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ABSTRACT

Ultrasonic study of the water based starch coated magnetite nano particles
have been made with and without the external magnetic field at 303 K. The
observations were recorded for six different volume concentrations of the
same fluid under different magnetic field strength. The results show that
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the interactions between the solvent and the coated solute particles de-
pend onthe extent of applied field. The extent of external field increasesthe
agglomeration and forms a chain structure that plays an important role in
the determination of strength of grain-field interaction. Comparative study
of the variation in acoustical properties suggests that the effect of dilution
is to reduce the chain structure formation thereby weakens the effective
interaction between the external field and the magnetic particles.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

A magneticfluidisacolloida suspension of mag-
netic particlescovered with asurfacelayer inacarrier
liquid®®3, Flow propertiesof evenanorma colloid are
sometimeunusud and distinctive®, whichinaferrofluid
additional complexity isintroduced by subjectingit to
an external magneticfield. Such afluid exhibits pro-
nounced non-Newtonian effects under the action of
fidd4.

Diluted particledispersonisknownto behaveasa
Newtonian flow and much research have been doneon
such systems®. Theoretica aswell asexperimentd stud-
iesof thesemagnetical ly induced rheol ogicdl effectsare
essentid for designing certain magneticfluidic devices
and applications®. Under theinfluence of an external
magneticfield, aferrofluid reved svery interesting prop-
erties. Inthepresence of an external magneticfied, the

magnetic particlesjoin together forming chainsor col-
umnsarranged along the direction of thefield. Such
process dependson thevaueof themagneticfiddin-
teraction™. Thechangeintheferrofluid structure af-
fects the acoustic properties of the fluid such asthe
packing density, wave propagation vel ocity, etc. So ul-
trasonic methods can be used to investigate the struc-
tural changesinferrofluids™d. Thispaper reportsthe
experimental synthesis of an agqueous based starch
coated magnetitefluid and results of the study onthe
changesin ultrasonic wave vel ocity asafunction of
magneticfidd, field orientation and dilution of carrier a
303 K.

SAMPLE PREPARATION

The studies were performed in the water-based
ferrofluid contai ning magnetite nano particles. The par-
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ticlesare coated with starch, along-chain polymer of
D-glucose, which providesagood biocompetibility and
isnon-toxic. Thefluid was prepared by the method of
controlled co precipitation technique, whichisgivenas
follows.

M agnetite was precipitated by dissolving 2.08 g
FeCl,, anhydrous and 5.22 g FeCl,, anhydrousin 380
ml of conductivity water and adding 20 ml of 25%
NH, to thissolution whilestirring vigorously. After
sedimenting the preci pitate with a permanent magnet,
the supernatant was removed by decantation. 40 ml
of 2M HNO, wasthen added to the black sediment
and the mixturewas stirred for 5 minutes. The oxida-
tion of magnetitewas completed by adding 60 ml 0.35
M Fe(NQ,), tothemixtureand tirringit at itsboiling
temperaturefor 1 hour. After sedimentation and wash-
ingwith2M HNO,, conductivity water was added to
dispersethe reddish yellow sediments. Theresulting
black dispersion contains 5.6 grams of solid material
per litre.

Starch coating as surfactant to the particlesis
provided by the following procedure. 2 ml of the
above product was diluted by adding 50 ml conduc-
tivity water. The solution wasfloccul ated by adding
few drops of 25% NH, and sedimented using a per-
manent magnet. After washing with 50 ml water, 100
ml water was added to the precipitate. Under mild
mechanical stirring, 20 ml of the prepared starch so-
lution was added. Within afew minutes, all magnetic
material was transferred to the distinctive starch
phase. Theblack oil dropletswere separated from
colorlesswater phase and washed many timeswith
10 ml ethanol to remove excess water and excess
surfactant.

Thebasic properties of theferrofluid such asthe
valueof saturation field, shear viscosity, initial suscep-
tibility, density and particle volume concentrations at
303 K are found at Ferrofluids Laboratory,
Pondicherry, Indiaand isknown as 28 mT, 5.3 cp,
0.53, 1172 kg mr® and 3.84 % respectively. Magnetic
fluidsof variousvolume concentrationswere obtained
fromtheinitial one by dilution with water, adopting
theusual dilution procedure?, All the sampleswere
checked for their stability and reliability beforerecord-
ing of sound vel ocity dataand they found to be quite
satisfactory.

