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Abstract

The CuO-nanoleaf/y-Al2O3 catalyst was synthesized through wet chemical impregnation and had promising
catalytic activity in reducing p-Nitrophenol (PNP) into p-Aminophenol (PAP). The synthesis was conducted in situ
with Ethylene Glycol as a stabilizer agent of the CuO-nanoleaf structure and y-Al:Os3 as catalyst support with high
adsorption ability. Furthermore, the crystal phase, morphology, element composition, and specific surface area
were investigated by X-Ray Diffraction (XRD), Field Emission Scanning Electron Microscopy (FESEM), and N2 ad-
sorption-desorption, respectively. The XRD pattern showed the crystal phase of CuO and y-Al203 in the composite,
and the morphology was successfully reported using FESEM. The increase in the specific surface area of the
catalyst indicates that the CuO material was well composited in y-Al20s. The catalyst has good activity in reducing
PNP to PAP with 93.53% PNP conversion within 4 min. In addition, the reduction reaction of PNP with excess
NaBHy4 could be categorized as pseudo-first order kinetic with a constant rate of 0.4852 min-! for CuO-nanoleaf/y-
Al20s3 catalyst. The loading catalyst and temperature reaction effect on PNP conversion were also investigated.
The results showed that 94.18% PNP conversion was obtained within only 2.5 min under the optimized conditions.
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1. Introduction 8,000 tons/year in Indonesia, hence, PAP syn-
thesis technology is necessary. The formation of
PAP can be conducted with catalytic conversion
of p-Nitrophenol (PNP) in the presence of
NaBH4 [5,6]. According to several types of
research, noble metal catalysts, including Pd,
Pt, Ag, and Au, can be used in the reduction

ntipyretic and amalgesic drags such a8 Parace.  Process of PNP to PAP [-14]. However, PNP
Py g g reduction requires high costs and tends to

tamol [4]. Th}s drug is widely used to reduce agglomerations after wuse [15]. Catalytic

headaches, minor aches, and fevers. The need . . .

for Paracetamol is relatively hich. reachin transformation using metal oxide catalysts such
y st g as CuO is an alternative method for synthesiz-

ing PAP due to its advantageous

physicochemical characteristics [16-18].

p-Aminophenol (PAP) is widely used as a
colouring agent, fragrance agent, corrosion
inhibitor, resin manufacturer, and medicinal
raw materials in the pharmaceutical industry
[1-3]. PAP is non-toxic and an essential inter-
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Morphology and size can influence the
physicochemical properties of nano-material.
Therefore, the performance of the CuO can be
improved by changing its morphology to form
nanosheets, nanorods, nanowires, nanoflowers,
or other nanostructures. Che et al. [19] exam-
ined how morphology of CuO nanostructures
affected the catalytic activity to transform PNP
to PAP. The reaction rate constant for the CuO-
nanoleaf structure was more excellent than
CuO nanoflower and nano-dumbbell structures.
According to Bhattacharjee et al. [20], the CuO
nanorods structure had a more excellent
reaction rate constant than the nanosheet
structure. Sahu et al. [21] researched the use of
CuO nanowire catalyst to reduce PNF into
PAP, where the catalytic activity provided was
high with a reaction rate constant of 0.5014
min-1,

Several methods of preparation of CuO
nanostructures have been developed, such as
hydrothermal [22,23], microwave-assist [24],
thermal decomposition [25], electrodeposition
[26], and wet chemical route [18,27,28]. The
wet chemical method is an alternative for
preparing CuO nanostructures because its a
more direct process and a lower production cost
than other methods [29]. The limitation is low
adsorption capacity, which tends to agglomera-
tions within a specific time and -catalysts
accumulate to large aggregates and micron-
sized entities [19]. It reduces the active site and
specific surface area for the desired reaction.
The combination of CuO nanostructure with v-
Al203 can increase the adsorption ability of
composite and reduce the agglomeration
process of catalyst [30]. The y-Al:O3 has a
crystal structure with a high specific surface
area, pore volume, and an open type of
mesoporosity that allows rapid penetration into
the active site of the catalyst [31,32].

