad
power factor at & constant frequency with increasing
time. Such effects caussd no appreciable error in
the mengured values, becanse the changes ocearring
during the hour required for measurement were
penerally much less then 1 pereent.

b. Direct-Cutveat Besslancs

To sacertain the resistivity of the test specimens
and the magnitude of corrections to the effective ac
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It will be noted that the resistivities are raiher | thermal equilibrium waz generally not atiained at

high, even at higher moisture contents. The mag-
nitude of thess values ig spch that at roomn tempera-
ture no significant correction for d-c resisistivity is
required, since a-¢ resistivities were invariably much
leea than the d-¢ values. It wag also observed that
the resistance yne independent of time at low mois-
ture contents, but at higher moisture leveis a time
dﬂpﬁ']ildﬂﬂt- drift of resistance to higher walues waz
noted,
0. Effoct of Temperaturs cnd Molrture

To obtain further information on the phenomena
respongible for the ohearved behavior of o and cos ¢
&t room tgfﬂ)emture, a8 well as data on the temper-
ature dependence of these guantities, messurements

were made at room temperature and at approzi-
mately 0° C and —-70° C.° As noted peeviously,

reduesd temperatures so that measurements were
conducted with & very elowly decreasing temperaiure,
the actusl iemperature being maasured thermoelec-
trically. Prior to esach messurement at & raduced
temperature, a sot of data was obteined =i room
temperature, in order to sscertain any hysterems
affect reaulting from & previcus cooling. In gensral,
measurements were conducted at 0° O hefore cooling
to —70° C, but in some instances this order was re-
verzed hecanse the experiments indicated that hys.
taresis effects did not affect the general nature of the
reaults, The resulta of these rimenis are given
in tables &, 6, and 7, the sets of data obtained at
room temperature being given in the columnhs to
the left of the succesding data obtained at reduced

tempeeatares,
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Apparent dielactrie consiants shown in thess tables
were obtained by use of the air capacitance of the
condenszer as measured at room temperature, since it
was not fensible to measure the plate separation
while the condenser was subjected to low tempern-
turez. A meaaure of the error involved in this pro-
codure may he obtained by menipulstions of the
equation for the capacitance of a parallel plate con-
denser and use of the coefficients of thermal expan-
sion of brass [17] and leather [47]. For the experi-
mentsl quentities involved here such caleulations in-
dicate an ervor of 1.4 percent i capaciance for a
temperature change of 100 deg C. The correspond-
ing arror in ¢ i3 slso 1.4 percent. As the expan-
sivity of leather in air is probably smualler than the
expansivity used in the calculation [47], the probable
erron is expected to be less than 1.4 percent. Such
an error will in no woy affect the following con-
¢lusions drawn from thess data: « decreases with
decreasing temperatyre at all froquencies and mois-
turs contents, snd is a-trunglg temperaters dependent
st high moisture levels; ¢ decreases with incressing
frequency at all temperatures and moisture contents,
cos ¢ generally decrcases with decreasing tempers-
ture at b fixed frequency for very low and v Ph.i:i;]:n
moisture contents, being strongly twnpmt-urﬁapan—
dent at higher moisture ]eveﬁz,

At intermedinie moisture contenis cos ¢ may in-
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creage o decreass with decreasing temperature de-
pending on frequency and famperature.

At Jow temperatures and high moisture contents
cos ¢ (a8 well a3 ¢'*) axhibits & semewhat broadensd
but untrastakable absorption maximum for hide and
vegetable lonthers, nad such & maximum would ap-
pear 1o be present in chrome leather at higher mois-
turs contents. Representative data are shown in

figures 5 and 6.
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4, Discussion

4.1 Electrical Propertiee of Collagen and Leather

The daiz obiainad hera are quite similar to resuliz
that have been reported for other fibrous materials,
some of which might not be expected to ba electric-
ally comparable. With due copsideration to the
frequencies involved, values of dielectric constanis
of leather and on fibers are of the same order as
walues of gilk and wool [11] ss previously notad, as
well B values on cellulose [V] obtsined by Dakin.
Earlier values on cellulose [4, 9, 43] are elightly
different but of the samme general order. The higher
values for vegetable leather reported here sre to ke
expacted, since the appreciable amount of incmgora
ated vegetable tannin Iprohably has & higher dielec-
tric constant than collagen, a= shown by measgre-
ments of Encke [25]. o raported dislectric con-
stant of dry tin, 2.68 st 512 Je[13], appears to be
lese than might ba expected in view of s being
derived from collagen. )

