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Abstract

Graphene properties bring significant attention to enhancing the performance of attractive nanocomposites. This investigation
focused on the impact of polymer functional groups. Two polymers with the same backbone chain and different end functional
groups, poly (acrylic acid) (PAA) and poly (acrylic amide) (PAAm) reinforced with the graphene oxide (GO) nanosheets. The
developed mixing-sonication-acoustic method was successfully fabricated PAA: poly (vinyl alcohol) (PVA): GO and PAAm:
PVA: GO nanocomposites films. Fourier transforms infrared (FTIR) revealed the strongly interfacial interaction between
polymers and GO nanosheet, supported by shifting in the polymer's X-ray diffraction (XRD) peaks and an increase in the
crystallite size of the polymer. Scanning electron microscopy (SEM) exhibited fine homogeneous and good nanomaterials
dispersion in the polymers matrix. The sample showed better thermal stability, conductivity, and mechanical properties.
The contribution of GO showed a remarkable change in the structure, morphology, differential scanning calorimetry (DSC),
and slight enhancement of thermogravimetric analysis (TGA) results up to 25% and 20%, in contrast, thermal conductivity
(TC) displayed notable enhancement up to 50% from 10.76 to 16.24 W/m °C, and 225% from 3.54 to 11.24 W/m °C, of
PAA-PVA/GO and PAAmM-PVA/GO nanocomposites, respectively. The mechanical properties such as ultrasound velocity,
compressibility, and modulus of elasticity revealed notable enhancement after the contribution of GO up to 85%, 75% and
76%, 81%, and 233%, 148% of PAA-PVA/GO and PAAm-PVA/GO nanocomposites, respectively, compared to their blended
polymers. Adsorbed radiation significantly enhanced 24% by acid group nanocomposites and showed promising sensors,
thermostats, and other applications.
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Introduction

High-performance nanocomposites have attracted sig-
nificant attention from researchers and engineering for
wide and new applications. Several factors and challenges
faced the researchers to achieve good nanocomposites,
for instance, homogeneity, fine nanomaterials disper-
sion, strong interfacial interaction, load transfer, etc. [1,
2]. Functionalising the materials is an imperative key
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that could directly impact overcoming these challenges
and achieving significant interfacial interaction between
nanocomposite components for new and high-performance
nanocomposites. The functional groups of polymer and
nanofillers are among the most effective factors that could
form a strong interfacial interaction between the matrix and
nano-fillers. Also, it could achieve a homogenous and sta-
ble matrix, assist in good load transfer between the polymer
and nanomaterials in the matrix and bring great improve-
ment in achieving [3, 4]. In contrast, the loss of bonding,
aggregation, weak interaction, and failure results from
the lack of the component's functional groups, which may
reduce the nanocomposites' properties. This important fac-
tor, the polymer functional group, is not fully understood
with a lack of information in this field. Where most of the
investigation focused on the functionalisation of the nano-
fillers only, for instance, graphene [5], silica nanoparticles
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[6], and nano-SiO, [7], to improve the homogeneity of the
filler and enhance the compatibility and nanofillers inter-
action in the polymer matrix. Therefore, the study focused
on involving the polymer function group with the graphene
oxide nanosheets (GO) function group to reduce the knowl-
edge gap and achieve better interfacial interaction for high-
performance nanocomposites using nanotechnology.