A few research focused on using CuO
nanostructure catalyst without support for
applying PNP reduction. In this study, CuO-
nanoleaf structure was impregnated with y-
Al>O3 for reduction of PNP to PAP. This was
formed through a supported catalyst with the
wet chemical impregnation method. Adding y-
Al20O3 improves adsorption capacity with a high
specific surface area and reduces agglomera-
tion. The CuO-nanoleaf/y-AloOs catalyst was
characterized by Field Emission Scanning Elec-
tron Microscopy-Energy Dispersive Spectrosco-
py (FESEM-EDS), X-Ray Diffraction (XRD),
and Brunauer, Emmett, and Teller (BET). In
particular, the effects of adding y-Al203, loading
catalyst, temperature reaction, and their

catalytic performance in terms of PNP
reduction into PAP were emphasized.

2. Materials and Methods
2.1 Materials

Copper Sulfate Pentahydrate (Merck, 99%),
Sodium Hydroxide (Merck, 99%), Ethylene
Glycol (Merck, 99,5%), and 7y-Al:O3 (Merck,
99%) with pro-analysis grade were used for the
synthesis catalyst. In addition, p-Nitrophenol
(Merck, 99,5%) and NaBH4 (Merck, 98%) with
pro-analysis grade were applied to analyze the
catalytic performance and produce p-
Aminophenol.

2.2 Synthesis CuO-nanoleaf/y-Al2O3

The CuO-nanoleafly-Al2Os catalyst was
prepared by using the wet chemical method.
Initially, 100 mL of 0.125 M CuS04.5H20
solution was made in demin water, and 10 mL
of Ethylene Glycol (EG) with and without 20 g
of y-AlzOs were added to the solution while
stirring with 500 rpm for 30 min. During the
mixing process, 50 mL of 0.6 M sodium
hydroxide was added dropwise to the solution.
Subsequently, the solution was mixed at 90 °C
and stirred continuously for 2 h. The
precipitate formed was centrifuged, washed
with water and ethanol until pH 7. It was dried
in a vacuum oven for 12 h at 60 °C, and the
resultant powder was ground, sieved with a
100 mesh sieve, and calcined in an atmospheric
furnace at 350 °C within 4 h.

2.3 Characterization

The dry samples were analyzed for physical
properties such as crystal phase, specific
surface area, pore volume, morphology, and
element composition. XRD with the brand Shi-
madzu X-Ray Diffractometer XD-610 was
utilized to evaluate the crystal phase of
materials with Cu anode (Ko 1.5406 A) as
beam source, operation under 30 mA and 40
kV, with the 20 range of 20-80. N2 adsorption—
desorption isotherms were obtained using
Micromeritics Tristar 3020 surface area and a
porosimetry analyzer instrument at liquid
nitrogen temperature 77 K with the brand
Quantachrome Nova 4200e. The specific sur-
face area was calculated using the Brunauer-
Emmett-Teller (BET) equation. The
morphology and element composition of
nanoleaf CuO catalysts were analyzed using
FESEM-EDS with the brand JEOL JIB-4610F
employing the accelerating voltage of 15 kV.
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The catalytic properties of decreasing PNP
concentration to produce PAP were analyzed
using a UV-VIS spectrophotometer with the
brand Libra S70PC. The loading of copper (Cu)
in the catalyst was determined by Inductively
Coupled Plasma (ICP).

2.4 Catalytic Performance

In reactor glass, PAP was produced from
PNP with the presence of a CuO-nanoleaf/y-
AlOs catalyst. Before the tests, several
solutions were newly made, and 100 mL of
2.2x104¢ M PNP and 1.58x102 M NaBH:
solution were prepared. In a typical process,
PNP and NaBHj4 solution were mixed in reactor
glass, and 150 mg of the CuO-nanoleaf/y-Al2Os
catalyst was added under stirring. Further-
more, the solution kept the reaction
temperature at 30 °C, and a UV-visible
spectrophotometer was used to examine the
absorbance spectrum. The change in the PNP
peak intensity after 2 ml aliquots were
periodically obtained, filtered, and measured.

! g i %
x50,000 --'|.ml .

— { ¥, .
7.6 8 SEM_SEI

Ipm

For the catalyst reusability test, the spent cat-
alyst was filtered from the solution and dried
at a temperature of 90 °C. After that, the spent
catalyst was reused for PNP reduction under a
similar condition operation in several consecu-
tive runs.

