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ABSTRACY

Conercto 80 coczatinlly a notwrol stome vhich hao
vory vifo applientions oo o ctructural neteriol. Vetor
io ane of tho mnin cmptituents of comorete vhith reecio
vith ecacat ¢to form a binding paste vhich, by penetroting
into the minute ourfceo 1méiﬂaritiﬁo of eend end canrco
aggrogoto, Wings then into close cohenion cad thereforg
wvator hoo geoat influenee upen the verious proportion of
coaorete, The procont diocortation givos en eccownt of
the various propoirties of ocenorete end iInfluence of walew
upen then, Sevorel exioting teohniques ond instrmmentation
dovoloped for tho ncaswrcont of vota® cemient {n emerolo
havo boen eritically reviewed in this dissertation. A coa=
pact snd poriable instrunant for the neasurencnt of molg~
tuwro in conesoto dovolopsd by the author han deen doeorided,
Thio ingtruncat, in vhich a eopacitive trangducer hag bosn
uc2d oo 8 ocacor, oem Yo usel for tho mespwrenent of molo-
ture emntinuounoly or intomittcntly.
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1 INT RODUCTION

Stone has boen men'e natural bHullding matersial
for thoussnds of years either in its natural dlock form
or crushed ond recemented to sult the needs of its
structure, Conorete is sssentially o nstural stone vhich
has traversed a oycle from solid to orushd nd beek to
80143 by cenenting it back to a nolid mass, As a struotural
material, therefors, concrete hes o much wider application
than has been utiliced hitherts, With inereased renearel;
o ite dehaviour, inmprovenent in teckmology of itls
preparation md imagination in the evolution of structural
systens, the possibdilities for ite use are boundless,

Vater ie one of the main emstituent of concrete,
The basic function of water in conorete ig to resct with
cament to form a binding paste vhich, by penetrating inte
the minuts md multitudiness surface irregilarities of
sl and coarse aggreante, drings them into close athesion.
The yater absorbed by the concrete s colled aj noisture
in concrete. By suitedly adjusting the proporticme of
water, cement and nzgregate, it is possible to get conorete
for various purposes, nanely a tough mix for roald ywork, a
rich mix for coliuzms end a lesn mix for foumdatione. Water
has great influence upon the various properties of canmte'
€e8ee 1T the anomnt of water increascs obove that necessary
for conplete hyiration of cenent, it merely produces a
nore porus structwre and results in a decrease in atremgth,



Therefore, several techniques and instrumentation for the
neaspurenent end emtrol of moisture in concrete have been
developed and are in use throughout the induwiry,

The work embodéd in this Aissertotion fe divided in
five chgpters, Chapter 11 deals wvith the various properties
of conerete and the influmee of water comtent upon them,

A reviev of the existing methods vhich ore used for molsture
mesgurenent in comerete in given in Chapter IIX,

~ Chepter IV desnls with en instrument vhich has been
developed for the measurenent of moisture content in concrete,
Capaeitive tremsiucer has been umed am smsor, It is a
sinple, compoot and portcble instrument wbich can be used
in the fi61d, The instrunent cen de used for the measurenent
of mofature cmntinuously or intemittently, It een also
be used for knowing the moisture omtent at varions points

in big aire conorete somples, The conclusione ave given in
Chapter V, \ '



Ix cmcmn ITS PROPERTIES AND AFPECT OF WATER (N I7S
VAMGUB PROPEMI‘ES

2.1 OO CRETE!

Conerete is a cmstmumal naterial vhich conefsts
aamtial}y of a binding mﬁ and a mineral filler, The
binding agent 1s e hydraulic cement which dsvelops ite
" stbength vhen mized vith ‘water md, by hydration, changes
fron s loose powder to & hard, drittle, stome like material,
Vhen cement reacts with water, port of the wam is cheni~
cally combined, dut remsinder dries out, cansing the set
cment to shrink, To overcame the dimpdvantage of this
shrinkage and also to reduce the cost of the emerete (vhich
is mainly éue to ommﬁ) o irmer filler io uaida ™is
ususlly consists of large, medfun and ssll pleces of rook
ombined with sand, In properly nixed concrete the filler
is coated with 2 layer of wenent paste, smd the resotion
of the cement with the yater comdines the whole mase into
concrete, The filler or agzregute am 1t is tersed, forme
about 75% by volume of the whole mase, By suitadly adjusting
the proportims of cement, aggregate and water, 1t 18 possidle
to get concrete for various purposes, nmuely a tough mix
for road vork, a rich mix for colume and a lem nmix for
fomdatime,

2.2 PROPEFEIES QP cmcm?-S

The following section 4eals \d.th the ﬂ.ﬂpm“tll\t properties
of the two types of concretess




{4) Plastic concrete
(11 ) Hardened Concrete

2.,2.1 Plastic Concrete

| Plastic conorete {a a freshly mixed concrete vhich

omn be cast into various shapes, On being alleved to stand
it w11l set and take the sbape of the monld and vemain rigid,
The relative mmomts of cement, agpgregates and yater mixed
4ogether contrel the properties in the wet gtate as well

ss in the hardened state, The important properties in the
plagtic state are workebility, resistance to segregation,
bleeding and harsimesa oy scheseivenens of the mix.

Vorkability . |

' By workability is usually meant the eane vﬁh wvhich
em&aﬁs can be hendled ﬁ*m the mixer 4o 1to fingl fully
compacted positim. This includes the facility with shich
1t can be charged into and discharged from the conveying
uqum'g, the ease with vhich it gon be plnced in the
form work, mmd the emomt of vibratimn necesssry for full
coapaction. Enowledge of the workability is very necessary
in the productim of s "well Oauimea“ conorete mix, The
best guide to judge worksbility is experimce. |

Sepgregation -
| This is the mechanical resorting of the cmoerets into
its constitumnt parts. 7The large ageregste is ssperated



from the canment mortar snd becomes devoid of fine materinl,
Segregation is osused by bad hendling and plecing which
bresks up the cchesion of the mass of cmorete, Chutes,
conweyor belts and other methods of discharging omorete
into a nm&ﬂ.hgup couse mw@ﬁm. Begregatiom o alzo
be produced by over vibration, ihﬁ.a eama the Mrge ageregete
%0 sink to the bottam emd displace the fine mortar upwards, |
but such pegresatiom usually tebes plece only with vey

wet nixes.

It 1# the seperation from the yet comorste of yater
or vater end cenent, and mey be ascooiated with wet segregation.
The solid porticles of coarse mad fine apgregate eettle,
vith a consequent rise of the water or a water/eement mixture,
This produces a wesk surfece which fn the vcase of & ol
olad will disintegrate, Bleeding is ususlly due to too
ruch water and a leck of fine materieal, and om de remedied
by proportiming the nix to include more smd and if necessary
by nﬂd&n'g‘more cement, Bleeding may also toke place dy the
escape 0f cement slurry between the jJoints of the Lformwork.
This resulte in unsightly honey combing end cen be meaiea
mly by better oonstruction of the form ww‘kgv

2.,2.2 Hardened Conorete

The properties of concrete in plastic state are
inportant only in the conetruotion stage, vhereas the pro- |
perties of concrete in the hardencd gtate are important for
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the remainder of its life. In practice, hovever, it i
impossidle to consider both sets of properties seperately,
as they nffect each other, They are so intertyined that
they alvays have to be omaibred together, méa in attenpling
~ %o attain ove ‘property a comprise has ’tn ba nede in the
other propertics. For edmmple, high strength ¢onorete
vith low shrinkage caon be achieved omly by the rise of

s lov ratio ofwater to cement nd g high proportien of
lorpe agaregate, Such a mix wAll probably be harsh and
wmyorksble in the plastic state, 1€ 1t is to De placed
in thin sections it needs to Ye yorkeble and smmevhat
cchecive, end lerge aggregote camot be used, The worke
ability will have to be incrensed, the mix made richer in
cenent end the total -wéter content incressed, all of ¢hich
will tend to incremse the shrinkage, | |

The main properties of hardened otricrete are
strength, permecbility, shrinkage, elasticity mmd creep,
They all change with time end depend upm, or are affectsd
by, the molsture content of the cmoerete, n MIM@g
construction, strength, elasticity snd creep ave importants
in water retaining structures, reduced phrinkese and high
permeabllity are ae important as strengths in a road
#led, strength end resistance to deterioratiom ave equally
importent. Thus 1% {» inpossible to gsy thst one property
ie more importmnt tham snother, However, as the strength
of concrets dncreases, the other properties improve, =o



?

strength is often considered as the most fmportent property
of omorete,

Strength of Cenorete

The strength of concrete 4in its resiviance to
rupture, and nay de measured in a nunber of yays, Ve have
the strength in compression, in tension, in shear and in
flexwre, All these define gtrength by reference ¢o n
method of testing: Conerete 15 a drittle materiasl uzﬁ: a
conpressive strexth, Vhen it falls wmnder a compressive
load the failure is essentiolly a mixture of erushing ma
shesr failure, An aspproximation to the fallure load cmn
be made by sasming that the comerete, in repisting
fallure, generates both cchesion end intemal frictiem. The
atrmoth of emarete for pmmh ond roadn 1 often
specified as a flexural atrength yhile the compression
~ strength is defined as the maximm load per mit area.
 sudstained by s conorete specimen befors feilure in emmpression,

Fermeability

Conorete is & slightly porous material, in vhich
woter tightness 2nd impermeability are often as importsnt
an strength, The permeadbility affect the life end value
of concrete wvhich is subjected to Aisintegreting agencies,
and in hydraulie structures, low permenbility is necessary
to masure watertightness, Permeadbility is that property
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~ Fo material 2o ocopletely rigld, and like other
materiels ooncrete distorts nder the influence of avplied
forces, xf, vhen the applied force is removad, the material
completely recovers its ord ginal shape, then £t 15 maild to
be perfectly elastie Couiwrate is only muall?‘claﬂm,
since {1t suffers from creep during loading., For eenorete,
the relatimehip dDetyeen strength end strain is not enw
stant, but the strain increapes yith the lgth of time
the concrete is wnder load, This non-linesr defomption
or oreep ocours more quickly at first dbut at s dscreasing
rate during the loading period,

If conerete is lopnded quickly, strain takes place,
wvhich as long as the load does not cause fracture or
.oracking, prectically diswappears vhen the load is removed
80 that the concrete retume very nesrly to its origined
slize, 1If, however, the load is saintained for aow tine
snd then removed the comerete does nd$ retum to its
original siza It retumns, almost to ite origingl size
pver 8 period of time, but even after this period it will
st41l be deformed, This permenent deformation is enlled
perament creep. The defomation which disappears grad-
vally with time {a Imown ;a recovery CreeD, or delsyed
elastiolity, whilat the defometion vhich is recovered
inmediately the load is removed is the elaptio defomation,
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The strength of concrete has a casideradle in-
flumoe m creep, Vith-in a vide range creep is inversely
proportimal to the strength of emorete ot the time of
application of the load, This is Indicated, for instence,
in the data of Teble I,

ZABIE L
CREEP OF CCNCFETE OF DIFFERERT STRENGTHS LOADED AT THE
o AGE OF 7 DAYS
Strength of ‘ ) W mamt of eres
Concrete 1b/in? 107 per | & strength 1079
. 1n/in2 |
2,000 140 258
4,000 0,80 | 5,2
64000 | 0.55 B
8,000 040 | 3.2

2,3 APFECT OF WATER (N VAFIOUS PROFERTIES OP CONCRETE®?>
Vater is one of the main 6nnltttmtu of oonorete,
It has various fmotiongg it rencts with the cement povler,
80 causing 5t to set and herden, and 1¢ is a ludriceting
uquia wvhioch enablen the cmeﬁate to be plased an & peni~
fluld md s5 facilitater ite compastion,. Water has great
influenoce upen the followving properties of concretess




(1) vorkebility
(14) Strength of Cencrete
(111) GShrinkage of Conorete
(1v) Creep ‘
(v) Perneability

Workebilaty

Por sny one volue of the water/cenent ratio thewe
is ome proportion of sand to coarse aggrepgate f.iaat produses
the greatest workebility, dut this can ofien be determined
anly by experiments, A quantity of water cbout 25 percent
of the yelght of ocement mmtﬁ vith the cement, Sut more
veter than this io required ¢o facilitate the ease of
working snd compacting, The ratio of weter to cenent
umolly varies betyeen 0,35 and 1,0 depending upmm the
riclmeu 1.e, aggregete/ceament ratio, the m:gmeﬁ strength
of emorete and the workability,

Strength of Concrete

Anong the various factors vhich influences the
strength of concrete, the effect of water is of great
importance, The strength is largely determined by the
ratio of water to cements the higher the woter/eement raﬂﬁ,
the lover the strength, As the mamt of uater increcees |
adove that necessary for complete hydration of the cement
(Water/Cenent ratio of sbout 0,22 to 0,250)1t merely produces
& more porous structure mnd results in a decreags in
strength, Concrete with a water/Cement rntio of 0,25 osmmot
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he made, because 1t comot be fully compacted, The re-
1ation between strength emd woter/eement ratio for ordi~
nary Portlend cement is shown in M g,2.1,

There 1o not Just a single relatimm but a number
of relations, Por exemple, as the mix becores vet snd
very workgble, tho strength fulls off from thet yhich
wonld be predicted froam Fig,2,1., Similarly, as the mix
beommes too dry it becomes inpomsible to cmpact fully,
md. again the strength ie lesns than vould be expected,

In fresh emorete, the aggregates contain watergy £ the
aggregates are 4ry vhen placed in a mixey, they absord
vater and leave less aveilsble for mixing with the cement,
1€ the szgregatos sre saturated smd comtain yater in the
intersiices, this vill make the mix wetter, Between

thepe two conditima there exists ore in vhich the aggre-
~ gotes nelther detract fran nor add to the water added for
mixing with the cement, Thie is vhen the agsregstes ars
saturated inaide dut dry on the surfece, As for zs atrength
is comcerned, the effective yater/cement ratic is the
ratio of the momt of water, added to & mix s2en the
aggregates are saturagted surface ary, to the amount of
cement,

