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Adulteration of petrol and diesel with kerosene is a common malpractice in India because kerosene has been made 
easily accessible at a price much cheaper than that of petrol and diesel. Such adulteration results in increased pollution, 
decrease in engine or machine performance, reduced lifetime of components, lower returns for money of the buyers and 
decrease in availability of kerosene to the needy people. There is no standard technique that is followed universally for 
detection of adulteration level. In this study, application potential of long period fiber grating (LPFG) sensor technology to 
detect fuel adulteration has been investigated. It was possible to detect presence of 10% contaminant in petrol and diesel 
using LPFG technique whereas the traditional technologies are able to detect presence of about more than 20% of the same. 
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1 Introduction 
Adulteration of petrol and diesel with kerosene is a 

common malpractice in India. Kerosene, being the 
domestic fuel for a very large poorer section of our 
society, has been made easily accessible at a price 
much cheaper than that of petrol and diesel by our 
Government. Petrol and diesel are used mostly in 
automobiles or in industries and this kind of 
adulteration results in increased pollution, decrease in 
engine performance or failure of machine-
components, lower returns for the buyers’ money and 
decrease in availability of kerosene to the needy 
people. According to a report released in 2001 by the 
Central Pollution Control Board, Delhi our country is 
losing at least Rs 10,000 crores annually because of 
fuel adulteration1, but lately, this figure has been 
estimated at over Rs 30,000/- crores which includes 
diversion of PDS kerosene and damages to vehicles. 

One of the most significant factors responsible for 
rampant practice of adulteration is non-availability of 
standard technique that is followed universally for on 
the spot detection of adulteration level as far as our 
knowledge goes. There have been many proposals for 
this purpose in the past like density measurement, 
titration technique, gas chromatography and optical 
techniques (other than FBG/LPFG technique). All 
these techniques require taking out the sample for 
measurement, thus, they are time consuming and are 
unable to detect adulteration2 level below 20%. Fiber 
optic sensors are quite promising in this case because 
optical fibers have desirable properties like light 

weight, small size, low attenuation, high performance, 
resistant to harsh environments, no fire hazards, large 
bandwidth and can be multiplexed to realise 
distributed sensing besides being chemically inert and 
immune to electromagnetic interference. These last 
two qualities make optical fiber sensors the safest 
devices to implement, as hydrocarbon environment is 
intrinsically hazardous. Also, as the optical fibers are 
a very low loss communication medium, it makes 
realization of a distributed sensing network in a 
hydrocarbon region with signal processing and 
monitoring from a remote location feasible. Besides 
offering all the advantages of fiber optic sensors, 
LPFGs also offer important key features like (i) 
wavelength coded information e.g. self referenced 
sensing, (ii) low back reflection, (iii) relatively simple 
and cost effective fabrication, (iv) core cladding 
coupling which makes LPFGs extremely sensitive to 
variation in refractive index of material surrounding 
the cladding as the cladding field is strongly 
attenuated by it. 

Refractive index sensing is the backbone of various 
chemical and biological processes as this fundamental 
property of materials is indicative of several physical 
and chemical parameters.This property of LPFGs is 
being exploited these days by numerous research 
groups worldwide to realise novel type of chemical 
sensors. This sensor technology has been investigated 
with promising results for petroleum hydrocarbon 
detection in Brazil3. The present investigation is a first 
of its kind in the country using long period fiber 
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grating (LPFG) sensor technology for fuel 
adulteration detection. Previously, Roy4 has reported a 
fiber optic intensity based sensor using an unclad 
fiber4. 

Long period fiber gratings (LPFGs) are in-fiber 
spectrally selective loss elements in which a periodic 
refractive index modulation with periodicity in 
hundreds of micrometers is introduced in the fiber 
core. This type of modulation couples the 
fundamental guided mode to different order cladding 
modes that attenuate quickly resulting in multiple loss 
wavelength resonance bands in transmission. The loss 
resonance wavelength at which coupling takes place 
satisfies the phase matching condition i.e. 
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where  and  are the effective refractive indices 
of the fundamental core mode and ith cladding mode , 
respectively and Λ is the period of the LPFG. Since 
effective index of a cladding mode is dependent upon 
the refractive index of the surrounding medium, any 
change in the latter alters the loss resonance 
wavelength. This is the basic principle of an LPFG 
based refractive index sensor. The effect of refractive 
index of the surrounding medium on the loss 
resonance wavelength is expressed by Eq. (2), 
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where  being the refractive index of the 
surrounding. Apart from the shift in loss resonance 
wavelengths, the variation in  is also reflected as 
variation in intensity of the loss resonance peak, 
which is determined by the efficiency of the 
intermodal coupling5,6. 
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2 Experimental Details 

To detect petrol adulteration using long period 
fibers grating sensor, a suitable glass cell was 
designed and got fabricated with two pairs of inlet-
outlet points; the first one to pass the fiber while 
another one to facilitate the flow of different liquids. 
The schematic of the experimental set up realized and 
its photograph are shown in Figures 1 and 2, 
respectively. 

