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ACOUSTIC PROPERTIES OF STYRENE BUTADIENE RUBBER-
ISOCYANTE COMPOSITION REINFORCED WITH CARBON
NANOTUBES AND SILICON OXIDE NANO-POWDER

SUMMARY

In this study, the main aim is about enhancing acoustic properties of styrene butadiene
rubber with small amount of carbon-nanotubes and silicon oxide nanopowders which
were added to the styrene butadiene rubber -isocyante composition. The acoustic
properties are tested with the additon of small amount of carbon-nanotubes and silicon
oxide nanopowders (S-type, P-Type) to the rubber-isocyante composition. By adding
CNTs and/or nano-silica in the form of powder at different concentrations up to 5%
within the rubber-isocyante composition to improve the sound absorption were
investigated in the frequency range up to 1250Hz. In this thesis, both CNT and nano-
silica particles are added with different quantities to the rubber-isocyante composition.
The properties, specially the sound transmission loss and sound absorption, are studied
for all the prepared samples and results are investigated to come up with the best
nanocomposites that can be applied for our sound absorption application at the desired
operating frequency. For rubber-isocyante nanocomposites, a fixed weight percentage
of CNTs (up to 5 wt%) was first mixed with the rubber at 2000 rpm for 10 min using
an overhead stirrer equipment. Mixing was started from a speed of about 100 rpm and
it was gradually increased to 2,000 rpm for 10 min when the CNT is added to rubber-
isocyante solution. The amount of CNT added was 0.25, 0.5, 0,75 and 1 percent of the
total weight. Same procedure is applied fot the silicon oxide nano-powder. The small
amount of silicon oxide nanopowders (S-type, P-Type) added was 0.25, 0.5, 0,75, 1
percent of the total weight.

Firstly, the isocyanate was added to the styrene butadiene rubber which has granul
diamater smaller than 2mm and stirred for 5 min at 2000 rpm at room temperature in
plastic mould. The rubber-isocyante mixture, which were molded into another
cylndrical plastic volume and were pressurized in that volume, were screwed, and were
kept at room temperature for 1 day before characterization.Secondly, sound
transmission loss (STL), determined with an impedance tube, was used to characterize
our fabricated samples soundproofing properties. The testing was performed according
using a Briiel & Kjaer 4206 acoustic test system comprising an impedance tube,
speaker, three microphones and a digital frequency analyzer to measure the sound
tranmission loss. Sound transmission loss measurement of the samples were
determined using large impedance tube. The basic test results showed that addition of
1 wt.% s-type Silicon Oxide Nano-powder and 1 wt.% p-type Silicon Oxide Nano-
powder composition improved sound transmission loss up to %20 percent than that of
pure rubber-isocyante sample. The accumulation of excess CNTs and nano-silica
aggregate in void space of a cell can act as a barrier to influence the movement of the
sound wave inside a cell. It should be stressed that the presence and distribution of
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nano-particles has a huge role to play in the nanocomposite especially at the higher
particle loading.
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SiLIKON OKSIT NANO TOZLARI VE KARBON NANOTUPLERI iLE
GUCLENDIRILMIS STIREN BUTADIEN KAUCUK- IZOSIYANAT
KOMPOZiSYONUNUN AKUSTIK OZELLIKLERIi

OZET

Ses iletim kaybi1 6zelligini arttirmak i¢in nano partikiil olarak CNTs (karbon nanotiip)
kullanilmas1 daha 6nce de arastirilmis ve CNTs (karbon nanotiip) eklenmesinin
sistemin akustik absorpsiyonun biitiin aralik degerlerinde pozitif yonde katki sagladigi
goriilmiistiir. Cok diisiik oranlarda, 6rnegin % 0.01 gibi degerlerde dahi CNTs
eklenmesi gorece olarak ¢ok diisiik bir etkiye sahip olurken, % 0.1 gibi CNTs
eklenmesi akustik 6zelliklerin kayda deger bir sekilde yiikselmesini saglamaktadir.

Ses dalgalar iki ana mekanizma ile absorbe edilmekte olup bunlardan bir tanesi
mekanik siirtinme ile, digeri de direkt termal enerji dagilimina maruz kalmasidir.
Polimerler igerisinde nano partikiil bulunmasi, 6zellikle de CNTs bulunmasi, mekanik
enerji dagiliminda ve 6zellikle loss modiiliinde kayda deger artis ile birlikte kuvvetli
bir sonliimleme etkisine sahip olacagi bilinmektedir.

Bu tez calismasinda 6zellikle silikon oksit nano tozlari ve karbon nanotiipler ile
giiclendirilmis kauguk-izosiyanat kompozisyonunun akustik 6zellikleri arastirilmis
olup % 5’1 gegmeyecek sekilde farkli oranlara sahip 10’dan fazla numunenin birbirleri
ile kiyaslanacak sekilde akustik 6l¢iimleri yapilmistir. Arastirmanin basinda kauguk-
izosiyanat olusumunu saglsayacak sekilde stiren biitadien ve izosiyanat malzmeleri
temin edilmistir.

Birinci boliimde, deney asamasinda kullanilan karbon nanotiipler 40 ile 60 pm ¢apinda
ve 200 pm uzunugunda olup 85-90 % saflik degerine sahip olmaktadirlar. Deney
sirasinda kullanilacak olan karbon nanotiiplerin etkilesimini arttirmak icin hidrojen
peroksit (H202) kullanilarak ultrasonik banoyoya sokulmustur. Ik asamalarda 1.5
gram karbon nanotiip 35% H202-nin 500 ml’si ile ultrasonik banyoya sokulmustur.
Fonksiyonalitesi arttirilan karbon nanotiipler daha sonra olusan soliisyon hidrojen
peroksit’ten aridirilacak sekilde iki kez saf su ile yikanip filtreden gecirilmistir. Bu
kisimda filtreden gecirme islemi sirasinda hassas filtreler dikkatli bir bicimde
kullanilmig ve hem soluma hem de temas yoluyla olusabilecek tiim zararli durumlar
onceden saptanmis ve engellenmistir.