3. Results and Discussion
3.1 Morphology

Figures 1(a) and (b) show FESEM images
from the CuO-nanoleaf and CuO-nanoleafly-
Al2Os catalyst with 50K magnification,
respectively. Based on Figure 1(a), CuO-
nanoleaf was synthesized by the method used
and was accumulated between catalysts. The
Nanoleaf CuO structures had a thickness,
wideness, and length range of 20 to 40 nm, 50
nm, and 200 nm. Based on Figure 1(b), CuO
with nanoleaf structures was attached to the
surface of y-AlsOs. Therefore, adding y-Al2O3
does not affect the formation of CuO-nanoleaf
structure using the wet chemical method. On

15.0kV x50,000 0.5um

7.6 8 SEM_SEI

Culal 2

1pm

Figure 1. FESEM image of (a) synthesized CuO-nanoleaf and (b) CuO-nanoleaf/y-AloO3 catalyst, ele-
ment mapping of (¢c) Al Kal, and (d) Cu Lal_2 in CuO-nanoleaf/y-Al2O3 catalyst.

Copyright © 2022, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 17 (4), 2022, 853

the surface of v-Al2Os, the nanoleaf CuO
structures were distributed equally and
covered most of the y-Al2Os surface. The
nanoleaf CuO structures were obtained due to
the addition of Ethylene Glycol as a stabilizer
agent, with a reaction temperature of 363 K
within 2 h [17]. On the other hand, y-Al2Os
used had a cubic shape particle with a solid
rough structure with a side range of 20 um.

The CuO-nanoleaf's distribution on the sur-
face of y-Al:Os was analyzed through EDS
mapping. The element mapping of Al Kal
(Figure 1(c)) and Cu Lal (Figure 1(d)) was
measured in synthesized CuO-nanoleaf/y-Al20s.
Therefore, the nanoleaf structure was a CuO
catalyst while the cubic shape below the was y-
Al203 support. Figure 2 shows the EDS spectra
of the synthesized CuO-nanoleaf/y-Al203
catalyst with 1000x magnification. The
composition of Cu, Al, and O element without
other elements indicates a proper manufactur-
ing process, and the purification can remove
several contaminants, according to washing
with water and ethanol. Figure 2 shows the
EDS spectra of the synthesized CuO-
Nanoleafly-Al203 catalyst with 1000x magnifi-
cation. The EDS analysis of CuO-nanoleaffy-
Al203 catalyst confirmed the Cu content of 5.12
%wt. In addition, the Cu content in the CuO-
nanoleaf/y-AlsOs catalyst also measures with

the ICP method. The ICP result showed the Cu
content in the CuO-nanoleaf/y-AloO3 catalyst
was about 3.75 %.

3.2 Crystal Structure

The XRD pattern of the synthesized catalyst
prepared by similar experimental conditions is
shown in Figure 3. The XRD pattern of CuO-
nanoleaf (without y-Al2Os) with the peak at 260

38.68° (111)

CuO-nanoleaf
CuO-nanoleafly-Al,O,

(a)
(b)

32.87¢ (110)
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61.51° (-113)
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1
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Figure 3. XRD pattern of CuO-nanoleaf and
CuO-nanoleaf/y-Al2Os catalyst.
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Figure 2. EDS spectra of synthesized CuO-nanoleaf/y-Al2Os catalyst.
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values of 32.87°, 35.54°, 38.68°, 46.28°, 48.71°,
53.52°, 58.31°, 61.51°, 66.06°, 68.02°, 72.29°,
and 75.01° were associated with the (110),
(-111), (@111), (-112), (=202), (020), (202),
(-113), (=311), (220), (311), and (004)
reflections plane, respectively. Meanwhile, the
diffraction peaks can be indexed in the
monoclinic CuO phase with the JCPDS (Joint
Committee on Powder Diffraction Standard)
card files no. 89-5895 [21,33]. The lattice
parameters were calculated using the Rietveld
refinement analysis from the Reitica program.
The Rietveld method fits the experimental data
to the calculated data profile (structure crystal
CuO with monoclinic crystalline with an in-
strumental parameter, such as vector a # b # ¢
and angle o = y = 90° # f). The obtained
parameters were a = 4.6893 A, b = 3.4268 A, c=
5.1321 A, o =y = 90.00 and B = 99.653° with
volume cell of 81.27 A3. The result indicated
that the synthesized CuO was monoclinic
crystalline, unlike the tenorite phase, which
shaped a tri-clinic lattice with unequal unit cell
length of a = 3.74 A, b = ¢ = 4.67 A. Impurity
peaks, such as Cu(OH)2, Cu20, Cu, or
precursors, were not detected, indicating that
the product was relatively pure.