Nanotechnology has wide and speared applications in
science and technology [8]. Nanomaterials characterisa-
tion has different physicochemical properties, such as
graphene and its derivatives. Graphene nanosheets' have
outstanding mechanical modulus with 1 TPa and breaking
strength reaching about 125 GPa [9], high thermal conduc-
tivity ~5000 W m~! K~!, and high electron mobility of 200
000 cm? v=! s! [10]. Graphene oxide nanosheets (GO) have
a large specific surface area of 2630 m? g~! and are rich in
function groups, such as hydroxyl, carboxyl, epoxy, carbonyl
groups, etc. [11, 12]. The functional group turns to GO into
strongly hydrophilic nanomaterials that assist to be more
capable of uniform distribution, strong interactions with
other materials and transfer the loading through the whole
materials [13, 14]. Based on that, graphene increases the
interfacial strength between the components of the mixture
and the other graphene sheets, which plays another role by
distributing the forces acting on the material over all parts
and dispersing the applied load [15, 16]. Graphene gives
more ability for the material to withstand the applied pres-
sure and greater hardness with resistance to shocks [17-19].
These unique properties of graphene gave high potential for
producing unique properties and wonder or novel polymer-
nanocomposites even at a very low load without affecting the
transparency of the materials or polymers [20, 21]. Graphene
is a multifunctional wonder material used in different areas
and has great adaptability to attract many applications as
chemists, drug delivery, environmental, engineering, nano-
electronics, sensors, supercapacitors, etc. [4, 22, 23].

This investigation focused on the efficiency of the polymer
functional groups instead of nanomaterials functional groups
to increase the compatibility of nanocomposite components.
Therefore, polymers were selected with the same backbone
but with different end functional groups: poly acid (PAA) with
the acid group and polyacrylamide (PAAm) with an amide.
PAA has a high negative charge density from the carboxylate
group of two carbon atoms in the main PAA chain [24]. PAAm
is a non-toxic polymer and soluble in water polymer, which
is interesting to improve the materials' viscosity, soft contact
lenses, oil recovery, flocculants, cover burns tissues, and water
mining treatment [25]. In addition, polyvinyl alcohol (PVA)
is not toxic, soluble in water, biocompatible, and has good
elasticity with a high tensile strength [5, 26]. Moreover, PVA
has polarised groups [14, 27] and hydrogen bonds with the
hydroxyl groups [4, 28] associated with more compatibility
between the nanocomposite components.
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J., Chen, et al. (2012) [29] reported an improvement in
the thermal stability and efficacy of 1,3-bis(2-chloroethyl)-
I-nitrosourea (BCNU) with glioma cells applying the PAA
functionalised cellular concentration. Covalently bound to
the nanocarrier increases the cancer cells' effective absorp-
tion of PAA-GO. The In-vitro anticancer efficacy improved
by up to 30% within the DNA and crosslinking of PAA-GO-
BCNU and a 77% reduction in the IC 50 value for GL 261
cancer cells compared with the same free-BCNU dosage.
Osma et al. [30] investigated increasing the temperature
impact and GO nanosheets on the swelling of the PAAm-GO
composite. Cooperative diffusion coefficients were calculated
using Li Tanaka's model supplemented with Stern Volmer's
Equations. GO may work as a multifunctional cross-linker,
forming more PAAm-GO composite junctions, increasing
crosslink density, and lowering swelling power. Li et al. [31]
study the shape memory polymers of dispersing PAA-GO
into the PVA mixture. They create a PVA/PAA-GO with
3% films for thermal and near-Infrared light brought shape
memory. This study combines high mechanical strength
with the capacity to rebuild the mechanical damage with the
exhausted form memory of the PAA-GO composites. Rein-
forced the self-healing PVA/PAA with a 3% loading ratio of
GO presented a durable structure, great thermal and near-
Infrared light the persuaded shape memory capacity. The
fracture stress and Young's module exhibit 70.4 MPa and
2.8 GPa, respectively.

Few investigations [29-31] were carried out on poly-
acrylacid (PAA) or polyacrylamide (PAAm) with PVA. In
contrast, the investigation focused on studying the impact
of the function group of polymer with functional groups
of graphene oxide nanosheets reinforced the structure and
thermo-mechanical properties of nanocomposites.

The experimental part
Materials

Sigma-Aldrich Company, UK, produced graphite powder
(£40 pm) and other materials used to synthesise GO. PVA,
Mw, 160,000 g mol~!, was produced by Dindori, Nashik,
India, PAAm, Mw, 5-30 million g mol~!, PAAm, Mw,
5-30%10° g mol~!, and PAA, Mw, 250,000 g mol~", were
obtained from Shenzhen sendi Biotechnology Co. Ltd,
China.

