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One-Step Fabrication of RGO/HNBR Composites via Selective 
Hydrogenation of NBR with Graphene-based Catalyst 

Peng Caoa, Changyue Huanga, Liqun Zhanga,b, Dongmei Yuea,b* 

The concept of hydrogenation of NBR using 
graphene-based catalyst is applied to prepare 
RGO/HNBR composites. The catalyst is synthesized 
by reduction of the mixture of a rhodium salt and 
dispersed graphite oxide sheets. Compared with 
HNBR, the obtained composite exhibits enhanced 
mechanical and electrical properties. 
Hydrogenation of acrylonitrile butadiene rubber (NBR) is a 
representative example to produce hydrogenated acrylonitrile 
butadiene rubber (HNBR), a polymer that shows more 
resistance than NBR toward oxidative and ozonolytic aging 
while maintaining its resistance to oils in rigorous chemical 
environments as well as remarkable improvements in 
mechanical properties.1 

Generally, the NBR hydrogenation is carried out over 
heterogeneous2, 3 or homogeneous4-6 catalysts based on group 
VIII metal, such as Pd, Ru, and Rh. For heterogeneous 
hydrogenation, the characteristics of polymer hydrogenation 
are quite different from that of small molecules. In polymer 
hydrogenation, the unsaturated polymer coils need to 
transport from the bulk liquid phase to the external surface of 
the support, and then diffuse into the pores to access the 
active sites on the pore walls.7 Because of the large dimension 
of polymer chain and the high viscosity of the solution, the 
mass transfer of polymer coils in the solution and the pores of 
the supports proved extremely challenging.8, 9 Even though 
the external diffusion of polymer coils could be enhanced by 
increasing the agitation rate, the enhancement of pore 
diffusion of polymer coils is still a difficult issue. Moreover, 
the adsorption and hydrogenation of polymer chain on active 
sites are restrained from the steric-hindrance of a large size of 
polymer coils. 

In order to improve the pore diffusion of polymer coils, 
several methods were proposed, e.g. the supercritical CO2 
technology10, 11 and optimal structure design of the supports.12 
Supports with high specific surface area and abundant micro- 
or meso- pores lead to better dispersion of active metal, but 
most of the active metal particles deposit on the surface of 
internal pores, resulting in the difficult access of polymer 
coils to the active sites. On the other hand, the non-porous 
supports, such as CaCO3 and BaSO4, possess active sites on 

the external surface and could avoid pore diffusion, but the 
surface area is limited and the dispersion of active metal on 
the carrier is poor.7 Therefore, the goal of our study is to 
explore a new support for polymer hydrogenation, which 
could not only eliminate inner pore diffusion of polymer coils, 
but also have a high external surface area at the same time. 

Graphene, a unique 2D layer of sp2-hybridized carbon, has 
received much attention both in theoretical studies and 
applications owning to its extraordinary properties.13-20 The 
properties of graphene such as high thermal, chemical, and 
mechanical stability as well as high surface area (2600 m2 g−1, 
theoretical value) provide an excellent catalyst support for 
metallic nanoparticles in heterogeneous catalysis.17, 21-23 Due 
to its 2D structures, graphene has a little micro-porosity, and a 
very large external surface area. These specific properties of 
graphene may shed interesting light on the catalyst 
exploitation of diene polymer hydrogenation, such as NBR, 
which has never been reported in the literature. Also, the 
supported catalysts in hydrogenation of macromolecular 
polymer usually are difficult to seperated from the mixing 
glue solution due to its high viscosity. However, the remained 
graphene in the glue solution could be used to prepare 
grapheme-based HNBR composites. In this study, we report 
for the first time one-step method to prepare RGO/HNBR 
composites by hydrogenation of NBR with graphene 
supported Rh catalyst. In this method, graphene acts as a 
catalyst support as well as filler for enhancing the electronic, 
and mechanical properties of polymer matrices. 