Bir sonraki asamada ise 80°C sicakliktaki firinda yaklasik 8 saat tutularak kurutulmasi
saglanmistir. Hidrojen peroksitten arindirilmis karbon nanotiip icerisinde kalan sudan
kurtarilmak amaciyla genis bir cam kaliba konulmus ve diizenli olarak kontrol edilerek
tam olarak kurudugundan emin olunana kadar etiiv i¢in bekletilmistir, bu siire
optimum olarak 8 saattir. Kuruyan karbon nanotiip agz1 kapali bir kapta saklanarak
herhangi bir kontaminasyona kars1 korunmuya alinmistir

1:10 oraninda karistirilacak izosiyanat ve kauguk malzemelerinden, kaucuk hassas tarti
tizerinde tartildiktan sonra genel agirliga gore sirasiyla %0.25, %0.5, %0,75 ve %1
oraninda olacak sekilde karbon nanotiipler karigtirilmistir. Izosiyanat ve kauguk ilk
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once mekanik karistirict igerisinde yaklasik 10 dakika boyunca 2000 dakika devir ile
karistirtlmaktadir. Boylece izosiyanat ve kauguk iyi bir sekilde karistirilmis olmalari
saglanir. Burada 6zellikle daha homojen bir karisim igin ilk basta yiiksek hizda degil
daha diisiik dakika devir degerlerinden baslanarak karigim hizlandirilmistir. Bir
sonraki agsamada artik iyi bir sekilde karigsmis izosiyanat ve kauguk karigimi igerisine
nano malzeme dokiilmesidir. Hassas terzide kiitlece %0.25, %0.5, %0,75 ve %l
oraninda olacak sekilde ayarlanan nano malzeme kauguk-izosiyanat karigimi i¢erisine
dokiiliir. Tekrar mekanik karistiricida 10 dakika siirecek sekilde 2000 dakika devir
hizinda karistirilir ve karisimin homojen bir sekilde karigsmasi saglanir. Karistirma
islemi plastik kaplarda yapilmakta ve daha sonra hidrolik basing ile pimli silindirik
kaplarda sikistirilip 1 giin siireyle basingl sekilde bekletilmektedir.

Hidrolik basing altinda pimli kaplarda sikistirilarak bekletilen numunler ayn1 sicaklik
ortaminda ve ayni basing altinda bekletilmistir. Farkli sicaklilarda ortaya ¢ikabilecek
farkliliklar bu sekilde engellenmistir.

Benzer sekilde ayni asamalar nano-silika malzemeler icin de gerceklestirilmistir.
Yiizde bakiminda oranlar1 %0.2, %0.5, %0.75 ve %1 olacak sekilde toz formunda
nano-silika malzemeler karistirilmistir. Deneylar sirasinda iki farkl: tipte silikon oksit
nano tozlart kullanilmistir. Bunlardan bir tanesi p-tipli olarak adlandirilmis gozenekli
ve 60-70 um capinda nano-silika olup bir digeri s-tipli olarak adlandirilmis kiire
seklinde ve bir dncekinden daha biiyiik ¢apli olacak sekilde 15-20 um ¢ap araliina
sahip nano-silikadir. Her ikisi de toz formunda olup ¢esitli kimyasal islemlerden
gecirilmis ve s1vi formunda getirilmis nano-silikalar da kullamlmstir. Ozellikle toz
formunda nano-silikalar ihtiva eden kauguk-izosiyanat yapisi deney sirasinda ¢ok daha
dengeli sonuglar vermis olup sivi formundaki nano-silikalar deney sonuglar1 disinda
tutulmustur. Karbon nanotiiptekinin benzeri bir sekilde toz formundaki p-tip ve s-tip
nano-silika tozlar ilk once kauguk ile karistirtlmis MDI (izosiyanat)’a eklenerek
karistirtlmaktadir. Bir 6nceki numunelerde de oldugu gibi ayn1 ¢ap genisligine sahip
olacak sekilde farkli oranlarda kaucuk bazli malzemeler tiretilmistir.

Her bir iiretilen numunenin temiz bir sonu¢ verebilmesi i¢in ses diizenegi igerisine
yerlestirilmeye uygun boyutlara sahip olmasi gerekmektedir. Bunun i¢in kalip
icerisinden ¢ikarilan her numune daha sonrasinda 6zel su jeti ile kesilmistir. Sujeti ile
yapilan kesimler dncesinde lazer kesim ve benzeri tiim kesim yontemleri denenmis
ancak istenen piiriizsiiz yiizey elde edilememistir.

Ik asamada kalinlik degerlerinin ayni olmasi saglanacak sekilde numune miktari
saptanmistir ve 125gr kauguk, 12,5 gr izosiyanat ile yaklagitk 10mm kalinlikta
malzemeler basing alitnda bekletismistir. Sonraki agsamada ise 100 mm ¢apa sahip
numuneler elde edilmesi i¢in su jeti ile kesim yapilmistir. Boylece 10 mm kalinliga ve
100 mm ¢apa sahip piirlizsiiz numuneler elde edilmistir. Bu sekilde elde edilen 12 adet
numune daha sonrasinda Briiel & Kjaer 4206 akustik test sistemi igerisinde sirasiyla
Olclilmiistiir.

Ses iletim kaybi (sound tranmission loss) dl¢iilen her bir numune daha sonra birbirleri
ile kryaslanmistir. Kiyaslamalar, grafikler lizerinden yapilmistir ve farkli nano
malzeme yiizdelerinde farkli iyilesmeler goriilmiistiir ancak bu iyilesmeler diizenli
olarak artip azalmak gibi bir egilim sergilememektedir.
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Her bir numune 6nce akustik test sistemi igerisindeki uygun yere yerlestirilmekte daha
sonra sessiz ortamda olusan ses iletim kaybi Ol¢iilmektedir. Olusturulan grafikler
sonucu tretilmis farkli oranlardaki 12 numunenin birbiri ile kiyaslanmasi
gerceklesmistir. Uretim sirasinda karsilasilan ve sonuglarda da kendisini belli eden bir
durum su sekildedir. Karistirilan karbon nanotiip miktar1 %0.75°1 gegmesiyle birlikte
kauguk ve izosiyanatin birbiri ile etkiselimi kotii yonde olmakta ve yeterli bir sekilde
birbirine tutunan bir yap1 olusmamakta ve bunun yaninda homojen bir dagilim elde
edilememektedir.

