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Abstract

Ethylene glycol, a crucial compound extensively utilized in solvents, coolants, antifreeze, polyester fiber production,
and as a natural gas-drying agent, can be synthesized via the hydrogenation of ethylene carbonate. In this study, the
synthesis, characterization, and catalytic performance of Cu-Ni/SiO2 catalysts for this reaction, utilizing silica (SiO2)
derived from rice husk ash, were investigated. Silica was impregnated with copper (Cu) and nickel (Ni) by varying the
weight ratio (Cw:Ni = 10, 7:3, 3:7, 10) to prepare bimetallic catalysts. X-ray Diffraction (XRD) analysis confirmed the
presence of both Cu and Ni phases in all the catalysts. The 3Cu7Ni/SiOz catalyst displayed the lowest reduction
temperature and the largest surface area (257.97 m?/g). The 7Cu3Ni/SiO2 catalyst exhibited the highest acidity (1.91
mmol/g) and superior metal dispersion, as confirmed by the Field Emission Scanning Electron Microscopy - Energy
Dispersive X-Ray (FE-SEM-EDX) analysis. Catalytic activity was evaluated in a batch reactor under 40 bar Hz pressure
at 150 °C for 3 h with a catalyst-to-ethylene carbonate ratio of 5:1. Among the catalysts examined, the 7Cu3Ni/SiOz
composition demonstrated the highest catalytic performance, achieving 15.14% conversion of ethylene carbonate and
80.51% selectivity towards ethylene glycol.
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1. Introduction

Ethylene glycol has numerous applications as
a solvent, engine coolant, antifreeze in vehicle
radiators, polyester fibers, resins, and drying
agents for mnatural gas production [1].
Traditionally, it is synthesized via non-catalytic
hydration of ethylene oxide; however, this process
requires large amounts of water, high energy
consumption, and expensive evaporation steps [2].
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Email: adid001@brin.go.id (A. A. Dwiatmoko)

Ethylene carbonate is an alternative feedstock
that can be hydrogenated to produce ethylene
glycol, offering an environmentally friendly, cost-
effective, and simple process [3]. Cu-based
catalysts have been widely studied for this
reaction [3,4].

Silica (Si02), widely available in Indonesia as
rice husk, is a cost-effective catalyst support [5].
Si0O:z is extracted by converting rice husks into
silica-rich ash, followed by treatment with acids or
alkalis [6]. Several studies have used silica-
supported catalysts for ethylene glycol production
[3,4,7-10].
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Bimetallic catalysts are known to enhance the
reactivity and selectivity of various catalytic
processes because of the synergistic effect between
the two metals. These catalysts allow for tailored
electronic and geometric properties, leading to
improved reaction performance [11]. For example,
the addition of Pt to Cu/SiO:z enhances the
catalytic properties of Cu by lowering the
Ho/ethylene carbonate molar ratio, promoting the
reducibility and dispersion of Cu, and enhancing
the surface density of Cu* species [12]. This
enhancement 1is attributed to the strong
interaction between Cu and Pt, which leads to the
formation of alloyed Pt single-atoms on the Cu
lattice. In addition, the addition of small amounts
of Ni can enhance Cu dispersion and increase the
presence of surface Cu* species, owing to the
strong interaction between the Cu and Ni
components [10]. Furthermore, it can lead to the
formation of evenly distributed Cu-Ni alloy
particles, which improve the adsorption and
breakdown of Ha.

This study aims to synthesize Cu-Ni/SiO
catalysts with different metal ratios (Cu:Ni=10:0,
7:3, 3:7, and 0:10) using rice husk-derived silica as
a support to determine the synergistic effects
between Cu and Ni in bimetallic catalysts. The
catalysts were characterized using Field Emission
Scanning  Electron  Microscopy Energy
Dispersive X-Ray (FE-SEM-EDX), Transmission
Electron Microscope (TEM), N2-physisorption, X-
ray Fluorescence (XRF), X-ray Diffraction (XRD),
H: Temperature Programmed Reduction (Ho-
TPR), and NHs Temperature Programmed
Desorption (NH3-TPD). The catalytic activity was
tested via the hydrogenation of ethylene
carbonate in a batch reactor at 40 bar Hs pressure
and 150 °C for 3 h. The results were analyzed
using GC-FID to determine the ethylene
carbonate conversion and selectivity and to
identify the optimal catalyst ratio.