Figure 1 displays the XRD patterns of the graphite powder, 
prepared GO, and catalyst Rh/RGO. The graphite powder 
shows the typical sharp diffraction peak at 2θ= 26.7°, while 
the GO sample shows no diffraction peaks from the parental 
graphite material and a sharp and strong diffraction peak at 
2θ= 10.9°，indicating the distance between the carbon sheets 
has increased resulting from the insertion of hydroxyl and 
epoxy groups between the graphite sheets as a result of the 
oxidation process of graphite.21, 24, 25 Following reduction of 
the GO, the yellow golden colour of the GO solution changes 
to black with disappearance of the peak at 2θ=10.9°, 
suggesting reduction of the GO sheets. The very small sharp 
peak around 2θ= 26.7° in Rh/RGO was detected, attributing 
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to the formation of ‘‘re-graphitized” carbon regions due to the 
van der Waals attractive interactions.21 Significantly sharp 
diffraction peaks of Rh were detected for Rh/RGO at 41.07°, 
47.78°, 69.88° and 84.40°, which corresponded to the (111), 
(200), (220) and (311) planes of Rh, respectively. For the 
FTIR spectra of GO and RGO/Rh (Figure S1), GO shows 
significant bands around 1060 cm-1 (C-O), 1220 cm-1 
( phenolic), 1370 cm-1 (O-H bending in tertiary alcohol), 1620 
cm-1 HOH bending in water) and 1720 cm-1 (C=O).26 After 
reduction, these signals decrease dramatically and are barely 
detectable. These results indicated that GO was reduced 
effectively and the highly dispersed Rh NPs formed on the 
surface of RGO. 

 

 
Figure 1 XRD patterns of graphite, GO, and Rh/RGO samples. 

Figure 2 shows representative TEM image of the GO 
and Rh/RGO. It is clear that the presence of uniform well-
dispersed Rh nanoparticles on RGO sheets over several 
microns. The morphology of the GO and Rh/RGO consists of 
platelets and extended sheets of lateral dimensions with 
layered structures. Meanwhile, the Raman spectra of the 
graphite, GO, and RGO/Rh present in Figure S2. Furthermore, 
the AFM image of GO  displays irregular sheets with an 
average thickness of ~1.00 nm (Figure S3). Considering the 
thickness of single-layer grapheme was about 0.34, it can be 
concluded that the enhanced sheet thickness observed from 
GO (~1.00 nm) was possibly ascribed to the multiple layers 
bridged with large number of oxygen containing groups. 
However, the thickness of Rh/RGO increases to 2~4 nm, 
indicating the Rh NPs are well-dispersed on the surface of 
RGO. 

 
Figure 2 TEM images of (a) GO and (b, c) Rh/RGO. 

 
XPS provide direct evidence for the elemental composition 

of GO and Rh/RGO, as present in Figure 3. The C/O 

atomic ratio (70%/30%) of GO confirms successful oxidation 
of graphite (Table S2). The C 1s XPS spectrum of GO and 
Rh/RGO is split into three peaks which can be attributed to 
carbon atoms with different functional groups, including the 
C=C (~284.6 eV), C–O (~286.7 eV), C=O (~288.2 eV) and 
O-C=O (289.5 eV) bonds, respectively.17, 21 After reduction, 
the oxygen containing groups reduced significantly, an 
efficient deoxidization. The C/O atomic ratio (82%/18%) of 
graphene confirms that GO has been successfully reduced. 
However, some oxygen still remains in Rh/RGO and the 
partial reduction of GO in the presence of the Rh3+ could be 
explained by a competition between the reduction of the Rh3+ 
and GO. 

The XPS spectra of the Rh 3d in Rh/RGO show that most 
of the Rh NPs are present as Rh0 in the NaBH4 system, in 
accordance with the observed binding energies of 307.3 eV 
(Rh0 3d5/2) and 312.2 eV (Rh0 3d3/2).27 However, for the 
N2H4·H2O system, near 98% of Rh NPs are present as Rh3+ 

(Table S2). 
 

 
Figure 3 XPS spectra of the C1s for (a) GO and (b) Rh/RGO; (c, 

d) Rh 3d for Rh/RGO reduced by different reductant. 
 

The activities of different catalysts for hydrogenation of 
NBR in a chlorobenzene solution under the same conditions 
are shown in Table 1. In order to find out whether the RGO 
carrier was the active center in NBR hydrogenation, the 
reaction over the RGO carrier was carried out. No degree of 
hydrogenation (HD) was detected in the absence of Rh NPs, 
suggesting that Rh was the only active center for NBR 
hydrogenation.  

