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Abstract:

This work tries to study the using of bromobutyle / butyle elasomeric blends in ultrasonic
transducers as a dry plastic interfacial media to inspect porous materials such as concrete and refractory
materials which can absorb liquid medias , through the study of acoustic impedance characteristics at
interfaces . These characteristics include acoustic impedance , the percentage of energy reflected, dB
loss, Power ratios expressions , and Pressure ratios expressions (Reflection Coefficient & Transmission
Coefficient ). They are studied by using ultrasonic instrument named CSI (type CCT- 4) with 26 KHz
frequency . Also, this research try to specify the suitable bromobutyle / butyle blend for immersion
inspect through the matching between the acoustic impedance of the blend and that of water. Samples
preparation achieved in Babylon Tiers Factory.

Results showed that by increasing bromobutyle ratio in the blend both reflection coefficient
and the percentage of energy reflected increased while acoustic impedance and Transmission
Coefficient have been decreased. Also, the results show that 20 bromobutyle / 80 butyle is the suitable
blend for immersion tests.

Keywords: Ultrasonic Waves , Acoustic Impedance, Rubber Blends.
Al
s 8 Aeadial) A8l Y gae B L g ga gl — L gd) Jaldaa SR aladil AlSa) sl il ey

Calaial e 5280 Ld il 4y ) jall 3 gall ooy S5 5SS dabisall ) gl Gl (3l i Jans oS dymanad) (358 21 5L anil)
Jlra (o JS ailadll a Ciienmi, dill 7 gl die 45 seal) dile Y1 (ailiad Tl 33 ODA (o Gl 5 AL il 3l 5al)
AV e e ) el s o Lol 550 o 52 5] ALY ¢ Aol A8 s € 5 gl A8l
CSI(CCT-4) aan Caaadind 28 5 o 3| Caaill 8 Uyl delival dalal) 48 58l <l pide A 2 3ladll & pas | 430
cruliall  allaal) aplaldl apaas Liayf Sl &l Jola dgpuall AdleY) gatliad (Wil 26 KHz o8 23 3 Jead Al
sl a0 il o yglal oLl oy i pa Jan Il S peal) A8le ) Jalaa dail 50 JA o sLally yadl) s sl
(Sl A8V Julrs e JS (i Lagd duSaiall 48U 4 5 dnlSai¥) e S 01 35 aldaal) ] 8 (15 503 5 5 5all
elally el ila sail Gialia (050 (Um0 /82 ) 20 /80 aladl) Ladall o IS il i jelal | 4,300 Jabaa
dgnandl (558 il gall | A3 gual) 48 glaall | Ailalae LDl sAgalida cilals

Introduction:

Sound travels through materials under the influence of sound pressure. Because
molecules or atoms of a solid are bound elastically to one another, the excess pressure
results in a wave propagating through the solid. The acoustic impedance (Z) of a
material is the opposition to displacement of its particle by sound and it is defined as
the product of its density (p) and acoustic velocity (V). Acoustic impedance is
important in [Heller, 2003]:

Z=pPV..ooiiiiiiiiiiiiiiii (1)
1- the determination of acoustic transmission and reflection at the
boundary(interface) of two materials having different acoustic impedances. where at
interface , a portion of the sound may be transmitted to the next medium and the
remainder reflected back to the first medium [Rouessac and Rouessac, 2004].
2- the design of ultrasonic transducers.
3- assessing absorption of sound in a medium.[ Bary and Stanley, 2003].
When the acoustic impedances of the materials on both sides of the boundary are
known, the reflection coefficient (R) at an interface between any two materials (RF)
can be calculated by the following formula [Sturat , 2007].
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Multiplying the reflection coefficient by 100 yields the percentage of energy
reflected (RF) [Olympus, 2010]:

‘1% ?
RE =L 2| 5 100% ..o, (3)
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Where Z, & Z, acoustic impedances of materials 1& 2.

The ultrasonic waves generated by transducers operate on the principle of
piezoelectricity using materials such as quartzite , lithium sulfate [Ginzel & Ginzel,
1994], or various ceramics [Kalpakijian & Schmid, 2003]. An ultrasonic sensor
houses a transducer that emits high — frequency , inaudible acoustic waves in one
direction when the transducer element vibrates.

Ultrasonic system are used to determine the distance to an object by
measuring the time required for an ultrasonic sound wave to travel to the object and
return to the source [Senscomp., 2016].