2. Materials and Methods
2.1 Materials

Copper(II) nitrate trihydrate
(Cu(NO3)2.3H20), sulfuric acid (95-97%), sodium
hydroxide, 2-propanol, and nickel(I) nitrate
hexahydrate (Ni(NOs)2.6H20) were supplied by
Merck. Ethylene carbonate was obtained from
TCI. Hydrochloric acid (37%) obtained from
Smartlab.

2.2 Catalyst Preparations

Rice husk samples were calcined in a furnace
at 650 °C for 4 h at a heating rate of 20 °C/min.
The product was pulverized using a mortar and
sieved through a 75 um sieve. Next, 20 g of rice
husk ash was added to 200 mL of 6 N HCI solution
and soaked for 1 h, followed by stirring for 2 h.

The mixture was filtered using Whatman No.41
filter paper, and the residue obtained was rinsed
using distilled water and then dried in an oven at
110 °C for 12 h. The sample was then dissolved in
160 mL of 2.5 N NaOH solution and heated at
90 °C for 3 h with constant stirring. The filtrate
was again filtered to obtain a clear filtrate, which
H2S0O4 was then added to the filtrate solution with
constant stirring under controlled conditions until
a silica gel was formed. The silica gel was filtered,
washed using warm distilled water, and dried at
110 °C for 12 h.

Cu(NOs3)2.3H20 and Ni(NO3)2.6H20 were
weighed in Cu:Ni ratios of 10:0, 7:3, 3:7, and 0:10
to achieve a total metal loading of 10 wt.% in the
catalyst, placed into a 250 mL beaker, and then 80
mL of distilled water was added and stirred until
dissolution. Then, 3.6 g of Si02 support was added,
and the solution was stirred for 3 h. The solution
was sonicated at 40 °C for 1 h. The solvent was
evaporated at 90 °C until a solid was obtained.
The solid was then transferred to a porcelain cup
and dried in an oven at 120 °C for 12 h. The solid
was crushed and calcined in a furnace at 500 °C
for 3 h. Subsequently, reduction using Hs gas was
performed in a tubular furnace at 550 °C for 4 h.

2.3 Catalyst Characterizations

The crystal structure of the catalyst was
analyzed wusing X-ray diffraction (Rigaku
SmartLab) with Cu-Ka radiation at a voltage of 45
kV and current of 40 m, with a measurement
angle range of 5-90°. The elemental compositions
of the catalysts were analyzed by X-ray
fluorescence (Bruker S2 PUMA). Ammonia
Temperature-Programmed Desorption (NHs-
TPD) was performed to assess the acidity of the
catalysts (AutoChem II). Prior to adsorption, the
catalyst was heated to 350 °C for 60 min under a
stream of inert helium (He) gas. The adsorption of
NHs (5% in He, v/v) was performed at 100 °C for
30 min, followed by purging with helium gas at
the same temperature for 30 min. The desorption
of NHs was performed over a temperature range
of 100-800 °C at a heating rate of 10 °C/min. To
quantify the total acidity, a calibration curve was
established by injecting known amounts of NHs3
gas (1, 2, 3, 4%, and 5% in He, v/v) and measuring
the corresponding TCD signal. The area under the
NH; desorption peak from the catalyst was
integrated and compared with the calibration
curve to determine the total acidity, expressed as
mmol NHs/g catalyst [13,14]. The surface area of
the catalyst was determined using the Brunauer—
Emmett-Teller (BET) method (Micromeritics
TriStar II 3020), and the pore diameter and
volume were analyzed using the Barrett—Joyner
(BJH) method. The Hsz-TPR catalyst was used to
determine the reducibility of the catalyst
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(AutoChem II). First, the catalyst was heated at
200 °C for 1 h under inert gas. The reduction was
performed with Hz gas (6% in Ar, v/v) over a
temperature range of room temperature to 800 °C,
with a temperature increase of 10 °C/min. Field-
emission scanning electron microscopy (FE-SEM)
was performed using Jeol JIB-4610F to determine
the morphology and elements.