The XRD pattern of CuO-nanoleaf/y-Al2Os
catalysts showed diffraction peaks at 20 of
32.70°, 37.28°, 39.17°, 45.92°, and 66.89°,
representing (220), (311), (222), (400), and (440)
at crystal planes of the y-Al20s, respectively
[34]. No clear diffraction peaks of crystalline
CuO were visible in the CuO-nanoleaf/y-Al203
catalysts XRD pattern. This shows that y-Alz0s
was a dominantly crystal phase and a small
portion of crystalline CuO that dispersity on
the surface of y-Al203. The XRD confirmed the

180
: —&— CuO-nanoleaf

—8—y-ALO,

—aA— CuO-nanoleafly-Al,O,

160—5
140 ]
120-5
100—5
an-f

60

Quantity Adsorbed (cm®g STP)

40—:

Relative Pressure (P/P )

Figure 4. N2 adsorption-desorption isotherm of
CuO-nanoleaf, y-AloO3, and CuO-nanoleaffy-
AlOs.

EDS spectrum result where the quantity of
y-Al203 in the CuO-nanoleaf/y-Al2Oscomposite
was very dominating, as evidenced by the peak
of the Al element being higher than the Cu ele-
ment. The research conducted by Nandanwar
et al. [35] and Hua et al. [36] showed the same
condition, with no apparent peaks of
crystalline CuO appearing in the XRD pattern
of the synthesized CuO-nanoparticle/Al:Os
composite.

3.3 Specific Surface Area

The Nz adsorption-desorption profile of
CuO-nanoleaf, y-Al203, and CuO-nanoleaffy-
Al203 catalysts is given in Figure 4. Further-
more, the observed isotherms were classified as
type IV with a composite pore size of 7.04 nm.
This is consistent with the mesoporous catalyt-
ic support with pore sizes between 2 and 50 nm
[34]. Multi-point BET equation was used to
calculate the specific surface areas of catalysts.
Table 1 shows the results of BET surface area
and average pore volume of CuO-nanoleaf, y-
Al203, and CuO-nanoleaf/y-AloOs catalysts
derived from nitrogen physisorption. The
results of BET surface area of CuO-nanoleaf, y-
Al203, and CuO-nanoleaf/y-Al203 catalyst was
37.53 m2.g-1, 137.32 m2.g-1, and 140.19 m2.g1,
respectively.

The synthesized CuO-nanoleaf catalyst had
a relatively low BET surface area, and y-Al2O3
material had a high adsorption capacity with a
high surface area. The BET surface area
increased significantly when CuO-nanoleaf was
loaded on the y-Al2O3 surface from 37.53 m2.g™!
to 140.19 m2.g1l, which could increase the
adsorption capacity of the CuO-nanoleaffy-
Al203 composite. The composite had a slightly
higher value of BET surface area than y-Al20s
material. This is because the EDS spectrum
confirmed only a small addition of CuO to the
composite. Pan et al. [32] and Antony et al. [34]
showed that the addition of CuO nanoparticles
catalyst to the Al2O3 in the composite gave a
higher value of BET surface area. The CuO-
nanoleaf, y-Al:0s, and CuO-nanoleaf/y-Al2O3
catalyst had an average pore volume of 0.106
cm3.g 1, 0.231 cm3.gl, and 0.247 cm3.g™l,
respectively.

Table 1. Surface properties of CuO-nanoleaf, y-
Al203, and CuO-nanoleafly-Al2Os catalyst.

