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ABSTRACT

The present work examines the possibility to use homemade miniature
infrared (IR) sources in spectroscopic applications. Simple useful IR
applicationswere studied using | R sourcesmadefrom in-expensive available
materials. Different liquids absorptions of broadband IR radiation were
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compared. Theeffect of frying time on vegetable oil changing propertiesis
one of the applications described. Olive oil adulteration with in-expensive
vegetable oils such as corn oil was studied as a useful simple to perform
test. Industrially, the dependence of color dyes concentration on IR
absorption was also studied. These applications are discussed in view that
further improvement on such experiments could | ead to the construction of

a portable handy useful testing system.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Spectroscopy isanimportant identification research
tool inmany sciences, for examplein chemistry, phys-
ics, astronomy and many other related fields. Thetype
of source used determinesthe nature of the spectro-
scopic gpplication. Widerange of infrared sourcesare
available and or can be constructed; when designing
such sources, large spectra rangesand different work-
ing temperaturesare desired to get awell-character-
ized and trustable source”. In spectroscopy experi-
ment, absorption, emission and or scattering of elec-
tromagnetic radiation by atoms or moleculesdo take
place?, sincetheincident radiation ishaving different
IR frequencies; someof thefrequenciesof thelR light
passed through asampl e (asan example, organic com-

pound) are absorbed while other frequenciesaretrans-
mitted through the sample. Plotting percent absorbance
or percent transmittance against frequency givestheso
- caled IR spectrum®. Totransform agiven datafrom
asource; asigna istaken from detector through apro-
cessing system that convertsit to spectral form . IR
spectrumisagood method for identifications of mix-
ture components® or, theconcentrationsof specificlig-
uids and gases can a so be measured using IR absorp-
tion®. Beer-Lambert |aw describesthe un-attenuated
radigionintensity givenby asourceas. | =1 e*,Where
|, istheun-attenuated radiationintensity, | istheinten-
sity before absorption, tisthe path length and o isthe
absorption coefficient at aparticular wavelength unit.
The law explains the IR gas detection based on ab-
sorption.
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Thiswork isintended to perform smple IR spec-
troscopy experimentsto someapplicationsindiverse
areas using home made easy to prepare and handle
IR sources. In-expensive, simplicity and short time
record of the spectrum are of the many advantages
usually sought(® in spectroscopy experiments. Al-
though, many studiesare carried out with sophisticated
IR sourceswith encouraging results”#; our main con-
cernisto run experimentswith IR sources constructed
fromreadily availablematerias. Miniature, IR sources
were constructed from fecralloy sheet to supply pulsed
mid-IR thermal radiation to be used in the open air
and i sbased on dternating heating and self-cooling of
athin metal aloy. Details of thetheory involved can
be found somewhere®. In order to reach low warm-
up and cooling time an electrically modul ated black-
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body isusedinitssmaller size'?. In This casethese
sources are treated as a black body radiators, with
thermal emissivity e=1 and thermal pulses frequency
expressed ag'¥: f = (8eoT 3) / (c,pd), where, o is a
constant (6=5.67>10°Jm?K~s"), ¢ isthe specific
heat of thematerial, p isthemetal’s foil density and d
isitsthickness.

EXPERIMENTAL

Figure 1, Showsthe complete experimenta sys-
tem. ThelR sourcewas powered by squarewavetaken
from apower function generator to achievethe self-
cooling process. IR detection was possibleusing IR
pyroelectric detector having silicon window
area=16.49mm?,
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Figurel: Schematic showing the completeexperimental set up.

Fecraloy foils, consist of Fe(72.6%), Cr (22%),
Al (4.8%), S (0.3%) and Y (0.3%), witharesitivity of
134 uQacm and thermal conductivity of 11.5Wnrt K-

1[9]

IR sources

ThelR sourceswere constructed mainly using a
sheet of Fecralloy. Thisalloy iscomposed of Fe-Cr-Al
Sted containing “yttrium” at the following percentages:
(Fer2.8/Cr22/Al 5/Y 0.1/Zr 0.1) withfoil thickness 25
um. The most versatileof thealloysthat issuitablefor
use over wide rangetemperaturesup to 1300°C. The
“yttrium” Y can be used up to (0.3%) is the key to its
longer hightemperaturelife, having greater oxidation
resistance??. The optimum temperaturefor our experi-
ment was~ 900 °C, or when filament is heated to dull
red, the melting point of thealloy is~1380 °C. The

aloywascut to different dimendonribbonsandformed
intherequired shapethat suitsthe experimental set up
asshowninFigure?2.