The strength is affected not mly by the vater/cement
ratio, bt elso by the total quantity of water used per
wmit volume, 80 that if the yater/cement ratic is maintained
constant but the nix proportions varied so that less water
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i» required per oubic metor of mix, then that mix w11}
be stronger,

Shrinkege of Concrete

| The shrinkage of cmorete, or rather fts volme,
chenge due to the effact of moisture, ias caneed by the
cherical combination of the cement yith water mmd the
chenges in moisture content of the emcrete mass, The
hydration of the cement produces o gel vhich binde the
particles of aggrepates together, As hydration occours
part of the water is sbsorbed by the gel ond this causes
some omtraotion of the total volume of cemant plus water,
Vhere the comerete eon ary out, water flows frm the gel
through the minute pores and capillary chornels, ené
there 15 & reduction in the volmme of the cement gel mnd
a total decrease (or shrinkege) in the absolute volme of
the solids, Most of this is reversidle, sp that on sud-
ssquent thoroush saturstiomn the conecrote reguins much of
the shrinkege, Concrete cured wndsr water foes not ghrie
nk= omn the cmtrary, it expands slightly (Pig,2.2),

Shrinkage varies directly with the water/cement
ratio, the higher the water/cement ratio the greater being
the shrinkege. PFor cmoretes with equal water/cement
retios, that amtalnhxg nore yoter per ocubic meter ghrinks
nore (PL1g,2,3%),

In general, concretes yith low water/eement ratios
are usually rich mixes (i.e. with low agrregete/cemmt
ratios) but the smomnt of water they contain per cubte
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mnetey of concrete is high, bevaupe the cement content is
high, In such cases the lover shrinkape resvlting from

8 low vater/cement ratio {s over balenced by the greatoer
shrinkage due to the rich mix and the hizh total water
content, so thet rich mixes with low water/cement ratios
may shrink more them o lean mix with a higher vatarjbmm
rotio. |

Creep increases with ﬁxerem!ng wvater/eenent ratio,
Creep is less for high aggregate/cenent ratios and 14
increases wvith incressing riclmess of the mix, dut the
effect 1s magkted largely by the avax;-—'riﬂing effect of the
water/ecenent ratio vhich results in creep being greatest
vith leen or yeak mizes vhen the water/ecenemt ratio s
high in order to achieve a workeble concrete (Fig.2.4),

Permeability |
 The effect of water/cenent ratio is to reduce the
perzeability,. The permeadbility increcses as the volds
yatio Increnges, but if the water/ocement ratio is too low
for complete copeotion the effect of the low water/cement
ratio in reducing permeebility will de more than offeet by -
incomplete compaction, The water oontent per cubic meter
of concrete aleo atfects the permesdility, vhich increases
vith an increase in wvater. The yater omntent is affected
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vy both the richmess and the yater/ecement ratis, snd for
minfeus permesbility it is essentis) to adjust the
richness snd water/eement ratio so that the wvater content
1s <. ninimu emsistent with ‘Idcquaﬁ? wa'kubzlmy,

Pis.é +5 shows the ati’eotﬁwtcr/cmmt ratio on permeabdility,



111 METHODS OF MOISTUNE MEASUREMEN T

The methods of meaMmt of moteture omtent om
be broadly classified into two groups i.¢. 8ireot (Chemiocel)
methods emd indirect (Physiecal) methods, In the direot
nethod motsture is nornmally extracted from the materisl
by oven 4rying, desication, distillation smd other chemical
teckmiques, and its quantity found by weighing or by
e‘bmg the pressure or temperstuwre chmnges of the
chemical reaction, Teohnigues based on these yrinciples
are usually employed in the lsboratory md are found to
be acourate and in most of the onses{yith proper precsu~
tims in sempling) ebsolute values con be obtained, In
the indireet method, the moistuwe omtent fo not extracted
fram the materisl, instead paremeters of the yet solia
depmdent on the qumntity of water present are meagured,
These take several forms, depending upon the property of
water used, and a variety of instruments hove been deviged ,
The readings obtained are purely arbitraly smd they have
to be calidrated against moisture valuep fownd by one oy
more of the direct methods, Theme two methnids have thelir
own slventages and dlssfventagen. It s possitle %o get
very scourate and even ghsolute valuves by suploying omne or
nors of the direct methods, The time taken in these methods,
however is usually consideroble snd operations are mostly
manual. Indirect methods, thowsh depmdent in accuracy
m the resmults of direct measurements against yhich they
are calidrated, offer the quickest mode of molsture deter-
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mination Only the indireoct methods offer the poasibdility
of emtinuous neasurenent md sutmatic emtral of moisture
content in infustrial procepses, Once a mﬂmw
instrunent has been calidrated at a certain cetting, very
1ittle attention ond time are required to meamure or
control the moisture cemtent of the material, The increase
in instruwentatim hes been e of the striking advences
node in chemieal technology over the part decade or so, al
ad tolay the determinstion of mojsture is more often
achieved by instrumental nethods rather then by direot
chemicel enalysis. | | |

The development of inetrument technology for the
mespurenent of the moisture content ai the materials has
wmdergme a yadical change in Nmt years end there has
been a revolutim of methods and results these dnys in
entimating molsture oontent of samples by the spplieation
of nodeyn physical techmiques such as electronics, infra-
red spectroscopy, muclear nagnatic resomance spectros
copy (NMR), neutron-scattering ete, Thess teckmiques have
‘been developed based m some Uwique physical properties of
wvater or that of hydrogen (proton) which forms 1ts main
cemptitumt, |

$.1 ELECTRICAL OR ELECTRONIC METHODS OF MOISTUFE MEASUREMENTs5

Vater shows two important electricel properties,
1.0, conduotivity snd dlelectric, In golntific investi-
sations and technologioal develomments of slectrical or
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electronic instrunents these tyo fomdanmental properties
have been utilieed, end, therefore first a short descri~
ption of these properties is presented here before giving
detalls of eleetﬂeal or electronic devices and equiprents,

 Mojeture Mems

$.1.1 Re .aﬂ.'n Typ ring Ingtrunents

vawr is o dlpolar a8 well as a typicel sesociated

Mquid, A yater molecale > can be considered as conposed
of a negative in (0) vith twc positive tone (8), Vhen

mn eleotrid voltage (below bresk down strensth) te applied
1t shovs comduction due to the presence of (H) snd (0H)
fons, Even the purest vater conducis to & ceartain extend,
Eohlraussh and Hey-Veiller obtained very pure mtav
vhose conductivity vas only 4.9 x 106 ™! cw . Using
tenpy con-wum. this value was reduced to S.M x 1078
Om™ o™l ot 18°C, This value exceeds by 108 the theori-
tical ennam"j.fw data conputed fron equivelemt conduoc=
tances of (H) gnd (OH) fons and 1on prodwt of yater, In
cmtact with air, yater Sissolves carbm dloxide and the
conductivity riges at 25°C to sbout 8 x 1077 Om™L ea™>,
It 16 8 well known fact that dissolution in water of
smdstances idmtified aw electrolytes causes su incresse
in electricsl confuctivity, and therefore the water usually
net with in laboratories and $ndustricl testing hao a higher
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econtie tivity, Ordinery distilled yater yas foomd to have
a omductivity of 2.18:10'5 (hn"l ﬂn-'z as mesgured by a
Millips conductivity Bridge, ‘

However, £or the develoment of electrical method
of moisture meagurement, resiatance (reciprocal of
condustance ) 1e more important as in most of the electricel
instrnents developed, the relatimmship betusen two £ixed
points and moisture content has been used, The electricd
registance of a material is usually expressed as its
specifioc resintance which is defined as the resistomee
betvesn the opposite faces of o me em cude of the material,
Por many of the materials to be sncountered in camection .
vith measurement of moisture by electrieal methods, linear
denpity of the gpeoinmen cam be nmore easily defined end
measured, In sme cases it im more omvenit <o use
the mess specific resistance which is defined as the
resistence of a wnifom specimen of mass of mne gream end
one sz length, The wmita of mase specific resistence are
Qm-g/enz .

The specific resistance of water b elow its doiling
point incressss with increase in temp, md hence measure=~
“ment of mofsture omtent using this epecific resietance
proprty of water should be mode at o fixed temp (1€
possidle) or necessary temperature gerrections should be
spplied. '
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' o%. s Oonductivity Or Resistance Type
Y Moisture Meter
' It hes been obmerved by a Number of investigators
that there is a definite relationship beiyeen the motsture
comtent of hygroscepic materinls snd their d,c, comduveti~
vity or 4,0, restutce, Kujirai and Akshari studied the
resistance varigtion © with chenging humidity conditiong
end found that resistance fell with Snersasing hunidity,
the logaritim of the repistence deing proctically a linesr
fwnction of the husidity, They ales wtudied the affect of
the duration of applicotion of the voltage mmad fomd that,
at neldiun #nd high hunidities, resistance rise was gradual
_and {¢t continued to rise for five minutes after the current
was svitched on, vhereas 1f the relative humnidity was
below 308, the resistance was not dependent on the time
factor, Murphy and Wmlker shtoined similayr rosults, They
ehowed that the log of resistonce voried linearly with
molature cmtent, At a glven unidima cemtent, the ordi-
nsry resigtance low govemning solid eonductors, i.e,
R = f/A, appears to hold approximately correot for meny
hygrosoopis materials, where R, { and A aro resistance,
langth and area of conductor vegpectively, Such faotors
s denpity, direction of current flow relative to grain
structure, variatim of the specimen beymd the electrodes
and similar gecretrical factors are relatively wnimportant
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compared to the large change of resistance vith respect
ts change of molsture, The relotion bhetyeen logarithme of
specific resistance end molsture content is approximately
straight lines for Gifferent woods and textiles materfals
maé soilse, ‘

Mcar‘dl’ng to Kewasaki, vhen the molsture cmtent
is low, the omduction current is piven by the following
relationship

108 -Ti—- - &!‘f (S EY] (3;?)

Where 4 and 1, are the intenwities of cwrrents
through the ssmple sorbed end desorbed respectively M the
mofeture omtent and « a constend, Hmr 41f the nolpture
ocmtent ﬁ high, the eomduotim eurrent does not follow
the adbove squation and the following equation them holdst

4t =1 e M | ore (3.2)

there § ip snother constent,

The omdluction surrent incresses linearly with
moisture content upto a certain eritical point depending
upon the material.,

Beaides the moisture omtent, the oménotivity
or reaistance of & hygroscopic meterial is also affected
by the presence of naturally scourring electrolytes in the
naterinl, The local ochmnges may seriously effect the
cmductance L{f the measuring curtrent is passel for longer
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tine, It $s, thewfore, essential that the measurements
are made as quickly an possible, This is of grest impore
tence due to the foot that AC and DC comdwtivities ave
of the sanme order only when DC meapurements are made vith
in a period of electrification short smouth to avoid the
error due to polarisation,

| " Sinjelntkoff snd Walther have showt that the

~ trus 4o eonductivity of a dleleotric 1s equal to its ae
conduotivity, The apparent Maerapmay between then is due
to m error in the do meapurements cauvsed by a back emf.
of polarisetion which mokes the apparent resistance much
larger then the true resistance. However L4 hops been

shown by Murfhy and Walker thet there is vids discrepmmcy
betysen the ac md dc emductivities of cotton at huwmi-
dities below 80 thouth et hunidities higher thon this the
two conduotivities are equal.

De

tion atvﬂondnmn y or Rg_g_!._mea Type Holsture Meter
Based tn the prinoiple of do resistmos vartation
described earlier, & large number of omdustivity or
resistance type moisture meters have bem developed, All
these instruments have three basic unitst |

(L) The Flectrode Systen
(41) The Fleotrenic Unit
(144) The indieating Metey or Recorder,

-~
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Por nessurements, the mple is held betyeen the
tuo pronge of the electrole and the ourrent flewing through
the semple ig mespured by the electronic mit end indicated
m the meter directly ot moisture emtent,

(1) The Flestrote Systes

The alentraan'ayaiw varies yith ‘khe typs of pample
%o be exsnined, For resistance meapurements the electrole
should alyays have two points (sepersted by a fixed distance
having proper insuletiom) betyeen yhich the smiple eeom
be yabbe&.if&rg‘a nunber of wood products, solls, olays,
sunds etes the electirods systen generally cmsists of
about half a domen sharp points or tapering needles
embeded in suitsble ingulation end mownted on & hemdle
80 that thegs needles nay be driven direotly into the
ssmple to & depth of 1/4" or soe These nﬁ&c points
are generslly fixed from each other ahout 1* apart Fig.5.1.
For grains, cool, food-ptuffs snd chemicals in povdsr
form and other granular materinls, the slectrole wrtui
upuslly consists of two insulsted hollow eylinders forming
emuler epace for holding these materials, Provision is
nade to apply & known pressure by meana of a spring type
of electrode system vhich has heen developesd by Jomes mmd
the hydraulic type made by Reddick, 14 has been found
by Jones that by conpressing the ssuples within the
field of measwenent by applying a force normsl to the foroe
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of tho oOlcetreden wmtil a certain statc of eaprdcaien

io mﬁchoa, ¢ho noaemd.rauiaiwce of the ocaplo boconos
practically indopcndcat of the initiel sicto of pochking o @
S0 not apprecinbly altored dy any furtheyr incrooco in

the foreo onplied ¢o the elesirodeos. A pinimum foreo of
gbout 20 Kg, wan fownd cloquato te produse the rogquiroed
otato of cemprocsien. A graph shoving verictica of
nolotuwo eontent with orplied swface precoure fo chowm
in P48.5.20