Elde edilen grafikler yorumlandig1 zaman 6zellikle 250 Hz degerine kadar kiitlece %
0.75 ve % 0.5 karbon naotiipe sahip numunenin daha iyi bir akustik 6zelligie sahip
oldugu goriilmektedir. Diger yandan kiitlece %1, % 2 ve %5 karbon nanotiipe sahip
numuneler ise biitiinliiklerini koruyamamistir. Bu durumda daha yiiksek karbon
nanotiip yiizdeleri i¢in daha yiiksek izosiyanat kullanilmasi durumunda yine
biitiinlesik yapida farkli numuneler ortaya ¢ikabilecektir. En iyi sonuglar 100hz ve
daha sonrasinda 200hz’de goriiliirken 250Hz {istiinde katkisiz referans numunenin
daha iyi sonug verdigi gorilmistiir.

Nano-silikalar, hem p-tip hem de s-tip nano silikalar %0.25, %0.5, %0.75 ve %1
oraninda olacak sekilde karistirilmis olup yapilan akustik testler sonucunda en iyi
degerlere kiitlece %1 p-tip silikaya sahip karigim ve %1 s-tip silikaya sahip karisim
oldugu goriilmektedir. %1 {tizeri silika eklenmesi yine malzemenin biitiinliigliniin
bozulmasina yol a¢mistir. En iyi sonuglar 100hz ve daha sonrasinda 200hz’de
goriilirken 250Hz iistiinde katkisiz referans numunenin daha iyi sonug¢ verdigi
gOriilmiistiir.

Ek olarak ses yutma katsayist ile ilgili yapilan 6l¢iimler de hem karbon nanotiip hem
de nano silikalar i¢in yapilmistir ve yine kauguk-izosiyanat kompozisyonunun ses
yutma katsayisint gelistirdigi gozlemlenmistir. Ses yutma katsayisi hali hazirda
kauguk-izosiyanat kompozisyonu i¢in 6lgiilen degerin 2 katindan da fazlasina ¢ikmasi,
nano malzemelerin yiiksek etkisini farkli bir akustik 6zellik ile de dogrulamistir.

Sonug olarak karbon nanotiip ve nano silikalar ile yapilan ¢caligmalar ile goriilmektedir
ki nano malzemeler, kauguk-izosiyanat tabanli malzemelerin hem ses iletim kaybi
ozelligine hem de ses yutma katsayisina dnemli derecede iyilestirme yapmustir.
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1. INTRODUCTION

In this thesis, acoustic properties of the styrene butadiene rubber - isocyante
compositions reinforced with carbon nanotubes and silicon oxide nano-powder were
investigated. Both CNTs and nano-silica particles are added with different quantities
to the rubber-isocyante compositions. By adding CNTs and/or nano-silica in the form
of powder at different concentrations up to 5% within the Rl composition to improve
the sound absorption were investigated in the frequency range up to 1250Hz. All the
prepared samples and results are investigated to come up with the best nanocomposites

that can be applied for sound absorption application at the desired operating frequency.

1.1 Purpose of Thesis

Adding small amounts of nanoparticles in a polymer matrix can considerably improve
the desired properties of the composite. The properties, especially the sound
absorption, are studied for all the prepared samples and results are investigated to come
up with the best nanocomposites that can be applied for our sound absorption
application at the desired operating frequency. Carbon nanotubes and nano-silica
incorporation on sound absorption of rubber - isocyante compositions were
investigated. Effects of different parameters such as quantities, mass per unite area and
percentage of nanoparticles on Rl compositions were also investigated. Main purpose
of the thesis is that determine the acoustic effects of CNTs and Nano-Silica added

rubber - isocyante compositions.

1.2 Literature Review

In order to enhance the RI properties, attempts have been made to incorporate
appropriate reinforcements into the matrix material [1]. Adding small amounts of
nanoparticles in a polymer matrix can considerably improve the desired properties of
the composite. However, the extent of success in enhancing the properties depends

strongly on the uniform dispersion of particles at the nanoscale as well as good



interaction between the matrix material and nanoparticles. It appears that fibrillar
nanoparticles, particularly carbon nanotubes (CNTSs), have great potential in the
enhancement of Rl composites properties. It was shown that by incorporation of only
0.1 wt% CNTs, a significant improvement in acoustic damping can be achieved [2].
SiO2 nanoparticles have also been widely introduced into polymers to improve the
heat resistance, radiation resistance, mechanical and electrical properties of polymer
materials [3]. However, current studies concerning various aspects of these
nanoparticles in RI materials are very limited, and thus further investigations are

required.

There are also few studies in the literature regarding the use of nanoclay [4], titania
nanoparticles [5, 6] multi-walled carbon nanotubes (MWNTS) reinforced material for
giving rise to considerable improvement in sound absorption. Especially CNTs having
promising mechanical properties were used as a filler to improve sound absorption
properties of the PU-based composites [7]. Additionally, nano-silica have been widely
introduced into polymers to improve the heat resistance, radiation resistance,
mechanical and electrical properties of polymer materials [8, 9]. Nano-silica
compositions have remarkable improvement in materials properties. [10]. Nano-silica
has the features of small particle size, narrow particle size distribution, porous, large

surface area [11].

In an experimental study with polyurethane foams, with increasing density of the
foams, their cell size decreases, and the sound absorption ratio of foams increases. This
confirms that foams with small cell size absorb sound better than the foams with large
cell size. The sound waves lead to the vibration of the thin cell walls and air inside
cells. The sound energy is dissipated through vibration damping of the cell walls and
air. Better sound absorption ability of foams with small cell size could be due to the
high cell density resulting in more dissipation through vibration damping of the cell
walls and air. Up to a certain loading of CNT and nano-silica, the absorption of sound
is noted to increase substantially. Very high loading can result in aggregate formation
leading to no improvement in the stiffness of the cell wall. At very high loading, the
uneven distribution of silica can affect the stiffness of the cell wall in such a way as to
reduce the modulus and tensile strength of the foam. Besides, the accumulation of
excess CNT and nano-silica aggregate in void space of a cell can act as a barrier to

influence the movement of the sound wave inside a cell. It should be stressed that the



presence and distribution of nano-particles has a huge role to play in the
nanocomposite especially at the higher particle loading[19].