Compared with other supported catalysts, Rh/RGO 
revealed excellent activity for hydrogenation of NBR (Table 2, 
Entry 4). The active Rh NPs well-deposited on the external 
surface of RGO, which could effectively eliminate the pore 
diffusion of NBR chain to Rh NPs. The large external surface 
area of RGO allowed more NBR coils to physically adsorb on 
its surface, more C=C can be activated. Therefore, the well-
deposited Rh NPs and  high external surface area of RGO 
could be the reason for the high activity of Rh/RGO for 
hydrogenation.  
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Table 1 The hydrogenation of NBR with various catalyst 

Entry Catalyst t /h HD /% 
1 Rh/AC 8 28.43 
2 Rh/ CaCO3 8 32.16 
3 Rh/CNT 8 72.48 
4 Rh/RGO a 6 93.64 
5 Rh/RGO b 8 8.12 

aThe catalyst reduced by NaBH4; bThe catalyst reduced by 
N2H4·H2O. All the other catalysts underwent reduction by N2H4·H2O. 
Reaction condition: T = 120 ℃; concentration of Rh = 0.035 wt%; 
PPh3 = 0.15 g; 300 mL NBR solution containing 9.0 g of NBR.  

 
However, it was noted that the HD decreased to 8.12% 

over Rh/RGO reduced with NaBH4. The different in the 
activity of the Rh/RGO with different reductant could be 
attributed to the nature of active species.28 In NaBH4 system, 
79% of Rh NPs are present as Rh0 (Table S2), which has low 
activity towards NBR. For N2H4·H2O system, the most Rh3+ 
in situ reduced to Rh+ by PPh3, which is a highly active specie 
for hydrogenation of NBR.  

In the following investigations, the catalytic system of 
Rh/RGO reduced with N2H4·H2O and PPh3 as ligand was 
used for hydrogenation of NBR. After hydrogenation, the 
RGO remained in the product of HNBR to form RGO/HNBR 
composite. The compound formulation and the vulcanizing 
additives (zinc oxide, stearic acid, sulfur, accelerator M, 
accelerator TMTD, antiager D and antiager 4010) are listed in 
Table S3, expressed as parts per hundred parts of rubber 
(PHR). The tested samples were tailored into dumbbell-
shaped in size of  25×3×2 mm3 (Figure S6).  

The main mechanical properties of NBR, HNBR and 
RGO/HNBR with different amounts of RGO are summarized 
in Table 2. The tensile stress of HNBR is 18.57 MPa, far 
more than the NBR of 2.37 MPa, which can be atrributed to 
the existence of crystallinity in HNBR.1 All the tensile stress 
and tear strength were enhanced for the HNBR/RGO 
composites. For instance, the HNBR/RGO composites with 
RGO content range from 0.156 wt% to 1.112 wt% showed a 
rise in tensile strength up from 8.83% to 44.32%, at 
maximum stress level of 26.80 MPa more than 18.57 MPa of 
the parent rubber of HNBR. The improvement in the 
mechanical properties can be credited to better filler 
dispersion and good filler-rubber interaction. TEM images in 
Figure S7 illustrate the state of dispersion of RGO in the 
HNBR matrix. It can be seen that there is no grapgene sheet 
layer structure in the iamge of bare NBR or HNBR and the 
deep black spots are additive. With the increase of RGO 
content, more and more thin layer remained in RGO/HNBR 
(the light grey shading represents the continuos RGO). In the 
Figure S7c~f, it can be seen that RGO sheets are 
homogeneously inserted into the HNBR matrix. Therefore, a 
good interfacial interaction between the RGO sheets and the 
HNBR is very crucial for the nanocomposite to withstand 

load.29 Under load, the distributed load by the HNBR matrix 
is carried predominantly by the RGO fillers. 

