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Dielectric characterization of materials : biofuels

(E impurities >> € biofuels)
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Biofuels with
impurities

Coaxial transmission line

2. LiQuUID BIOFUELS : IMPURITIES IN BIODIESEL

2.1 DIELECTRIC CARATERIZATION OF LIQUID BIOFUELS (BIODIESEL) WITH IMPURITIES

EpsiMu Cell
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2.1 DIELECTRIC CARATERIZATION OF LIQUID BIOFUELS (BIODIESEL) WITH IMPURITIES

Inorganic impurity : water

Inorganic impurity FOD EN 228 | EN 15376
water NS Ng | <0-300%
(m/m)
=50 mg/kg <10
sulfur <10 mg/kg | mgrke <10 mg/kg
<0.15
phosphorous NS NS mg/L

Permittivity of biodiesel (bio) with water
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2.1 DIELECTRIC CARATERIZATION OF LIQUID BIOFUELS (BIODIESEL) WITH IMPURITIES

2. LiQuUID BIOFUELS : IMPURITIES IN BIODIESEL

Organic impurity as « alcohol »: ethanol

methanol < 3.0 % (W/NV) <3.0% (V/NV)
Iethaﬂol <50% (V/NV) | <10.0% (v/V) |
iso-propyl alcohol =12.0%(V/NV) | =£12.0% (VIV)

Permittivity of biodiesel (bio) with ethanol

+12%
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homogeneous liquids mixtures :
biodiesel/ ethanol mixtures

POC (Proof Of Concept)
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2.2 MATERIAL AND METHOD OF POC (PROOF OF CONCEPT)

Radiofrequencies
probes

% impurities ?

> Material under test

Simulations of 30° transmission of POC with
biodiesel (bio) with ethanol

material -20
under test

4

I
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2.3 ONLINE MEASUREMENTS OF BIODIESEL/ETHANOL MIXTURES WITH THE POC

Bench of measurements of biodiesel/ethanol mixtures Results of Transmission (T) at 120°, 150° and 180°
biodiesel/ethanol mixtures

o -40
Z
- 3000MHz
-44
A 120°
m 150°
.48 .
+ 180 s & & 8 4 4
NS 29 i 13,6
. -_:_:_:_:__-_:_:_:_:_____:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:__E}/_\l, !
Liquid -52 3,4
unqer test
-56
-60

O 2 4 6 8 10 12 14 16 18 20

% ethanol

5 |:> A sensitivity of a 2% ethanol in biodiesel
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2.4 A CALIBRATION STUDIES WITH THE POC

Results of measurements and simulations transmission at 3000MHz Results area of simulations

3000MHz
o  -40 ; X
= simulations ; @ I 1 1 &
- r %
-44 i &> & : A s u
-48 >dB VOO T
A A 3 *
T
e
52 !measurements s 120° Results area of measurements
= 150°
-6 + 180°
-60
0 2 4 6 8 10 12 14 16 18 20
% ethanol
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2.4 A CALIBRATION STUDIES WITH THE POC

Difference between simulation (s) and Connection in the bench of measurements Losses insertion (datasheets) connection
measurements(m o - - : il
I
TS T T T T T T T T T T T T T T T T T T T T T T T T T T T e m T E e E T 1 moani®@ N AA ”‘
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| -2 | I Efn) Bl B X - - - % - - = - % - - — x
E : ' 3 gc ! -0’2
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: -4 \/ ! PORT E gg PORT
.~ .6 i measurements e« measurements 04 *-
3 - | g T
Z ' =, - o X
I w» -8 i - @ = % i
9 10 bio m - bio s (120°) | N SMA N SMA 6 06 S~
E -? - ——bio m - bio s (150°) E adalpter ada;}ter "5 \\X\\ \X\\\\
E E -12 ——bio m - bio s (180°) E " switch : g -0,8 IV \x\\
| & -14 ! LI |1 2 Tk N
: I e = ——— -1 ——--" 2 1 T X
| -16 | [ 1= == I [ Xl
: | | 1 1 X
: -18 : Coax Coax PORTS Coax Coax -1.2 TN
: : cable cable 5 o cable cable !
! -20 ! I I simulations I I SMA 90° adapter - -% - N SMA theory
1 1
E 1000 2000 3000 4000 E | -1,4 - -%- Switch theory - % - Coax cable theory
1
el el : - Frequency (MHz)

measurements (m) # simulations (s)

INSTITUT "
FRESNEL




b-l gf M ET 2. LIQUID BIOFUELS : IMPURITIES IN BIODIESEL EMPIR- _. Em"@

2.4 A CALIBRATION STUDIES WITH THE POC

Comparison of datasheets, connection measurements and
measurements (m) — simulation (s)