(11) Elce¢ronie Circuits |

Seuo of thoco instrumcnts caploy o bapie swhoototeno
Brfldge ciroult for meacuring the high rosictonecs involved,
vhich erc of the ordor of thousends of Mogn Ohno of
hundreds of nillieno of Choo et lov mointure content end
thouncndn of Clme at high meigtuve valuoo. Por o nolstmo
variotica of 59 <o 158 the ropisdcnee chenpgo is 1000
Hege'mo ¢o 0,17 Mogelmo. The beldge dotoctor 40 uvouslly a
ocanltivog hich dnpodocnes oleeteromio voltmeter oy cmnoter
oo 4% 10 roquirod ¢o mencurc ontivencly high wnluvop of
yopictcaco oF very low emduetméen ot isy neicturo contcalo
cnd ccoparotivoly lov resiotmeos enéd high conduativitiao
ot hich noloture, I{ hao boon found thot the valvo of
sapf oteneo dopondn on tho fbnwnng faoctoros

(1) %ho poipture contont of the pcaplog

(B) %ypo of notorinl
| (C) Matwro of tho olectrofeo, 1.0., tho dickcmeo
botvoon the pointo botvocn waich tho recictanco Lo $o bo
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pnlefatahizels N

Howovor, tho noin ecntribution s the inercooe or
eronco of recictanec 1o by e varieticn of molodwmo
emicate

S0 nvootd gators eal nonufesturors hovo wiiliced
¢he voictien of enode owrrent of s triods volve vith chengd
in id Yioo By uning the wropintonoe offored by tho
ocaplo eontoining noiowre an o perd of tho mrid Yeo
rocdcbor, I¢ 40 0ll knowm thpet f0i* a coxdoin soupgo of
¢tho prid biooy tho caolo currcat of o twiodo voricn
l1ancorly ( for o limfted vemgo) vith chempo 4n °28 dioo

1f tho neéo voltage 4o kopt conctmt. Alco, Heen Sho
/mainio of voltope neoouskmond soroes o hich roviocteneo
3¢ follovyo that tho monowring devico chould have o high
intoranl rooiotoneo snd thic eendition fo ootioficd 4n o
pguitoblo cleotrenie volvo which hoo high roodoteneo detyom
ori€ mmd f43caent, Thoro principlos havoe bocn ucyd by
Jonoo in dovoloping tho Siirioy Meiotuwre Motore

Inodcnd of o volve o Weacictor oo Bo wesd «hijeh
hoo oovorol cdveategeo. Tho dovolopmend of thio elireud$
10 bogod on tho prineiplo of veriation of eellcefor ewrrent
of 0 Wcenolotor in eceordomeo mtb chentre in ¢the voldamo
of tho ¢nittor,

(123) Indicoting Hetor or Rocordor
Af¢or tho rolctionchip Dotwoon ¢he neloftero contam
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of the sample and the emitter cuwrrent sf the trmsistor
18 obtained, it ip required to get a direct reletion
detvemn the cvrrent variatiom and the value of the mois-
ture omtent. This can be cbtained by the priecr oslid-
ration of the meter pcale by known. <alues of moisture |
contents, Once the calidrated scale is sudbstituted for
the current sozle, the values of molisture emtents can

be obtained directly in terms of percentapge of moisture
sontent for wmknown ammples. Instead of a current meter,
a pen recorder oan be nseld by yhich a cmtinuous record of
the variation of mofeture contmst csn be pole in & processing
operation,

Operating Conotderations of esistamce Sype Motstue Moter

Por getting optimvm operating emditions from the
condwe tivity moiature meters the following factors should
be taken into cmsiderations

(1) Moisture Distridution

Distribution of moisture throughout the sample
should be very wmiforn. As the cemluwntivi ty metery
meagurs the path of least resistance, a single wet spot
in the sample can vitiate the result encmously, In
using needlle type electrodes vhich cmtact mly one side
of the sample, surface moisture on the materisl should b
svoidet, |



cal noickuro et {0 olrioRly opocitdag saly teuo A thin
ho hygrocsopie rongd of ho notorfol (uomolly 508 Qo

800 Ri), oo orvor 10 1kly ¢o bo fmrelueod dn ottcae
piing Y6 mooowro vory icy oF vory m:;h:mioﬁm ecndontoe.

(444) ZToporotwy |

Moot motoro aro colibsated Lov conplon heving o
taporatwo of 20°C ¢o 259, I tho croplo Scapovaduro
L0 highor oF lowor tho motey pondingo chould bo cerroetod
by Opplying tho tcaporoturo soofficicat essrvcation vhich
40 obout cno parecmt for o Umporafure digforcacs of 5°C,

(av) Scapigag |

2t 40 fwmadcncatal Soowy tooting procolluro thot ¢ho
Lorpgow ¢he coiploe tho nioro ropreccatotiveo Lo tho méum.,
ho ceaplo cheuld B2 oo noorly roprocomtativo of the
overago of tho notoricl cenditien ao pecsidlo., Tuo or throo
Sooto chould bo nefo ¢o obleinm ¢ho avorpso of tho wmecas
trollod voriobloos |

(v) ZPcoking Doneity

Tho complo chould do kopt wdor mifen pRCoure
oy cemproooien ¢o nininico oxroro duo Lo leshk o vorictisa
0f ecaduetivity ao o rooult of vorintien 18 pookins dcacity.
tho 0010 caactont ond wrilosm prooowo chpuld BO opplich
%o 20 ropoatablo ad Gopcadndlo rooulSo,



(vs) Pusity of the Semple

Percentege of maoll amomt of impurities in the
somple in the form of an electrolyte & salt or an sotd
will drastieally affect the omduotivity of the sample
as & vhole and will introduce error in the original calie~
breation,

(vil) Method of Meamement |

Mofsture content of grad samples must be measured
as ropidly as possible, However, due regard should be
pald to the gtemdsrdisation and dalameing of the instrunent
before taking observatims, |

Por hygroscopic materialm, Ahres 1v & posaidility
of error in meter resdings dus to do polarisstion effeot,
Thiw can be largely mininimed by using large electrodes, .
Also, to elimincte cmpletely the errors dus to polarisatien
effect, electrodes of stainless steel can be used,

Merits and Demerits of Condeutivity Moisture Meter
(1) There is a conaiderable chmnge in the resistance

or cmduotivity for o comparatively snall chmnge in moisture
regoin, There is for meny materials an sinost linear
relationship betyeen the regain and logarithm of the
resistance over the hygroscopic range, hense acowrsate
results of moisture u,loumnmt cen Yo made,
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(11)  If the naterial 18 a natursl product, resistance
yepain relationchip is very minutely affected by the
origin of the material or method of profustion 1f 1¢ is
s rarmafectured neterial,

(114) The moisture measurement is instentaeoun after.

the sanple 1o presented to the electrolen., Hemee continusus
neapureemtgomtrol of mofsture can be made in s processing
comdition.

<

(iv) Repintance in & prnperty vhich can be measursd by
simple, »ohust and relisble gpparatus snd is most suited
for certain types of materials, -

(v) The moisture measurenents are stfected by the de-
 &ree and sfficiency of the smtact of the electrodes with
the smmples. It s not alvays possible or practicadle
%0 obtain miform standerd contact{ due to wnevenness of
the surface of the gample) and acouracy of measurement is
‘of dpubtful nature in such cases, ‘

(vi)  The comductivity is alao very much affectsd by

the presence of electrolytes, salts and aclds, eto, and

it is not poseible to cmtrol these as the aoisture comtent
may vary with the quality of water used in processing the
material., This a serious drmdack of thip type of meter,



Dicleetric Propertice of Water and I¢o Veriction with

Pemperature and Proquency

Votor 46 cn importent dipolor dielectric cnd hoo
a permenent Gipole momemt on sccount of itp otructure (HeOH),
The diapole nmenent of ynter molecule is a veetor directod
along the oxio 4ividing this OH dbond engle into tvo equnl
- parts, BEirkvood hoo ovocecnfully caloulated 'the diclectric
conetent of dipeler oolids end liqulds ss well ag 1¢s voriotion
wvith tempemﬁm'e md, therefore the diclectrie constmmt of
| vater emd n‘;ﬁ variotion wvith temperature ¢en be dorived theore~
tiocally by Kirkvood's equatien,

The £olloving approximately reletionchip detwoen
ototistic dicleetrie conotamt (ng) of woter cnd tcaperntwe
of water o oblnined

L J ...32;999__. cos (5.9)

Thic g~ low hoo been vorifiod evporimentelly end
exporinentol reoults are foumd to be in faivrly ool aproo-
nont with Kirlryood's thooretienl dofuetionc,

Thoro io no cotiafectory theorotical treatnent
of the froqumoy demamce of the 4iclectiric propeytico
of votor oo puch, Exporimentolly 4t hao becn obsorvod
thet @iolcetric conotent of water ycmoine eonotrmt ot 81 upto
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1,000 Mc/s, Experimental determinations of dlelectrie
constent of water at Alfferent frequencies have deen
made | by Saxton and Lone as well as ocolleve, Hagted anéd
Rits. ho found simple relatimship betyeen these two.
The graph in Fig,3,% showe the variation of dielectric
nms%ant end dielectric lose of water vith chenge in
fr'aquenoy over a wide range of the latter, It will be
seen from the curve that the dlelectric constant renains

nearly the seme over a very wide range of fyequencies,

Theory of Meagurenent

The operating principle of the capae!_.jmne type
resistance meter is based o the change ;eem'ing in the
- @lelectric omstant detweon its molet end &ry enditims,
It has been observed thaot dielectric variation of hygro-
scopic nut,eﬁau having mofisture 4w quite J_.mear over a
limited but useful range of 0 to 35% molcture camtent
which correspmds to & change in relative humidity of
30% to 90% at 20%¢, |

The dtelectric emstant of yater ig 8l ;has—eli the
dielectric constent of most organic naterials of vegetable
origin such s textile fidres, paper, wood, soils, cereals
conerete eto, is quite low, rmaging from 22 to 50 in
“bore 4ry” condition, Therefore, presence of & very small
quamtity of water in the materisls causes considersdle
chenge in the dielectric omstant of the mixture of the
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practice 4o not behave ideslly and hence ocalibration
curves are necessary for every gystes to be analysed,

I_!W. 41t should dbe mnhwnd that . ~o - "pistures law®
 proposed o far gives m mcournte desoription sf the
dislectrie behaviour of a hetrogeneous nmixtiure mnd for

esth individual cose 1t 48 otill necessary to detemmine

the partioular paremeters, In genoral, the dislectrioc
constant of sny granuler or filrous material inoreasss

as 1ts moteture content inerenses, The variction of
dielectrioc cmetant wiil chempe in moleture content s the
factor which maken 1t possible to utilise the vepaoitmmce
chmges for ¢ he measurenent of moisture contents, as the
delectric omatent 18 related to the capacity of a espacitor,
The capacity chenge for s mall increase or deerease in
‘moiesture emtent varies nppre‘iablm depmding upon the mioo
struotwre of the mgterinlsg,

nemw.gﬂm of Gazaoitanu rm Molsture Maters
~ These metors heve three congtituvnt wmite, 1.0,

(1) Eleotrods aystem
(11) Eleotrmic Ciroutt
(121) Indicator or Recorder

The sanple in introduced ints the slectrole system
80 89 to form a dlelectric Detween the insulated plates
forming a capsoitor, The capacity change introeduced into
" the slectrode aystenm dues to change in moioture content of
the pample i3 converted into s corresponding ocurrent or
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voltage change by the electrmio wit and 1s fndicated dy
the indicator yhich is usunlly a oalibyrsted microom meter ,

(1) Electrode Systems

The gemetry and design of the electrode system
depend upom the nature of the sample snd the type of
neapwrenent to be made, Plate type electroles are
fomd to be most sul table and gre mostly umsed, One of
the problems in the design of & paraliel plate electrode
systen is the ,';:ntim of "fringing” yhich eauses error
in the capzcity walue, There are theoriticsl formulae :
t0 cslculate the oontridutiom of the “fringing effect”
amd 1t cen Ve minimised experinentally by introduveing a
guard ring around the end of the plutgn; The guard ring
should be maintained at earth potential and its associated
electrode can be kept ut'a low potentialyith respect to
earth, wvhile the opposite electrode iw at a higher
potential. By this arrangement the “fringing” is omfined
to the guard ring and the oprosite electrode keeps the
slectrostatic field atralght bYetyeen the upper and lover
neasuring electrodes, Some fluffy materialp 1like cotimn,
raw wool, sands, saw dust, eto, requive epplication of
wmifsw~ pressure for maintaing a constant wmiferm packing
dmpity. However, 1t has been foumd that most of the
materials in capscitive type moisture meters require very
mall pressures to give standard moisture cmtent values,



(11) Electranic Circuitss
Three typss of cirouit are used for msasuring the
mxall capacitance ohanges obtained in the electrode aysten?

(A) Bridge Circuits
(B) Regonmee Cireuit
(C) Beat frequency oireult

(A) Bridge Circults

) The bridge circult cen be used %o measure the snall
eapacitnce variations caiue& by the change in noisture
emtent of the sample introduceld to the slectrnde systen,
The use of & high frequency oseillator in thie method

gives the advantage that the impedance of the test oapa~
ecitor i Mme/d to such a value that stebllity end accue
recy can be cbtained and very mmall increments in ospssity
due to mall champes in moiwture content con de measured,

(B) Resonance Circuit for Moisture Messurementt

This method utilisen the well nown principle
of the variation of voltege or current in a serids o
parallel resomant circult mmess the resmant frequency,
Over a 1imited portion of the resmance curve, the voltage
or cwrent varies approximately linearly yith the wninown
eapzoitance which .16 forming & part of the resment cireuit
and vhose capscity varies vith change in moisture content
of the sanple. The range of moisture oot m’ti over vhich
electrmic neagpurenents are sbsolutely precise depends on
the nature of the gample dDut 1t is alvays linited to the
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hyeroscoplc rangs, the moet satisfectory results being
 obtained on materials in equilibrium with atmoshpers of
Felative Hungdities of 0% to 008, When the material
is drier thon this, the moiesture &8 #0 M@wiy bound that
% has & relatively mall effent on the elentrioal propers
ties cnd vhen the material is very dsup the electrical
choraoteritica are strongly influenced by factors other
than the moietm emtent,

(C) Beat Frequency Cirouit For Moisturs Messurement

In this aysten two oscillators, one of fixed
frequency, preferably crystal cotrolled, and the other a
varishle frequmcy type, are used, To the varisble osoi~
1lator are connected the capacitor formed by the materials
mde> test and 8 calitrated capacitor, rinsily, both
omoillators have the smme frequency i.e, show s mers beat
a8 indicated by the null detector which esn be either s
headphone or a meter, A oirouit based on this pﬁnéip‘lt |
hes been used by Mdersm for devising & moisturs meter,
Such & meter cmmot be used for comtinuous meamrenemt as
- measurament 1¢ not instentanecus,

meters, the following factors should be taken intd
coneideration,



(1) Moisture Distridbution

Moisture should De well distriduted throuchout
the ssmple being tested and the moisture comtent should
prefersdly be mder 30§, depmding upsm the nature of
the ganple,

(11) Zresence of Flectrolytes

 Spall emowts of electrolytes 4s not introduse
sppreciable error in the moisture mesasirenent, But
12 the samples contain excessive snowts of additives in
the fom of elactrolytea then these are likely to lead to
erronecus results, As these additives will introfuce
dielectric lomsses csuaing the indicator to resd bigher, a
seperate calidtration for such ns mample nay be necessary,

(131) Temperatwe Effeot

~ Temperature correction should be made 4 the
tenperature at vhich nnmea;txt- are made is much 4 fferent
from the temperature for ybich the molsture meter is
calitrated ag the dielectric emstant of water 18 affected
by temperature changes, o

(1v) DPacking Psotor
The ssmpling "Dielectric oell”™ ghould be packed

to & constant dmmaity in order to get miform results.