Resiztivity date are likewise similar to results
revipusly reported on cellulose producis that have
eeh extensively studied in view of their widespread

eloctricel mpplications, However, resylta obtained
here for leather exhibit no linear rejﬂ,t.ionsh.ip hetween
logarithm of resistance and any simple funetion of
moizture content 43 has been reported for textiles and
cotton [34, 38, 4&]. Thia divergence may beo associ-
ated with the greater adsorptive capacity of leather
for moiature.

%ﬁpamnt or bulk dieleciric constants of mest
lenther have been reported by Compton [6], who vaad
& bridge methed at 1 ke. His experimentel values
are much larger than those reported here at com-

arable moisture contents. This fnct, together with

15 extremely high valaes of dielectric constant—é
as high as 4980, will be discussed later. Neither
Compton ror Kremen [26, 27] in'-’esl;ifnted ithe effects
of tamperature of frequency on ¢ and neither studied
power losses, aithough Compton concluded that ye-
gistance messurements made durnp his measure-
ments showed such little concordance that their use
did not =eem justifiad. '

The data obiained here are similar in many re-
apects to previous reports of effects of adsorbed
vapors on the electrieal propertien of other porous
materials [1, 8,22, 23, 24, 31, 35, 44]. In view of the
similarities in results and the charscteristics of the
materials, the interpretntionz of the present data
will be patterned to some extent along the lines of the
conclukions of previous workers [8, 12, 13, 22, 34, 35
38, 43], who have emphusized the importance of
considering interfacial polarization in electrical meas-
urernents oh honhomogeneous materiala of this type.

Lenther must possess a large adsorption surface
ares by virtue of its fibrous etructure. This area
has been calculated by Eanogy [20] from adsorption
data. Sinee the fibere are composed of submicro-
scopic fibrils and moigture appenrs to penetrate the
fibers, it would appear that the fibrillar surface ares
muat play a role in theee dats. The filaments that
maka up the fibrilsfmeay also be involved, but guali-

tatively the conclusicns reached here will be inde-
pendant of the units involved. There are probably
three pheses present in moist leather—the leather
substrate, which may contain combined or dizsolved
moisture; & surface layer of edsorbed moisture; and
the surrcunding air, a intarface botween any two
of these phases iz an obvious source of Maxwell-
Wagner polarization effects. The behavior of such
typesd of interfacial polarization has been considerad
it detgil and developed guantitatively for asimple
gystems by other workers [32, 38, 30). In lenther
the vast number of these interfaces present, the com-
plaxity of the interconnactione of thn(l:nhc?jaicnl matrix,
and the unkmown conductivities and dislectric con-
stants of the phases involved Blnreaent. 8 problem thaet
permits no quantitative analysis. The only facis
available are that the diclectric constants of the three
phases ara quita different in bhulk form:, whils the
conduetivity of the air will be much leas than that
of sither the maist subatrate or the sd=crbed moisture
layer. Wagner [38] has shown that & necessary con-
dition for minimizing interfacial effects is that

r a4
o =0 £

where ¢ and ¢ are conduciivity and dielectric con-
stant, reapectively, and the subseripts refer to the
phases thet form the interface, In the present situa-
tion it ie extremaly improbable thet such a relation-
ship will held at the three possible interfaces at nll
muoisture contents studied.

A somewhst different type of polarization, known
a8 electrode polarization, may exist at the disconti-
aunity between specimens and the condenser plates.
In the presoht experimante ho differentiation between
elecirode polarizaiion and the interfacial polarizetion
existing within the specimen iz possible, and the
electrode polarization will ba considered #8 lumped
with the interfacial effecta. . )

The other importsnt type of polarization arises as
4 result of the numerous permenent dipoles present
in the bssie proiein by virtue of its amino acid
composition. These dipoles will represent zources of
Debye polarization, an effect that is qualitatively
similar to interfaciel polarization. e eEireme
difficulty in distinguishing between these two phe-
nomons hes been emphacized previonsly [32, 38].