Sample SgeT (M2.271)  Vpore (cm3.g71)
CuO 37.53 0.106
v-Al2O3 137.32 0.231
CuO/y-Al203 140.19 0.247
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3.4 Catalytic Performance

PAP was synthesized with reduction of the
PNP method with excess NaBH4 in an aqueous
solution to investigate the catalytic activities of
the CuO-nanoleaf/y-Al20Os composite. UV-visible
spectroscopy was used to evaluate the
reduction reaction of PNP. Meanwhile, when
NaBH4 is added to the PNP solution, the colour
changes from light to intense yellow. Only an
absorption peak at 400 nm was seen in the
spectrum, indicating the formation of 4-
nitrophenolate anions as an intermediate
[18,37,38]. The stability of the intermediate
may be shown by the absence of a drop in the
absorption peak at 400 nm in the absence of a
catalyst [19,39]. Figure 5 shows the UV-visible
absorption spectrum of PNP solution with
various reaction times in the presence of CuO-
nanoleaf/y-Al20s catalyst. The peak intensity of
400 nm significantly decreased when the CuO-
nanoleafly-Al2Os catalyst was added to the PNP
solution. In contrast, a new adsorption peak
appeared at 233 nm and 300 nm in the UV-
visible spectrum, indicating the formation of
PAP in the solution [40]. UV-visible spectra
showed that PNP and by-products were
undetectable at the end of the reaction solution.
Therefore, PNP reacts with NaBH4 to produce
the required products when CuO-nanoleaf/y-
Alz03 catalysts are added.

CuO-nanoleaf, y-Al2Os, and CuO-nanoleafl/y-
Al203 catalysts were used to reduce PNP to
PAP and create various catalytic performances.

PNP: (a) (a)=——0min
' (b)=———1 min

() 2 min

(d)=——3 min

(e) 4 min

Absorbance

0,04

————
200 250 300 350 400 450 500
Wavelenght (nm)

Figure 5. The UV-visible absorption spectrum
of the systems containing PNP and NaBH; in
the presence of CuO-nanoleaf/y-AloOs (PNP
initial concentration = 2.2x10~4 M, NaBH:
initial concentration = 1.58x10-2 M, loading
catalyst = 150 mg and reaction temperature =
30 °C).

As illustrated in Figure 6, it takes longer than
20 min for a 15 mg CuO-nanoleaf catalyst to
convert PNP to PAP. After using 150 mg of the
CuO-nanoleaf/y-Al203 catalyst (prediction 15
mg active site CuO in composite), it only took 4
min to reduce PNP to PAP. Using a 150 mg
CuO-nanoleaf catalyst, the conversion of PNP
to PAP took 5 minutes. The production of PAP
did not occur with the used y-Al2Os catalyst
without the active site of CuO, indicated by the
absence of a peak at 300 nm. Meanwhile, y-
Al:Os was Inactive as a catalyst for converting
the PNP reduction process to PAP. The
decrease in peak intensity at 400 nm was due
to the adsorption process of PNP on the pore of
the y-Al20s3 catalyst. The absence of any cata-
lyst in the solution indicated a slight increase
in PNP conversion until 1% in the PNP hydro-
genation reaction. It demonstrates that the
CuO-nanoleaf or CuO-nanoleaf/y-Al2Os catalyst
was an important substance in the PNP reduc-
tion reaction. On the other hand, the experi-
ment with the absence of NaBH4 in the solu-
tion had also been done, and the result indicat-
ed no change in the PNP conversion (<0.5%).
NaBH4 substance was a critical compound in
producing hydrogen gas which was used as a
reactant for the PNP reduction reaction.
NaBH; generated H2, and the active site of
CuO-nanoleaf/y-Al203 catalyst were important
substances in the PNP reduction reaction to
produce PAP compound.

The initial concentration of NaBH4 was very
high compared to the 1initial PNP

100

o

80

70
60+
50+

—&— CuO-nanoleaf/ y-Al,0, (150 mg)
®— CuO-nanoleaf (150 mg)
—&— CuO-nanoleaf (10 mg)
v y—/f-\IZO3 (150 mg)
—&— without catalyst
without NaBH,

40 4

PNP Conversion (%)

304 [

Time (min)

