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Abstract—A composite material with excellent thermal, mechanical and optical properties was prepared by
compounding modified graphene oxide with aqueous polyurethane. Graphene oxide was prepared from
graphite and modified with a silane coupling agent, 3-aminopropyltriethoxysilane. Composite emulsions
were prepared by reacting of modified graphene oxide containing an amino group with the isocyanate group
of polyurethane prepolymer. The successful synthesis was confirmed by IR spectroscopy and XRD tests.
Comparing the mechanical and thermal properties of physically blended graphene oxide and polyurethane,
polyurethane and modified graphene oxide with polyurethane has revealed that the tensile strength and the

thermal stability of the latter was significantly improved.
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INTRODUCTION

Graphene, a single atomic layer of graphite, is cur-
rently considered to be one of the materials with dis-
ruptive technologies and has been attracting wide-
spread attention from academia and industry. Since
the first successful preparation of graphene by Andre
Geim and Konstantin Novoselov, graphene has con-
tinued to spark innovation in various technological
fields, such as quantum computing [ 1], smart sensing,
flexible electronics, and medical devices [2]. Other
derivatives of graphene, such as graphene oxide (GO),
reduced graphene oxide (rGO), multilayer graphene
(FLG) and graphene nanoparticles (GNPs) are widely
used in polymer composites.

The properties of waterborne polyurethanes
(WPU) can be improved by adding reinforcement to
the polymer matrix, enhancing thermal, electrical,
mechanical, and biological properties. In recent years,
there have been an increasing number of reports on
polyurethane/graphene composites [3]. In terms of
mechanical properties, studies have shown that the
incorporation of graphene and its derivatives typically
increases the Young’s modulus of WPU, and the
extent of this enhancement depends on the level of
graphene dispersion and the matrix structure and
properties of WPU. However, the increase in modulus
of elasticity may be accompanied by a decrease in the
tensile strength or elongation at the break of the WPU

due to weakening of the polymer chain-to-chain inter-
action. Extensive research has now demonstrated that
the addition of graphene into the WPU can decrease
the tensile strength and elasticity modulus and
increase the elongation at break, i.e. the flexibility and
extensibility of these composites improved. For exam-
ple, Kim et al. found a 623% increase in elastic modu-
lus and a 105.4 and 43.16% decrease in elongation at
break and tensile strength, respectively, for GO/WPU
composites added at 1 wt % [4]. Ting Wan et al. found
that the tensile strength of nanocomposites incorpo-
rating 0.5 wt % GO/WPU was 22—47% higher than
that of pure aqueous polyurethane [5].

In terms of thermal properties, the introduction of
graphene into WPU has been shown to improve sig-
nificantly its thermal stability and thermal conductiv-
ity. Zhu et al. found that the thermal stability of the
composites was significantly better when GO was
added to WPU, and the glass transition temperature of
the composites was enhanced from —72 to —68°C [6].
A study by Kale et al. showed that with 0.2 wt % of
GO/Si0O,, the decomposition temperature of the
WPU increased by approx. 44%. Although the perfor-
mance of graphene materials in improving, the ther-
mal stability of WPU is remarkable, the reason for this
phenomenon is not clear [7]. Meanwhile, Lei et al.
introduced (3-(2-aminoethyl) aminopropyl) trime-
thoxysilane (AEAPTMS) as a chain extender during
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the synthesis of WPU and prepared organosilicon
modified WPU, which improved heat resistance, ten-
sile strength and adhesion strength of WPU on non-
polar oriented polypropylene films [8]. Experiments
showed that when the mass fraction of AEAPTMS
increased gradually from 0 to 5 wt %, the glass transi-
tion temperature of WPU increased from —54 to
—51°C; the decomposition temperature of 5% weight
loss increased by 16°C, the thermal stability was sub-
stantially improved, while the tensile strength of the
WPU adhesive film increased by 95%. Cheng Xiang
used a silane coupling agent (y-glycidyl ether oxypro-
pyl trimethoxysilane, KH560) to undergo a condensa-
tion reaction with WPU containing carboxyl groups,
followed by a hydrolytic condensation reaction with
an organosilicon compound (ethyl orthosilicate,
TEOS) to form a reticular structure, and successfully
prepared a silica-modified hydroxyl type WPU with
stable properties [9]. Experiments showed that the ini-
tial decomposition temperature of the WPU material
increased from 254 to 271°C, which enhanced the
thermal stability of the WPU coating.