Thermal (A= thermal conductivity) and acoustic (TL= Transmission Loss at normal
incidence) properties of granular silica aerogels for building insulation are
investigated, taking into account the impact of granules size (small, medium, and large
granules) on the performance of the bed. The experimental results reveal that the small
granules (granules size in the 0.01-1.2 mm range), which have the highest density (80-
85 kg/m3), have the best performance both in terms of thermal and acoustic properties.
Depending on the granules size, A varies in the 19-22 mW/mK range at 10°C, whereas
TL value equal to13 dB at about 6400 Hz for 20 mm thickness was obtained for small
granules. Very good acoustic performance is in general achieved: the best sound
insulation properties are observed for small granules (TL=19 dB at about 6400 Hz for
40 mm thickness), whereas for medium and large granules maximum values are in the
10-14 dB range[20].

Sound absorption coefficient measurements show that the resonant frequency of the
nanofibrous membrane decreases with increasing area density of the membrane and
increases with decreasing average diameter of the nanofibers. Comparing results from
the examination of both acoustic characteristics (transmission loss L (dB) and the
sound absorption coefficient o) shows that the resonant frequencies are not in
agreement. The peaks occurring under each measurement are formed at different
frequencies. The transmission loss measurement shows that 530 Hz and 2700 Hz
would be the resonant frequencies of the measuring apparatus during transmission loss

measurement[21].

PU foams filled with two different fillers, NanoSilica and NanoClay at different
loading levels were prepared and characterized for thermal, mechanical and sound
absorption properties in the low frequency range of 100 — 200Hz. Maximum sound
absorption coefficient value of 0.80 with improved properties was obtained at 1.4% of
NS and NC filled PU foam at a thickness of 15mm while the same alpha was obtained
at 60mm thickness for unfilled PU foam . On the other hand alpha of 0.88 was obtained
in PU/NS-GF cloth hybrid at thickness of about 20 mm. The increase in alpha has been
attributed to pore size, uniform distribution of filler and porosity. Nanosilica and glass
fiber contribute towards improvement in sound absorption even at low thickness of the

material. Thus maximum sound absorption is achieved in low frequency range (100-



200Hz) even with lower thickness of PU by incorporating nano fillers and also with
glass and polyester cloth in hybrid composite foams[22].



2. THEORETICAL PART

Transmission of sound through structures, glass temperature of materials, physics of

sound, styrene butadiene rubber and isocyanates are investigated.

2.1 Physics Of Sound

Sound can propagate through a medium such as air, water and solids as longitudinal
waves and also as a transverse wave in solids. The sound waves are generated by a
sound source, such as the vibrating diaphragm of a stereo speaker. The sound source
creates vibrations in the surrounding medium. As the source continues to vibrate the
medium, the vibrations propagate away from the source at the speed of sound, thus
forming the sound wave. At a fixed distance from the source, the pressure, velocity,
and displacement of the medium vary in time. At an instant in time, the pressure,

velocity, and displacement vary in space.

During propagation, waves can be reflected, refracted, or attenuated by the medium
[29].

The behavior of sound propagation is generally affected by three things:

o A complex relationship between the density and pressure of the medium. This
relationship, affected by temperature, determines the speed of sound within the

medium.

e Motion of the medium itself. If the medium is moving, this movement may
increase or decrease the absolute speed of the sound wave depending on the
direction of the movement. For example, sound moving through wind will have its
speed of propagation increased by the speed of the wind if the sound and wind are
moving in the same direction. If the sound and wind are moving in opposite

directions, the speed of the sound wave will be decreased by the speed of the wind.
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e The viscosity of the medium. Medium viscosity determines the rate at which
sound is attenuated. For many media, such as air or water, attenuation due to

viscosity is negligible.

Although there are many complexities relating to the transmission of sounds, at the
point of reception (i.e. the ears), sound is readily dividable into two simple elements:
pressure and time. These fundamental elements form the basis of all sound waves.

They can be used to describe, in absolute terms, every sound we hear.

However, in order to understand the sound more fully, a complex wave such as this is
usually separated into its component parts, which are a combination of various sound

wave frequencies (and noise)[30].

Sound waves are often simplified to a description in terms of sinusoidal plane waves,

which are characterized by these generic properties:
« Frequency, or its inverse, wavelength

e Amplitude, sound pressure or Intensity

e Speed of sound

« Direction

Sound that is perceptible by humans has frequencies from about 20 Hz to 20,000 Hz.
In air at standard temperature and pressure, the corresponding wavelengths of sound
waves range from 17 m to 17 mm. Sometimes speed and direction are combined as

a velocity vector; wave number and direction are combined as a wave vector [30].

2.2 Transmission of Sound through Structures

A typical noise control application involves a combination of absorption of sound and
transmission of sound energy by a variety of airborne and stucture-borne paths[23]. It

is shown in Figure 2.1.
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Figure 2.1 : Sound transmission paths between a room containing a noise source and
adjacent rooms[23].

Transmission Coefficient t, for walls
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(T is a frequency-dependent physical property of the material) (2.1)

Sound Transmission Loss STL = the log ratio of the incident energy to the transmitted

energy
STL=10log 1/t (2.2)

In Figure 2.2, the sound transmission loss is shown.
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Figure 2.2 : When sound strikes a partially absorbing partition between two rooms,

some is reflected back into room, some transmits into adjacent room[23].



A perfectly reflecting material has a transmission coefficient of 0 (STL = o0), while the
transmission coefficient of an opening is 1.0 (STL=0). It should be noted that typical

materials tend to be better at blocking higher frequencies.

Transmission loss can be measured directly (but not easily) by mounting a test panel
between two reverberation rooms and measuring the sound pressure levels on each

side. Other commonly used metrics to describe sound transmission include:
NR = Noise Reduction = LP1-LP2 (easy to measure) but NR # STL,

IL = Insertion Loss = change in sound levels with and without the barrier or treatment
in place (easy to measure)[23]

The power transmission factor 1 of a surface is defined as the ratio of the transmitted

power Wt and the power incident on the surface Wi .

Wi (2.3)
The sound reduction index (sometimes called transmission loss) is defined in dB as
F=10log %
! (2.4)

With p denoting the pressure and v the particle velocity, the acoustical power is defined

as

D SR Ip|?
W= -R{pv} =—"R{1/Z.}
2 2 (2.5)
where * denotes the complex conjugate, and Zc the characteristic impedance of the

medium, Zc = p/v. The power transmission factor can therefore be written as

2

Pt
Pi

T =

(2.6)

provided that the medium is the same on the input and output side [24]. The power
transmission factor can be seen as the ratio between the amplitude of the transmitted

and incident wave.