Ultrasound attenuates as it progresses through a medium due to three causes :
diffraction , scattering( reflection of the sound in directions other than its original
direction of propagation ), and absorption (conversion of the sound energy to other
forms of energy) [Auld,1990].

The amount of attenuation can play an important role in the selection of a
transducer for an application.

The dB loss of energy on transmitting a signal from medium 1 into medium 2
is given by:

4z z

dBloss =101og| —L 2| )
(z,+2,]

To study the behavior at a boundary , consider a plan wave ( incident wave
indicated by the symbol 1) travelling in material 1 approaches the boundary . Upon
striking the boundary ,part of the energy is reflected back into material I (indicated as
r) and part of it is transmitted into material II ( indicated as t ) [Bary and Stanley,
2003]. The portion of energy transmitted and reflected is a function of the properties
of materials [ & 11 .

Pressure ratios expressions can be calculated through the calculations of both
the reflection coefficient (R) and the transmission coefficient (T) [Bary and Stanley,
2003]:

P z.—z
R=-L="2 1 (5)

P z.+z

1 2 1
ngz e E (6)
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Where : P;: pressure of reflected wave , P;: pressure of incident wave, P . pressure
of transmitted wave.
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Values of R&T are employed to calculate both the stress (pressure,
amplitude) expressions and the power expressions. Power ratios rather than amplitude
ratios are often of greater importance in ultrasonic inspection.

The power expression yield the rate at which the energy is being transmitted
by the wave front . For our purpose , power (Pwr) is defined as [Bary and Stanley,
2003] :

Pwr = Stress xVelocityata point ................ (7)

In a manner similar to that used for the pressure ratios , the power ratios are [Bary
and Stanley, 2003] :

Pwrr ~ 1—(22/21) ®)

PWI’Z. 1+ 22/21)

Pwrl. (1 + (Z /z ))2
271

Where Pwr,: power of reflected wave , Pwr;: power of incident wave Pwr,
power of transmitted wave .

Ultrasonic transducer is device that converts electrical energy to mechanical
energy in the form of sound , and vice versa . It consists of the following components
[Josef and Herbert ,1990]:

1- Active Element : which is piezo or ferroelectric material, converts electrical
energy such an excitation pulse into ultrasonic energy.

2- Backing (Damping) : It is usually a highly attenuative . high density material that
is used to control the vibration of the transducer by absorbing the energy radiation
from the back face of the active element [Heller, 2003, Olympus, 2010]. Usually ,
a tungsten and epoxy mixture is used [Heller, 2003]. When the acoustic
impedance of the backing matches the acoustic impedance of the active element,
the result will be heavily damped transducer that displays good range resolution
but may be lower in signal amplitude [Olympus, 2010]. If there is a mismatch in
acoustic impedance between the element and the backing , more sound energy will
be reflected forward into the test material .The end result is a transducer that is
lower in resolution due to a longer waveform duration , but may be higher in signal
amplitudes or greater in sensitivity [Olympus, 2010].

3- Wear Plate : It is used to protect the transducer element from the environment ;
therefore , it must be a durable and corrosion resistance in contact transducer. For
immersion , the wear plate has the additional purpose of serving as an acoustic
transformers between the active element and the water [Olympus, 2010].

E. A. Ginzel & R. K. Ginzel developed a new elastomer designed specifically for
ultrasonic inspection , which can be applied independently of the probe .Porous
materials such as concert or refractory materials would too readily absorb fluids
and greases may be too messy . One of the solutions to this dilemma is to use the
so called " Dry Couplant" [Ginzel & Ginzel, 1994].

Couplant: It is a material (usually liquid) that facilitates the transmission of

ultrasonic energy from the transducer into the test specimen. Couplant is generally

necessary because the acoustic impedance mismatch between air and solids (i.e. such
as the test specimen) is large. Therefore, nearly all of the energy is reflected and very
little is transmitted into the test material.
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The couplant displaces the air and makes it possible to get more sound energy into
the test specimen so that a usable ultrasonic signal can be obtained. In contact
ultrasonic testing a thin film of oil, glycerin or water is generally used between the
transducer and the test surface. When scanning over the part or making precise
measurements, an immersion technique is often used.