2.4 Catalytic Reactions

The hydrogenation of ethylene carbonate was
performed in a 100 mL batch reactor. First,
ethylene carbonate (0.5 g) was dissolved in 20 mL
of 2-propanol, mixed with 0.1 g catalyst and placed
in a batch reactor. The reactor was tightly closed
and Hz gas was purged three times to remove air
and then with Hz gas at a pressure of 40 bar. The
reaction was carried out at 150 °C for 3 h. After
completion of the reaction, the reactor was cooled
to room temperature. The reaction product was
separated from the catalyst by filtration and the
resulting product was analyzed using a GC-FID
equipped with an Agilent HP-88 column. The
results were calculated for the conversion and
selectivity (Egs. (1) and (2)).

Eth.Carb. Conv. (%)

Init. Conct. (mTol) — Final Conct. (mTol)
= X 100%

Init. Conct. (mTol)

(€Y)
Ethyl. Glycol Select. (%)
_ Areaof Ethyln.Glycol

" Total area all products

X 100%
(2

3. Results and Discussion

The sol-gel method can be employed to
efficiently produce silica from rice husks [15,16].
The process begins with the calcination of rice
husks, which removes volatiles and water [17],
resulting in the formation of the desired oxides.
Subsequently, non-SiO2 oxides were dissolved by
leaching with 6 N HCI, improving both purity and
surface area [18]. The dried samples were then
dissolved in NaOH, which enabled the reaction
between SiO2 and NaOH to generate sodium
silicate (Na2Si0Os) [19]. The introduction of an acid
to the sodium silicate solution triggers the
condensation of silicate ions, transforming the
siloxy groups (Si-O-) into silanol groups (Si-OH)
and creating siloxane bonds (Si-O-Si), ultimately
producing a white hydrogel [20]. The water
content was reduced by drying at 110 °C for 12 h
to evaporate surface water. XRF analysis revealed
that the silica obtained from the rice husks had a
purity of 96.1%.

The obtained silica was then used as a
support in the synthesis of Cu-Ni/SiO2 catalysts

by varying the Cu:Ni ratios of 10:0, 7:3, 3:7, and
0:10 using the wet impregnation method. The
obtained catalyst was calcined at 500 °C for 3 h to
stretch the interpore space and improve the
dispersion of metals on the support; thus, an
active phase was formed, and contaminants were
removed from the catalyst surface. The reduction
of the metals using Hz gas was then carried out in
a tubular furnace at 550 °C for 4 h.

The X-ray diffraction (XRD) patterns shown
in Figure 1 demonstrate the structural
characteristics of the silica support derived from
rice husks as well as the synthesized
monometallic and bimetallic catalysts. The broad
peak around 260 = 21.7° in all diffractograms is
indicative of amorphous silica, aligned with
JCPDS #96-412-4080. This finding confirms that
the rice-husk-derived silica predominantly exists
in an amorphous form, with no crystalline silica
phase being detected. Such amorphous silica can
provide a favorable high-surface-area support for
metal dispersion, contributing to catalytic
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Figure 1. XRD patterns of the catalysts
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performance. 10Cu/SiO2  exhibited  sharp
diffraction peaks at 20 = 43.32°, 50.45°, and
74.11°, which correspond to the crystalline phases
of metallic Cu (JCPDS #040836) [21]. These peaks
indicated the presence of well-crystallized Cu
particles on the silica support. Similarly, the
10N1/SiOz catalyst showed peaks at 20 = 44.42°,
51.75°, and 76.35° consistent with metallic Ni
(JCPDS #01-1260) [22].