Another way to approach the power transmission factor is to consider two rooms
separated by wall. Assume that the sound field in both rooms are diffuse. The sound

intensity at the wall in the sending room is given by

W, =25 _g
Lpoco 2.7)

where pS denotes the sound pressure in the sending room and S the surface of the

separating wall. The power transmitted through the wall is

~2
II} - jjj; "lfi'

Lpgcy (2. 8)

where "pR and AR denotes the pressure and total absorption area of the receiving

room. Combining equation 2.7 and 2.8 gives an expression for the transmission factor,

_ AR
s S
’ (2.9)
And the sound reduction index
I.E“
R=Lg=Lp+10log —
SiR
(2.10)

The power transmission factor can therefore also be seen as the difference in sound

pressure level with a correction due to absorption in the receiving room. [25]

2.3 Styrene Butadiene Rubber(SBR)

Styrene-butadiene or styrene-butadiene rubber (SBR) describe families of synthetic
rubbers derived from styrene and butadiene . These materials have
good abrasion resistance and good aging stability when protected by additives. In
2012, more than 5.4 million tonnes of SBR were processed worldwide. [12] About
50% of car tires are made from various types of SBR. The styrene/butadiene ratio
influences the properties of the polymer: with high styrene content, the rubbers are

harder and less rubbery [13]. SBR is not to be confused with athermoplastic
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elastomer made from the same monomers, styrene-butadiene block copolymer is

shown in Figure 2.3.
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Figure 2.3 : Chemical formula of SBR

It is a commodity material which competes with natural rubber. The elastomer is used
widely in pneumatic tires. This application mainly calls for E-SBR, although S-SBR
is growing in popularity. Other uses include shoe heels and soles, gaskets, and

even chewing gum [13].

Latex (emulsion) SBR is extensively used in coated papers, being one of the cheapest

resins to bind pigmented coatings.

It is also used in building applications, as a sealing and binding agent behind renders
as an alternative to PVA, but is more expensive. In the latter application, it offers better
durability, reduced shrinkage and increased flexibility, as well as being resistant to

emulsification in damp conditions.

SBR is often used as part of cement based substructural (basement)waterproofing
systems where as a liquid it is mixed with water to form the Gauging solution for
mixing the powdered Tanking material to a slurry. SBR aids the bond strength, reduces

the potential for shrinkage and adds an element of flexibility.

It is also used by speaker driver manufacturers as the material for Low Damping

Rubber Surrounds. Additionally, it is used in some rubber cutting boards.

SBR is also used as a binder in lithium-ion battery electrodes, in combination
with carboxymethyl cellulose as a water-based alternative for, e.g. polyvinylidene
fluoride [14].
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2.4 Isocyanates

Many commercial grades of isocyanates used for making PUs are aromatic in nature.
Each isocyanate will give different properties to the end product, requiring different
curing systems and, in most cases, different processing systems. An important property
of an isocyanate is its functionality, i.e. the number of isocyanate groups (-NCO) per
molecule. For cross linked PU applications the average functionality of the isocyanate
is usually a little over two. The higher functionality isocyanates are used for special
applications. When a di-functional isocyanate is used with a di-functional polyol a long
linear PU molecule for elastomeric applications is formed. The common isocyanates
used to make PUs are shown in Figure 2.4 [15].

NGO CH~ )—NCo

Figure 2.4 : MDI (diphenylmethane 4,4 - diisocyante) chemical formula

A fundamental feature of isocyanates is their high reactivity. The reaction of the
isocyanate groups with one another or with small NCO-reactive molecules (for
example water or short-chain mono- or polyhydric alcohols) is utilized in the
modification reaction for the preparation of polyisocyanates, the crosslinking agents
for coatings [16]. In our experiment the isocyanate component includes difenilmetan
diisocyanate mixture (1ISO PMDI 92140) which is shown in Figure 2.5.

Figure 2.5 : Isocyanate used for production of the Rl composites
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2.5 Glass Transition Temperature

The glass—liquid transition or glass transition for short is the reversible transition
in amorphous materials (or in amorphous regions within semicrystalline materials)
from a hard and relatively brittle "glassy" state into a viscous or rubbery state as the
temperature is increased [26]. An amorphous solid that exhibits a glass transition is
called a glass. The reverse transition, achieved by supercooling a viscous liquid into

the glass state, is called vitrification.

The glass-transition temperature, Tg, of a material characterizes the range of
temperatures over which this glass transition occurs. In Figure 2.6, the diffrence is
shown. It is always lower than the melting temperature, Tm, of the crystalline state of

the material, if one exists[27].

. glass
melting transition
temp ECI': / temperature
heat : heat
r— = F——

Figure 2.6 : A heat vs. temperature plot for an crystalline polymer, on the left; and a

amorphous polymer on the right.

There are a lot of important differences between the glass transition and melting.
Melting is something that happens to a crystalline polymer, while the glass transition
happens only to polymers in the amorphous state. A given polymer will often have
both amorphous and crystalline domains within it, so the same sample can often show
a melting point and a T4. But the chains that melt are not the chains that undergo the

glass transition.

There is another big difference between melting and the glass transition. When you

heat a crystalline polymer at a constant rate, the temperature will increase at a constant
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rate. The heat amount of heat required to raise the temperature of one gram of the

polymer one degree Celsius is called the heat capacity [27].

A study for glass transition temperature is about nano silica fillers for styrene
butadiene rubber is done. The mechanical behaviour of a styrene-butadiene rubber,
containing 23.5% styrene and filled with up to 55% by weight with silica
nanoparticles, has been examined. The tan d spectra of these composites show a second
relaxation of relatively low intensity located about 40.8 °C above the main a relaxation,
the glass transition Tg; which occurs at 34.5 °C in the unfilled polymer. This is
attributed to an interfacial layer of polymer molecules whose chain relaxation
dynamics have been altered by interaction with the filler surface [28]. It is possbile to

say that nano silica increased the glass temperature of styrene-butadiene rubber.
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3. EXPERIMENTALS

Polymer foams are a group of lightweight materials, which are made up of a gaseous
phase distributed uniformly within a polymeric matrix. Rubber-lsocynate (RI)
composites are known to be the most widely used in sound insulation and thermal
insulation of constructions. They are important and versatile materials due to their
outstanding strength-to-weight ratio, their resilience, thermal, and acoustic insulating
properties, amongst other characteristics. The composite is produced by the mix of
Styrene Butadiene Rubber and Isocynate. After the mixing step the mixture is molded
to the pressure volume because of the importance of the shape and the fast drying of

the compound. Table 3.1 represents the properties of the materials.