The gualitative interpretation of the data in tables
2 to 7 appears {0 require st lenst two polarization
Processes, 0ne bﬂin%')fme-ly operativa only at very low
frequencies at high moisture contents and in all
prebabibity associated with interfacial effects, the
other being offective up to much higher frequencies
and probahly srising from dipolar effects. Tha rel-
ative importance of these two effects is determined
hy the moisturs content of the specimen,

The strong absorpiion region st low frequencies
predominates st moisture contents above opproxi-
mately 15 porcent, except at low temperatures.
This tﬁalacu'in phzorption is attributed to nterfacial
polarization phenomena. The rapid decrease of «
and cos ¢ with inecregsing frequency and decreasing
temperature may be logically attributed to thie
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effect. The dependence of capacitance and resist-
ance on tima at a constent frequency is auggeative
of charging currenta and therefore of poelarization at
8 discontinuity. The data of Compton [8], who
worked in this frequency range, can be interpreted
to & larpe extent as arising from intecfacial effects.
Tha specimens used by Compton in &ll probability
had a much lower resistivity then those prepored
here. This increased conductivity permita a larger
charging eutrent and an apparent ibcreags in dielec-
tric constent [39]. Thus Compton’s dielectric con-
stents 8t comparshle moisture contents and fre-
quency vary from st least three to several hundred
times the presont vaiues, The extremely high values
of ¢ reported by Compton—e" as high as 4980 on
chrome leather containing only 26 percent of mois-
ture—ean ba loﬁiml]jr interpreted only on the basis
of interfacial eilacts arising from appreciable con-
ductivity in the test specimens. For the forepoing
reasons 1b i3 believed that at hiph moisture egntents
the present dats are obtaj on the desconding
slope of a large interfacial power abhsorption region
that persisia to very low freqguencies.

At Jow moisture contenta—that is, below approxi-
mately 15 percent of moisture—the electrical be-
havior ia quite different. In this region it would
appear thiat the data is obtained in a region between
two dielectric absorption maxma, the interfacial
rogion at low {raquencies, which diminishes in im-
portance with decressed moisture content, and a
gacond dielectric abasorption region with B maximumm
at high irequencies far beyond the experrmental
range of frequency. Thiz second dielectric abzorp-
tion maximum would account for the incresasd
losses with inereasing frequency observed in thiz
moizture range, a3 well a8 the increase in loss ob-
served on decressing the tempersture. This latier
effect arises as & result of the analopy between fre-
quency and temperature, a reduction in temperature
being ezperimentally equivelent to incressing the
mamy of the measurements or to shifting the

ieloctric relaxation effeste to lower fraquencies.

At high moisture contents st —70° C the Inter-
facial effscta have virtuslly disappeared sa a vesult
of redured conductivity ab low temperatures [39],
but s distinct dielectric absorption maximum in cos ¢
appears in two specimens in the ezperimental fre-
UENGY TAnFE— corresponding maximuom in <
agpears for ull three specimens. This dielectnie
ahzorption maximum is not chserved under similar
conditions for dry leather or 2t low moisture contents,
g0 that the moisture 2ppears to be largely responsibla
for the observed eifect. S3ince a dielectric ebsorpiion
maximum has been indicated st high fraqhu:nmm at
room temperaturs, this maxmuym may heve been
shifted to the experimental frequency range by the
temperature reduction. However, since o aimilar
effect I8 not obeerved at lower moisture contente, it
would ba necessary to aseume that the frequency of
the sbeorption maximum is dependent on moisture
content. It is also possible that this dialactric ab-
sorption maximum is attributable ¢ ice, which is
known to exhibit ench & maximom in this frequency

Ia-?ing-i?:lj] but at & somewhat higher temperature [10,
» 40].