It is usually best to pack a Imown yeight of the awpiq

in & fixed volmme to get the gmme packing factor. On the
vhole, the packing density is not so important for capacisy
meters as for conductivity ames.



Relative Merits and Demerits of Capscitance Ty
Molsture Meters -
(1) The calibratim of the meter is not arprecisdly

~ affected by the addition of small qumtities of s number
of electrolytes as experienced in industrial processes,
The addition of soids or salts in a produst may have no

" sppreciable effect on its dlelectric constant yhereas

the conductivity is cnsideradly effected,

(11) A large chenge in Gieleetric comstent ocours for
mall changes of moisture content in most of the nmaterials,
hence very good pensitivity can bde pbtained,

(158) It 88 mot ﬁaeawnry that the materiel Yo in

contact with the electrolen, As a patier of fact, 1t

just touches mly me of the electrodes in most processes,
Hence this method is fond most comwinient for continuous
measuwrenat and control of moleture in industrisl operstions,

(iv)  The electrode oystem can de modified in different
vays to mestthe requirenemts of smpling of s arge number
of smmyples and thus its nppumbnuy has Deen made slmount
univereal .

(v} Vhen subjected to amomal temperature and tencion
variations, the calibration of the peter is mffected but
¢ should be noted that these varistions seldom cocwr in
operating conditions,
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$,2 SQVIC AND UITRASONYC TECHRIQUES QP MOISTURE MEAGURTMINTO
) The absorptim of sound is dependent on the
nedive throuch yhicz 4¢ papses, In meny a01id materinls
the intenscity of sownd waves is affected by the quantity
of yater present in the smple, 4n auvfiio frequeney tone
is generated by a phose shift generator and fed to a
loudspesker as shown in Fig,%,1, This gemerator ie placed
on one eide of the yeb end a receiver oy a microphene ip
placed on the other side to pick up the sound, The oute
put of the microphone s : ' snplified to o sufficient
n.iue to obtain o weading on the peale of n volt netey
cnmeotsd to the last stege of the emplifier, The ampli-
fier output can bde utilised to operate m cleatyiodly
emirolled mechenim arrmged to effeet the formation of
the material of the wed wder measurencut, ep that 1t moy
be adjusted sutometically 1f varistims in moisture content
ocour. Martin end Mo f1eld have mode Consideyedle
inprovements in the design of the amic amalyser, |

Utilising the sme principle of absorption,
ultrasonic energy inotead of sudio fregquenoy hes deen wed
for measurenent of mofsture content, D ¢top the hgher
frequencies, ultrasonic weves have specicl proporties of
 refleotion, refraction and sbsorption. They em be beaned
and foocused in & desired mamer, md cmepequently a nunber
of technicel and industriol amplicntions have deen made,
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In ultrasmic devices the andlio fregquency generator
is repleced by an ultresmic generstor canprising a radlo
frequency oscillator and pieso electric transfucer 1.e,

8 quartz or cersmic crystal, The niﬁroﬁhune is replaced
by a piezo electric quarts reseiver having the smme
resnant frequency as the generator. The ultrasmic waves,
sfter pagsing through the web of the material, are picked
up by the pleso electyic trmaduéer ond smplified by &
'-unu’oh’ saplifier whom‘ sutput is ammt&& to a neter or
recordsr, |

It har aleo besnt obgerved that the velocity of
~ultrasonic yaves ia depmaent m the mediur thrsugh which
u'mau and presence of water in a 80114 ned un may
lﬁnumea it, Dased on this principle, ultrasmic veloe~
city messurenents have alap Veen used for determining
bound wvater in aqueous solutions of electrolytes end
non~electrolytes,

"$,3 MICROWAVE ABSORPTION METHOD OF MOJSTUFE MEASURR<mNE6+6
1% 18 well established that micro~yeves behave

in many respects similarly to light waves, obeying the

snze laws of vave propogation, reflection, absorptiomm,

vefraction and Aiffraction. But the experimentd techniques

involved in the case of microwaves are quite different

from those employed in optical systems, Electro-magmetic

vaves, including microvaves, have recently deen applied

Y
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for inveatipating presence and structure of wtarmﬁleeulea

. §n erystals and solids, A brief description of the prinoie
ples end teckmiques, involved in the measurment of moisture
cmtent is descrided here,

fethod Based On The Change In Attennuatiomb

 The ary sample does not absortenicroweves while

~ the yet absorbs and hence there is o change in attenuation .
This chamge attenuation depends upsn the qumntity of water

- eontent in the smnple, Therefore attenuvator can dbe calie
brated in terms or.ﬁniatm cmtent,

Theory
In the microwave region, may liquids md solutiow
have absorptim peaks and assooiated vegions of anomalous
dlspersion caussd by orientatiom of the melecular dipoles
in the electramagmetic radiation field. The frequencies
of the absorptim peaks are given by the following relation,

. 1 |
f"‘ " YR T (2.5)
¥here o . = the frequency of ele '
or squency of electromepgnstic radiation

T = the relaxation time of molecular dipole

The relaxation time ¥ 4s given theoritically dy the following
squation due to Dedye,

Te Ya3m C ere (36D
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vhere 5 = microscopic viscosity of the liquid
v « volume of a molecule of the liquid
h = Boltemon oonstent
T =» Temperoture in chmslute seale.

Vater ot room temperature has a vispoisty ofq o 0,01
poise, and radius of its molecule is 2A°, Hence the
relgxation time is given as

T = 0,25 x 10710 seo, | voo (3.?)-

~ This value of relsxation time bf water corregponds
to & wave lenath of me centimeter, Though there is e
wide divergence betuesen the theoritical mmd experimentel
values of miorounve frequandy of maximum 8islestric
abmorption, Debye's theory gives sm iden of the order
of frequency involved for investipgnting relative shsorp-
tion by wvater molecules yhich wvere supposed to be siherical
in deriving equation (5.6). For the case of water, it
has been observed that the absorption dand eorresponds
~to & frequemocy of 2,450 Mo/s, It has been reported that
there is s linear relationship bYetuyeen the moistire content
and the abgorptio ol nicrowwsves having s MQMW of
2,450 ¥o/s. As the absorption of microvaves will depend
on the moisture content omly and will not be affected by
the presence of so1sd moterial, this method offers & mique
method of moisture deternination,
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The equiment cmsists of the followings

(1) A constant source of microyave radistion of 2,450 Me/m
modulated by a square yave of 3 KC/s.

(11) A wave guide teminating in & hom end associated
ocomponents.

(511) A microwave detector
(4v) A miorowave attenuator end smplifier

(v) Indicating meter

The experimental arremgesent is as shown in Pig,3.5.
Tie is the ususl  tranemitter-receiver combination,
th. gpecimen foming the sborrbing medium, The most
comonly used source of nicrovave radiation 18 the reflex
flywtron oscillator which works on the well known prinie
ciple of velocity modulation and "slectron bwunching”,
¥With careful oscillator desipn, mmg?m;: Q eircul s and
a highly regulated degwnerative type of power mupply, it
is possible to achieve a frequency stsbility of am order
suffioient for this pwrposs. Howaver, by using sn extemal
ng Q cavity, i’mmd has been eble to contro)l the frequenoy
of microvave osoillators omoillating at 10,000 Mo/s within
a fev kilocycles per pecond. This oselllster gives a
nodulated pover output of 0.% watt emd is eoupled to a
rnalating hom by a quarter wave length eystem ss shown
tn #18.3.5 |
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. The receiver consists of tﬁe receiving hom yhich
is ooupled to a 70 4B variable attecnuate folloved dy
orystal mixer, local osoillator, limiter Aisecriminator,
and finel smplifier, The method of using the apparatus
ie to arrange the trgnmitteor ond raéeawr facing each
other and spaced ot a distonce equal to the thicimess of
the sznple or the wall, To begin vith,. the attenuator
is adjunted ¢to a certain reading on the indicator scale
and the attenuation reading j,s noted., Than the tranmitter
‘wpit 16 placed on mne side of the sheet of the material or
mu wvhooe moioture cantent 4s to be meagured, The receiver
is placed on the other sida, end is nale Vo scm the
aurfsecs of the smaple vertically and horizontally for m'a-;
xinun reading en the indicator neter, IThe attenuvator 1o
then adjusted t111 the inttial resding of the meter is
obtained again, The 4ifference between the two positions
of the calibrated attenustor gives o messure of the
noisture content of the smmple only asthess is -0 sdsorption
of microvave energy by the gmmple in &ry omdttion,

The moisture content value of the wmknown mample
is obtained from the calibration curve drawn eariier between
attenustion readings and moisture cmtent &sta obtained Yy
standard ~ oven drying methods, This type of moisture
meter is oapable of measuring water emd content in a large
volue of the material, e.g. 4slea of cotton and jute, walls
md slobs of conorete ete.
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The method based sn meamurenent of attenuation of
the electromagnetic wave passing through the vet éateﬂal
sppears to bde most useful in laboratory ss well as in
industrisl practice, Moisture ommtent cm also be deter-
‘mined by meaguring the F2ase shift introduced by the get
raterial .,

The nain diosdvantage of theso methodn, equally
as of all other indirect methods of moisture content
reasureent, results from the girong dependsnce of denw
ity or thicikmess of tested mpterial upon the result of ite
moisture content mossurenant, This arises frm the
fact that the measwrenend of molature cantent being a ratio
of twyo physical qumtitiesn- weight ot yater ad ary
mBBM—il based only on one parsmeter of the wet naterial
(e.5. upon the value of 1ta attenvstion), Many attempte
have been made to avold this dtsadvantage by carrying out
two seperats measuwrements simultsneously ®.x. by measuring
the noisture content with microvave meter wmd the dénei ty
of materisl with & nuclear radiation meter or by measuring
the moiature content st two 4ifferent frequencises~e.g. in
P and microyave bands. A metrological wesiness of such
& solution comes from the fact that realings on doth nstru-
ments are more or less depimdent upmm water emm'm
not upm the weight pf 4ry materisl, An ingtrmental die-
Mvmfasn consists in application of two different meters,
that very often are cmpliocated and expengive., |
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to the welght of yuter mnd weight of ary substance the

3o
osse most often met inprectice, eq.({3) nay be written in
the form
v
A=t % ‘1’+I2 e eee (%,11)

ﬂm‘-ﬁ(:%- ay :%-mn‘%

Vhere t denotes the thiciness of the moterial layer,
numerical coefficients 8, are specific for a particular
- material smd 1{te physical properties, A is the attenuation
of the wet layer in &8 snd # is the phase shift in degrees,
The numerical coefficients 8, are given for a volume of 1
em’, because the values of v /¢ mad w /v ere aleo referred
to this volume.

Eha folloying relations may be umam'ﬂ sasily
by oolving equation (5.11).

v,

‘ 1 ‘I-“‘le

- . o . ) se +12)
v o Gy ) e 0
Yo . 1, S,
—%' ‘E( 314-%-3}

By sudstitution of equatim (3,12) . aguation (3.8),the

sinple expression for moisture content may be yritten ag

Aa, 4= - ,
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It nay be geen from the sbhove expreseion that the
moisture content deterzined according to this expression
does not depend upon either thickmess of the material or
upon density of the material,

Instead of solving the ecomplieated aalytiocnl rele
tions, am enpirical method may be used for caleulating the
numerical céefﬂeimta. based on measurensats of the vhase
shift and atteruction introduced by the moterisl of &1£f-
srent density snd moisture omtent, for constant thicimess
- of ite laver, 7The values of 5 caleulsted for building
smnd at temperature of 20° and at frequemoy of 9.4 G, are
as follown, a, = 209,27, 'n‘.__, = = 142, 8y @ BI77.43, 8,=421.55
Substituting these values in equation (3,13), ve have

B, = ;:z:A ‘1@;:%:61 | voes (5.14)
Vhere A is the attenuvation of sn arbitrary send laysr
epxregsed in 4B, and 4 s the phase shift introduced by the

- lsyer, in degrees.

1'13.3‘;6 gives the block dlagrem of the cemplete

measuring system, Inclusion of a themmeter prode sensing
the material temperature to the caloulsting it enables
the correotion of 8, values, according to the material
temperature, The purpose of the caloulating unit is eon-
tinuous caloulation of moisture cmient according to equa~
tion (3.14). The output of this wnit ts InSependmnt upoen
dmneity of vet material, upm fts layer thickness £ upen

its temporature. In this method "modulated subearrier
| t&cl!iiqm' is used, |
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Limitation in application of this method, as with
all those shift measuring methods, results from the ambi-
guity of the phase shift measurement, This neens, that in
the case vhere considerable changes of phase shift are
introduced by wet material wmder test ( when g>2 n ), in-
-accuracy of the calculatiom of the moisture content could

be very high amd might hide the advantages of this method.