Table 3.1: Properties of H 1710/06 styrene butadiene rubber and isocyanate

components
Physical 4
) Unit SBR Isocyante Standards
properties
Density DIN 51 757
g/lcm3 0,94 1.230
(20°C)
Viscocity DIN 53 018
Mpa.a - 210
(20°C)
ASTM D
NCO content H20 - 31,5
: 5155-96 A
Storage life Month 6

The surface modification which is appropriate on nanoparticles, not only leads to better
dispersion and compatibility of nanoparticles in polymer matrix, but also can form
chemical and physical interactions with polymer matrix, which guarantee a durable

chemical junction between the two incompatible phases [3]. Recipes for obtaining RI
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with CNT and nano-silica particles can be modified to include some additives that
might improve the properties of the mixture.

Nanoparticles tend to aggregate and show very poor dispersion in polymers, the
aggregation is more and more serious with the particle size reduced. To achieve good
dispersion of nanoparticles and yield better compatibility between nanoparticles and
polymer matrix, the use of various modification agents, such as trialkoxy silane, stearic

acid, and CTAB are recommended.

CNTs and Silicon Oxide Nano powder were added to the rubber and isocyanate
composition to improve sound insulation efficiency. Prior to the synthesis of RI
composites, four different weight ratios (0.25, 0.5, 0.75, %1 wt%) of CNTs were mixed
with H 1710/6 Rl composite (table 3.1) at 2000 rpm for 10 min by using an mechanical
stirrer equipped with a stirrer tip (figure 3.2 (b)). The stirrer tip made from polymer
material for preventing any kind of reaction with the composition. Table 3.2 shows the
percentage of the additives of the samples used for producing Rl composites.

Table 3.2 : Percentage of the additives of the Rl composite samples

MIXTUIRE RI

CNTS 0.25, 0.5, 0.75,
%1 wt%

NANO-SILICA 0.25, 0.5, 0.75,
S-TYPE %1 wt%

NANO-SILICA 0.25, 0.5, 0.75, %1 wt%
P-TYPE
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3.1 Carbon Nanotubes (CNTSs)

The diameters of CNTs used in the experiment are vary from 40 to 60 nm with a length
of around 200 um and purity %85-90. CNTs were first chemically-treated with a 3:1
concentrated sulphuric—nitric acid mixture followed by three times filtering and

washing with distilled water [17].

Carbon nanotubes (CNTSs) are allotropes of carbon with a cylindrical nanostructure. In
our study, as mentioned before, .CNTs were added to the RI mixtures, (0.25, 0.5, 0.75,
%1 wt%). When the RI mixture sample is synthesized at high speed, these additives
do not disperse homogeneously and they are aggregating each other. Therefore, the
mixing speed should start of about 200 rpm and it gradually increase to 2,000 rpm for
10 min when the nano-particles is added to the solution. Picture of CNT and the

measurment materials are shown in Figure 3.1 and Figure 3.2.

Figure 3.1 : A representative picture of used CNTs taken during RI production
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Figure 3.2 : A representative image of measurements

After added rubber and isocyanate is calculated, predetermined amount of the CNTs
are added to the mixture for mixing. What we observed is that increasing amount of

the CNTSs cause to decreasing homogeneity of the composition.

3.2 Nano-Silica

Silicon dioxide nanoparticles, also known as silica nanoparticles or nanosilica, are the
basis for a great deal of biomedical research due to their stability, low toxicity and

ability to be functionalized with a range of molecules and polymers [18].

Nano-silica particles according to their structure are mainly divided into two types: P-
type (Porous particles) and S-type (Spherical particles). P-type nano-silica surface
contains a number of nano-porous with the pore rate of 0.611ml /g;. In our experiment,

two different type of nano-silica were used (Table 3.3).

One of them is Silicon Oxide Nanopowder (SiO2, 99.5+%, S-type (Spherical), 15-20
nm, amorphous) and the other one is Silicon Oxide Hollow Micron Powder (SiO2,

99%, P-type (Porous), 60-80nm, amorphous).
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Table 3.3 : Properties of Silicon Oxide Nanopowder

Materials Characteristics
(Si02, 99.5+%, S-type
(Spherical), 15-20 nm,
amorphous)

Silicon Oxide Nanopowder (S-Type)

(Si02, 99%, P-type (Porous),

Silicon Oxide Hollow Micron Powder (P-Type)
60-80nm, amorphous)

3.3 CNT preparation

The CNT was functionalized by treating with the hydrogen peroxide (H202). A1.5¢g
sample of CNT was sonicated with 500 mL of 35% H202 at room temperature for 90
min. The solution was then filtered and washed twice with DI water to remove any
H202 and dried in the oven at 80°C for 8 hours.

3.4 Preparation of samples with CNTs

For RI Nano-composites, a fixed weight percentage of CNTs (up to 2 wt%) was mixed
with RI mixture at 2000 rpm for 10 min using an overhead stirrer equipment, as shown
in Figure 3.3. No surfactant, catalyst nor distilled water was added to the CNT/RI
mixture at this stage. When the RI sample is synthesized at high speed, the CNT
additives do not disperse homogeneously. Therefore, the mixing was started from a
speed of about 100 rpm and it was gradually increased to 2,000 rpm for 10 min when
the CNT is added to polyol solution. The amount of CNT added was 0.25, 0.5, 0.75,

and 1percent of the total weight.
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Figure 3.3 : Overhead stirrer used for mixing the composites

Finally, the mixture is moulded into pressure volume and dried for 1 day as shown in
Figure 3.4. This part is including the hydraulic press, screw down in cylindrical

volume. After the pressure part, samples are kept for 1 day for drying.