In this study, GO was prepared by the Hummers
method [10], and modified GO (f-GO) containing
amino groups was prepared using APTES. Finally, the
f-GO was covalently bonded to the WPU matrix using
APTES as a “bridge”, resulting in a composite mate-
rial with excellent thermal and mechanical properties
that can be used as a ligand for aqueous inks.

EXPERIMENTAL
Materials

1,4-Butanediol, triethylamine, acetone, potassium
permanganate, dibutylamine, toluene, sodium
hydroxide, hydrochloric acid, concentrated sulphuric
acid, hydrogen peroxide and ammonia were pur-
chased from Sinopharm Co. Chemical Reagent Co.
Nitrogen gas was purchased from Wuhan Xiangyun
Industry and Trade Co. Water-based polyurethane
was purchased from Shenzhen Ji Tian Chemical Co.
All the chemicals used in this work were not purified
further.

Preparation of f-GO/WPU Composites

The GO powder was prepared from graphite pow-
der using Hummers’ method. Aiming this, 23 mL of
concentrated H,SO, was chilled to 0°C, and 0.5 g of
graphite powder and 0.5 g of NaNO; were added to the
concentrated H,SO, and mechanically stirred until
homogeneous. Then, 3 g of KMnO, was slowly added
upon stirring and the temperature was kept below 5°C.
The temperature was increased to 35°C and the mix-
ture was stirred for 2 h until a paste was formed. After
that, 40 mL of deionized water was added slowly and
the temperature was kept below 50°C. Then the tem-
perature was increased to 95°C for 0.5 h. Deionized
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water (100 mL) was added and 20 mL of H,O,
(30 wt %) was poured in several portions with stirring
to obtain a golden yellow solution. The solution was
centrifuged and washed with 180 mL of HCI at a con-
centration of 10 wt %, and then with 180 mL of H,O.

Finally, the paste is spread evenly and dried in an oven
for 12 h.

The 100 mg of GO was weighed into a 250 mL
round bottom flask and 100 mL of anhydrous ethanol
was added to obtain a heterogeneous yellow-brown
dispersion. The dispersion was sonicated for 1 h using
an ultrasonic bath cleaner until it became clear and
free of visible particulate matter. Then 100 mg of GO
and 50 mg of N, N-dicyclohexylcarbodiimide (DCC)
were dispersed in 50 mL of a mixture of APTES (3-
aminopropyltriethoxysilane) and ethanol. Then 1 mL
of ammonia (25 wt %) was added, sonicated for 1 h
and the stirred mixture was heated in an oil bath at
30°C for 24 h [11, 12]. The graphene functionalized
with APTES was washed with anhydrous ethanol and
deionized water, centrifuged 5—6 times at 8000 rpm for
6 min. The resulting precipitate was dried under vac-
uum for 24 h to obtain f~-GO powder and stored. The
preparation process is shown in Scheme 1.

The 5.00 g of PTMG was weighed in 1000 in a
round-bottom flask with magnetic stirring and water
was removed at reduced pressure and 105°C for 2.5 h.
Then 3.89 g of IPDI was added dropwise by syringe
under nitrogen atmosphere at 90°C for 1 h and 1.01 g
of DMPA was added and reacted for 3 h. The reaction
was carried out at 90°C for 3 h. If the viscosity of the
reactant increased, an appropriate amount of anhy-
drous acetone was added dropwise to reduce the vis-
cosity. The 0.45 g of BDO was added to expand the
chain, and 1 drop of dibutyltin dilaurate catalyst was
added and reacted at 90°C for 3 h. The reaction was
cooled down to 35°C and the solvent was removed
with a rotary evaporator for about 35 min to obtain the
WPU prepolymer. Then 100 mg of f~-GO powder was
dispersed in 100 mL of acetone and sonicated for 1 h.
The 19.9 g of polyurethane prepolymer, 0.76 g of TEA
and 10.95 g of deionized water were added to the above
f-GO suspension and dispersed at high speed
(1300 r/min) in a flask at room temperature for
35 min. Then the solvent was removed to obtain the
f-GO/WPU composite emulsion. The preparation
process is shown in Scheme 2.

Finally, the f~-GO/WPU composite emulsion was
poured into a PTFE mold and dried at room tempera-
ture for 48 h. The composite films were obtained after
peeling.

GO/WPU films are then prepared. The 100 mg of
GO was homogeneously dispersed in 19.90 g of solid
WPU emulsion for 12 h after being sonicated for 2 h.
This results in a GO/WPU film-forming solution with
a mass fraction of 0.5%. The film-forming solution
was poured into a PTFE mold and dried at 25°C for
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48 h. The GO/WPU physical hybrid film was obtained
after peeling.