CHEMICAL TECHNOLOGY

MEASUREMENT OF SOUNDVELOCITY

The study was performed for six samples of the
sameferrofluidscontaining different partidevolumecon-
centration of magnetiteviz., 3.84 %, 3.46 %, 3.07 %,
2.67 %, 2.30% and 1.92 %. They areindicated in the
work as 0 %, 10 %, 20 %, 30 %, 40 % and 50 % of
dilution respectively.

Vel ocity anisotropy was studied by using thevari-
ablepath, fixed frequency, ultrasonicinterferometer
(Model F81 of Mittal Enterprises, Indid). Theinstru-
ment generatesavery stable ultrasonic frequency of 2
MHz (£ 0.03%). The accuracy in the velocity is given
as +0.01ms™. Details of the interferometer are de-
scribed el sewhere™ 14, To measurethe vel ocity at dif-
ferent magneticfields, themeasuring cell wasinserted
into anair core solenoid. Hibbert’s magnetic standard
wasused to ensurethefie dinsdethemeasuring cell to
beof required value. Magnetic field strength wasvar-
ied in stepsof 500G from 0 to 5000G by varying cur-
rent inthesolenoid. It waspossibletoinclinethe sole-
noid so that theangle between thedirection of thefield
and thedirection of propagation of ultrasonic waves
can bevaried from0to 20° and canbe set at 90°. Asa
ferrofluid need about 30 minutesto reach anew state
of equilibrium*34, eachtimewhen thefiddischanged
thesystemisalowed for aminimum of 45 minutesso
astoreach equilibrium and then the observationswere
made.

EVALUATION OFACOUSTICAL PARAM-
ETERS

Threeof the acoustical parametersviz., theadia-
batic compressbility (), theintermolecular freelength
(L) andtheacoustical impedance (Z) have been calcu-
lated using the standard rel ationg*> 2.,

1
at ®
L, =K, B 2
z=U 3)

Where U istheultrasonic velocity and p istheden-
sty and K isthetemperature dependent constant. The
valueof K at 303K is199.53x 10®in Sl system.
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RESULTSAND DISCUSSION

Theexperimental vauesof bulk density and ultra-
sonic velocity measured in the samplesunder nofield
conditionsand therelated acoustic parametersare pre-
sented in TABLE 1. TABLE 2 narrate the measured
vauesof ultrasonic velocity for variousfield strength
intwo different inclinations (parallel and perpendicu-
lar). Astheexternd field has no effect in bulk density
of the sample, various acoustic properties have been
calculated using the bulk density value measured un-
der nofiled conditions. Therespective calculated val-
ues of adiabatic compressibility are presented in
TABLE 3. Thevariationsinthetrend of freelength &
acousticimpedance areshowninFigures1to4re-

Spectively.

TABLE 1: Measured and calculated parametersfor the
Ferrofluid Water + Magnetite+ Sarch at 303K without ex-
ternal field

" " 10 -6
D”é;(t)lon kgpm'3 mlé'l ? I)D(a%10 Lrx 10" M kzgxml'g)s'1
0 1160.2 1452.2 4.0871 4.0338 1.6848
10 1140.2 1454.6 4.1451 4.0623 1.6291
20 1118.7 1456.3 4.2149 4.0964 1.6291
30 1101.2 1457.9 4.2725 4.1243 1.6054
40 1086.2 1460.2 4.3178 4.1461 1.5861
50 1072.6 1462.3 4.3600 4.1663 1.5685

The perusal of TABLE 1 revealsthat in the ab-
sence of external magneticfield, ultrasonicvelocity is
foundtoincreasewithdilution of fluidi.e,, it goproaches
the velocity of sound in water. However, the density
vauesarein decreasingtrend. A non-linear variaionin
these parametersindicatethat themediumishaving ap-
preci able degree of interactiong2% dueto dilution but
therewould beno agglomeration or flocculation asthere
areno sudden abrupt changes. Visud observation of dll
thediluted samplesrevea sno preci pitation/ sedimen-
tation. On dilution, the density of fluid getsreduced
whereasthesound vel ocity isincreased whichimplies
that some form of compactness, exists between the
components of themedium®.