Methods
Synthesis of GO

The synthesis process of GO was illuminated in supplemen-
tary information and previous literature [2].
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Preparation of samples

The exponential methods flowed in three steps. Firstly, each
of the three polymers (PAA, PAAm, and PVA) was dissolved
in distilled water (DW) independently at a 49.5 wt. % using
a magnetic stirrer for 2 h. Meanwhile, GO was suspended in
DW at 1 wt. % with the assistance of magnetic starrier and
sonication bath.

Secondly, PAA was mixed with PVA at a ratio of (1:1)
as (50: 50 wt. %) for 4 h to prepare blended polymers PAA-
PVA, then (1 wt. %) of GO was loaded to the mixture of
blended polymers with a ratio of (49.5: 49.5: 1 wt. %) for
(PAA: PVA: GO) to get PAA-PVA/ GO nanocomposites.
The components were mixed for 30 min, and then the mix-
ture was sonicated using a sonication bath for 15 min. This
process was repeated for the first 24 h. Then followed by
mixing only without sonication for two weeks using a mag-
netic stirrer to achieve strong interfacial interaction, homo-
geneity and good dispersion of the nanomaterials in the pol-
ymers matrix. This same process was repeated to prepare the
PAAm-PVA and PAAm-PVA/ GO nanocomposites.

Finally, samples were located in a petri dish and left to
dry under air for dry, where all the procedures were carried
out at room temperature (20 + 3 °C).

Characterization

Fourier Transforms Infrared (FTIR) type vertex 70 made
by Bruker Company, Germany, working between 4000
-500 cm™!, XRD Diffraction type Xpert, Phillips, Holland,
and Filed Effect Scanning Electron Microscopy (FESEM)
type Mira-3, with 1.2 nm at 30 kV; 2.3 nm at 3 kV, Tescan,
France, were applied to characterise the sample structure
and morphology. Thermogravimetric-differential scanning

calorimetry (TGA/DSC 3 +), Elmer, Agilant, Perkin Elmer,
USA, and Lee's Disk manufactured by British Griffin and
George were used to record the thermal properties of the
samples. Ultrasound velocity multi ultrasound frequency
instrument type SV-DH-7A/SVX-7, made in Korea, was
used at (45) kHz for recording the ultrasound mechanical
properties. In addition, Sr-90, 1 u CI, 28.6 years with Beta
radiations was used for radiation measurement. The source
was pleased 3 cm away from the counter (detector of Gei-
ger). Meanwhile, the samples were located (2 cm) away from
the radiation source.

Results and discussion

Figure 1 illustrates the FT-IR spectra of the samples.
The spectra of PAA-PVA blended polymers showed sev-
eral peaks at 3292 cm™' of hydroxyl group stretch (O-H),
2940 cm™! of methylene stretch (C-H,), 1706 cm™! of car-
boxyl acid stretch (C=0), 1212 cm™! of the hydroxyl group
bend (O-H), and 1082 cm™! carbon dioxide stretch (C-O)
in agreement with other reports [29, 31, 32]. In contrast,
the contribution of GO revealed impacts and shifting of
the most peaks, such as form 3292 to 3254, 2940 to 2912,
1706 1700, 1218 to 1212, and 1077 to 1051 cm™! of the
spectra of PAA-PVA/ GO nanocomposites compared with
PAA-PVA blended polymers. The second blended polymer
PAAm-PVA revealed a broadband peak at 3285 cm™! of
hydroxyl (O—H) group, 2940 cm™! of (C-H), 1715 cm™! of
carboxyl acid (C=0) stretch, 1644 cm™ of the amide group,
1258 cm™! of hydroxyl group, (O-H), and 1087 cm™! of the
epoxy group (C—O-C) in agreement with the literature [24,
33]. Whereas the contribution of the GO nanosheets exhib-
ited shifting in the most peak, for instance, 2946 to 2940,

Fig. 1 FTIR spectra of samples
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1715 to 1706, 1660 to 1650, and 1266 to 1258 cm™" of the
spectra of PAAm-PVA/ GO nanocomposites compared with
PAAm-PVA blended polymers, this behaviour agreed with
other findings [2, 4, 14].