Figure 3.4 : Hydraulic Press

3.5 Preperation of samples with SiO2 Nano-Particle

Nano-SiO2 used in this experiment has two different diameters of about 10-15 nm and
60-80 nm. Same procedure with CNT’s is done. For RI Nano-composites, a fixed

weight percentage of SiO2’s (up to 2 wt%) was mixed with RI mixture at 2000 rpm for
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10 min using an overhead stirrer equipment same with the CNT’s. No surfactant,
catalyst nor distilled water was added to the SiO2/RI mixture at this stage. When the
RI sample is synthesized at high speed, the SiO, additives do not disperse
homogeneously. Therefore, the mixing was started from a speed of about 100 rpm and
it was gradually increased to 2,000 rpm for 10 min when the CNT is added to polyol
solution. The amount of CNT added was 0.25, 0.5, 0.75, and 1 percent of the total
weight.

3.6 Cutting the Samples

After the pressure step, samples are kept in the cylindrical volumes for 1 day and end
of the time the samples are taken out from the volume and packaged for water jet.
Water jet is needed for smooth surface which is shown in Figure 3.5. A lot of different
cutting method is tried but the volume of the sample is changed or the cutting method
failed for the sample. Only the water jet method became successful for cutting the
samples. For getting perfect cylindrical shape all the dimensions are important but the
mating surface of the samples with the impedance tube is the most important part that
is why the water jet is suitable for the cutting of samples. The thickness of the every
sample was optimized at production step with determining the weight of the each

materials.

Figure 3.5 : Water jet machine is used for shaping the samples
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After all process was done, all samples were shaped to be in a 1 cm thickness and 100

mm diameter which are shown in Figure 3.6.

P-Type Siliea
U2s

Figure 3.6 : 1 cm thickness and 100 mm diameter samples

As mentioned before, every sample was shaped and sliced to be in a perfect desired
size for acousticg tests. It was very important that every sample was in a same shape
for consistency.

As it is shown above, the samples were cut and sliced to be in a form cylinder having
100 mm diameter and 10 mm thickness. Porous form also can be seen top and bottom
faces of the sample. More than 50 samples have been produced and shaped as
mentioned above for determine acoustic properties. But this is done in 5 different step
and with the 5™ and the final step, 12 samples which are suitable for impedance tube,
are obtained. For decent measurement, one of the most important points was that
shaping of the form. It is clear that all the samples should have the same diameter and
thickness for a decent comparison as shown in Figure 3.7.
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Figure 3.7 : A photograph of a Rl Sample

As a result of the experiment the %wt of CNTs must be lower than %1 for RI (1:10).
When more than %1 wt is added. The sample always lost the unity as a result of high

CNT percentage

This can be explained by the reaction between CNT and isocynate with higher ratios.
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4. RESULTS AND DISCUSSION

Sound transmission loss and sound absorption coefficient results are investigated here.

4.1. Impedance Tube

Measurment are done between 50-1250 Hz frequency range. Temperature is 23°C and
the rate of the humidity is 50% during the measurment. The experimental setup is
suitaible to international standard “ISO 10534-2 Acoustics-Determination of sound
absorption coefficient and impedance in impedance tubes - Part 2: Transfer-function

method”.

The testing equipment which is determining the sound transmission loss depending on

frequency is shown in Figure 4.1.

Power Amplifier Acoustic Material Test
2716 C 3560C-S30

o — o
0 0 Sound Level
= = Calibrator 4231
Transmission Loss Tube Kit with Adaptor
(50 Hz - 6.4 kHz) 4206T DP 0775

_,L;

=

o2

Figure 4.1 : Testing equipment for determining the sound transmission loss
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Power Amplifier Acoustic Material Test - Single Sided
2716 C 3560C-529

i R i
| oo Ll

| =R EEEE R
AR S

0 Sound Level

Calibrator 4231
Impedance Tube Kit (50 Hz — 6.4 kHz) 4206 with Adaptor
DP 0775

Figure 4.2 : Testing equipment for determining the sound absorption coefficient

The testing equipment which is determining the sound absorption coefficient based on

frequency is shown in Figure 4.2.

Acoustic Measurments are done in impedance tube with the samples which are cut
100mm diameter. An example of a sample which is placed in impedance tube, is

shown in Figure 4.3.

Figure 4.3 : Sample in an impedance tube
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4.2. Sound Transmission Loss

Sound transmissionloss of the samples are determined and all the dates are shown in
Table 4.1.

Table 4.1.: Sound Transmission Loss of the Samples

TL [dB ref, 1,0]
CNT%050 | CNT%025 | Referans

S 383 383 364
; 34.6 38.0 322
i 33.0 340 289
28, 31,1 30,7 26,3
24, 26.6 26,8 211
7 18,8 20,5 16,1
212 154 181 22,7
27, . 27, 27, 26, 276 23,5 25, 272 26,9 26,6 283
400 31,8 31,7 31,7 32,1 31,3 32,0 31,1 30,7 319 31,8 31,7 32,6
300 334 35,7 359 36,0 35,6 338 33,5 354 36,0 35,8 35,8 36,3
630 38.5 38,9 358 35.8 38.7 398 39,5 39.6 398 38,7 35,8 383
300 37.0 408 417 41.6 35.8 396 423 426 404 404 40,1 37.6
1000 371 37% 378 38,1 37.6 373 38,3 38.% 377 37.7 374 383
1250 35.9 38.3 424 418 43.0 354 413 415 403 428 423 411
STC [dB] 33 33 34 34 33 34 33 34 33 33 33 33

As a result of Sound Transmission Class, the samples which have 0.75% S-Silica, 1%
S-Silica, 0.5% P-Silica, 1% P-Silica gave better results.

The physical properties of the samples are given in table 4.2. Rubber graniile diameter
is selected as <2mm and the weight of the rubber is 125gr. Binder ratio which is 10%,
equal to 12,5 gr and the ratio of nano materials are between 0.25%- 1% which is equal
to 312,5mg -1250mg. Samples molded into 125mm diameter plastic volumes and after
that cut with water jet, that’s why the final weights are smaller then the first weight.