In immersion ultrasonic tests of both the transducer and the part are immersed in the
couplant, which is typically water (which only allows about 12% of the energy into
the steel , and , of course , only 12% of any echoes to pass back across the interface
and back to the receiving transducer) [Bary and Stanley, 2003]. This method of
coupling makes it easier to maintain consistent coupling while moving and
manipulating the transducer and/or the part.

Experimental Work :

Recipes gradients : Elastomeric blends consist of Butyl rubber (IIR) and

Bromobutyl rubber (BIIR), in addition to the necessary gradients (table 1).
Table (1) : Gradients of elastomeric blends

No. Gradient (pphr )
1 IIR 100 75 50 25 0
2 BIIR 0 25 50 75 100
3 Zinc Oxide (ZnO) 5.3 5.3 5.3 5.3 5.3
4 Stearic Acid(St. A) 093 | 0.93 093 | 093 | 0.93
5 | Carbon Black (N-660) | 53.3 | 533 533 | 533 | 533
6 Oil 232 | 232 232 | 232 | 232
7 ™Q 0.85 | 0.85 0.85 | 0.85 | 0.85
8 Sulfur (S) 2.2 2.2 2.2 22 | 22
9 TMTD 1.14 | 1.14 1.14 | 1.14 | 1.14
10 MBTS 0.72 | 0.72 0.72 | 0.72 | 0.72

Samples Preparation:

1- Mixing of gradients : By using an open mill ,which contains two roles (the
diameter of each one is 150 mm and the length is 300mm ), mixing process was
accomplish to masticate the gradients until an even and smooth band is formed
around the front roller.

The roll mill has the ability to control the gab distance between the rolls at constant
rolls temperature (70° C).The mixing operation was executed on two stages: The
first one is called master batch consists of rubbers (IIR & BIIR), activators (ZnO &
St.A) , antioxidants(TMQ) ,and in the end of this stage carbon black (N-660) and
process oil is added in order to have optimum dispersion for the recipe ingredients.

In the second stage ,curing agent (sulfur) , retarders and accelerators (TMTD &
MBTS) were added to the previous master batch to prevent pre — vulcanization
(scorching) which may occur due to elevated temperature( due to too much heat
history).

2- Vulcanization process: By using hydraulic hot press and suitable molds, samples
have been cured for certain periods and certain pressures.

3- Sample dimensions: Table (2) shows the dimensions and the vulcanization
conditions of the samples used in this research.
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Table (2) Sample dimensions and their Vulcanization conditions

No. | Sample Type Vulcanization Vulcanization Disntizll)l ziicns
) Time (min) Pressure (MPa)
(mm)
Specific D‘isk with 3 mm
1 Gravit 30 40 thickness and 30
M mm diameter
Cylindrical rod
Ultrasonic with 100 mm
2 Velocity 45 40 length and 16
mm diameter

Results and Discussion:

Because both the mass of the atomic particles and the spring constants have
different values for different materials, sound will travels at different speeds in
various materials. The mass of the particles is proportional to the density of the
material, while the spring constant is related to the elastic constants of a material.

Sound velocity affected by many factors, such as density, elasticity and the
Poison's Ratio [Heller, 2003].

Figure (1) shows the decrease in ultrasonic velocity with the increase of BIIR
ratio in the blend because of the above reasons in addition to the increase of bromo
group in the blend .The presence of this big group causes an increase in the free
volume. This results in depression of the ultrasonic wave energy.

Acoustic impedance (Z) , also decreases with the increase of the ratio of
bromo groups (as shown in figure 2 ) because of the decrease of both the velocity and
the specific gravity of the blend as shown in table 3 . From figure 2 we can also see
that the blend with 20BIIR / 80 IIR has acoustic impedance close to that of water
(1.47 X 10° kg /m®.s) ; this blend is suitable for immersion tests.