Connection in the bench of measurements

" SN N - O S N S I SER BN SEE IR GED GEE BEE SN G GE GEE BN IS I SIS IS S S S S . S - .- I
N SMA N SMA ; 0 !
adapter adapter I I
| -2 |
- - I -4 |
: I
I SWltCh I | -6 :
- I
I e} '10 |
I
I 1 | -12 bio m - bio s (150°) ;
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1 [ ' -16 ——T120°, T150°, T180° m I
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[ I ! .18 |
I
I [ 120 !
' I
T120° T150° T180° m -| SMA 90° adapter |-I ! 1000 2000 3000 4000
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I:> datasheets ~ connection measurements ~ comparison simulations/measurements
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2.5 DISCUSSIONS AND CONCLUSION OF POC (PROOF OF CONCEPT)

Biofuels applications 2 -40
" 44
) (3000MHz)
:> Validation of the characterization electromagnetic method of
liquids only on biodiesel / ethanol mixtures -48 . s 4 8 s 4 & & 4
o e . 52 8t
:> Optimization of the POC and validation for biodiesel
application : sensitivity at 2% of ethanol 56
+120° = 150° +180°
|:> Verification simulations/ measurements -60

0 2 4 6 8 10 12 14 16 18 20

% ethanol

Extra applications

|::> Agro-food application : water content caracterization in honey
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3.1 MICROWAVE TRANSMISSION METHOD FOR ONLINE MOISTURE MEASUREMENTS

Hopper system for characterization of moisture content in wood pellet

Patch antennas — Local measure
|)))) e .
wood —_— Frequency wide band
pellets —_— Cheap setup solution
conveyor belt
B L.

Complementary to the setup
developed by LNE-CETIAT

Antenna 1 Antenna 2
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3.2 CONCEPTION OF A RECTANGULAR PATCH ANTENNA

Rectangular patch antenna Simulation of the rectangular patch antenna
I patch 0 |
-z n l
W /L _ -5 I
L/9,5 mni, Er
¥ Heart plane |
4 i substrate -10
I
o
S———— Coaxial probe |
P @ -15 f r:226Hz
i
. g c
The patch caracteristics S 7o
o
9
For a resonance frequency Offr:Z,SGHz E -
L 35 mm
W 29,2 mm -30
g, 3,4
-35
Substrate thickness 5mm I
Position of coaxial probe 9,5 mm _40 .
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3.3 STUDIES OF THE HOPPER SYSTEM : FIRST MEASUREMENTS
)))S "d pellets Transmission measurements (T ) of the system with :
water :> * Hopper with w.p. > T, (dB)
€vacuum * Empty hopper 2 T ,4cyum (dB)

MC,,, (%) : Moisture Content of
wood pellets (w.p.)

Mettler Toledo

HB43
Setting : 1H, 130°C

d

w.p. + density of wood pellets

Tr = Tw.p._ Tvacuum(dB )

System measurements with vacuum and wood pellets
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3.3 STUDIES OF THE HOPPER SYSTEM : FIRST MEASUREMENTS

Measurement of the vacuum system Measurement of the wood pellets in the system
0 - 0
5 y 10 —6,7% MC
- 8,8% MC
-20 —10,8% MC
= .
=10 _-30
c )
2 )
@ —R1 measure ~ _40
g -15 ——R2 measure g
—R1 s!mulat!on 50
R2 simulation
-20
-60
I
v
-25 f r:2,5GHZ -70
1000 2000 3000 4000 5000 6000 7000 8000 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Frequency (MHz) Frequency (MHz)
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3.3 STUDIES OF THE HOPPER SYSTEM : FIRST MEASUREMENTS

Measurement of the wood pellets in the system Results of T,. of wood pellets
at 2050 MHz
0 _ -15
10 —6,7% MC 16
8,8% MC
-20 —10,8% MC
-~ -17
= -30 g
©
: ;
40 - A .18
-50
-19 T, = Tw.p._ Tyacuum(dB)
-60
-70 L -20
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 6 7 8 9 10 11
Frequency (MHz) % Moisture Content
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3.4 KEY OBSERVATIONS

16 -~ 2050 MHz
-17 ——)> Measurements repeatability

T, (dB)
—-
(o]

— Detection and analysis of peaks/ frequencies areas where

6 7 8 9 10 11 the moisture content can be differentiating

% Moisture Content

——> Nextstep: Confirmation of experimental approach with simulation

- Permittivity measurements of wood pellet ...
" Statistical approach: several samples
Higher sample holder dimensions
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LiQuID BIOFUEL

EXTRA APPLICATION:
LIQUID AGRO MATERIAL

SoLID BIOFUELS
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— Dielectric characterization:
- Ethanol
- Biodiesel (Tubitak)
- Mixtures
- Moisture Content and impurities detection: Proof of Concept

— Dielectric characterization of Honey: MC detection

= Preliminary study of a new setup to characterize MC in wood pellets

- To do: Dielectric characterization of wood pellets
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