Finally, the pure WPU film is prepared. Pour the
commercial pure WPU emulsion into the mold and
dry at room temperature for 48 h to obtain WPU film.

Testing and Analysis Methods

The samples were tested using a NICOLET IS50
infrared spectrometer (Therno Fisher Scientific Co.,
USA). Potassium bromide powder was dried at 130°C
for 24 h until free of residual solvent. GO and f-GO
were mixed well with potassium bromide at a mass
ratio of 100 : 1 and then thoroughly ground in dry mor-
tar (particles of about 2 um) and baked under a high
heat lamp to ensure that no moisture remained. Thin
slices of transparent samples were pressed on a tablet
press with a scanning range of 4000—400 cm™".

XRD tests were carried out on film and powder
samples using an X-ray diffractometer (Rigaku Mini-
Flex 600, Rigaku Corporation, Japan). The powders
were placed in a vacuum drying oven for 18 h to dry out
moisture and impurities, ground and then laid flat in
the grooves of the sample sheet. The thin film samples
were cut into 2.5 X 2.5 cm squares and placed on the
reflective sample sheet for testing. The scanning angle
range was 5°—80°.

The surface morphology of the film and powder
samples was measured using a field emission scanning
electron microscope (Zeiss SIGMA FESEM, Zeiss
AG, Germany). The powder sample was dissolved in
anhydrous ethanol, sonicated for 2 h and dropped
onto the silicon wafer to dry naturally. The thin films
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were cut into small pieces and pasted onto conductive
adhesive to test the surface profile. The thin films were
cold quenched in liquid nitrogen to obtain smooth
sections and pasted vertically onto the cylindrical sur-
face of copper wafers to test the section profile. The
test samples were sprayed with gold for 30 s at an accel-
erating voltage of 5.0 kV.

The mechanical properties of the film samples
were tested using a 3340 series tensile testing machine
(Ingstrom (Shanghai) Laboratory Equipment Trading
Co.), where the Young’s modulus, tensile strength and
elongation at break were calculated using the formulae
of GB/T 228.1-2021 “Metal Materials Tensile test
Part 1: Room temperature test method”. The film
samples were cut into a dumbbell shape, where the
length L of the test section was 25 mm, the width b was
5 mm, the thickness d was 1 mm and the stretching
rate was 10 mm/min. The results obtained are the
average of 3 tests. The ambient relative humidity of
this test was 40% and the temperature was 22°C.

The thermogravimetric curves of the film and
powder samples were tested using an STA 2500 Regu-
lus thermogravimetric analyzer (NETZSCH Instru-
ment Manufacturing GmbH). Samples of 5—10 mg
were weighed and placed in an alumina crucible at a
temperature range of 25—600°C, with a ramp-up rate
of 5 grad/min and N, as the protective gas.

RESULTS AND DISCUSSION

Figure 1 shows the FTIR spectra of GO and f-GO.
In the FTIR spectrum of GO, the characteristic
absorption band at 3425 cm~! is —OH and the charac-
Vol. 65
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teristic absorption bands of the stretching vibrations at
1724 and 1227 cm™! are C=0 and —C—OH respec-
tively. The multiple bands at about 1049 cm™! corre-
spond to C—O—C bending vibrations. These four
characteristic absorption bands demonstrate the suc-
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cessful preparation of GO. In addition, the character-
istic vibrational band of non-oxidized C=C in GO is at
1632 cm~'. The in-plane deformation vibrational
absorption peak of O—H is at 1402 cm™!. The presence
of this band is further evidence of the presence of
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Fig. 1. Infrared spectra of (/) GO and (2) f-GO.

C—OH and the presence of hydroxyl groups makes the
prepared GO hydrophilic and well dispersed in sol-
vents such as water, acetone and ethanol.

In the FTIR spectrum of f-GO, the stretching
vibrational absorption band at 3433 cm~' is —NH, and
the bands at 2927 and 2873 cm™! are the symmetric
and asymmetric characteristic vibrational bands of
—CH,— in the silane-coupling agent. In comparison
to GO, a distinct and intense new band, the character-
istic vibrational band of —C—O-—Si— appears at
1099 cm™!, indicating the successful grafting of
APTES to the surface of GO. In addition, the charac-
teristic absorption band of N—H appears at 1551 cm™!
and the characteristic vibrational band of —C—OH at
1389 cm™!, indicating the successful preparation of
APTES-modified f~-GO. The FTIR spectrum of f-GO
shows a large signal at about 2300 cm™' due to the
influence of CO, in the environment.