%+4. MEASUREMENT OF WATER BY EIECTROLYSISG

The principle of operation and method of moisture
meésurement is described in brief.
PRINCI PLE OF OPERATIQN

An electrolytic moisture meter has been developed
which is bagsed on the principle of absorption of water in
a suitazble hygroscopic material followed by electrolysis
of the yater to mxygen and hydrogen, the electrolysis
current serving as a direct measure of water content, In
accordsnce with Faraday's law of electrolysis, 0.5 mole
of vater (9,01 grems) requires 96,500 coulmbs of elec~
tricity. The eléctrolys:is current is proportionsl to the
nunber of moles of water absorbed per wmit time. Analysis
of water is accomplished in a special cell which combines
absorption ®ith electrolysis., The absorbed water is quanti~
tatively electrolyse‘d at the platinum electrodes by applica-
tion of a dc voltare greater than the decomposition potential

of water,

In en electrolytic moisture meter a weighed solid sample {
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placed in a mall Teflon oven yhich is heated by o radio
freqenoy ﬂeld. As the moisture vapours n-rga. frm the
smple, they are entrapped by a carrier gus, vhich e
wsunlly nitrogen and which is kept nma through the
upper portim of the oven at s ocmstant rate of gbaut 100
co/oin, This carrier gas then transfers the vapours of the
ganple to the gpensing elements, i.,e, Flatinwmm electiodes,

. of the call, The nass flow rate of the moisture ie
represented linearly by the slectrolytic cell ourrent and
an electromechmical integrating motor provides a direoct
 reading in micrograme of water, It takes about 10 |
minutes to cmplete & cycle of mme measurénent, A wariagdble
tiuer used to cmtrol the test cycles permits conplete auto-
natic operatim of the instrunent, Acourscy of the instru-
ment 1s nomally linited emly by the preciston of e
eleotrical snd flow meter compmments, It 1snot sffected
by the exast value of ﬁ:e cell vaihm‘m lmmp as the vole-
tage remains high enovugh to ensure ccaplete ené qmmﬁ‘-
tative electrolysis of adaorbed water, | |

3.5 APFLICATION OF INFRA-RED SPECTROSCOPY POR MOISTURE
MEASUFEMEN |

e
The techmique of infrered absorption spectroscopy
is one of the most versatilde and relisdble nethods of the
detection and quentitative measuremmmt of water sontent

[ 75 PP
el Lisr o> ” !‘”-”S'T‘f C ﬂnnFE

it
ROOR AL



99

of voriouo pubstoncon. A oinplificd pletuse of tho prococo
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The energy so slsorbed by the nmolegule is gudse~
quently lost by collision with other molecules (which
explains the heating mechaniem of the infre-red rays),

i the infrared radiastion is thus weakered or sbaprbed at
certain definite fregumcies yhich are champoteristiec of

the molecule, The infrared adsorption spectra of the
naterial iz thus odlained, The magmitude of the adbsorptimn
can be directly related to the smount of a Smmponent present
in the gample,

The infra~red spectin of water molecule hay deen
investizated by & number of workers vith 8 good dagree of
aocuracy md resslution. Mecke hes nade a complets maiyuc
of the yotatimal speotra of the water molecule, NiZlaon
has made & therouwh study of the near infwva red {(boloretrie
region) spectra of water vepour, The near infra red
Ebgortim epectrum of liquid wvater hos been subjected to

s acourate analysis by curcio und Petty vho veed smsitive
1lesd sulphids cells ay detectors. They coneluded that

five relatively prominent Sends of sbsprption spectra
exist for 1iquid water in tHe region 0,7 A to 2.5 A&, When
presont sy moisture centent in wolide and liquids water
molecules are slvays in & polymer form such as ;(320’;”
(1,0 )3 or other higher complex form Water vapour, however
sxists only es & monomer, 1.0,, as Bzo‘;‘ The vave length
of maxizun abaorptim of the infra=ref spectra depends

on the polymeric form of water, It alsc depends upon - -
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the hydrograh bmnding between the yater and - ‘cther polar
molecules. Hence, the region of infra-red apeotra to be
enployed for investigating the presence end gquantity of
vater depends upon the system in yhich the smomt of water
to be dstermined is imm..

Instrunentation .

The instrurents for recording mnd messuring infrared
absorption spectra ean narnally de divided into single
besn end double bean instrunents. In the formes ., the
mergy of radiation is neasured after passing through the
absorbing mediwm, It is quite useful for the routine work.
In the double beam nstrunent, the vatio of the intensity
of radiatim tronmmitted by the sample to the intensity
of radiation without the sample 1s obtained directly, This
cbeervation is simpler to interpret’ and it tokes into
acoount meny spurious sffects, The tmavortant constituent
wits of & single been infrared spectrometer aret

(1) BSource of Radtation
(11) Monoohremator
(111) Detector and smplification aysten

Thewe are shown in sohenaticslly in M g,%,7,

(1) Infra-red Source ,
Starting from the visible region upto 2,4 , &

Awngston £ilmnent projection lemp can be ued , Infra-

red radiation con be obtained by using s Neimst £1lmment lemp
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w¥hich gives moximum energy of radiatim st 7.1 /4, Aother
quite common eource is globar vhich essentislly is & rod
of silioon cardide, Maximun ‘cna-gy of reflation for a
glodar 18 in the region of 1.8/ ¢t0 24 . Gome other
sources are also sometimes used, Saith has descrided the
use of & cardm rod ap s source of iInfra-red radiation,
The oarbon »od is heated electrically in vacown upto
1800°C, This source iw sultable for longer wave length
(nore then § 4 ) vhere 1ts enission is comparable with
that of a gladar, |

(32) Monochyomator

The source imege fa first fosused om the entramce
slit of the monochromator. The fmotiom of the momochromator
is to disperse the radiction, The speelyum after &lspersim,
i allpwed to full on the exit slit vhich g sufficiemtdy
narrov snd hence permits the radiation of & very narrow
wave length range to be studied at a time, The pelection
of & suitable prise moterial is of great importance, The
anaterial of the prims chosen necessarily depends uvpm the
wavelmgth range employed for a particuler fnvestigation,
Rook salt Prime covers m vide yunge, but suffers from &
low dispersion nesr 3/, In nesr infrs-red, Fluorite
amd Lithfus Fluoride have better dispersiom wwﬂw,
Quarts is wmsuitable in the region near % A decsuse of. |
cecluded vater vhich gives rise to an extrs sbsorption Gand
at adbout 2,9/. Multiple prim 'uy-tmu have been used to
increase digpersion,
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(211) Detection snd Amplifiostion
The radiation coming from the monechremator system

md falling on the exit slit is then focused upon a device
which indieates the anownt of energy in the radiation,
Thermopiles and bdolometers are frequently used for this
purpose. A thermopile is & combination of & nuber of
thermmosoupies which ars linked topether, The radiation
£alls on one of the tyo metal junoticns yprodusing sn emf,
This enf, con be aaplified and reonréded using photoelectrio
relay splification as described bywright or electronic
smplification can be umed, A Yapld respomse thermopile for
ute vith infra-red speotroneters has also been desipned

by Roers snd Dacus. The bolometew, typioally a strip of
blackened platinium foll vhose resistence changes proport-
fonally to the incident radiation is alep comonly used,
Boloneters have a batter reaponse characterigtic then &
themopile aystem snd offer gond advantages yvhere an infrae-
red speotrum s to de geamed or timed, A0, smplifiers

are ussd for smplification, Other types of detectors have
8leo been used, A photo cell offers a better smaitivity
but suffers from the limitation of range, The dovble bLem
infra-red spectrmeter hasacquired kremt importance becsuse
of the many advantages that it offers, In these instrunents,
the affect of the inconstancy of the souwrce and the sbasorption
e to mir mnd molaturcis concelled o and great eimpliciity
resulte in the operation of the equiment and the interpre-
tatim of the d-ta;. An intersting and very useful applicstion
of the doudble beam iInsgtrment is in &ifferential spectros-
copy vhich permits mne to obtain the speetrum of me of



56

the omstituevts ( such as mofoture present in the sample),
froe a mixture of tyo aompoments,

$.6 NUOLEAR MAGNETIC FESONAVCE METHOD+10

There gre three yell dafined tranches of radis
- frequency matrowopy. These aro {1 ) electrm para-
nognetic resonance (i1) inierowava spectros copy and,
- (111) puclear magnetic resomance. The nuclesr megnetic res-
onence technique, popularly known as KM H., 1s based on the
absorption of radio frequency energy by the nuclew: of an
atom placed in a emetant magnetic field, This N MR,
technique hes a nunber of applications in chemionl malysis
commeoted vﬁth profuct f1demtification in petroleiws and
chenical industries, 8o well as the neaswrenent of molsture
content of hygrosocopioc so‘.!.iau;‘ The application of ¥ MR, |
t0 molsture measurenmt meets th e long-sought industrial
requirenent for a quick, mcourate, snd nm degtructive
method of obtaining moisture content md cmtrol of ray
naterials and finished prqduntnp | |

In addition to moss ond charge, some of the 1icht
atomioc m:.olej»' vosses the extra characteristios of spin.
The most common atoms are those of hydrogm, deliterium,
tritiun, heliwm, lithim, beryllium, boron, carbm, nitrogen,
phosphorous, chlorine, etc. N M, R, data of these elenents
are shown in Table IX, The property of spin of the stom
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is the basis of the phenomenan of nuclear mometic resmence ,
If those nucles - yhich have a magnetic moment end & spin
“I" are placed in s homogensous magnetic field, eay E,
thoy behave like minute magnets having random orientations
snd elign themselves, depending upmn the particulsr nucles
(e.g. hydrogen nuolei ), efther parallel or antipsrallel

40 the direction of avplied magnetic field, In additieon

~ to thin, they also precess about the applied magnetic
field snalogous to the precession of a gyroscope spiming
in the earth's grovitatiensl field, The energy difference
E betyween theme ty0 levels is expressed as

Es E'ﬂ H ) Y (3.15)
md the precession frequency, %, callsd Lawmior f¥eguemecy,
is given as

v « 248 .vp s (3.1

_ %here V) = the gyramagnetio ratio sand is equal to

2hA

h
amd h is Plank'’s constant

If these precessing nuolei are now gmb;mta& to
a radio frequency field placed at right angles to the
applied magnetio field H, and 1¢ the radio frequency and
Larnor frequency VW are equal, resonence occours snd the
‘radio frequency ensrgy is absorbed by the nucles in pro~
portion to their mmbsr, The quemtity of radio frequenocy
mergy absorbed gives a meagure of the abmdance of hydrogen
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nuelel which in turn can be used se a neagure of moisture
entent in a sample., The mametio moment of the proton
(Hydrogen) i 1.4 x 10723 erg/g snd thus £or a magnetic
£1¢14 of 10,000 gauss, the Lamowr frequensy ¥ equals 42,4
Me/s. This mqumcy can bde generated by standard electro=
nic techmiques. |

first experimentally dmmonstrated by Porcell and Bloch,
A numder of KM.B. gpectrometers have been developed
commercially snd s large number of the laboratories snd

industries are using them, The bdasic spparatus for

NMR, experiments is - rather simple gnd comasiates of &
yowerfil nagnet having a very miform magetic field of
adout 10,000 gxuss, & radio frequmey oscillator, sme
fors of radio frequmcy detector, indicator or recorder
as shown in fig.%.8, Por hydrogen nuwoles however, a
f1a1d strength of 2,000 to 3,000 gauss appsars to be most
comonly used, The magnet may be of the permanmt or
alectro type, but in both cames sweep cotls are yomd
arpund the large pole pleces so that the figld strength

H of the magnet can be wvaried ometinususly over s small
rage. The sire of the poles nmust be large enough to
enable the field passing through the sample to be
homogwneous, otherwise the tntensity of the absorded radio



PERMANENT MAGNET

SWEEP COiL SWEEF COiL

SAMPLE Y Ho

FIG. 3-8_. SCHEMATIC DIAGRAM OF A BASIC N.M.R.
APFPARATUS

ABSCHFITITN

CURVE © PEAK=T"-F EAK
' CAMFLITUCE
jftwmm LiNE \ ¢ - WATER L.NE
L \“\Scﬂﬁs _ x ) SCLID‘ HLGINE
Ho~ ¢
CE RIVATIVE

rose3-a_ i MUKk SIGHAL FROM LIQLD WATER SUFERIMPOSED
Oil THE BROAD SiGNAL DUE T2 SCLIC COMTATLNG
'H ‘,; ‘v’\/\T[R




61

frequency signel will not be proportional to the nusber |
of nuclei present in the sample, A peroanent mapgnet having
s field strength of 1,750 geuss and poles of 10 inch
dlaneter yith 2 inch air gap was used by oomway, Cohee

and Saith for meapuring moisture in some oolid materials,
The radio frequency oscillator employed by these researchers
has e frequency in the range of 100 Ke/s to 40 Mo/s, depens
aing upm the magnetic field used for the evperinent, -

| A thers is a linenr relaotionship dotysen the
resmancs frequency ¥ ad the nagnetic field B, the K. M.R,
spectrs cen be expressed se intensity of abgorption plotted
againgt ¥ at fixed value of the magnetio field H, o»
against B, keeping ¥ the frequenocy wmchenged ususlly the
- resmancs of & s atance is measured in terus of precesmion
speed at yhich the nuslei flip over. In practice, it has
been found bBetter to kesp the fregquency conatnt, snd sween
" through the magnetic field (by varying the magnetic field
wvith the gweep coils) t111 resomance {s obeerved, In stulies
involving 1iquid vater, ¥ M R, has been employed in two
fields kmown as high regolution mé low resolution teckni~
ques. In the high resslutim technique, protoms associ-
ated yith diff-rmf groups can b g differentinted, th ough
the actual spectra pdtsined depmnd on the pystem to be
exmined and : ' are aleo cmsiderably influmced Wy hy-
drogm bdbnding snd by proton exchange reactions, W4 the
low resclution tecmiques, it is rather difficult to
aistinguish betwsen proton signals from water snd those
from other hydrogen containing mwell in the liguid
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vhasc. Hovevey, thore ie e sharp clgel from thoe 1iquid unter
superinposed on the broad ocirmel fron the colid oo showm in
P1g.5.9. obtaincd by o low repolution opparatus, Nither pechk
to pech caplitude oF the line width of the absorpiion line
can beused oo o neagtre of the water emntent. In U .Fo line.
vidth (F17,9.10) fo Gofined ap the vidth at half tho poak
emplitude on ¢the sboorption curve, vhich is sinilor %o a
regonence cuwrve of g tuned circutt exeited by s sine wevo.
Absorptien lino vidth 15 related to the hydrogen mobility
in the ecoplo ad the hemorsneity of the nametic field over
the volune of the ommple, In addition, the shape of the lino
is influonced coasidorably by thé chemienl cad physical
otete ofthe hydroren in the cszavle, The pesk ¢opedk emplitude
method appoars to be more relipdle since small ﬂiffarena‘es
in woteor comtent hove s Feater effeot on the gaplitude then
¢n the 1ino width, On the other hand, in limited remges
vhore marktod chomreo in line vidth are observed, this may
give nore accwrnic Fesulto, The theory of MR leadn onc to
oxpect o linecr relotionship between penk intonsity of
nutlear oboorption omd the moisture cotent provided tho
nogotic cavireanent of tho hydrogen nueled io iné::pendezxt
of the uvater contcnt. Tho gource of variation fren lincarity
in low noloturc content renges might 'be due to the opceific
oricntation of the initial vater eboorbed,