- As s result of the foregeing considerations, the
iollowing general picture may be given. In the dry
condition in thie frequency range, leather may be
considered to huve 6 dielectric behavior that is
characterized by a moderate power abeorption with
alight frequency dependence. As the mosiure son-
tent of the leather increases, two dielsctrie absorp-
tion maxime—one et very high, the other at v
low frequencies—appear and increase in magnitude
with increasing moisture comtent. The high-re-
quency maximutm grows the more rapidly at low
motature contanta, and at very low moisture contents
largely determines the behavior of the leather, As
moture s added the low frequency, or interfacial
effact, growa at an inereasing rate, and in the mois-
ture range 5 to 15 parcent, ioases dus to both types
of dielactric abeorption wre determining factors.
In thiz moisturs rangs the dats may be pictured as
heing taken in the trough hetween the two dielectrie
abeorption maxima. Ae the moisture content rises
shove sbout 15 percent, the rate of growth of the
interfacial region acceleraies tremendously, and ai
hirh moisture contenta the enormous size of the
powor mbsorption arsing from mtecfacial sifects
complately overshadows the amaller but probably
gtill importsnt maximum &t hipher frequencies,
The source of the low-frequency losses hes been
attributed to interfacial charging phenomens, and
it ramailrlg to wusidﬁTrh the c]fl;.sea of the blumes at
higher neneies. & hirh-frequency absorption
may be due to dipolar m?:gnmgion or to a diﬂ'parent
type of interfa.ma% thenomenon., Since dipoles are
known to ba present in the protein, it would seem
that the power absorption may be dua to such
CRRBES, e lnereasing importance of this absorp-
tion with innreaain%;muistum content, noted at low
moisture contents but probably ocomring even at
high moiztura contents, mey be consid as due {0
inereassd mobility of the existing dipolea conferred
by the imbibed moisture. The dipoles in the dry
material mnay be thought of as being largely immo-
hﬂjﬂi‘;d by ti compect md:ihagclular I::;uct-um of dry
collagen Wi COTrespoTdi 8 Tedtralnd
forees. Since the compact st.nj:t'ct.ure relaxes iuntnhg
presenes of moisture, these bound dipoles may be
froed to some extent, the degree of fraedom incress-
g with increasing meiaturs content.

The interpretation of these dats given iu the fore-
going implies & somewhat different role of moisture
m the low and high-meisture ranges, with a gradual
ghift of the affect centering at approximately 15 per-
cent of moisture, Thisnl:i‘{;shavinr ia clearly shown b
« and cos ¢ in the tabular dats. The gradusl trans-
tion ion oceurs at lower moisture contenis in
e nt.s.hie leather than in chrome leather or in hide,
and may be directly related to that moirture content
rgnge in which the slope of the heat of adsorption
curve is undergoing ite greatest change [20]. The
spparent difference in effects of moisture in the low-
snd high-moisture range may be considered to bp
due to the decreased binding energy of the moeisture
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with inercesing moisture centent. Such concepts
have been adranced previously {1, 35).

This difference in behavior of moisture in the two
moiztire r&nghea may be related to mnue}]:ta of “bovad
water”, which have been discussed by numerous
workers [2, 15, 16, 18, 19], and with particular refer-
ence to leather by Compton Iﬁ!, Kremen [28], and
Cheshire and Helmes [5]. latter workers
conclude thet between 30 and 50 percent of moisture
on a hide substanecs basiz can be considered a3 hound
water. The present studies were conducted prin-
cipslly in the rauge of moisture contenie in which
these workers would consider all moisture present to
be bound,

The present data show that the moisture present
in smali amounts produces a markedly different
effect than that present in large quantities, Below
& rather ill-defined trapsition region ecentering at
about 15 percent of meoisture, the principal effact is
the enhancement of the high-frequency dielectric
nbsorption, while interfacial polarization is effected
to a rather amall d . In this ranga the moisture
might ba considered to be mainly intimately associ-
ated with the protein, probably by meana of chemical
foreea through hydrogen hum%.ug. Ralativaiy littln
maoisttre is therefore available to act elestrically as
ohe might expect water to behave.