Any elevationin sound velocity may be attributed
to two chances as (i) the increase in compactness of
themedium or thereduction in free space between the
componentsand (ii) an elevationinthe pressure of the
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medium. For agiven pressureand frequency asinthis
caseitisonly the compactnessthat enhances sound
velocity. Compactnessin turn, may be dueto the de-
velopment of size of the componentsor theincrease
in the number of component molecule. If the size of
the component devel ops, moreenergy will be needed
to overcometheinertial effectd?!! and so thisisover-
ruled here. Thusthe effect of dilution increasesthe
number of componentsavailablein themediumand at
the sametimedrastically increasesthe effectivevol-
ume per unit mass and hence sound velocity increases
whereas dengty decreases. However, thefluid isfound
to remain asmagnetic fluid. It may dueto the surfac-
tant, which protectsthe nano particlesfrom excess
carrier, indoing so; it creates strong interaction be-
tweenthecarrier particles.

Thecal culated val ues of adiabatic compressibility
andfreelengthincreasewith dilutionwheresstheacoudtic
impedance decreases. The easewithwhichamedium
be compressedisindicated by thecompressibility val-
ues?d. Thefreelength isfound to be a predominant
factor in determining the nature of sound vel ocity varia-
tionsintheliquid mixtures?. Thusthelarger va uesof
B withincreasing percentage of dilutionreved that the
coated particlesarein aset away mood and thus an
increaseindistance of separation exits. Thisisreflected
inthe observed freelength va ues. Theextent of oppo-
sition offered to sound propagation isindicated by Z
values. Asthedilutionisnot only toincreasethe num-
ber of componentsinthe medium but at thesametime
it replaces the surrounding atmosphere of the coated
heavy particlesby thelight water particles, thereby re-
ducestheinertid effects, acoustic propagationismade
very easier or therepulsion to sound isreduced. Thus
the Z values show adecreasingtrend. The appreciable
variation intheva ueswith respect to thedilution sug-
geststhat theexistinginteractionsare strong?.

TABLE 2 presentsthe measured values of ultra-
sonicvelocity inparallel and perpendicular directions
for variousexternd magneticfiddsat 303K. Thetrend
of sound velocity isfound to beincreasing with respect
tothefield aswell asdilution. For nodilution, velocity
variationsareless pronounced in paralldl directionfor
lower filed vd ueswhereasit ishighly pronounced than
for perpendicular direction at higher field values. On
dilution, the entire picture gets changed, as sound ve-

"/ CHEMICAL TECHNOLOGY

A Tudéan Journal



178

Effect of dilution on the water based starch coated magnetic fluid

CTAIJ, 6(4) 2011

Pull Paper =

TABLE 2: Measured valuesof velocity in ms*for variousapplied magnetic field at 303K

M agnetic field strength (in Gauss)

Dilution % Parallel field
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
0 14522 14523 14525 14527 1453.1 14540 14545 1456.2 1457.3 1458.6 1459.5
10 1454.6 1452.4 1452.6 14529 1453.2 1454.6 14549 1456.3 1457.6 1458.9 1459.8
20 1456.3 1453.1 1453.6 1453.8 1454.0 1455.0 1455.2 1456.6 1458.2 1459.2 1460.2
30 14579 1453.8 1454.4 1454.6 1454.9 14554 1455.7 1456.9 1458.6 1459.9 1460.7
40 1460.2 14542 14549 14551 14553 14559 1456.2 1457.2 1459.2 1460.1 1461.6
50 1462.3 1455.1 1455.6 1455.9 1456.2 1456.8 1457.1 1457.8 1459.8 1461.2 14625
Perpendicular field
0 14522 14523 1452.8 1453.2 1453.7 1454.1 14547 14552 1456.0 1456.7 1457.5
10 1454.6 1452.4 1452.8 1453.2 1453.8 14544 14549 14553 1456.1 1456.8 1457.7
20 1456.3 14525 1453.0 1453.3 1454.0 14547 1455.2 14554 1456.4 1456.9 1457.9
30 14579 1452.6 1453.2 14535 1454.2 14550 14554 14557 1456.7 1457.2 1458.2
40 1460.2 14527 1453.6 1453.9 1454.6 14552 14558 1456.0 1457.0 1457.3 1458.6
50 1462.3 1452.8 1454.1 14544 1455.0 14556 1456.0 1456.3 1457.3 1457.9 1459.2