In gmeral, liquide produte vary norrou reoeACACe
linco of the orfey of o fov millipauns, vhile nolids nyroduec
1inc vidtho of the order of poveral poucd.
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T eRe cquivaento are, thoreforo, clapsified according

%o their obility to reoolve o line of cortoin viath,Tho
roéoluéim io expressed ao the moximun inheomogcnelty in
porcent of de ficld strenpth ove~ the volume of tho somple,
A high veoolution opparatus has o nometic inhonogoneity of
one port in ‘I'C}6 to 1_08. md in o lov reeoluticn tcchniqud
the narnot hao cn inhonoseneity of one port in ms to \
105., Por hirh roocolution, the secaple volime is obout 9/10th
of o ce oF looo, vherean for lov rosolution cpparatud
1% io co nuch as 50 ce, Thuny 1iquido vith norroy lineo
roguire hish resolution vhile so0lido with widor lineo
e be otudiod uﬂhf;moluﬁm techninuven.

A pinplified dinmren of the W.'.R. anolyocor 4o
chown in PLE.Y.19. Tho porncnent magnent aocembly ic
the core of tho oquiment, A weished qﬁmtity of the
psemple Lept in socme non nametic emntsiner usvelly pabo
of gloco or covanic, ic ploced betwoen tho hirhly honow
genooun field of the pormenont mament end ourrornfed by
en rofs ¢0fl in ounh o voy that the fleld thus produned
fie nomel Vo the main field of the mapnet. This rndio fre-
quency coil forms part of o charply twmed .mmnel reooacnt
circuid, The narmetic field of the pormcnent mamet 4o
voriod by cdjuoting o cmall euwrrent through the cucep eceiln
wvound en the noles to such em extent that theye o o
pozinum gboorption of the wadio freauney cnerey

»
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by the nulei in the semple while chmging‘ from the paralle)
to sntieparsllel position. This abeorbed radio frequency
enercgy is detected, mplified and recorded by the r,.f.
detector saplifier mnd recorder, the lagt bdeing usually

sn omeillograph,. The elecetromie cirowit umed by Alkwon
and his collsborators is that of the ».f. bridge type.

To facilitate the observation of resomces of complex chaw
racter snd for searching for unknown lines, a spectrometer
that operates vith s varying frequency, vhile the mametie
field is held constant, is of consideredble use, Such a
radio frequmcy spectrometer vith a bridge circuit has
been developed by Pomd and Knight.

The disparity Yetyeen the line widths of hydropgran
in a sorded stats and hydrogran in conbination yith the
‘#0142 in which 1t {s absorbed or sdsorbsd makes it possidble
to obtain an scourate measurement of the moisture content
of hygroscopic nateriale, The N MR, mnalyser, hovever,
records the derivative of the abgorption curve and the
pesk t0 peak amplitule of this dextvotive curve is a
méagure of the moisture oontent,

| This derivative curve is obtained by modulating
the absorption curve by the super-imposing on the syept
do field of the pole psices of the hamogemeous magnet o
sall square wave of constant enplitude and low frequenoy,
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The peak to peak smplitulde has to be plotted azairet direct
molsture values to give a calibration ocurve, These
calibration curves for most of the materials are umally
Yinear above 5% moisture content, tut below this level
greater curvature becanes perceptidle, ss shown in 718.5.12,
_ This effect is attridbuted to' greater interaction of the
absorbed water with the solid nateriai vhen msll qumnti-
ties of water are pressnt, Such low moisture content
neapurenent can de made by measuring the line yidth of
the vater signal as an alternstive measurement s

suggeated by show, Elsken end Evnsoan, By u#mg ashigh
resolutiom N.M.R. apparatus, 1t has been possidle to
differentiate betyeen the free and bound water as shown

by Shooley end Alder, The time required for one smelysis
18 30 to 60 peconds. Most of the apparatus st presmt

in use seems to be suitable for hygrosoopic materikl in
general, over a . - wvide moisture range (5% to 1008), ma
hsve an accursey of the order of 0,28, Some workers have
shown the possibility of controlling the nnie’b\ng content
of wet materisls by using N M.R. squipeent,

Since hydrogen (proton) has the highest sensitivity
of any nuclear mpecies to detection by N.M.R., this
tecinique appears to offer & rapid, nan-destructive.
method of estimating moisture=content over a very wide
range vith great accuracy. Dissolved orgsnic compounds,
bomnd wvater, eto, offect the sianal sbsorption,
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The particle size and packing in the case of granulasr
solids are sta ted t0 have no effect on the signal adbsor-
ption, but 1t is essentisl to have a constant md correct
welght of the sample. The main factor sffecting ity
wiversal application in scientific laboratories and
Andustries 1s the rather high cost of the equiment invol-
ved,

.7 BEUTROY SCATTERING METHOD OF MOISTUFE DRIERMIKATIONS

PEIS CIPLE .

Vhan fast neutrons sre exitted from a mowes

and projected into a material, they are soattered by the
atous 0f the material, losing energy and becoming slow
neutyrone, It has been axperimentally established that
ming the cormen elements hydrogen is most effective in
sloving down neutrens, 1.e. the geattering cross section
of hydrogen for fawt neutrons is bigger thm any other
comnon element(because of the lowest atomic weight.
smong the inorgmic materials), Hence, {f fast neutrons
are projected into a moist materisl a sloving dowvn
of neutrons will teke place depmding upsn the quntly
of hydrogen pregent, vhich in tum is proportionsl
to the moisture cmﬁmt. Row, 12 a suitable couter i
ylaced nesr the manple vhich hes been trradiatel by fast
neutrons, the radiation produced by the alow neutrons
should give a measure of the moistuic eomtent of the mpio’.
I? the s0)4d materiasl contains hydrogen in some other form
in addition to its presence as 8 omstituent of yater
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alene, the neutron count vill be proportional to the total
hyérogen content and not merely to the mofsture content,

It has Deen estimated that 0,1% of hydrogen has apprexi-
nately the same affect on the neutron cowmnt as 1% of wvater,
It ip, therefore, desirsble to imow the chemieal eomposition
of the material wvhose moisture content is to be messured
in order %o interpret cexrectly thc data obtained Yy
neutron goattering,

It 18 well inown that s mixture of radiwm amd
beryllimm emitts neutrons and that neutrons from such
& source can be used to activate a metsl such as Indiuvm,

g” . E—*I,}‘G vhich f» yadioactive and smits
B particles with s half 1ife of 54 minutes. It is known
that indiun exhidbits large "  vater-effect”™ and, therefore,
in this case noutrom scattering yould be expected to pro-
duce f-activity depandent ~on water oontent, The absorptioem
oross section of 11;"5 for mlow neutrms of the order
of 0,025 ev is 200 bams, snd for fast neutrms of the
order of swev is 0.1 barne. This effect of an hylrogen~
eous medivm on neutron Aistridution is made usc of in
mneasurement of moisture emtents in soils end the like
unaterials, |

Development of the Apparatus \

Spinks, Lane and Torchingky vere the firat to
suggest the application of neutrm scattering for meas-
ureaaent of mofsture content in msolide, especially soils
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snd clays, These instrunents have been widely applied

in the field of Civil Engineering vhere rapid nsasurements
of moisture content have to be mede e.g. in such materiale
as solils, clays, concrete-aggregates ete, The apparatus
wsed by Bpinkes in preliminsry experiments and ww&%tly
developed into a neutrm meter as showun in Figs,5, I35, .A"
250 mi114 curie Ra-Be neutron source was separatil from

a square of indiva foil by paraffin vax capped vith a
piece of cofniw,. The oadnivm foil served to prevent

the direct sccess of slow neutrons to the indium foil, The
- whole arrmpgment vas placed in afglna test tude {vhich
vao chenged to alminium later m ) mownted . vertically
in a breaker of jumbo elay, The m&ﬂ{n f£0ll was activated
for 70 minutes and 'thax comting wvas comuenced using

a8 thin vindow Ceiyer counter connected to o noaler md
register, The results shoung the variation of induced
radioactivity with moisture content are plotted in

fige. .15 and 3,16, These results indicate that the
indwed radiosctivity shows a strong|levendence on the
molature content of the soil, It was 'found later on
that the irradiation time can be reduced to five minutes
mly by using 4 inch squars of indium fbil, thig arran~
gement having the added adventage that mush mmsller (50 me)
Ra~Be source can be used, The apparatis his been used
for moisture neapurement of sand and sm.w\ raterials.,

Cardner and Kirkham have devised a more compact
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wmit contoining o nixture of polonivn ond derylliwm oo
pource of faot meutirons. Tho mixtuwro hoo o holf life of

740 dayoc md o otrength of about 10% noutrenc-scema, 14
wvan pleced in a motal eylinder 17 rm in length vhich voos
ingerted into o hole madein the naoterial vhem moling the
malysia, A plov neutiron countey containing borontriflvaride
vap located ca ¢top of emd concentrie with the fast newtren
pourco. Pulcos from the cowmter weore eaplificd md wecordod,
looswronento wvore made afier lowering the neutren coured c2d
comter into o hole drilled in the noil, Fxnoriments wore
nado wvith five different ooile with domsitien veryinn froen
62.4 1b/2¢7 o0 94.4 1b/£%°, The reoulto of tho meaourcacato
ghowved thet definite relationship oriste betwoon the noevw
tren cownt cnd moisture comtent as chown in Pig,3.97. Yhea
uscd on minerel colle, the mothod scemed to be weffocted
by the temperaturc ccapnoition or concentration of the poil,
The mweocnce of orgmmie nattor affeetc the valuveo, an, in
cffect hydrogom io detemmined by this nothod,

Applicotiono of the neutron noioture motey havo
tocn oxtendod to field problems by Powliv and Spinko ¢n
vhich mecaourenentis are required 2o be modo by plceing ¢the
equipnent on the owrfooo of soilo ond comerete argrematon.
Unlike the earlior noutron meters vhich had thelir pwobes
fcmerped inolds the vot moterisl, the probe in thio eoaso
lay on the owrfoco of the naterial, This tends te
rcflueo tho volvae that fo effeetive in slovins dom
noutrane cnd hanee mokeo the arranperent leoo cenoftivo,
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The main chemical constituents of cenent snd concrete ere
s series of compowmds comprising the slements oalcium,
alminivm, silioon, magnesium, iron, oxysen, sodivm,
patassiue, sulpher and hydrogen ato, The effent of water
in conorete on the relative themal neutron-comt is
"shown in table III, The neutrmm neter yas finally
oalibrated for concrete by using specielly made up smyples,

TABIE 111
EPFECT OF WATER IN COTCRETE N FETATIVE THEFMAL NEUIRON COUNT

Velight of Vate; B ?&iative Thermal
fnmgﬁe 1y/te : Comnt
L

Cylinder No,) (18" 4ie.,8.3" depth)

118.01 17.7 2,60
110.% 10,5 154
10361 5. 0,82
Cylinder No,.2 (18" ais,, 8.75" aemx)‘

112,50 | 16 .6 2,62
111.26 15.5 2,2%
109 .94 46 2,07
107 .88 15,0 2,03
106494 12,2 | 1,86

100,08 649 1,00
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Most materials vary in density an well as in molasture
content, so that molsture ozmot be meastred as mn inde-
pendm¢t variable unless the density of material is imown,
Responee for s given mofsture comtent incrsape vith
increase in the density of the soil (Piggds)h This is due
to isotropio senttering of fast neutrons, One method of
determining the density is to employ a ganma source and
direct the gmuma ray beam into the materisl simultsmesusly
wvith the neutron bemn, The number of gemma rays reflected
by the material or tranmmitted through the material $s in
inverge function of 1ts density,

In the gystem shown in Pigzl9, the measuring head
oontsine a neutron source detector assemdly in me
seotion and s gammo source detector in snother emwﬂaﬁh
The neutron reflection measurement provides s sigal yvhich
15. directly proportional to a volunmetrie mofsture percentage,
The gmms reflectimm neasurement provides '. signal
which ig dirgetl.y mgsmn to density. These inde~
pendent signals are sent to an electronic unit vhere they
are soaled to kilograms per meter snd presented simultaneously
to a simaple ratio computer, The ratio computer output
signal is presented c-ﬁtimmxﬂy in terms of peroent
noi tim by welipght md the electronic wnit alsp provides
a proportimal voltugi signal for driving & recorder or
a -oinm cmtrol system,