20 —

[ W=192271 exp{-0. 1 ESITET " BIIR) ]

Yelocity (m/Hs)

BIIR %

Fig. 1: Ultrasonic Velocity vs. Blend Composition

Table (3): Effect of BIIR ratio upon the characteristics
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t % Z*10° dB Pwr,
BIIR | Sp.gr s) | (mfs) | (ke/m’s) RF R T loss / Pwr, Pwr, / Pwr;
0/100 1.1 48 1.666 1.8326 | 84.96 | 0921 | 0.07826 | -8.227 | 0.92173827 | 0.15039855
25/75 | 1.099 | 49.2 | 1.626 1.7869 | 89.07 | 0.9236 | 0.07638 | -8.3218 | 0.92361537 | 0.14710732
50/50 | 1.098 | 109 | 0.7339 | 0.8347 | 93.08 | 0.9648 | 0.03518 -11.6 0.96386976 | 0.07346254
75/25 | 1.094 | 230 | 0.3478 | 0.3478 | 96.67 | 0.9832 | 0.0167 | -14.78 | 0.98323505 | 0.03324883
100/0 | 1.093 | 234 | 0.3419 | 0.34188 | 96.73 | 0.9835 | 0.0164 -4.86 | 0.98353227 | 0.03256426

The amount of the energy that reflected (RF) at the interface between stainless
steel type 3XX ( Z =45 * 10 ® kg / m”.s ) and the blend have been increased because
the difference between the values of the acoustic impedances of the two materials
increases as shown in figure (3). The difference in Z commonly represents the
impedance mismatch.

2.0

16

2x10% (kgim2.5)

0.0

100 —

RF %

T =2 16578 exp [0 0153757 * BUR)

L1}

40 &0
BIIR%

Fig. 2 : Acoustic Impedance vs. Blend Composition
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Fig. 3 : Reflected Energy vs. Blend Composition
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Figure (4) shows the increase of the values of the reflection coefficient (R) at the
interface because of the increase of the reflected portion of the energy (P;)at the
interface .

1.00 —
7 [R=0.918506exp(0.000775395*BIIR) ]
0.98 —
2
) —]
o 0.96
0.94 —
02 ——r— 71— 1 T 1 T [ T ]
0 20 40 60 80 100
BIIR %

Fig. 4: Reflection (Pressure Ratio Expression 1) vs. Blend
Comnosition

Transmission coefficient (T) has been decreased because of the nature of the
blend structure. The new structure plays an important role in the transmit behavior.

Amorphous polymers have a structure specified by a random molecular
arrangement. Generally, these polymers are very efficient in their ability to transmit
ultrasonic vibrations. Semi-crystalline polymers have regions with orderly molecular
arrangement. The molecules of these polymers are spring- like and internally absorb a
percentage of vibrations , thus make it more difficult to transmit [Rolf and Ginzel,
2011].

The dB loss has been vary with the composition (as shown in figure 6) because
the sound waves reflected from interfaces within the material being tested , and grain
boundaries in solids are interfaces that may randomly oriented to the beam [ndt,
2010].

The behavior of both the pressure and the power at the boundary are
important in nondestructive inspection. Maximizing the power transfer is important
for designing efficient transducer. This is accomplished through proper impedance
matching of the transducer ceramic and the receiving material. Where defects are
indicated by reflection of ultrasonic energy at a boundary, the degree of impedance
mismatch is quite
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Fig. 5: Transmission (Pressure Ratio Expression 2) vs.
Blend Composition

dBloss= -8.36586 + 0.237862 BIIR
-0.0107264 BIIR*2 + 8.68448x10”5x BIIR*3

dBloss

B N I L B
BIIR %

Fio. 6: Enerov loss vs. Rlend

important in generating the reflected impulse [Mehta , 2007]. There are three

situations :

1-When Z; = Z, : there is no boundary ; there is no reflection .

2-When Z,>>7, : a metal and fluid , high impedance material radiating into a low
impedance material. It simply indicates a change in phase of the reflected wave.

3-When Z,<<Z, : fluid and material , the results indicate a pressure amplification for a

wave transmitted from a low impedance material to one of higher impedance.
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Figures (7&8) show the variations of

depending of acoustic impedances of the two materials.

the values of the power expressions

Table (4 ) : Pressure ratios & power ratios at boundaries
Ratio Zl = Zz Zl >> Z2 Z1 << Z2
P,/ P; 0 -1 1
P,/ P; 1 0 2

Pwr, / Pwr; 0 1 1
Pwr, / Pwr; 1 0 0
1.00 —
. Pwrr/Pwri = 0.91877 exp(0.000769322 * BIIR) ]
0.98 —

0.96 —

Power Ratio 1

0.94 —

0.92

BIIR %

\

100

Fig. 7: Power Ratio Expression 1 vs. Blend Composition
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Fig. 8: Power Ratio Expression 2 vs. Blend Composition
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