At the higher moisture contents the effoct of mois-
ture on the high-frequency dielectric absorption is
masked by the rapid growth of the interfaciai polar-
ization, In this range the priocipal effoct appears to
be on the surface of the atruetural units invelvad, so
that conducting layera are rapidly built up to produce
tha interfacial effects observed. Tn this range the
moisture produces electrical resultz that might be
ex;ie-ctad of water.

t is poseible, thersfore, to distinpuish between
these two essentially different roles of moisture, even
in tha range in which sll moisture has been considerad
to be bound. It must be concluded that there is
conziderabla difference in binding of the sc-called
bonnd water.

B. Determination of Moisture in Leather by
Electrical Methods

From the date obisined in these studies it follows
that in this frequapcg range electrical methods cannot
ke expected to yield precise results in quantitetive

vees for moisture. To test this copclusion am
experiment was performed on similar specimens of
comercial, Tat-hgquored, chroma upFer eather that
ware cut from corresponding areas of different hides
of the same tannage. All specimens were cut from
aimilar positiona in the shoulder region, and wers
galected for ymiformity of thickness over the aren of
the test piece. Following initis]l measurements, the
epecimens were de and rerun to ascertain the
effacts of ineqgualities iv greass content. The resulta
of these measurements are given in table 8.

Thicknees measurements are the average of 15
determinptions distributed wniformly over the aren
of the test specimen. These messurements were

Tanre 8 Reproductilily of sleefrical data on specinend from

1ifereni kides of the same lonnags *
wIoT o Commentinla (L 1K o ot o ABgTtmsl= - L3

Commerdnl leathee Dogrogeed kather
ﬂg:‘: Condens- Comdeme-
Thick- | ar plate | o Thick- | erplate | o
nem | separs- a8 | BEDAIE-
Hoo thn
I, A in, in.
1 08l 1L.MGT | & 30| o075 | 0,0 LTS | &0 | sl
3 0 L MG | 5856 | (Dd0E | .0 L Lyl AlR By
H A L1066 | 343 | DGBZ [ .0M LTS | A4l + D
4 0 1, 1A G168 | D@5 .0 LLET |41 48
[ L] 11000 | 3ok | | LS 1. 1oy hak | eEE

= Meamirementa af 3 ke
b Mewmuredl Irom arbliracy moen,

made to the nearest ¢.001 m. Condenser plate sep-
arstions are the average of three measurements

a8 deacribed previously, and ara seccurate to the
aesrest D000 n.  Differences noted in o and coa ¢
are real, sinee the experimental capacitances and
resistapees mvolved were messured to at least four
significant figures.

Variations noted in « and cos ¢ mdicate that u=e
of these quantities to characterize or measurs the
meiature content would be subject to considerable
uncerisinty in an arbitrary piece of leather. Meas-
urements of moigture contents of these specimens
have not been made, sines all specimens wore sub-
jected to identical treatments throughout, and
experience m this laboratory has shown. that &
moisture content of approxmately 12 percent with
variation of lesa aApproximately 1 perceni may
ba expected for such specimene from the gare locs-
tion of different hides of the saine tannege. Since
some differences in apparent densisy or fiber orienta-
tion exist, the variations obeerved in « and cos ¢ are
not considered excessive.

It is concludad, 1herefors, that in this frequency
range alectrical methods are not expected to produce
Pra:ise quantitative deierminations of mostura in
eather. Although this conelusion ia reached largely
a8 a result of date mecumulated vsing alternating
currents, it ia helieved that the same considerations
spply o dircci-current measurements. This exten-
sion of the conclusiona abppears to be valid as » result
of observations made previously concerning hehavior
of the direct-current resistance of specimens cohi-
taining moderata amouniz of moisture. For rapid,
hotdlestroctive estimates of moisture contont, par-
ticularly for conmtrol work, such methods may be
adequate, provided the effects of temperature snd
salt content are recognized and controlled.

The author 13 indebted to C. G. Malmberg and
A. A, Maryott for use of the enpacitance bridge that
made these measurements posaible, 53 well as for the
stitnulptmg discussions directed toward this problens.
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