Thesourceinitsmost smpleformisshownin Fg-
ure 2b, athough other sophisticated shapes can be con-
structed according to the need Figure2c and d.

Another ussful sourcewas constructed fromreadily
avallablelight bulb by just removingitsglassenvelope
asshowninFigure 3.

Another source was constructed from Nichrome
wire, itiscongsted of nickel—chromium having a room
temperatureresigtivity of 1.5x10°Q.m, 10cmlongand
cross sectional area 4.2x10® m? has a resistance of
4.3 Ohm was used to perform an IR, 4 turns helix
source,3.5cmlong, 0.25cmradius.

All types of sources were powered by a square
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wave delivered by apower function generator. Full
detail sof their studied characteristicsarereported in*3,

0.6 NN AD. 811N
0.5 nmﬁl 4 1mm

The maximum emitted power wasfound to beinthe
forward direction asshown in Figure4.

]
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Figure2: a-Fecralloy sheet and the cut off IR sour ces elements; b- IR sour ce element as connected into circuit; ¢c-IR

Rhombic sour ce; d- Sophisticated IR sour ce.
Samples

Commercial samplessuch asoilsand dyeswere
bought from local shops and used. In those applica-
tions, the same samplevolumewas allowed to be ab-
sorbed by apieceof filter paper (3x3cm?) and used as
asamplecarrier infront of thelR source.

EXPERIMENTAL RESULTSAND
DISCUSSION

Liquid absorption of IR radiation

The samearea~20 mm? of thewetted filter paper
wassubjected to IR radiation fromthelR sourcewhich
waslocated ~10 mm from thefront side of paper, the
detector wasinitialy located at 20mm from the other
side, the samplesare subjected to abroad band of IR
radiation intherange 2-15 um, since no IR filters were
used between the sample and the source.

Thetransmitted infrared radiation through samples
was examined; results of the characteristicscurvesfor

Woterioly Stience  mm——"

liquid samples: sesame seed, black cumin, Olive, oils
and glycerin and water areshownin Figure>b.

Figure3: AminiaturelR sourceconstructed froma 2.5V
lamp by removingitsglassenvelope.

It’s found from the graph that the transmitted inten-
sity isdependent on the type of used material. More
transmitted intensity meansless absorbanceby thelig-
uid, thechemical structureisthelimitingfactor for the
absorbed and transmitted infrared radiations. For ex-
ample, the sesameoil hasthe smallest viscosity com-
pared to other liquids used, so it allowed radiation to
betransmitted easily, i.e. larger intensity goesthrough.
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Figure4: Dependenceof IR intensity on theangle between
thevertical axistothefoil and detector.
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Figure5: Transmittanceof broadband | R radiation through
different liquid samples.

Black cuminoil hasalarger viscodty thanthesesame
oil soitscurveisshifted downward, theglycerin hasthe
largest viscosity of al and thiswill block theinfrared
from going through the paper to the other sidewhere
the detector is, hence, the absorbed radiation will be
large. Weter’s infrared absorption found to be the highest
aswater iseas |y permeated throughthe samplecarrier
fibers. Usngliquidsinthisway will smplify thetrans-
mission of theinfrared through the samplecarrier pa-
per; thoseliquidsthat will permeatethe poresand fiber
of thefilter paper greatly attenuatethe IR radiation.

Infact two effectsmust beat work, firstly thetype
of materid decidetheamount of IR radiation absorbed,
and the other propertiesof materia by whichthefilter
paper be opague or otherwise determinethelevel of
attenuation. In thisway one can usethesetypesof lig-
uids absorbed by filter paper to get more or less IR
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attenuation. Thisalowsthepossbility of differentiating
different typesof liquidsusingas mpleexperiment de-
pending on detecting thetransmitted infrared radiation
through liquids. We can seethe possibility of such ap-
plication asquality control in production linesin facto-
riesto monitor drinksand beveragefina specifications.