In the case of 7Cu3Ni/SiO2, the diffraction
patterns revealed both Cu and Ni metal phases.
This suggests that the Cu and Ni metals were well
dispersed on the silica support, with no evidence
of alloy formation or other significant phase
interactions between the metals. For 3Cu-
TN1/Si02, the Ni peaks dominate, reflecting a
higher proportion of Ni in the bimetallic catalyst.
The presence of both Cu and Ni phases in the
bimetallic systems further suggests potential
synergistic effects that could enhance the catalytic
performance, as these structural characteristics
can directly impact hydrogenation reactions, such
as the transformation of ethylene carbonate to
ethylene glycol. The prepared catalysts were
characterized by X-ray fluorescence (XRF) to
determine their constituent components. The XRF
characterization results are presented in Table 1.

N, physisorption analysis provides valuable
information regarding the surface area, pore
volume, and pore size of the silica support and
catalysts, contributing to a deeper understanding
of their structural and catalytic properties. As
detailed in Table 2, the silica derived from rice
husks possesses a large surface area of 368.5 m?/g,
a pore volume of 0.72 cm?/g, and an average pore
size of 10.8 nm. These properties indicate that the
silica support is mesoporous [23]. Mesoporous
materials are crucial for catalysis because they
provide an optimal balance between the surface
area and pore size, facilitating the dispersion of
metal particles and allowing for the efficient
diffusion of reactants and products [24].

Upon impregnation of Cu and Ni into the
silica support, significant changes in the surface
area and pore size were observed, as seen in the
properties of the synthesized -catalysts. For
example, the 10Cu/SiO2 catalyst showed a
considerable reduction in the surface area (104.0
m?/g) compared to the support, accompanied by an

Table 1. XRF analysis results

Amount (wt.%)

Catalyst Cu Ni
10Cu/SiO¢ 15.0 -
7Cu3Ni/S102 8.90 3.70
3Cu7Ni/S102 4.40 9.30
10 Ni/SiO2 - 12.70

increase in the average pore size to 21.4 nm. This
reduction in the surface area is attributed to the
filling of the silica pores by Cu particles, which
block the access to the inner surface of the support
[25]. A similar trend is observed for the
7Cu3Ni/SiO2 catalyst, which exhibits a surface
area of 99.6 m?*g and a pore size of 21.4 nm,
further confirming that metal impregnation
reduces the number of available active sites on the
silica surface by occupying the pore volume.
Interestingly, the 3Cu7Ni1/SiO2 catalyst has a
higher surface area (258.0 m?/g) than the other
bimetallic catalysts, with a smaller average pore
size of 10.7 nm. This suggests that a higher Ni
content promotes better dispersion of metals on
the silica surface, leaving a more accessible pore
structure.

Furthermore, the 10Ni/SiOz catalyst also
showed a decrease in surface area (234.6 m?/g) and
a slight increase in pore size (12.1 nm) compared
to pure silica. This pattern is consistent with the
notion that metal impregnation leads to a
reduction in the surface area because the metal
particles partially block the mesopores of silica.
However, the surface area of 10N1/Si02 remained
relatively higher than that of 10Cu/SiOg,
suggesting that Ni particles may not penetrate the
silica pores deeply or may be more uniformly
dispersed than the Cu particles.

The large surface area of the silica support
enhances its ability to disperse metal particles,
which is crucial for its catalytic activity. However,
metal impregnation reduces the surface area and
pore volume, which can affect the overall catalytic
performance. Among the catalysts, 3Cu7Ni1/SiO2
appears to maintain the best balance of surface
area and pore size, which could be advantageous
for catalytic reactions because it provides
sufficient active sites, while maintaining a
mesoporous structure that facilitates reactant and
product diffusion. The smallest surface area of the
7Cu3Ni/Si02 catalyst suggests that a higher Cu
content leads to more significant pore blockage,
which could negatively impact its catalytic
performance by reducing the available active
sites. These data indicate that the balance
between the surface area and pore size plays a
critical role in the performance of these catalysts.