80CC

6C0C

L0occ

2000

CNYUNT RATE PER MINUTE

| J

FIG. 3.UB_EFFFCT OF CTENS!ITY OF

1C

20 30

VOLUME OF WATER o/,

DETECTION HEAD

SC 2N TAE COUNT KATE

b~
"HERMAL FAST G AMMA GAMMA RAY CABLE T0
*EUTRON NE'J TRON CETECTOR LOURT € MEASULRIN - &
DETECTOR - -~ SOURCE , RECORDING
@ @ % NSTRUME NT~
P
MATERIAL ' // = A )
. ' . X e ry 29} L" j \ _,/p* X - .
) '. - ., "’ 5 k; : ( L *‘ - -\/\/f . 4 \. . .
q/\ LT (_"7 - TN iy r -7,-\%
) . - - \ .
. . |
0 @ NUENDA

FIG. 319. NF_TRCN SC

ATTEH.NG M7 STURD METER




72

This neutrm method of moisture measurenent offers
the advantage of not contacting the material beling reaw
sured, There are no probes to olean snd maintain, thee
is no dmger of contminating the product, The naterisl
does not have to de mmmpled for emelysis, The meagure-
nent 18 emtinuous and there is o omtinusus denaity
cotrection for various nrofusts, But the fact that it
moagures hydrogen content rather than moisture content
is presmnting some 4ifficultiey in the miversal appli-
oatim of this instrunment for, unless the saﬁplo has a
Mrly'emmt hydrogm omtent, the neutron comnt ¢ill
not give a true indication of the moisture comtent, Mo~
ther limitation of the neutrcw neter ies in the fast
that the neutron method does not m.fferénﬁutn betyeen
free wvatep and water chemically bound in the form of
hydrati sn compowmnds,



1V AN _INSTHIMENT POR MEASURING MOISTURE IN CORCRETE
USING CAPACITIVE TRANSDUCER

4.1 OPERATING PRIRCIFIE

The operating principle of the eapocitence mplsture
meter in Dased on the change otcowring in the dislectrie
constant between its moist md dry conditions., The ai-
electric oonwtant of water is very high as compared %o
that of concrete, Therefore, presence of & very mall

quentity of water in the concrete causes comsidersbls
change in the 4islectric constant of the mixture of the
two and 1t is this property of dielectric varistion vhibh
has been utilised in this molsture meamering instrument,
This chenge in dielectric emstant is sensed by a capa-
citive transbucer in terms of capacitance ovwlis measured
by using o Pievdo-bridge. The wmbalanced signal cauged
by the change in capacitence of the trenslducer @ue to
molgture is rectified snd given to a 4¢ micrommeter,

The microsmeter reading shows a direct relationship vith
this change in capacitence, and hmdo with the moisture |
content in conorete upto a considerable range of nofsture
peroentage,

4.2 DESCRIPTICN OF THE INSTRIMINT

The moisture meter developed by the author have
three congtitumnt wmits, 1.0, '
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(1) Capaoitive Tramsducer,
(11) Flectronic Cirocuit.
(111) Mmascator.

The ganple ie introduted into the canacitive
transducer or the transducer is ineerted into a prefod
canorete slab so that there is conerete as dislectric
betyeen the two insulated plates foming a capacitor, The
capacity change introduced by the change in moisture
omtent of concrete is converted into a correspomnding
current changes by the eloetronic wmit and 1w indicated Yy

the microm-meter,

4.2, Capapitive Tmmme;“!w

A capeoitive transducer yhich converts the
mnoleture content into the capacitance {eleotrical property)
has been used. ( 4ty u'1)

The design of the smnsor may be varied to suit the
application, However, for this particular system the
material built up on the sensor must be avoideld so that
1t vill not jeopardice the accurmoy of measurement , A
parallel plate capacitive transducer is constructed by
using two copler clad plates (7.5 x 2,0 ma) seperated by a
0-5 cm geperation of b‘gkelmo seperation, Bakelits
plates have aleo been used to provide insulstion in the
immer side of the transducer, The digtance between the
two plates is kept gnall compared with the dimensions of
the plates, so that the fringing crféct at the edges of
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the plates has been neglected,

‘l'ha capaoltméa of a parallel plate alpinitor is
given Yy |

cs <A vee C441)

a

Vhere

C = capacitence in farads

X = Dielectrio conotant

A = Area of one plate in metena

4 = Dipstance betyeen plates in Meters
Equation (4.1) csn alad be yritten an

¢ = 00,0888 € % » “ee (e.2)
Vhere,
C = capscitance in plocfarads ,

{ = Dielectric constant of the medimm batween the
plates.

A = Area of one plate in em®
4 = Distance betyeen plates in om,

In order to avoid -tm capacitance effects due
%o the connecting leads, insulated yire has been used to
comect the trangducer to an amm of the Bridge.

4.2.2 Electronic Cireuit »

(A) Block Diagrams The electrmic unit consiets
of & regulated power supply, & wein bridpe oscillator,
& pswudo bridge, & differetial amplifier, in narrow
band pass filter end a Yectifier unit., The dlock dlagram
e shown in fig.4.2,



(4) Regulated D,C, Pover Supply
A 8,0, power supply of ¢ 15 V 1 required for the

oscillator to generaote a sineyave signal of comstant

end predetermined frequency and for the operational
smplifiers used in the ecircuit, Regulated power supply
is used to prevent s.c, ripples and to get & constant
d,c, supply vhich is not affected by the change in input
supply or by the change in load, A step down transformer
is ueed to change 2%0 V a0, into 30 V aLe, The twd out~
puts from this trunsformer are given to two tridge recti-
fier cirouits to et *15 v.mnd - is vV oL.C Intilies,

The outputs are sacothened by two 1000 uf sapacitors.
. - . Twn feelhack voltage regulators ore

| mﬂfgpet 215 v stabilized 4.,0. supply, In a feed dack

to voltage regulator, the 4,0, output is compared conti~
‘nuously by the compartor with respect to a reference
voltage.. Any difference is mmplified by the error smplifier
end returned to the cmtrolling element (Pigid,5)e

Pig.4.4 shovs 8 series voltage regulator in yhich
transistor Q, is control element ad Q, serves as the
conparator and error smplifier. Zemer Alode bﬂ provi des
the reference voltage, The voltage monitoring netuork,
componed of resistors R, md n‘; is adjusted by the poten~-
tiometer for the desired osutput voltage over e operating
range of the regulator. The voltage of the mmitoring
network, 74 is adjusted to



YV R
e © 2. een €8.3)
Ry R,
txpreaaim, for V, 18 V, = Vgp * Vp .. (4.4)

2
here vn is voltage across the gener adiode.

ywt voltage of the regulator is given dy

fﬁ « Vp ¢ VBEQ . VS e (\4;.75)
fg = ¥, R’/ (HS * R, ) wee (4.6
Cy

v
o = Vg ¢ vmz - o "
) o

Vn - (VR * Vma )( q . -%— ) :im C4.7?

his equation shows that output voltage 4% esven~
} function of the reference voltage snd the moni-
ietworic,

\ variation in potentiometer getting changes the
.ovel, Similarly by egquaticon (4.4), & change in
roltage affects the value »of R, and Vma, since
matant, ‘ )

Ixemining the effect pf eomirol eluwaemt on the
Y‘° -V

-V
1 OE‘

‘he output varies with changes in Vm’. The
4 YOE which 4ia given as
1



Igy = 1y = Ig

Because ’BI is a fuction of ’ee- Von  and vo
very with change in ecllector current of Q, (I, ).
Continuing with the some lirne of reasoning, we see that
Ig, i® controlled by Ip,. Chemges in Iy,, stem from
chenges in V , vhich is sensed acroos R,, Ve can there-
fore state that a change in the output voltapge is trane-
fered to, end amplified by Q.. The resulting change in
VOEI. acts to retum V, to ite originel level,

(11) Vein Bridge Omoillator 6

, Lot R

A constant frequenoy sine wove signal is required
to operation the c;pncﬂmec tridge.

For fixed frequency anplications, the wm bridge
omfugration is the simpleat precision sine yave
generator. With sn operatimmal emplifier ag a gain
elexent, such on osiollator will have a fraqumey that
is preciesly contyrolled by bridge elements, AJlitude
control is schieved by mesns of gutomatic gain contyrel

viich is provided by Zemer 4iode feedback, The wein
. brdge elezmnts supply positive feed back arowmnd the
saplifier to induce oscillation, and oscillation results
at the frequency £ = 1 . ¢ ¥hers the

=B R0 0,
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positive feedbnok peaks, A peak in positive feeld dack
results because the seriss capacitor increases feedback
vith frequiney while the parallel capacitor decresses

1t. A gimple ¥Wein Bridpe Ogeillstor is as shown in Pig.4,.5,
Iet us assune that the output e‘o isa aiminbld, then the
feuld bgck ratio of the bridge Lis given Ly

2y R,
o= e )
%y © J2 | 1
0y ---(43)
Vhere Zjaii‘ . Y a4 %, Re

Ty we, RTEX ;"2"2’

*

The condition for oscillation is

- 1 . |
o a

- )}
Y% = —

'Jni Ry C4 Gy

1 r
WV = i e )
o R‘ c1 | eee (4,9

md fro-qquation (4,8), § = 1/5,

Therefore, for equal resistors and capacitors in
the vein bridge, the feedback faotor is 1/3, Then, for
a gain of 3 through smplifier, the gain round the positive
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feedback loop 46 unity end oseillation results. The
mplifier gain is m vby the negative feedback, As

long as the feedbpck factor is 1/3%, the cirewit 411l
oecillate at eny preset mplitude, If £ 1/3, the
oscillation emplitude will diverpe with time until severe
8istortion occurs, and 1€ g > 1/%, the opcillation will
converge to zero with time, |

The positive feedback loop has aqtmi ragigtors and
capacitors, shile negative feedback loop has & gein of
slightly greater than two. This provides § slishtly
greater than 1/5, to sssure oscillation. 7The putput free~
quency is limited by smplifier glew rate, Slew rate of
sn operatiomal smplifier $s the maximum change in output
per mit time that operational amplifier can deliver,

(311) Capacitance Bridge'7+18

The change in capasitence(gensed by the capacitive
tranpsducer) due to the moisture content of comorete
is converted into wnbalanced voltage signal by the cape-
citive dridge. In case of an ordinary bridge, ssmuning
~ the detector is of high impedance, the transfer fumction
is given by (Pig.4.6),

2
2 - - . 4 ane (#.?0)

It im well mown that close to balmce, the transfer

T =




&l

functim nay be emsidered as a linear functimn of the
inpedance respmeible for the departure from balmmce. On
the other hand, 1f large deviations fron balmoe are
contemplated, linesr behaviour is not generally attsined.
Hoyever, if transfer function is reyritten ans

X - zz/zl_r - - .-....2.‘.‘_/32_..._. eee (8.91)
1 2,/2, 1+ 2/%

then £t 19 easily geen that linearity ot the detector
is possible for large daviations fron balence nder the
coméltionss

4 Z,
- 1, . SR
z, £4 1, o {4
Hovever, linearity in this case 1s achieved with
a poseldle loes of semeitivity mmd is not generelly
practical,

In osse of the pseudo bridge, { shown in fig4d.7)
the tranofer function is glven as

r . %% oo (£,12)
1 ¢ 2,/% B
1f only 52/'81 is alloved to vary,
Animproved dridge QMch ompreses two sinilayr feed
back smplifier oircults has been used { M a,4.8 snd 4.9),
For upper and lover circuits, the transfer fuctione are
respectively
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Combined transfer function of the bridge is

T = 2y ~ %5, and henoe

Z oz |
“"'%1" . -4-- ves  (451%)

It 7 and 74 are purely ospoeitive, and ewqel to 1/JVC,
and 1/3“2’ respectively, then

T = §W 3, Cy =7y O )
12 %, = Z,, then T = JW2( Cy= Cy ) ases (4.14)
s 2
Which is simply proportionel to the difference betyeen
the %o eppositely varying capacitors, Due to sakw
stability conoiderations, same high resistance is aldGed %
each side,

”

T = %y e Ny = g W

Z.-— 1
1/R + §¥Cy

Cmeequmntly,
Te32 [(1/R 0'3“,1) - ( 1/R ¢ 3&:63)]
and therefore, T = JW3 (Cy= Cy)

© Vhtch preseasves the go~a form uf as oqﬁntim (4.14).
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(1v) Differentisl Mmplifier'!

The voltage signals produced by both sides of the
bridge are given ¢o on operatimeal mplifier as its
inverting and nm inverting inputs., The output of e
aifferentisl emplifier is the amplified difference of
the two signals f.6. 8 amplified unbalcnced signal of
the capsoitence bdridge.

Let us emeaider that the voltape 4ifference betyeen
the inverting and nn=inverting inputs of an operational
anplifier $w very small and assure that both inverting and
non=inverting inputs cre at the same voltage vy  (Fg.d.lo),

péserve that 1f V, is zero volts, the anplifier yill
act as inverting smplifier tot v,‘. This scours beosuse
input current of mmplifier’s noninverting input is sero,
80 no ourrent flows through R, or R.' eand v, is gero
voltse, |

Fow, 1f ve set v, to e gers volts and use Vs
as sn input signal the smplifier will act like a none-
inverting waplifier with a voltage divider (R, and R,')
supplying input voltage vy, to the noninverting ssplifier
emmtlmf

¥ both ¥, and V, ers spplied simtltmeously,
the noninverting input csuses the output to Arive a
voltage that will cause the voltage at the juction of
R, #nd Ry to be vy, vhen v, = V, [ Re’ ]

,“a”‘r'
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ingtesd of cere, as would pcour fn nomnal Inverting
seplifier, -

Since the input resistance of amplifier h very
high, wo knoy | ’

I = Ipe 04 Ipp = Inig

v, *V VY, =V
R, R
1 o
Y, * VYV, Ve »¥, o
or Sy . 4 - out
1&1 s

R, * R , R "
1 — . S I -é—— 11 g;“(l’.ﬁ)
Rq ’ '
This equation is !‘w Yout of a noninverting smplifier
vith v, as input plus the equation for Yout of sn
inverting smplifier, v, is voltage ot the jwection of
voltage divider R, mnd Rt with 72 applied to R,, ®0

Hence, v, 4 = Vg ( '

vl

R, + Ry

Substituting this value of v, in equation (4.15), we have ,
B R eR R
R NE) R, 1 !