Both samples showed good formulation of the functional
groups of both polymers in the blended polymer samples and
the nanocomposites. In contrast, the loading GO nanosheets
presented stronger interfacial interaction from the shifting in
the position peaks of the functional group that could relate
to the formulation of the strong hydrogen interfacial interac-
tion between the functional group of polymer and the GO
functional groups in agreement with other researches find-
ings [14, 34, 35].

XRD patterns of both blended polymers and nanocom-
posites are exhibited in Fig. 2. Interestingly, these blended
polymers exhibited a different structure even though
they had the same backbone. Where PAA/PVA blended
polymer exhibited ten XRD peaks at 20 =15.0°, 16.6°,
19.9°, 21.2°, 23.6°, 25.9°, 31.1°, 33.7°, 40.9°, and 42.9°,
these related to PAA polymer in agreement with the other
reports [36-38], in addition, to the PVA peak at 26 =19.9°
that matched the literature [4, 39]. In contrast, the con-
tribution of GO in the PAA/PVA-GO nanocomposites
revealed significant shifting to 15.2°, 16.9°, 20.0°, 21.4°,
26.3°,31.4°,33.9°,41.2° and 43.3° compared PAA/PVA
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Fig.2 XRD patterns of samples
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blended polymers, in addition to a small feature of the GO
peaks at 20 =10.6 ° in agreement with the literature [2].

The spectra of PAAm-PVA displayed peaks at 20=32.1°,
45.8°, 56.9°, 66.6°, and 75.7°, which related to PAAm, in
agreement with the other findings [34, 40]. In addition, the
PAAm-PVA blended polymer exhibitions the small feature
of PAAm and the PVA peak at 20 =19.9°, in agreement with
the literature [41]. The PAAm-PVA/GO nanocomposites
revealed small shifts in these peak positions, as shown in
Fig. 2. The contribution of GO did not affect the structure of
polymers and displayed a slight shift in the peak positions.
Moreover, the crystallite size (D) of PAAm-PVA was higher
by 24.5% than PAA-PVA. It was significantly increased after
the loading of GO up to 57% and 43% of PAA-PVA/GO
and PAAm-PVA/GO nanocomposites. The average lattice
strain also exhibited a clear influence on the functional group
between the polymers and the contribution of GO, which
showed another effect in the results.

The peak position estimates the interplanar d-spacing
by applying the Bragg equation [42].

nA =2d sin (0) (D

where (n), (1), (d), and (©) mean the integer, X-ray wave-
length, d-spacing, and angle of X-ray between the incident
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and scattering beam, respectively. Whereas the crystallite
size (D) in (nm) and lattice strain (¢) were calculated from
the Scherrer formula (2), and Eq. (3), respectively [43].

D =k /P cos (0) )

e=p /4 tan (0) 3)

where (k) and () mean the form factor of the mean of the
crystals, which is equal to (k=~0.9), and the full width of
the material reaches the peak at half the maximum (FWHM),
respectively. The crystallite size was increased of the nano-
composites after the involvement of the GO nanosheets with
the blended polymer, as exposed in Table 1.

Figure 3a-f display the FESEM micrograph images of the
PAA-PVA blended polymer and PAA-PVA/GO nanocom-
posite films surface with different magnifications, respec-
tively. The PAA-PVA blended polymer found a uniform
shape revealing cracks in the surface, as shown in Fig. 3a,

b, and c. These cracks were significantly reduced and dis-
appeared after GO's contribution. PAA-PVA/GO nanocom-
posite exhibited a more uniform and smoother surface than
PAA-PVA, as shown in Fig. 3d, e, and f. This behaviour
could relate to the strong interfacial interaction between the
polymers and nanographene sheets, as presented in the FTIR
results.