Table 2. Pore properties of the catalysts

Surface Pore Average

Catalyst Area volume pore size
(m?g) (cm?¥g) (nm)
S102 368.5 0.72 10.8
10Cu/Si102 104.0 0.72 21.4
7Cu3N1/Si02 99.6 0.56 21.4
3Cu7N1/Si02 258.0 0.61 10.7
10N1/S102 234.6 0.61 12.1
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The H,-TPR profiles presented in Figure 2
provide valuable insights into the reduction
behavior and metal-support interactions of both
monometallic and bimetallic Cu-Ni catalysts
supported on silica. The 10Cu/SiO2 monometallic
catalyst exhibited a reduction peak at
approximately 225 °C, which is notably lower than
that of the 10Ni/SiO2 catalyst reduced at 335 °C
[26]. This difference in reduction temperature is
consistent with previous findings such as those
reported by Gulyaeva et al. who indicated that Cu
has a lower reduction temperature owing to its
weaker interaction with the silica support [27]. In
contrast, Ni exhibited a stronger interaction with
the silica surface, making it more stable and
requiring higher temperatures for reduction. This
behavior emphasizes the higher reducibility and
catalytic activity of Cu because a lower reduction
temperature indicates that the catalyst is more
readily activated for hydrogen dissociation,
enhancing its efficiency in catalytic reactions
involving hydrogenation.
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Figure 2. H2-TPR profiles of the catalysts
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Figure 3. NH3-TPD profiles of the catalysts

Bimetallic catalysts, particularly
7Cu3N1/SiO2 and 3Cu7N1/SiO2, show distinct
reduction  behaviors compared to their
monometallic counterparts. The 7Cu3Ni1/SiO2
catalyst exhibited a reduction peak at 237 °C,
which was lower than that of the monometallic
Ni/SiOz catalyst, but slightly higher than that of
the 10Cu/SiOz catalyst. This reduction
temperature suggests that a Cu-rich bimetallic
composition facilitates easier reduction than pure
Ni, but retains some stability provided by the Ni
component. In contrast, the 3Cu7Ni/Si02 catalyst
exhibited the lowest reduction temperature with a
peak at 206 °C. This lower reduction temperature
indicated enhanced reducibility, which could be
due to the synergistic interaction between Cu and
Ni in the catalyst. The strong interaction between
Cu and Ni leads to a shift in the reduction
temperature to a lower range (179-237 °C),
demonstrating that the addition of Cu to Ni-based
catalysts enhances their overall reducibility,
making it easier to activate both metals during
catalytic processes.

This synergistic effect is further evidenced by
the relatively higher peak intensities observed for
the bimetallic catalysts. The peak intensities
indicate a cooperative reduction process between
the NiO and CuO species on the silica surface,
which enhances the overall reduction behavior of
the catalyst. Specifically, the 3Cu7Ni/SiO:
catalyst displayed the lowest reduction peak,
suggesting that it is highly reducible and may
offer improved catalytic activity in hydrogenation
reactions. The combination of Cu and Ni allows for
a more efficient reduction process because Cu
promotes the reduction of NiO, making it easier
for both metals to participate in the catalytic
process. This interaction between Cu and Ni not
only enhances the reducibility of the catalyst but
also contributes to its overall performance in
reactions requiring active hydrogen dissociation.

NHs-TPD analysis was performed to assess
the acidic properties of the catalysts. Figure 3 and
Table 3 present the results obtained from NHs-
TPD characterization. Figure 3 presents two key
peaks for each catalyst: one at lower temperatures
(below 350 °C), representing weakly acidic sites,
and the other at higher temperatures (above
350 °C), indicating strongly acidic sites. The
intensity and position of these peaks correlated
well with the acidity values listed in Table 4,
offering insights into the number and strength of
acid sites across the different catalysts. 10N1/SiO2
exhibited the highest total acidity (1.909 mmol/g),
which corresponded to strong desorption peaks at
higher temperatures, indicating the presence of
stronger acid sites. In contrast, the 10Cu/SiOz and
7Cu3Ni/SiO2 catalysts exhibited lower total
acidity (1.110 mmol/g and 0.871 mmol/g,
respectively) and weaker desorption peaks at
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lower temperatures, suggesting weaker acid sites.
This difference can be attributed to the distinct
properties of the metals; Ni tends to form stronger
Lewis acid sites because of its ability to generate
robust metal-support interactions and
coordinatively unsaturated sites that enhance
surface acidity [28]. Furthermore, nickel ions,
particularly Ni?*, act as stronger electron
acceptors than copper ions, which generally form
weaker acidic sites [29]. The mixed metal catalyst
3Cu7Ni/Si0z demonstrated moderate acidity
(1.633 mmol/g) with a broad range of desorption
temperatures, reflecting the synergistic effect of
both metals, where nickel contributed stronger
acidic sites, while copper modulated the overall
acidity.