Effect of heatingtimeon oil properties

No doubt that oil propertieschangewith hezt, i.e.
Different oilshavetemperaturelimitationsafter which
their propertiesdegrade. Thisisalso related the num-
ber of timesoil hasbeen used for frying specialyin
thoserestaurants and factoriesthat used vegetableoil
many timesfor frying beforediscardingit. Inthiswork
oil sampleswereheated for different timeintervalsand
itsIR absorption studied. Resultsareshownin Figure
3, inwhich boiling temperatures areused. Increasing
timewill notincreasetemperaturesinceheat energy will
affect oil componentsat constant boiling temperature.

Knowing thefryingtime of avegetableoil isvery
important; Snceit affectsthe propertiesand the chemi-
cal structure of the oil and can be harmful for human
consumption. Thework hereisnot intended to deter-
minetheexact frying timeafter which degradation oc-
curs, but rather establish the basisfor afurther study to
be combined with an analytica study of change on oil
componentswith heating time. Thedesireisto estab-
lish an experiment that ssimply indicatesthe effect of
heatingtimeontheoil intermsof itsinfrared absorp-
tion. Figure 6 showsthe effect of heating vegetableail
for certain periodsof timeonitsability of IR absorp-
tion. It’s clear that IR transmission increases with heat-
ingtime; that isincreasing the heating timeresultedin
transparent oil dueto thegenerd changeintheoil prop-
eties.

It isfound that heating vegetable oil up to 2 an
hour doesnot affect thetransmitted infrared spectrum
much, but using thissameail for % hour has increased
thetransmitted intensity by afactor of 1.2, compared
to that of unheated oil. Henceacalibration can bees-
tablished to act asaguidefor thethreshold heatingtime
after which il propertiesbeganto change. Improving
thismethod can be useful in designing aportablehandy
tester useful for detecting thethreshold deterioration
limit of theused ail inwhichit stayshazard free.
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Figure6: Effect of heating time on cor n oil absor ption of
infrared radiation.
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| R absor ption by different dyeconcentrations

Effect of dye concentration on IR absorption was
studied. Different dye concentrationsin water were
used. Thedifferent solutionswere appliedto dye cer-
tain areaof cloth by thesameamount of dye. Thecloth
piecesdyedinthe different dye concentrationswere
then examined inthe sameway astheabove. Figure 7
Illustratesthe effect of dye concentration on IR absorp-
tion.
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Figure7: Dependenceof transmitted infrared radiation on
dyeconcentration.

Itisclear that asthe dyeincreasesthetransmitted
infrared flux decreases, moleculesof dyewill fill inthe
spaces of thecloth; obstructing or absorbingthe IR ra
diation, thiswill obvioudy decreasethetransmitted in-
frared radiation. Simple application of thissort can act
asaguideaongthe productionlineinfabricfactories
to ensurethe standard painting of fabrics.

Detection of oliveoil adulteration with vegetable
ol

Oliveoil isavauablehedthy materid andisatarget
for adulteration by inexpensiveails. Inthiswork; oliveail

wasmixedwithvegetableoil at different retios: 1:1 upto
10:1; theeffect of increased ratio of adulterationon IR
transmittance was studied by detecting thetransmitted
infrared radiation, resultsareshowninFgure8.
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Figure8: Effect of mixing cornoil with oliveail at broadband
IR absor ption.

Astheratio of oliveail to vegetableoil increases,
i.e. adulterationisless, relative absorbed intensity de-
creases. Itisknownthat oliveoil absorptioninthisre-
gion of IR band is higher than corn oil astheresults
indicates. Thismethod proved useful, easy to handle
andinexpensivetodiscover oliveoil adulteration. Hence,
aconclusionisdrawn thissimpleno time consuming
method isuseful for oliveoil authentication.

CONCLUSION

Inthiswork someapplicationscarried out success-
fully using homemade miniature IR sources. Thetypes
of experimentsperformed and thesmplicity theresults
being achievedindicatethevitality and splendor of these
homemade R sources. Thediversity of fieldsof appli-
cations employed such as: industry, agriculture and
health add to the advantages of the sourcesused. The
opportunity is available for portable easy to handle
measuring devicesusing such IR sources. Theleve of
sensitivity can be enhanced depending on thetype of
gpplicationin question by using sophiticated sengitive
equipment. Eventhough, inacrudemeasurement many
applicationscould be carried out to the satisfaction of
theexperimenter.
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