Figure 2 shows the FTIR spectra of pure WPU and
f-GO/WPU composites (F-GO/WPU). The two
curves in the Fig. 2 show the telescopic vibrational
absorption bands of N—H at 3332 and 3344 cm™!, of
C=0 at 1716 and 1718 cm~' and the bending vibra-
tional absorption band of —CNH at 1529 cm~!. The
presence of these three bands proves the presence of
the carbamate group, indicating the successful prepa-
ration of the WPU prepolymer. The bands at 2937 and
2861 cm™! are the asymmetric stretching vibration
band and the stretching vibration characteristic
absorption band of C—H, respectively. Compared to
the pure WPU, the f~-GO/WPU composite shows a
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characteristic Si—C vibrational band at 802 cm™!,
indicating a successful composite of f~-GO with WPU.

Figure 3 shows the X-ray diffraction patterns of
functionalized graphene, graphene and graphite. The
raw graphite before chemical exfoliation shows a
strong (002) crystalline diffraction peak around 20 =
26.6°, which is due to the tight regular arrangement of
the crystal lamellae of graphite. After chemical exfoli-
ation the (002) crystallographic diffraction peak near
26.6° disappears completely and shows a strong (001)
crystallographic diffraction peak near 20 =11.3°,
demonstrating complete oxidation of GO. The inter-
spacing between the GO lamellae after chemical exfo-
liation becomes larger and is calculated by the Bragg
equation to be 0.78 nm. Functionalized graphene
(F-GO) shows a significantly weaker (001) crystalline
diffraction peak near 11.3°, while a wider and more
intense diffraction peak appears near 20 = 21.1°,
demonstrating a partial reduction of GO during func-
tionalization and a reduction in the crystalline inter-
spacing to 0.42 nm. Due to the partial removal of oxy-
gen-containing functional groups from the GO lamel-
lae surface during functionalization, the van der Waals
forces between the f-GO lamellae are enhanced,
which leads to increased agglomeration and stacking
between the lamellae, resulting in a smaller interspac-
ing between some of the f~-GO lamellae. The hydroxyl
groups generated by the hydrolysis of APTES undergo
a condensation reaction with the oxygen-containing
functional groups on the GO surface, causing them to
be grafted onto the graphene surface. The larger spa-
tial volume of the grafted APTES increases the inter-
Vol. 65
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Fig. 2. Infrared spectra of (/) WPU and (2) f~-GO/WPU composites.

spacing of some f-GO lamellae and results in a lower
intensity spike near 26 = 5.8°.

Figure 4 shows the XRD patterns of the
graphene/WPU films prepared by chemical reaction
and physical mixing. The XRD characterization
results for both sides of the films (face 1 and face 2)
were obtained by testing the front and back sides of the
films separately for both composite methods. The
XRD patterns of the chemically prepared -GO/WPU

Intensity, a.u.

3

60 80
20, deg

Fig. 3. X-ray diffraction patterns of (/) f-GO, (2) GO, and
(3) graphite.
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films were similar to the results of the pure WPU films,
not exhibiting the strong diffraction peak of graphene
while both showing a broad diffraction peak around
19.3°, indicating the amorphous structure of the poly-
urethane. This proves that f-GO has been uniformly
dispersed within the polyurethane film without
agglomeration and therefore no diffraction peaks of f-
GO can be detected on the film surface, which is con-
sistent with the SEM characterization results. The
physically blended GO/WPU film face 2 was similar
to the pure WPU film, while face 1 exhibited a strong
(002) crystalline diffraction peak at 20 = 28.9°. This is
due to the inability of the physically blended GO to be
stable and uniform dispersed in the polyurethane
emulsion. During the drying process to form the film,
the GO in the composite emulsion precipitates and
solidifies at the bottom of the film, resulting in a non-
uniform dispersion of GO in the film, a situation that
also corroborates with the SEM characterization
results.