In Fig. 3a, b, and ¢, FESEM images of the PAAm-PVA
polymer mixture showed the shape of ice cubes. The addi-
tion of the graphene oxide nanosheets into the PAAm-PVA
revealed notable changes in the surface and morphology
shape of the PAAm-PVA/GO nanocomposite, as illus-
trated in Fig. 3d, e, and f. Where nanosheets of GO were
provided well-distributed clusters without any aggrega-
tion, this change could be related to the formulation of
the strong interfacial interaction between the functional
groups of GO nanosheets with the functional groups of the
blended polymer. That exhibited a significant change in the

Table 1 Summarized the

: . Samples 20 g d D Average Average
diffraction angle, FWHM (B), ©) ©) (nm) (nm) crystallite size lattice strain
d-spacing, cryst.alht.e size (D), (nm) %1073
average crystallite size, and the
average lattice strain of blended ~ ppAA.PVA 15.00 0.33 0.46 24.28 20.26 8.65
polymers and nanocomposite 16.60 030 051 2676

19.90 0.32 0.48 25.20
21.22 0.40 0.38 20.20
23.60 0.46 0.33 17.64
31.10 0.43 0.36 19.17
33.73 0.54 0.28 15.37
40.90 0.63 0.24 13.45
42.90 0.83 0.19 10.28
PAA-PVA/GO 15.20 0.29 0.52 27.63 32.60 5.12
16.90 0.22 0.68 36.50
20.00 0.23 0.67 35.07
21.30 0.24 0.62 33.68
26.30 0.22 0.70 37.08
31.33 0.18 0.84 45.83
33.90 0.33 0.46 25.16
41.20 0.32 0.48 26.52
43.30 0.33 0.46 25.90
PAAmM-PVA 32.13 0.31 0.49 26.24 24.50 3.30
45.88 0.37 0.41 23.20
56.90 0.38 0.40 23.76
66.67 0.37 0.41 25.68
75.73 0.42 0.36 23.61
PAAm-PVA/GO 32.12 0.27 0.56 30.20 35.05 241
45.93 0.28 0.54 30.61
56.92 0.23 0.66 39.06
66.63 0.26 0.58 35.87
75.77 0.25 0.60 39.53
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Fig.3 FESEM images (a, b,
and ¢) of PAA-PVA blended
polymers and (d, e, and f) PAA-
PVA/GO nanocomposite

nanocomposite morphology and mechanical behaviour.
These findings are supported and agree with FTIR, XRD
and OM findings.

Figure 4a and b illustrates the TGA curves of sample
films. PAA-PVA blended polymers curve showed two seg-
ments, as exhibited in Fig. 5a. The main first degradation
segment was degraded about 74.4% of the ratio of the sam-
ple between 100 to 600 °C. The second degradation seg-
ment was degraded by about 8% between 700 to 900 °C.
Therefore, only 12.3% remained materials of PAA-PVA at
900 °C. In comparison, PAA-PVA/GO nanocomposites also
exhibited two segments. They presented the same behaviour

Fig.4 FESEM images (a, b,
and ¢) PAAm-PVA blended
polymers and (d, e, and f)
PAAmM-PVA/GO nanocomposite

@ Springer
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as PAA-PVA. PAA-PVA/GO nanocomposites exposed an
enhancement up to 37% at 900 °C in the thermal behaviour
compared with PAA-PVA after GO loading, as shown in
Fig. 4a. This behaviour was greed, with another finding in
literature [34].

In the range between 25 °C to 250 °C, samples with the
amide group PAAm-PVA and PAAm-PVA/GO exhibited
good thermal stability, as shown in Fig. 4b. It exhibited one
segment of degradation in the range between 250 to 600 °C.
Then, the thermal behaviour remained steady from 600 to
900 °C. The TGA behaviour of PAAm-PVA exhibited deg-
radation of up to 60%, whereas the PAAm-PVA/GO was
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Fig.5 (a and b) the thermal gravimetric analysis and (c and d) the differential scanning calorimetry of the samples