Herein, it is necessary to compare our results with other 
reports concerning the graphene-based rubber composites, as 
listed in Table S4. It is clearly demonstrated that the highly 
reinforcing efficiency is achieved in our present work. With 
the addition of only 1.112 wt% of rGO, the tensile strength of 
the RGO/HNBR composite is up to 26.80 MPa, a increased 
enhancement of 44% compared with that of unfilled HNBR. 
A 51 wt% increase in the tensile strength of HXNBR with the 
addition of 0.44 wt% of GO.30 Zhan incorporated 2 wt% of 
rGO into NR by solution mixing, and the tensile strength of 
the rGO/NR composite is improved to 25.2 MPa, while the 
NR is 17.1 MPa.31 Zheng et al. reported a two-fold increase in 
the tensile strength of NR (14.7 MPa) with incorporation of 
up to 0.3 wt% of modified GO.32  

 
Table 3 Electrical volume resistance and volume resistivity of 
NBR, HNBR and RGO/HNBR composites 

Materials RGO 
content 
(wt%) 

Volume 
resistance  
(×107Ω) 

Volume 
resistivity (×
1010Ω·cm) 

NBR 0 10.21 10.42 
HNBR 0 11.25 11.43 

RGO/HNBR 0.156 9.66 9.85 
RGO/HNBR 0.312 7.34 7.45 
RGO/HNBR 0.624 5.36 5.34 
RGO/HNBR 1.112 4.28 4.17 
 
Table 3 shows the effect of RGO content on electrical 

volume resistance and volume resistivity of HNBR/RGO 
composites. Decreased values of volume resistance and 
volume resistivity were obtained for all the HNBR/RGO 
composites. The electrical properties of nanocomposites 
depend primarily on the way the filler particles are distributed 
through the polymer matrix to form the electrical network. 
The current studies confirmed the HNBR/RGO composites 
with RGO content of 1.112 wt% can be used as semi-
conductive materials (volume resistivity, 107~1010 Ω·cm) with 
volume resistivity of 4.17×1010 Ω·cm. The lower conductivity 
is likely due to the defect of the chemical reduction of GO. In 
previous studies, the material produced from GO is not 
particularly useful in view of conductor.33 A completely 
reduction of GO might be necessary to restore conductivity. 

Even though the measured volume resistivity of the 
HNBR/RGO composites was very low, the composites can 
offer capacitive field grading from their increased dielectric 
constant. Figure 4 depicts the variation of dielectric constant 
(e＇) with frequency. The filler of RGO can significantly 
improve the value of dielectric constant at lower frequency 
compared with parent rubber of HNBR. But this tendency 
decreased gradually at higher frequencies. From the Figure S8,   
it can be seen that the dielectric constant at 103 Hz is 
increased from 15.3 for HNBR to 21.7 for composite with 
0.624 wt% RGO, and it obviously increases to 37.7 for the 
composite with 1.112 wt% RGO. And, the dielectric loss of  
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Table 2 Mechanical properties of NBR, HNBR and HNBR/RGO composites

Materials HD (%) RGO content 
(wt%) 

Stress at 100% 
(MPa) 

Stress at 
300% (MPa) 

Tensile stress  
(MPa) 

Elongation at 
break (%) 

Tear strength 
(kN/m) 

NBR - 0 0.96±0.1 1.51±0.1 2.37±0.1 450.91±10 9.93 
HNBR  96.23 0 0.96±0.1 1.26±0.1 18.57±0.2 610.90±20 10.21 

HNBR/RGO  96.18 0.156 0.99±0.1 1.29±0.1 20.21±0.2 628.56±20 11.96 
HNBR/RGO  96.54 0.312 0.96±0.2 1.25±0.2 22.14±0.2 685.34±30 12.34 
HNBR/RGO  96.68 0.624 1.04±0.2 1.27±0.2 23.12±0.3 720.71±20 13.97 
HNBR/RGO  95.97 1.112 1.06±0.2 1.26±0.1 26.80±0.4 850.62±30 15.92 

 

 
Figure 4 Dielectric constant of HNBR/RGO composites at different 

RGO contents. 
 
the composite with 1.112 wt% of RGO at 103 Hz remains low 
(0.45).  

In summary, for the first time, enhanced mechanical and 
electrical RGO/HNBR composite was prepared by one-step 
hydrogenation of NBR with graphene-based Rh catalyst. The 
catalyst Rh/RGO displayed an excellent hydrogenation 
activity in the hydrogenation of NBR with low weight content. 
The as-prepared HNBR/RGO composite exhibits better 
mechanical and conductive properties compared with that of 
HNBR. The good mechanical performance of HNBR/RGO 
composite can be attributed to the good RGO dispersion and 
RGO-rubber interaction. While, the low conductivity of 
composites is likely due to the defect of RGO. This approach 
may be extended for other diene-polymers to prepare the 
filler-based polymers composites. 
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