The pressure part represents the hydraulic pressure which is done by hydraulic pressure

equipment.
Table 4.2. Physical Properties of the Samples
Rubber Average
Granules | Rubber | Binder Weight Volum  Density Thicknes Pressure
© | Diameter | Weight |  Ratio e |efem’) (grfem®)| s {Pa)
{mm) {em)
1 <2 125 10% = = = 83,02 83,6 0,99 1,065 60
2 <2 125 10% 0,5% - - 86,99 79,1 1,10 1,0078 60
3 <2 125 10% = 0,5% = 84,54 77,8 1,09 0,9905 60
4 <2 125 10% - - 0,5% 87,33 80 1,09 10188 60
£ <2 125 10% 0,25% = = 84,1 77,8 1,08 0,9%08 60
6 <2 125 10% - 0,25% - 84,73 80,2 1,06 1,0208 60
7 <2 125 10% = = 0,25% 84,99 80,2 1,06 1,0218 60
8 <2 125 10% | 0,75% - - 87,132 80,8 1,08 1,0288 60
9 <2 125 10% = 0,75% = 87,79 78 1,13 0,9935 60
10 <2 125 10% - - 0,75% 87,08 79,1 1,10 1,0075 60
11 <2 125 10% - - 1% 88,03 82 1,07 1044 60
12 <2 125 10% - 1% - 88,24 81,8 1,08 1,0415 60
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It is possible to say that the STL result of each sample has similar tendency an it is
shown in Figure 4.4.
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Figure 4.4 : Sound Transmission Loss Measurments
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But for the sound transmission loss, 0.25% S-Silica, 0.50% S-Silica, 0.25% CNT, 0.75
P-Silica and 1% P-Silica including samples gave the best results. In Figure 4.5.

reference sample is compared with these best samples
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Figure 4.5 : Compare of reference sample and the best STL samples
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At low frequencies 2 types of silica both give better results based on sound
transmission loss values. But at high frequencies results are not as good as low
frequencies. As a result of that one can say that at low frequencies nano material added

samples can intercept the sound as a barrier. It is shown in Figure 4.6.
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Figure 4.6 : Compare of sound transmission loss of nano adicted samples and the

reference sample at low frequencies
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It is possible to say that silica added samples can improve the sound transmission loss
to 20% like values at low frequencies. If we investigate low fregeuncies more detailed,

it is considered that improvements between 3%-20% in sound transmission loss

appeared.

At 100 Hz frequency, the biggest diffrences can be seen and it is shown in Figure 4.7.

When the best samples are investigated, 15%-21% improvements in sound
Frequency
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Figure 4.7 : Sound transmission loss diffrences by percentage at 100 Hz

transmission loss are observed.
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4.3. Sound Absorption Coefficient

Sound Absorption Coefficient measurments are also done with impedance tube. CNT
added samples gave better results compared with the other samples. All the sound

absorption coefficient measurments of the samples are shown in Figure 4.8.
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Figure 4.8: Compare of Sound Absorption Coefficients

When the samples are compared at main frequencies again the CNT added samples

are again step forward. It is shown in Figure 4.9.
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Figure 4.9: Compare of Best Samples at significant frequencies

The samples which have the highest sound absorption coefficient are shown in Figure
4.10. These samples are 0.75% s-silica, 0.75% CNT, 0.5% CNT and 0.25% CNT.
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Figure 4.10 : The samples which have the highest sound absorption coefficient

33



Generally, better effects on sound absorption coefficient is obtained with the Carbon
nano tube added samples. Again it is possible to say that, up to 600 Hz frequency, the
improvement in sound absorption coefficient is more specific. In Figure 4.11, the

difference up top 600Hz is shown.
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Figure 4.11 : The difference in o up to 600 Hz

When low frequencies are investigated, up to 500 Hz frequency 0.25% CNT added
sample is giving the best result based on sound absorption coefficient as we compare
with the other nano added samples and the reference sample. Between 500-600 Hz
0.75% CNT, 0.50%CNT and 0.75% S-Silica containing samples are giving the best

results.

0.75% CNT, 0.50% CNT, 0.25% CNT and 0.75%S-Silica containing samples are
investigated at 100 Hz, 125 Hz, 250 Hz and 500 Hz. The results are shown in figure
4.12.
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Figure 4.12 : Evaluation of the best sample at 100Hz, 125Hz, 250Hz and 500Hz

Best samples which have better sound absorption coefficient at 100Hz, 125Hz 250Hz
and 500Hz are giving the best results at 500Hz. For example, at 500Hz 0.75% CNT
containing sample has 0.11 Sound Absorption Coefficient but Reference sample has
0,05. Improvements up to 110% are seen at 500Hz.
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5. CONCLUSION

With increasing amount of nano materials, their cell size decreases, and the sound
absorption ratio and the sound transmission loss of rubber-isocyanate composites
increases but after a peak point the absorption and transmission loss rates decreases.
This confirms that rubber-isocyanate composites sound transmission loss and sound
absorption properties are related with amount of the nano materials and also have an
optimum point. Up to a certain loading of CNT and nano-silica, the absorption of
sound and the sound transmission loss are noted to increase substantially. Formation
of fine morphology by fillers creates more paths for passing sound waves into the
composite structure and thus, they absorb more sound and on the other hand
transmission loss of sound also can be seen more efficient. Beyond a certain level, the
absorption profile is not improved that much. In fact, after attaining the optimum level,
further silica addition results in no change in the absorption characteristics or the sound
transmission loss ratio. This has been explained on the basis of distribution profile of
the CNT and nano-silica in the composite walls. Very high loading can result in
aggregate formation leading to no improvement in the stiffness of the cell wall. At
very high loading, the uneven distribution of silica can affect the stiffness of the cell
wall in such a way as to reduce the modulus and tensile strength of the composite.
Besides, the accumulation of excess CNT and nano-silica aggregate in void space of a
cell can act as a barrier to influence the movement of the sound wave inside a cell. It
should be stressed that the presence and distribution of nano-particles has a huge role
to play in the nanocomposite especially at the higher particle loading. The tests showed
that addition of 1 wt.% Silicon Oxide Nano-powder and 0.75 wt.% carbon nanotube
to rubber isocyanate composition improved sound transmission loss up to %20
percentage as a dB than that of pure sample. Addition of 0.75 wt.% carbon nanotube
to rubber isocyanate composition improved the sound absorption coefficient up to

%250 percentage as a dB than that of pure sample.
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