locity suddenly decreaseswiththeonset of fid for both
orientations. However, it exhibitsanincreasingtrend as
external fieldincreases. Thissudden dropinvelocity
maly be attributed to the chaotic repulsions offered by
thediamagnetic nature of water!, Asexternd fiddin-
creasestheexisting ferro particlesinthe medium pre-
dominatesthe chaosof thediamagnetic career and hence
sound velocity isinincreasing trend in both orienta-
tions. For agivendilution, theincreasein magneticfiled
increasesthesound vel ocity andinthesimilar way for a
givenfiddsrength, theextent of dilution asoincreases
thesound velocity. Thisistruefor parald aswell asin
perpendicular fidd. However, thevariationsarenot much
pronounced inthe perpendicular field.

Theincreasein sound ve ocity withincreasng mag-
neticfiled isdueto thereorientation of the magnetite
particlesdong thedirection of thefiled. Dependingon
thedirection and the strength of theexternal field, the
orientation of magnetic diploeswill bethere. Thecon-
tinuousincrease of velocity suggeststhat achainlike
structure or cluster formation is possible between the
magnetic particles. Thusit may lead to purely tempo-
rary agglomeration that cannot be avoided assuggested
by'?¢l. However, for the perpendicular field, asthe ef-
fectivework doneby themagnetic dipolewill bezerd®,
thevelocity variations are not much pronounced. For
thesamereasonsascited aready, theextent of dilution
increasesthe sound vel ocity. It ispeculiar to notethat

larger dilutionand larger external field yieldsamaxi-
mum sound vel ocity that onemay leed tothink thet highly
diluted fluids can be suited for practical applications,
whichisnot exactly so duetothedrastic fall intheir
magnetic propertied?’). Asregardsthe acoustic prop-
erties, thegrain-fidinteractionsare evident and found
to bethedeciding factor of thevel ocity inthe medium.
Thustheobservation of thisTABLE clearly revea sthat
theexigtinginteractionsare of grain-field typeand the
effect of dilutionisunanimousinwegkeningtheexisting
interactionsandisindependent of fidd srengthand angle
of inclination.

TABLE 3 present the values of 3 under various
externa fieldswhereas Figure 1 & Figure 2 depicts
thevariation of freelength with external field. Asex-
pected they behave similar to each other and reverse
to the sound velocity. The higher value of 8 at high
percentage of dilution indicates the existence of the
moreamount of free space between the components.
Thustheexcess career areexisting freely in between
the coated particles® and hence L, also shows an
increasingtrend.

Withtheonset of theexterna fieldin both orienta-
tions, for diluted cases, 3 shows a sudden increase.
However theincreasing external field tendsto form
many clusters, thereby reducing 3. Thereisno such
increasein 3 for undiluted sample, which clearly re-
vealsthat the dilution makesthe medium to bemore
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TABLE 3: Calculated valuesof adiabatic compressibility in 10°Pa*for variousapplied magneticfield at 303K

Magnetic field strength (in Gauss)