If ve st R, = R, md R, = R ,
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' R, R,
Vot = Vo € ot ) 2 . _q_nf v,
By ARy Ry E

Vout = Y2 ( Re/By) = Vo ( Ry/Ry)
R .
(v, =vy)

and thamtﬁf‘ﬁ_. Vm o

In this sftuation, the sutput has the polarity of
the larper of 71“&16. Yae 7

(v) Band pass r11ter?0s21

" A narrov tundpose filter is used to reject wndew~
irable fyequencies, A Geandpass filter fe = ofircuit
desilgned to pase signals only in 6 certsin Gsnd of
frequencies vhile rejecting 811 sigmale putside this band,
Fig.4,11 shows frequency response of & {vmdpan £11ter,
This type of filter has a maximwmm output voltage ¥, . or
maxinum voltage gain “o' &t mme frequecy called the reso-
nant frequmncy, ¥,. If the frequancy veries frm rescmmnce,
the output voltage deoreasen. There is cne fregumecy
above W, and one below ¥, st which the veltage join 1is
0,707 A, These frequencies sre demignated by v, the
high cutoff frequency snd W,, the low cutoff frequeney. |
The band of frequencies betueen w, and vy is band width
B i,

Bate= VI
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A nerrov bmndpass filter is me that has & bmd-
1dth of less then one tenth of tge resonant frequency
(B¢ 0.1 w,). Quality fector Q = —f- indioates the
selectivity of civewit end for narrow bmdpass filters,
Q ) 10, |

M sotive filter (Pig.4,.12) has been used in the
clrouwlt yhich is cheaper and lighter than s passive fllter
at low operating frequencies specially in sudio frequency
ranges, vhere an active filter works vell, The frequmcy
limitation of an active filter design lies in the ampli-
fier,

(vi) Rectifier Unit?? |

- A Gevice, such as the gpmmicon- cltuctor diode,
vhich is capable of emverting a sinusoidel input wsveform
(vhoss sverage value is zers) into a wmidirectionsl yave
form, with & nomzero average conponent, is called a
rectifier, Here a bridge rectifier u used to convert
the 8,0, mbalanced voltage into 4.0, The sasntialy of
a bridge oircult ars show as in Pig.4.13. To mderstand
the aotion of this cirenit, 1¢ iw necessary to note
that twn diodes conduct aimulimeouwsly, PFor exsaple,
during the portion of the cycle yhen the transfomer
polarity is ss shown in Pig,4.12, diodes 1 and % are .
cmducting, and current passes from the posttive to the
negative end of the load. The conduction path is showm
in figure, During the next half cycle, the transformer,



FIG.4.13 BRICGE RECTIFIER CIRCUIT.

| [T

Alldiodes are SR204 25B77

F1G.4.14 CIRCUIT DIAGRAM OF 15V 0.C. POWER SUPPLY.
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voltage reverges its polarity, and diodes 2 and 4 semad
current through the load in the smme direction as during
the prewious half cycle, In came of dridge rectifier,
each 4iode has only the voltage 4uo to wnbalance acroes
1t on the inverse cycle while in cese of a full wave
rectifier it 18 doudled,

(B) Desim
(1) FRegulated ¢ 15 V D.C, Fower Supply

Trmsformer Design
Tramsfomer for dusl power supply is Qesigned for
following epecifications?

Stanping size = 15 no,

Prinary Voltage = 230 (P to P)

Secondary voltage = 15V « 0-15V (P ¢o P),

To get Quial output, one primary and tyo seperate
secomdary windinge are being wound, Take # « 1,2 m,/.‘?

B n 4,44 x f x B x AxRg

30 = 4.44 x 50 x 1.2 x 2,5 x 2,5 x 1074 x ¥g

Fe - 180: | |

Total number of pecondary tume = %0,

N? "-g;g' x %0
= 2750
Haxinua seomdary current = 400 A. Hence vire gaupe of
secondary vinding = %2 SWG |
Prinary cuwrent = Ego' 100 = [SmA

Hence gauge for primery vids = 38 BWG



Rectifier, filter md stabilising Ciroult
Tuo Dridge rectifiers have been used,

Rectifier ¥o. SR204

Two capacitors of 1000 4f epch Lo used for posie
tive and negative power supplies,

Cireult dtapgrem is as shown in Pig.d.14,
Zensr voltage V, = 5.6 V |

then Izn 2*2=4nk

. Vo-Vn 15-5.6 9.4 |
. Rn bt ""‘r"‘""n el 4 oA 2 wA - 5
I . 2.2 Kom
1 - 02 i - &A " (.like)
BQ hmz %0
| - 0,067 A  Q = 2577
= 67 AA Q, = 25875
L )] Tp, » Select I, = 2mA ’
Vpe, ‘m 0,6V
!0", Vz L nge 4 VR = 5.6 - 0’.6 - 6‘2 v
a' L M‘ 15‘6. OMM. "‘ Km.

Teke R, = 4.7 K O preset,



S0+ 4

Current through Ry = 2 * 1,8 = 3.8 inA

V, =V -¥ “1546
3 4 mA | 4 mA
4.4 ’
L /LR 2.1 K m.
4 mA
Take By » 1,2 K O,

Voltage a&rop ccross R2 = V2 ng27

Therefore &rop soross Ry » 15- G2 = BBV

ow, 1 i \
W@"Vi" - ?2 or R, = T 1 ®
= 5,3 X Ohn,
Pinal velues ares

' Qq ® 28877

0, = 25875

By = 4.7 K Ohm preset

R, » 3,3 Kohm

Ry 1.2 K O

By = 2,2 K O,

(11) ¥etn Bridse Omeillator ( 49 is)

©1.8mA

o7

An overational anplifier 741 and two Qiodes are used,
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FIG.4.15 CIKRCUIT DIAGRAM OF WEIN BRICCE OSCILLATOR

WITH DESIGNED COMPONENTS.
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FIG.4.16 CIRCUIT CIAGKAM CF CAPACITANCE MEASURING

BRIDGE WITH DESIGNED COMPONENTS.
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1
avrl?‘C

fo =
1

Taxing €, = Cp = 0,01 /ot
R’ » BQ w 10 K mo

N -» 10 2 107
. 22 x 00l x10° = 10x 10 2%
fo « 1,59 EH_

Take Ry » 10 K Om and R, = 4.7 ¥ O preset,

(111) Capacitence Bridge
In the actual Mridge, eapacitors '01 and 03 are each

composed of two parsllel wnite, one of vhich is a fixed
internsl capeoitor introduced to improve the stability
of the systen.(Take 0,001 4f), while the second is the
ospacitance contributed by the transfucer in me arm md
s variadble cepasoitor in another gvm (shown in f1g.4.16),

C, and C, are also taken equal to 0,001 jaf each,
IM Gwm repistors are ingerted in parallel in all bdranches,
Two operatiomal amplifiers 741 have been uged,

(1v) Dppfferential Mplifier ( 4y (7)
Take Ry = R, =« J0 K Om end to get a gain of 10,
Ry - Ry' = 100 K Om.

(v) Bmnd Pase filter
M active filter consists of registors, and capscitors
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FIG 4.17 CIRCUIT DIAGKAM CF DIFFERENTIAL AmPLIFIER
WITH DESIGNED COMPONENTS.

FIG.4.18 CIRCUIT DIAGKAM OF ACTIVE FILTEK WITH
CESIGNED CCMiE UNENTS.
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as mn slenents and a high quality operational mmplifier
In & pomitive, fixed gain confugration es the sctive element,

¥We have W, = 10* rod./eec.
Badwidth B = 100 Bs(mmo)

leﬂy factor @ = -’1'-&‘,—- = 100

let Maximmz gain "o = 50

Por optimum performance, $t is best to make the
paramsters depend m resietor ratios and RC products only,
This is decause the temperature tracking of reststors
and FC prodwts is cmirolladble, but varistions m smapli-
fier gain and band yidth ars not

Taking, C4 = C, = 0,1 4of
Now,

" —yy—— g d —-——-—--—-.:gz ; , =2 x 10°
8" 100x0,1 x 10°° |
R, = 200 T Ohw

R 2 o>
Ry # el = = il - 2.x10°
2 &, 2x5 v
. 05 :23@.. v )
_E 2x1 s
ﬂ‘—-z——- J —— - 2: o
" s?e2a, et v Al
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Henos, finsl values are
Cy=C, e 0.1 /o
R.'-'n 2K OUm
R? =5 Om
Ry = 200 K O, (fyuig)

(vi) Rectifier Unit
A bridge rectifier using four 4iodes have been
used to st 4.c. value of putput,

4.,2.,3 Indicator

| The output of the bridge reotifier has deen given
to a d.c. nicrommeter through a Varlablé resistor
(47 X Om potentioneter) in series vhich given the average
value of current corregponding to the chmn,fﬁnim
omtent in cocrete,

The complete circuit dlagram of the inastrment is
shown in n5049‘9t

Oalibration of the Instrument
The instrusent developed is first calilrated in

terns of capocitance and the capacitive trensfucer yith
dry ooncrete as 4dlelectric is inserted in ome sy of
capacitance btridge ( as shown in fig.4,19), The micro=
srmeter will glve some deflection because of the wmbelance
caused by the oapacitive tramsducer, 7The bridge is balmm~
ced vith the help of varisble capacitor inserted in the
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opposite avm of the bridge, Then the calidration of the
neter {o Ame ywith the help of concrete sanples of known
nolsture percentage,

4.%.,1 Calibration

A ntandars mlabla mnltcr ut vnlw o.m AL
is fnourted in me am of the bvridge in place of the
transdvoer mmd full ascale deflection in the micrommmeter
is obdtained, Micrommmeter realings were noted for giff-
erent values of capsictance in descending order,.(shown
in Table IV), |

TARIE IV

8Ho. Capaoitence | Mierommmeter
| , ?t’ rending HA

1 %000 100

2 2400 700

v 1500 4

. 950 w

5 500 7

From Tadle IV, 1¢ im olenr that there is a linear
relationship bdetiesn the mmwma and nicrosmeter maing
vhich ves emxpected frm (PLg.d.,20) equation (4,14),

4.%.2 Ouummtim in Terus of Moisture Percentuze

The capsocitive transfucer with concrete smmples of
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various known noisture persentages wan .npested in me sra
of the bridge and the readings of nicrosmmeter yere'
noted as shown in Teble V,

TABIE V
87‘.1!0. | ﬂnii ure Content M!.Mcm
;.‘ | Readings Al 4
1 2,8 6.0
2 5.0 14,0
3 7.5 22.0
4 10,0 %0,0
- 12,5 42,0
6 15,0 5640
7 - 17% 70,0

Pig.4,21 shoys that there is approximately a
1inesr relutionship betyeen the moisture percentage in:
carete and the microsumeter readings,

4.4 MERITS AND DEMERITS OF THE MOISTURE METER
4.41 Merits

The instrument developed for the meapurenmmt of
moigture in concrete has the following merits:

(1) The molsture meter is simple, compactand portadle,

(2) capacitive transducer has been used ss sensoy
vhich is simple in emstruwntion and hag the sdvantage thet
the physical mechsnimn involved in ite sction doesy mot



9%
depend vpon the physical properties of the materisl,

(%) The najor sdvantage of this moisture meter s
that the pressnce of electrolytes, salts or scids in the
senple does not sffect the resding of miorommmeter,

~ {4) M apprecigble chonge in dielectric comwtmt
occurs for spall chenges of moisture cmtent in o stnerete
smmple and hence a good sensitivity has been achieved,

(%) The use of ar improved capacitsnce Hrildge
with eperstimal amplifiers end high resieteces nakes
1t more stable,
{(6) Stray aapaoﬂmena are rxﬁmteﬂ by heving
ShieX:
& ocmnon growmd temlml and }pm;htea vire for comecting

the trmsducer,

(7) This instrument gives instmntsneous resding
mé hence noisture cm be aontrolled in & processing o=
aition,

(8) The instrument is cheaper than the other
avaliladble moisture neters,

4.4.2 Demerits

(1) Error ay arise fra humidity affecting the
insulation resistance and from stay elsctric fisld tnducing
parssitic potentials in the not growmded plate. .

(2) One seriows drsy Dack with the trasducer i
that the level of material in transducer shounld de smme,
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Othervise yrong results vill be obtained,

(3) Transducer has to be cleaned for sach sample
in order to ausi the coating of hard scals which effecto
the ocapacitance due to dieleotric change of medivm
resulting in an erraneous moisture econtent indieation.
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boszons.

In this dlsgortation the autior hos attenpted to
spout all the existing nethods of molsturs ncoe.

s in conereto, The main problem in most of the
goens to de is that the variable proporty €o bo
4 4¢ also affected by factors other then moisture,
i The ingtrumont devolopcd by the anthor can be used
Lizmons a8 vell as intermittent measurcuont of
la content in concreto., It con alss bo uged to
the moisturc at different polnts 4o coase of a big
ﬁcrete elab, This mofgture moter can Also measuro
ture content in other 1loose naterials like sand, poils
e, floor ote, But it has to be calibrated again for each
o
The performenco of tho Anstrument has been found
| ctory. The sensitivity of tho moisture meter is approxinately
/oﬁ. sture per micrompoavr, It hos been found that there oxlsts on
imately linear relation botween the moisture percentage and
};—_-oamai:er reodings, Tho deviation of the curve from lincarity
&Fr=7 CQuo to thoe mndbalonce of phase and ptokdng density and
— —— == & boetier performance of the instrument can be obtainct
=3 & %ng & phaso baloncing facility., The phase changes ghould
—<7 8 without influoncing the rolative amplitudes of the
=" both sideo of the bridge,
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