degraded up to 51% between 250 to 600 °C. Generally, at
900 °C, the contribution of GO has slightly improved the
thermal stability of PAA-PVA/GO nanocomposites up to
25% compared with PAA-PVA blended polymer.
Extraordinarily, despite both the PAA and PAAm hav-
ing the same backbone, these samples exhibited a different
thermal stability behaviour because it contains a different
functional group. The degradation behaviour started earlier
at 100 °C of PAA-PVA and PAA-PVA/GO nanocompos-
ites with two segments of degradation. In contrast, PAAm-
PVA and PAAm-PVA/GO nanocomposites with amid group
started degradation at 250 °C with only one segment, which
displayed better thermal behaviour than the sample with the
acid group. In addition, thermal behaviour enhanced after
the contribution of GO compared with PAA-PVA/GO. This

finding agrees with several works of literature that revealed
the same thermal stability and degradation behaviour of
PAA [23, 29, 44] and PAAm [45, 46] after reinforcing with
nanomaterials. Generally, at 900 °C, the contribution of
GO has improved the thermal stability of PAAm-PVA/GO
nanocomposites slightly up to 25% and 20% of PAAm-PVA.
In contrast, GO impacts more on the thermal behaviour of
PAAmM-PVA revealed than PAA-PVA.

Differential scanning calorimetry (DSC) endother-
mic and the first-order transition of blended polymers
and nanocomposites using the onset are shown in Fig. 4c
and d. Figure 4c reveals the melting transition tempera-
ture calculated for PAA-PVA. PAA-PVA exhibited two
melting transition temperature peaks (T,,) at 118.5 and
175.8 °C [32]. A small reduction of these the melting peak
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temperature (T,,) to 115.6 and 175.2 °C, respectively, after
GO contribution in the PAA-PVA/GO nanocomposite.

Figure 5d shows the melting transition temperature
(T,,) peak of the PAAm-PVA blended polymer at 107 and
133 °C [47]. Also, the reduction in these melting tem-
peratures (T,,) peaks to 100.6 and 126.4 °C, respectively,
due to the contribution of GO in the PAAm-PVA/GO
nanocomposites. This shifting to the lower value of T, is
associated with the bonded between the blending polymers
and GO functionals. This interaction strongly restricted
the blended polymer chain's mobility at the interface by
GO, giving a reasonable improvement in the thermal
and mechanical behaviour [7, 48]. Interestingly, samples
with acid groups showed better thermal stability through
a lower reduction in the Tm temperature. These results
matched the TGA results that showed slight improvement
after the contribution of GO.

Lee disk procedure was used to characterise the sample's
thermal conductivity before and after loading of the GO.
The results of the thermal conductivity were determined by
applying Lee's disc apparatus methods [49] from the follow-
ing Egs. (4 and 5) [50].

LV = nr2e.(T1 + T3) + 2zre[d1.T1 + %.ds(Tl +T2) @

+d2.T2 + d3.T3]

T2 -T1

k|
ds

] = e[T1 + 3.(d1 + lazs>.T1 +LasT 5
r 2 r
where (I) represents the current passing through the coil of
the heater (Amber), and (V) is the potential difference at the
two ends of the heater coil (Volt). (r) and (e) represent the
disk radius and the heat loss per unit time (seconds) over an
area, respectively. T1, T2, and T3 (°C) were measured during
the first, second, and third disks, respectively. d1, d2, and
d3 represent the thickness of samples, (ds) means the disc
thickness, and (K) refers to the thermal conductivity (W /m.
°C) [50]. The heat loss per unit time (e) was calculated from
Eq. (4). Equation 4 measured the difference in temperatures
between the disks and their surroundings in addition to heat
loss. Equation (5) calculates the thermal conductivity after
knowing the (e) value. The results are shown in Table 2.
The thermal conductivity (k) of the blended polymers
of PAA-PVA showed higher results than PAAm-PVA.
The contribution of graphene oxide exhibited significant
improvement in both nanocomposites. PAA-PVA/GO
revealed the best thermal conductivity (K) compared to
all samples. The effect of the polymer functional group
showed notable improvement of the thermal conductiv-
ity up to 67.1% of PAA-PVA/GO with the contribution
of GO compared with PAAm-PVA/GO. These results
supported the TGA finding that demonstrated strongly
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Table 2 The thermal conductivity of blended polymers and nanocom-
posites