Figure 5 shows SEM images of GO, {-GO,
f-GO/WPU composites and GO/WPU composites.
As can be seen in Fig. 5a, the surface of prepared GO
is relatively flat with some folds, indicating the exis-
tence of lamellar stacking of GO, which is due to the
formation of hydrogen bonds between the oxygen-
containing functional groups on the GO surface,
increasing the interaction forces between the graphene
lamellae [13]. As can be seen in Fig. 5b, GO modified
by APTES shows thin layer overlap and agglomera-
tion, with a significant increase in surface wrinkling,
which is mainly due to the cross-linking of silicone
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oxygen groups with each other after the grafting of
APTES on the GO surface, resulting in poor disper-
sion and agglomeration. Figures 5¢ and 5d show the
cross sections of the f~-GO/WPU and GO/WPU com-
posites by cold quenching in liquid nitrogen respec-
tively. In Fig. 5c, it can be seen that GO is uniformly
embedded inside the WPU with good dispersion, and
in Fig. 5d, it can be seen that GO is mostly concen-
trated on the surface of the WPU film and only a small
amount is dispersed inside the polyurethane.
Figure 5¢ shows the surface morphology of the
f-GO/WPU film. It can be seen that the f~-GO is uni-
formly distributed on the WPU substrate, while in
Figs. S5e, 5f the GO content of the physically mixed
GO/WPU film differs significantly between the cen-
tral and edge portions of the film, with GO concen-
trated at the edges of the film and not uniformly dis-
persed in the central portion of the film.

Figure 6 shows the tensile curves of the
f-GO/WPU composite, GO/WPU and Pure WPU
films, where the R-value (isocyanate number) of the
WPU prepolymer in f~-GO/WPU is 1.0. Compared to
the commercial Pure WPU film, the tensile strength of
the composite is increased from 8.4 to 55.8 MPa, an
increase of 568%. It can be seen that f-GO can signifi-
cantly improve the mechanical properties of WPU,
which is mainly due to the homogeneous dispersion of
f-GO matrix by APTES treatment in the WPU, the
reaction of the amino group on the surface of the
modified GO with the isocyanate group in the WPU
prepolymer, and the dispersion of graphene in the
form of covalent bonds inside the WPU, which
increases the interfacial bond between f-GO and
WPU and facilitates the stress and energy transfer and
consumption [14], and therefore can significantly
increase the tensile strength and Young’s modulus of
the material [15]. In terms of elongation at break, the
f-GO/WPU composites decreased from 740 to 627%,
mainly because the addition of f-GO restricted the
movement of the WPU molecular chains, resulting in
an increase in the tensile strength and a decrease in the
elongation at break of the polyurethane. However,
when GO was added to the WPU matrix in a physically
mixed manner, the mechanical properties of the
GO/WPU composites decreased, with the tensile
strength decreasing from 24.0 MPa to 8.4 MPa, which
proved the physical mixing of GO instead reduced the
mechanical properties of the polyurethane [3]. This is
mainly due to the agglomeration of GO during the
film formation process and the material’s own inho-
mogeneity which makes more stress concentration
points appear during the stretching process, thus
reducing the tensile strength and Young’s modulus of
the polymer. This can be verified by combining SEM
and XRD results.

In order to investigate the mechanical properties of
f-GO/WPU and GO/WPU adhesive films with differ-
ent f~-GO and GO contents were prepared and the dif-
ferences in their mechanical properties were investi-
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Fig. 4. XRD patterns of the f~-GO/WPU films: (/) f-
GO/WPU-face 1 and (2) f-GO/WPU-face 2 and
GO/WPU physical hybrid films: (3) GO/WPU-face 1 and
(4) GO/WPU-face 2.

gated by the methods described previously. The results
are shown in Fig. 7. The tensile strength of
f-GO/WPU and GO/WPU adhesive films increased
with the increase of f~-GO and GO content, but the
elongation at break decreased with the increase of
f-GO and GO content.

Figure 8 shows the TGA curves of GO and f-GO.
It can be seen that there is a significant difference in
the thermal degradation properties of f~-GO and GO at
600°C, with a weight loss of 49% for f-GO compared
to 55% for GO. The temperature at the maximum
thermal degradation rate of GO is approximately
211°C, at which point the weight loss is 32.2%. This is
mainly due to the thermal decomposition of the oxy-
gen-containing functional groups on the surface of
graphene oxide [16]. Weight loss in the 211—-600°C
region is mainly caused by the sublimation or combus-
tion of carbon. The temperature at the maximum ther-
mal decomposition rate of f-GO is about 165°C with a
weight loss rate of 17.6%. The temperature at which
the weight loss rate is 10% (T10%) was chosen as a
measure of the thermal stability of the material. T10%
for GO was 61°C and for f-GO was 129°C. The overall
thermal stability of f~-GO was higher than that of GO,
mainly due to the thermally stable siloxyl groups on
the surface of the APTES-modified GO.