Dilution % Parallel field
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
0 40871 4.0865 4.0854 4.0843 4.0820 4.0769 4.0742 4.0647 4.0585 4.0513 4.0463
10 41451 41576 4.1565 4.1548 4.1531 4.1451 4.1434 41354 41280 4.1207 4.1156
20 42149 42359 4.2305 4.2294 42282 4.2224 42212 42131 42039 4.1981 4.1924
30 42725 42966 4.2930 4.2918 4.2901 4.2872 4.2854 42783 4.2684 4.2608 4.2561
40 43178 4.3535 4.3493 4.3482 43469 4.3434 4.3416 4.3356 4.3237 4.3184 4.3096
50 43600 4.4033 4.4003 4.3984 4.3966 4.3930 4.3912 4.3869 4.3749 4.3666 4.3588
Perpendicular Field
0 40871 4.0865 4.0837 4.0814 4.0787 4.0764 4.0731 4.0703 4.0658 4.0619 4.0574
10 41451 4.1576 4.1553 4.1531 4.1496 4.1462 4.1434 4.1410 4.1365 4.1326 4.1275
20 42149 42349 4.2340 4.2323 42282 4.2242 42213 42201 4.2143 4.2114 4.2056
30 42725 43037 4.3001 4.2984 4.2942 4.2895 4.2871 4.2854 4.2795 4.2766 4.2707
40 43178 4.3625 4.3571 4.3553 4.3511 4.3475 4.3440 4.3428 4.3365 4.3350 4.3279
50 43600 4.4172 4.4093 4.4075 4.4039 4.4003 4.3978 4.3960 4.3899 4.3864 4.3786
PARALLEL FIELD rarefied of ferro particles, thereby weakeningtheexist-
inginteractions. Further the chaos between thediamag-
40 netic career and theferromagnetic particlesarereflected
E > —— —8 8§ . . .
- ; oy in the sudden change with the onset of thefield. As
£ a5 LA . e . )
= ™ ey external fieldisincreased theferro magnetic particles,
D 41 | being solid, predominatesthe diamagneticinterruptions
@ L ) and hence cluster formation sustained at higher field
- e e e T e .
o 4.05 - o | values. Thevariationsinthefreelength reflect smilar
@ ., . .
= 4 . suggestionsof . Such conclusions are supported by
' ' ' thefindingsof Taketomil® inwhichtheeffectivecduster
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Figurel: Variation of FreeL ength with external field (Par al-
lel) at 303K.
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Figure2: Variation of FreeLength with external field (Per-
pendicular) at 303K.

Sizes have been detected.

The decreasein 3 and L, with respect to the ap-
plied fiddindicatesthat theexterna field supportsthe
chain structureformation. But theincreasing trend of
the parameterswith dilution revea sthat theformation
of chain structureisnot supported by dilution and fur-
ther it leadsto theindication of weakening of interac-
tionsas convinced by!? in some sugar solutions. This
istruefor both parale and perpendicular fieds.

Z asisobserved givesan exactly reversetrendto 8
and L, from Figures3 & 4. Theweakening of interac-
tionsby dilutionisagainreflected here.i.e., inthecase
of diluted samples, Z exhibitsalower va ueif theexter-
nal field isapplied. In such cases, asexcesscareer is
available, themedium ismore homogeneousfor sound
propagation Z decreases suddenly. However the onset
of field makestheferro particlesto be highly dispersed
and areinterrupting the sound propagation, thus show-

] CHEMICAL TECHNOLOGY

A Tudéan Journal



180

Effect of dilution on the water based starch coated magnetic fluid

CTAIJ, 6(4) 2011

Pull Paper =

ing adepressed vel ocity associ ated with decreased Z
vaue. However, thegradua aignment of theferro par-
ticlesby theincreasingexternd field supportstheacoudtic
transmission and hence the acoustic impedance in-
Creases.

PARALLEL FIELD
o
_E 1.7 i b B
2 "» s 5 5358 Bunnd
ENE 165
0 2 5]
7 - PPV G o
E ——————— % —8
& 1.55 4 T T 1
0 2000 4000 6000

External field in Gauss
Figure3: Variation of Acougtic |mpedancewith external field
(Parallel) at 303K.
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Figure4: Variation of Acoustic Impedancewith exter nal field
(Perpendicular) at 303K.

A continuousincreasein Z with theapplied field
and a continuousdecreasein Z with dilution are no-
ticed. Theclustersformed inthe medium by the exter-
nal magneticfield are el ucidated and the sound energy
that propagateshasto overcomethe heavy inertia ef-
fectsof theformed structure. Thisisreflected inthe
enhanced Z valuewith respect to thefield. Theultra
sonicanaysisin human cerebro spind fluidsdone by
indicatethat theincreaseininteractionsarereflected by
theenhanced Z vauesdueto thedevated glucoseleve.
Such observation formsasupport for the present case
inwhich thestarch, the polymer of glucosein agueous

career can lend asupport to the appreciableinterac-
tions. However asdilutionincreasestheinertid effectis
very much decreased, thereby pronounced decreasein
acousticimpedanceisnoticed.

CONCLUSION

1. Theexistenceof grainfieldinteractionsare con-
firmed.

2. Theeffect of dilution on the water based starch
coated magnetitefluidisfound to bereducing the
chain structureformation and weskeningthegrain-
fiddinteraction.

3. Thegrainfiddinteractionsareevident at the enor-
mousdilutionaso.
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