Sample TCC) d*10°3@m) EWm?°C) K (W/m°C)
PAA-PVA  T,=47 d,=02 8.18 10.76
T,=48  d,=0.21
T,=48  dy;=023
PAA-PVA/ T,=36 d,=02 8.44 16.249
GO T,=365 d,=0.21
T;=36,5 dy=0.21
PAAM-PVA T,=43 d,=06 8.62 3.54
T,=46  d,=0.61
T,=46  dy;=0.61
PAAmM-PVA/ T,=49 d,=06 8.11 11.24
GO T,=50 d,=0.61
T,=50 d;=0.62

affected thermal degradation of PAA-PVA/GO. In con-
trast, PAAm-PVA/GO exhibited higher thermal stability
with the change of temperature up to 900 °C.

This finding is promising for thermal applications,
where PAAm-PVA/GO could use for electronic appli-
cations that require thermal stability. In contrast, PAA-
PVA/GO was strongly changed and affected under thermal
degradation that could use in several applications such
as thermistors and thermal sensors. Moreover, these sam-
ples showed good absorption of the mechanical ultrasound
wave, indicating promising potential applications such as
landfilling chemical, nuclear, and radioactive waste.

The ultrasound velocities, ultrasound absorption coef-
ficient, compressibility, and the elastic modulus with
45 kHz frequency of the ultrasound wave were recorded
in all the samples, as illustrated in Table 3. Equation (6)
was used to calculate the ultrasonic velocity (V) [51].

V== ©)
where (X) and (¢) are the sample's thickness and the wave's
recording time across the samples, respectively. These meas-
urements were considered from the ultrasound meter. The
amplitude of the final ultrasound waves after absorption of
ultrasound wave (A) through the samples in calculating the
absorption coefficient (a) by applying Lambert Birkma's
Law (2).

A=A, exp® @)

where (A,) means the initial amplitude of the ultrasound
absorption. Compressibility (B) was calculated using the
Laplace equation [52].

B=(pV)" (8)

where (p) means the density. Equation (9) was considered to
calculate the elasticity modulus (k) of samples [53].
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Table 3 Summarized the ultrasound velocity, ultrasound absorption
coefficient, compressibility, and the elastic modulus with 45 kHz fre-
quency of the ultrasound wave of the samples

Samples A\ o B k
ms™) m™") (mLs? (g m’>mL™!s7%)
g 'm?)
PAA-PVA 4.20 0.33  0.021 39.87
PAA-PVA/GO 7.80 0.68  0.005 126.74
PAAm-PVA 5.85 043 0.011 73.79
PAAm-PVA/ 9.80 0.83  0.002 208.78

k= pV? 9)

The ultrasound velocity significantly improved after incor-
porating GO up to 25% for PAAm-PVA compared to 30%
for PAA-PVA and their nanocomposites. The absorption
coefficient of the PAAm-PVA was higher up to 28.5% com-
pared to PAA-PVA. It increased after incorporating GO into
PAAmM-PVA/GO up to 21.4% compared to the PAA-PVA/
GO nanocomposites. Compared to their blended polymers,
these nanocomposites were notably improved up to 100% of

GO PAAmM-PVA/GO and 89% of PAA-PVA/GO nanocomposites.
8.4
. —o—Blended Polymer
' —o—Nanocomposites
8.2
8.1
Z.
= 81
]
7.9
7.8 1
7.7 A
7.6 - ' '
No PAA-PVA PAAmM-PVA
(a)
0.66 24
0.64 A 2.3 A
0.62 2.2 A
o 06 - 217
2 2 4
= 0.58 - -
319 -
0.56
1.8 -
0.54 -+
——Blended Polymer 1.7 1 —e—Blended Polymer
0.52 A —@=—Nanocomposites 1.6 4 —8—Nanocomposites
0.5 T T 1.5 T T