The aqueous dispersions of 1 mg/mL GO and
f-GO after 30 min of sonication are also shown in
Fig. 8. It can be observed that the aqueous solution of
GO is transparent in golden color and the aqueous
solution of f-GO is black in color, both uniformly dis-
persed in water with good dispersibility.

Vol. 65
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Fig. 5. SEM images of (a) GO, (b) f-GO, (c) f~-GO/WPU composite cross-section, (d) GO/WPU composite cross-section;
(e) f~-GO/WPU composite surface, (f) GO/WPU composite surface center section; (g) GO/WPU composite surface edge section.
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Fig. 6. Stress-strain curves for (1) f~-GO/WPU composites, (2) GO/WPU, and (3) WPU.
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Fig. 7. Stress-strain curves of composites with different
GO contents: (/) 0.2, (2) 0.5, 3) 1, (4 2, (5) 4% and
f-GO contents: (6) 0.2, (7) 0.5, (8) 1, (9) 2, (10) 4%.

Figure 9 shows the TGA curves for the f~-GO/WPU
composites, GO/WPU and WPU materials. All three
curves show a small mass loss until the temperature is
increased to 100°C. This mass loss is mainly attributed
to the small amount of water molecules adsorbed on
the sample. f~-GO/WPU composites started decom-
position at 268°C, i.e. higher than that of WPU. For
f-GO/WPU composites, the temperature at the max-
imum thermal decomposition rate is 400°C with a
weight loss of 86.5%. The temperature at the maxi-

Residual weight, %

100

80

60

40 :

mum rate of thermal decomposition of WPU is lower
at 396°C with a weight loss of 82.9% and the lowest for
GO/WPU composites by physical mixing was 320°C
with a weight loss of 69.7%. The thermal decomposi-
tion temperature at 5% weight loss was a highest 213°C
when it came to the f~-GO/WPU composite, 177°C for
the pure WPU and 89°C for the physically blended
GO/WPU material. The thermal decomposition tem-
perature ranking did not change for the three samples
at 10% weight loss, with T10% of 263, 247, and 140°C
for f~-GO/WPU, WPU and GO/WPU respectively.
Overall, the thermal stability ranking was f-GO/WPU
>WPU > GO/WPU. The excellent thermal stability of
f-GO/WPU was mainly derived from the cross-link-
ing of silicon-oxygen groups on the molecular chains
of -GO/WPU [17]. In addition, the average bond
energy of Si—O was higher than that of C—O and
C—C, resulting in increased thermal stability of the
f-GO/WPU composites. The weight loss of the com-
posites can be divided into three main stages. The first
stage is 25—260°C, where the weight loss mainly
comes from the vaporization of residual moisture in
the adhesive film and the loss of oligomers. The sec-
ond stage is 260—360°C, where the weight loss
mainly originates from the decomposition of the
hard WPU segments. The third stage is 360—460°C,
where the weight loss is caused by the decomposition
of residual polyurethane molecular chains and sili-
cone groups [18].

CONCLUSIONS

In this paper, physically mixed GO/WPU compos-
ites, f-GO and f~-GO/WPU composites were prepared

J
600
Temperature, °C

400

Fig. 8. TGA curves for (1) GO and (2) {-GO.
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Fig. 9. TGA curves for (1) f~-GO/WPU composites,
(2) GO/WPU and (3) WPU materials.

and characterized by FTIR and XRD tests. f-GO was
proved to be homogeneously dispersed in the WPU
matrix by SEM tests, while the physically mixed
GO/WPU appeared to have the situation that GO
deposited on the polymer surface, which corroborated
with the XRD test results. The mechanical tests
demonstrated that the introduction of f-GO resulted
in an increase in the tensile strength of the composites
with a corresponding reduction in elongation at break.
The physically mixed GO/WPU mechanical proper-
ties were reduced mainly due to the non-uniform GO
dispersion. TGA tests showed that the thermal stabil-
ity of f~-GO was superior to that of GO, and the tem-
perature of f~-GO/WPU composite was elevated by
16°C at 10% weight loss compared to pure WPU.

Experiments have shown that it is feasible and
effective to improve the properties of WPU emulsions
by means of composite f~-GO. The homogeneously
dispersed f~-GO/WPU composites can substantially
improve the mechanical properties and thermal stabil-
ity of WPU, solving the problems of poor thermal sta-
bility and mechanical properties of water-based inks.
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