The SEM images (Figure 4) and EDX analysis
(Table 4) of the Cu-Ni/SiO, catalysts provide
valuable insights into the relationship between
their morphology, elemental composition, and
potential catalytic performance. The SEM images
revealed distinct differences in the surface
morphologies of the catalysts. The 10Cu/SiO,
catalyst displayed relatively large spherical
particles, suggesting a  well-defined but
potentially lower surface area for catalytic
reactions. In contrast, the combination of Cu and
Ni in the 7Cu3Ni/SiO2 and 3Cu7N1/SiOz catalysts
led to a more dispersed and granular morphology,
particularly in 3Cu7Ni/SiO2, where finer, more
homogeneous particles suggested an increased
surface area and improved dispersion of metal
species. The 10Ni/SiOz catalyst showed smaller
particles, consistent with the high surface area
typically associated with Ni, which is known for
its hydrogenation capabilities. In addition,
10Ni1/SiO,, which had a high Ni content (16.6
wt. %) and small particle size, would be highly
active in general hydrogenation processes, but
may lack the selective properties of Cu in the

Table 3. Total acidity of the catalysts

Catalyst Acidity (mmol/g)

10Cu/Si0s2 1.110
7Cu3Ni/SiOe 0.871
3Cu7Ni/SiOz 1.633

10N1/SiO2 1.909

Table 4. EDX analysis results

Amount (wt.%)

Catalyst Cu Ni
10Cu/SiO2 7.2 -
7Cu3Ni/SiO2 11.0 5.2
3Cu7Ni/Si02 5.7 6.0
10N1/SiO2 - 16.6

catalyst. Among them, 3Cu7Ni/Si02, with its
balanced composition and fine dispersion, likely
exhibited the best catalytic performance because
of the optimal interaction between Cu and Ni, as
suggested by the small, well-dispersed particles
observed in the SEM image.

The EDX data complemented these
observations by providing the elemental
composition of each catalyst. For example,
10Cu/S102 contains 7.2 wt.% Cu and no Ni,
indicating a pure copper catalyst supported on
S102. This composition, combined with the
morphology, suggests moderate catalytic activity,
as Cu 1is selective, but less active for
hydrogenation reactions. However, the
introduction of Niinto the 7Cu3N1/SiO2 (with 11.0
wt.% Cu and 5.2 wt.% Ni) and 3Cu7N1/Si10, (5.7
wt.% Cu and 6.0 wt.% Ni) not only alters the
morphology but also improves catalytic potential
by promoting synergistic effects between the two
metals. N1 enhances hydrogen activation, whereas
Cu aids in selective hydrogenation, making these
bimetallic catalysts particularly suited for
reactions requiring both high activity and
selectivity. Among them, 3Cu7Ni/SiOz, with its
balanced composition and fine dispersion, is likely
to exhibit the best catalytic performance because
of the optimal interaction between Cu and Ni, as
suggested by the small well-dispersed particles
observed in the SEM image. In contrast,
10Ni/SiO2, which had a high Ni content (16.6
wt.%) and small particle size, would be highly
active in general hydrogenation processes but
may lack the selective properties that Cu brings
to the catalyst.