A single mode fiber (SMF-28, Corning) with a UV 
written long period fiber grating on it was made to 
pass through this cell. The gratings were supplied by 

manufacturers with specifications i.e. resonance 
wavelength = 1562 nm and pitch = 380 µm. The fiber 
was kept stretched to prevent bending and was 
bonded with epoxy at both the end points of the cell in 
such a way that the grating section is approximately at 
the centre of the cell. Light was launched through one 
end of the fiber using a white light source while the 
other end of the fiber was connected to an optical 
spectrum analyzer (OSA) to observe transmission 
spectrum. Other pair of inlet and outlet of the cell was 
used for filling in and draining out different liquids in 
the cell. The fiber section enclosed in the cell was 
cleaned by washing with deionized water and 
isopropyl alcohol repeatedly, followed by drying 
properly, so that the original transmission spectra of 
the LPFG (observed on OSA) are obtained. In the first 
set of experiments, standard refractive index oils were 
filled in the glass cell to determine the maximum 
resolution of the experimental set up. Transmission 
spectrum was recorded after which the oil was 
drained and cell cleaned before using next oil sample. 
The  cell was then  filled with  uncontaminated  petrol 
sample and the transmission spectrum observed, after 

 
 

Fig. 1—Schematic of the experimental set-up 
 

 
 

Fig. 2—Photograph of the experimental set-up 
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which petrol was drained and the cell cleaned and 
dried again. Different solutions of petrol with varying 
percentage of kerosene were prepared. The cell was 
then filled with one solution at a time and the 
corresponding transmission spectrum recorded. As it 
has been  reported that the refractive index  sensitivity 

of the LPFG can be improved by reducing 
its diameter7, the LPFG was kept in 15% HF solution 
for 40 min, washed properly using deionized water 
and methanol and the experiment was repeated. All 
the resulting transmission spectra are shown in 
Figures 3 – 6. 

 
 

Fig. 3—Transmission spectra of LPFG with standard refractive index liquids 

 

 
 

Fig. 4—Transmission spectra of LPFG with  different  percentage  of kerosene in petrol 
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3 Results and Discussion 
To determine the refractive index sensitivity of the 

LPFG used in the investigations, its transmission 
spectrum was observed with a number of standard 
refractive index oils provided by M/s Cargille. For oil 
that has refractive index value higher than that of 
silica, there is no coupling of the guided mode to the 

cladding modes resulting in a flat transmission 
spectrum. For refractive index values lower than that 
of cladding, the transmission spectrum has blue shift 
as the ambient refractive index value increases. As 
expected, the ambient refractive index response of 
LPFG loss resonance wavelength is not linear as the 
LPG has maximum sensitivity when ambient RI value 

 
 

Fig. 5—Transmission spectra of etched LPFG with  different  percentage  of kerosene in petrol 
 

 
 

Fig. 6—Transmission spectra of LPFG with  different  percentage  of kerosene in diesel 
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approaches the cladding RI value while it is negligible 
for ambient RI value greater than cladding RI. The 
maximum resolution obtained was 3.57x10-4 in the RI 
range 1.450-1.454 (a wavelength shift of 11.2 nm was 
obtained). 

For petrol, a 10% addition of kerosene resulted in 
0.6 nm shift in resonance wavelength while a change 
of 10 to 20% of kerosene resulted in maximum 
wavelength shift of 1.2 nm. Though the maximum 
sensitivity achieved in this study is about 0.12 nm% 
of kerosene, it is possible to detect the presence of 
10% kerosene in petrol. Moreover, the external 
refractive index sensitivity of an LPFG can be 
improved using various methods as reported by many 
researchers in this field. This sensitivity is a function 
of grating parameters as well as cladding mode order 
coupling to the guided mode7,8. In our case , the 
gratings used have been manufactured elsewhere so 
there is no control over the parameters. Since the RI 
sensitivity has been reported to be inversely 
proportional to third power of the cladding radius5, 
some attempts were made to improve the sensitivity 
by reducing the fiber diameter and a slight 
improvement in the sensitivity was observed (a 
maximum sensitivity of 0.14-nm/ % change of 
kerosene for smaller percentage of kerosene). 
However, further attempts in this direction were 
needed to optimise the technique to get enhanced 
sensitivity, but it could not be done due to the non-
availability of LPFG samples. 

In case of diesel, the behaviour of the LPFG is 
drastically different. As soon as the cell was filled 
with 100% diesel the resonance dips vanished 
indicating disappearance of cladding modes. Thus, it 
can be concluded that the refractive index of diesel is 
certainly higher than that of silica. Use of increasing 
percentage of kerosene resulted in red shift in contrast 
with the case of petrol. A maximum wavelength shift 

of 31 nm for kerosene percentage change from 20 to 
40 was observed indicating a sensitivity of 1.55-nm/ 
% change. Thus, in this range it can detect minimum 
concentration change of 1%. 

 

Although there was a limitation of refractive index 
sensitivity but that can be improved in future with 
controlled fabrication of LPFGs. However, even in 
this preliminary investigation traces of contaminant in 
petrol and diesel upto 10 - 1% by vol could be 
detected which is difficult by using previous 
techniques. These sensors are chemically inert, free 
from EMI and the cell can be located away from the 
signal monitoring unit; they are an excellent choice 
for hydrocarbon contamination study. With the 
availability of single resonance band LPFGs, it would 
be possible to realize a distributed sensing network in 
a region with the optical signal processing and control 
from a remote location.  
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