PAA-PVA PAAM-PVA

(b)

PAA-PVA PAAmM-PVA

(c)

Fig.6 (a) the Ln of radiation attenuation (N), (b) the ratio between the radiation attenuation (N) and the radiation particles number (No), and (c)

the coefficient of radiation attenuation (x) with samples
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The results significantly improved after the addition of
GO, which increased the interfacial interactions between the
functional group of the polymeric chains, as exists clearly in
the FTIR. However, the results of PAAm samples contained
amid group higher than those PAA samples contained acid
group. These results supported and behaved similarly to
other researchers' findings [4, 53].

The polymer with the amide group exhibited higher results,
up to 47% and 46.5% of compressibility and modulus of elas-
ticity, respectively than the polymer with an acid group. In
contrast, the compressibility value presented notable improve-
ment after the contribution of GO up to 76% and 81%, respec-
tively. Elasticity modulus significantly improved up to 233%
of the PAA-PVA/GO and 148% of the PAAm-PVA/GO nano-
composites compared to their blended polymers, as shown in
Table 3. This significant improvement is related to the strong
reinforcement of nanocomposites by graphene oxide.

Radiation adsorption of the blended polymers and nano-
composites is illustrated in Fig. 6. Figure 6a and b show the
Ln of radiation attenuation (N) and the ratio between the
radiation attenuation (N) and the radiation particles number
(No) with samples. It is noticed that PAA-PVA adsorbed
a higher amount of the radiation ray compared to PAAm-
PVA. Meanwhile, the contribution of graphene oxide sig-
nificantly enhanced the radiation absorption in both nano-
composites. PAA-PVA/GO exhibited the best radiation
adsorption among all samples, as revealed in Fig. 6.

Figure 6¢ shows the relationship between the coefficients
of radiation attenuation (p) and the samples. Formulation (7)
was functional to estimate the (p= o), the counted number
(N=A), (x) refers to the sample thickness, and (N,=A4,) is
the radiation particle number. The blended polymer exhib-
ited a good ability to absorb the radiation ray, where the
involvement of GO nanosheets significantly reduced the
radiation transmitter. Moreover, The PAA-PVA/GO pre-
sented the best attenuation coefficient compared with other
samples. This possibility led to the absorption of the passed
radiation rays through the nanocomposites that exponentially
decreased up to 6% of PAA-PVA/GO and 24% of PAAm-
PVA/GO nanocomposites compared to their polymers. The
scattering form reduced the absorption according to Lam-
bert law. These findings displayed a promising capacity of
absorption for these nanocomposites that opens ways for
wide absorbing applications [54].

Conclusions

Nanocomposites were successfully fabricated using a devel-
oped method. Nanocomposites exhibited homogeneous sam-
ples by OM and SEM images, and strong interfacial inter-
action formed between the components of nanocomposites

@ Springer

as presented by FTIR and FTIR. Even though the same
polymer has the same backbone, TGA spectra showed a dif-
ferent behaviour of each polymer due to the impact of the
functional group of the polymer. After the GO contribution,
the slight enhancement of the TGA reached up to 25% of
PAA-PVA and 20% of PAAm-PVA. The acid group nano-
composites showed the best thermal conductivity up to 225%
of the PAAmM-PVA/GO nanocomposites. The best result was
improved from 10.76 up to 16.24 W/m oC of PAA-PVA/
GO nanocomposites. Amid group's samples demonstrated
the best mechanical properties up to 100% of the PAAm-
PVA/GO nanocomposites. These results show the ability to
use nanocomposites as sensors for heating, smoke detec-
tors, thermistors, etc. Nanocomposites showed a significant
improvement in radiation absorption under the contribution
of GO. In contrast, samples with amid group revealed better
radiation absorption of up to 24% of PAAmM-PVA/GO nano-
composites than samples with the acid group. According to
the present results, nanocomposites show an aptitude for
shielding materials for ionising radiation or west manage-
ment applications.
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