The catalytic performance of Cu-Ni supported
on rice husk-derived SiO: was evaluated in the
conversion of ethylene carbonate to ethylene
glycol. The conversion was performed in a batch
reactor with an initial hydrogen pressure of 40 bar
at 150 °C for 3 h. The hydrogenation of ethylene
carbonate yields ethylene glycol and methanol as
primary products and 1,2-propanediol and 1,2-
butanediol as secondary products. Figure 5
presents the catalytic performance of the
Cu-Ni/SiO2 catalysts for the hydrogenation of
ethylene carbonate into ethylene glycol,
highlighting the differences in the conversion and
selectivity of ethylene glycol. 10Cu/SiO2
demonstrated very low conversion (1.7%) with low
ethylene glycol selectivity (15.1%), likely due to
the ability of Cu to facilitate the hydrogenation
process, but not as efficiently guide the selectivity
towards ethylene glycol production. In contrast,
7Cu3Ni/Si02 exhibited the best performance with
80.5% ethylene glycol selectivity, despite a modest
ethylene carbonate conversion of 15.1%, implying
an optimal synergy between Cu and Ni in
enhancing selective hydrogenation. This could be
attributed to the bimetallic nature of the catalyst,
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where Ni enhanced hydrogen adsorption and
activation, while Cu likely stabilized the
intermediates, promoting ethylene glycol
formation. In addition, electron transfer from Cu
to Ni results in more stable Cu** species, allowing
more Cul sites to be released for hydrogen
adsorption. The enhanced synergistic -effect
between Cu® and Cu** in the Cu-Ni/SiOz catalyst
contributes to its excellent catalytic
performance[30]. This indicates that the Ni metal
incorporated into the Cu/SiO:z catalyst causes Ni
to be well dispersed to form a uniform Cu-Ni
combination to enhance the adsorption and
dissociation ability of Ha. The 3Cu7Ni composition

7.9 8 SEM_COMPO

15.0kV x30,000,

15.0kV  x30,000 _ 0.5um 4" 808 SEM COMPO

15.0kV x30,000 0.5um 7.9 8 SEM_COMPO

further 1improved the ethylene carbonate
conversion to 25.3% while maintaining a high
ethylene glycol selectivity (74.2%), suggesting the
dominant role of Ni in boosting the catalytic
activity. Interestingly, the 10Ni catalyst showed
the highest ethylene carbonate conversion
(52.9%), but with slightly reduced ethylene glycol
selectivity (54.4%), indicating that a Ni-rich
environment favors ethylene carbonate
hydrogenation, but at the expense of ethylene
glycol selectivity, possibly due to over-
hydrogenation or side reactions. These results
suggest that the balance between Cu and Ni
content plays a critical role in tuning the catalytic

=

Figure 4. Surface morphology of the catalysts: (a) 10Cu/SiOz2, (b) 7Cu3Ni/SiOg2, (c¢) 3Ni7Cu/SiOz, (d)

Ni/SiO2
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properties, where Cu contributes to the selectivity
and Ni contributes to the conversion efficiency.
The superior performance of the 7Cu3Ni catalyst
highlights the importance of controlling its metal
composition to achieve the desired catalytic
behavior.

4. Conclusions

Cu-Ni bimetallic catalysts supported on rice-
husk-derived SiO2 were successfully synthesized
and characterized for the hydrogenation of
ethylene carbonate to ethylene glycol. The
catalysts  exhibited varying degrees  of
performance depending on their Cu:Ni ratios.
7Cu3Ni/SiO2 demonstrated the best performance
with 80.51% selectivity towards ethylene glycol,
despite a modest ethylene carbonate conversion of
15.14%. This suggests an optimal synergy
between Cu and Ni for enhancing selective
hydrogenation. The balance between the Cu and
Ni contents plays a critical role in tuning the
catalytic properties. Cu contributed to the
selectivity, whereas Ni enhanced the conversion
efficiency. These findings highlight that while Cu
primarily enhances selectivity, Ni contributes
significantly to conversion efficiency,
underscoring the critical role of fine-tuning the
metal composition to optimize catalytic behavior.
This study demonstrates the potential of Cu-Ni
bimetallic catalysts supported on rice-husk-
derived silica for the efficient and selective
production of ethylene glycol from ethylene
carbonate. Further research should focus on
optimizing the reaction conditions and exploring
the long-term stabilities of these catalysts to
enhance their industrial applicability.
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