Figure 6. The PNP conversion vs reaction time
curves in the presences of 150 mg CuO-
nanoleaf/y-Al2Os, 150 mg CuO-nanoleaf, 10 mg
CuO-nanoleaf, 150 mg y-Al2Os, catalyst, and
without catalyst, respectively (PNP initial
concentration = 2.2x10~¢ M, NaBH: initial
concentration = 1.58xX10-2 M, temperature re-
action 30 °C).
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concentration. Therefore, the concentration was
still constant during the PNP reduction. The
reaction of PNP to PAP could be regarded as
pseudo first order kinetic with excess NaBH4
[18,19], as represented in Equation (1). In this
equation, Co, C, k, and ¢ represent the initial
concentration of PNP, instantaneous concentra-
tions of PNP, pseudo-first-order rate constant,
and reaction time, respectively. The pseudo-
first-order rate constant (k) was determined
from the linear plots' slopes by fitting lines
using the raw data between In(Cy/C) and

response time.
C,

Table 2 shows the constant rate value of
CuO-nanoleaf, CuO-nanoleaf/y-Al203, and 7v-
Al203 catalysts with various loading catalysts.
The constant rate was calculated at a low PNP
conversion (below 20%) in the early reaction.
PNP conversions for the CuO-nanoleaf and
CuO-nanoleaf/y-Al203 catalysts with loading
catalyst 150 mg were calculated with time in-
tervals of 20 s until 60 s. On the other hand,
PNP conversions for the CuO-nanoleaf catalyst
with loading catalyst 150 mg was calculated
with time intervals of 1 min until 3 min.

The rate constants were calculated to be
0.4852 min~! for CuO-nanoleaf/y-Al:03, 0.4336
min-! for CuO-nanoleaf, and 0.0039 min-! for

(a) (b)

Figure 7. Visual condition after PNP reduction
using (a) CuO-nanoleaf, and (b) CuO-
nanoleafly-Al20Os, catalyst.

v-Al203 with loading catalyst 150 mg in solu-
tion. The rate constant using CuO-nanoleafly-
Al20s3 catalyst was slightly higher than CuO-
nanoleaf catalyst under the same opera-ting
conditions. The catalytic process for reducing
PNP depends on the presence of active site
CuO and the addition of y-Al2O3 to the compo-
site. The rate constant in PNP reduction using
CuO nanoleaf/y-AloO3 catalyst 150 mg was
higher than CuO-nanoleaf catalyst 10 mg
without y-Al:Os (EDS prediction with 10 mg
active site CuO in composite) with rate con-
stant of 0.0898 min~! under the same reduction
condition. The reaction rate constant of
nanoleaf/y-Al2O3 catalyst was 5.40 times great-
er than CuO nanoleaf catalyst without y-Al203
material. In the experiment, the catalyst was
prepared by grinding and sieving with a 100-
mesh sieve. In addition, the PNP reduction re-
action stirring was carried out at a rotational
speed of 500 rpm. The tiny size of the catalyst
and the fast rotational speed of the reaction af-
fect the surface reaction of the catalyst as a
limiting reaction rather than external diffu-
sion.

The experiment observed the agglomeration
process when CuO-nanoleaf catalyst was added
to the reactor. This could significantly reduce
the specific surface area of the catalyst, as
shown in Figure 7(a). The CuO-nanoleafly-
Al203 catalyst showed different results where
no agglomeration occurred, and the catalyst re-
mained well distributed in the solution, as
shown in Figure 7(b). The FESEM image
showed that the y-Al2O3 could reduce the
agglomeration process by dispersing CuO-
nanoleaf on the surface of y-Al:Oszand also
increase the specific surface area of the
catalyst, confirmed with the BET. The large
specific surface area of CuO-nanoleaf/y-Al2O3
catalyst could efficiently increase the
adsorption ability to adsorb 4-nitrophenolate
anions. y-Al:Os support was acidic material
where phenol compound could be adsorbed on
both acidic and basic catalysts [41]. Therefore,
using CuO-nanoleaf impregnated with y-Al203
could increase the catalytic activity and be
higher than using CuO-nanoleaf catalyst with-
out support. On the other hand, the CuO-

Table 2. Rate constant value of CuO-nanoleaf, y-Alo03, and CuO-nanoleaf/y-Al2Os3 catalyst.

Catalyst Loading catalyst Rate Constant Correlation Coefficient,
(mg) (102 min-1) Rz

CuO-nanoleafly-Al203 150 48.52 0.9988

CuO-nanoleaf 150 43.36 0.9993

CuO-nanoleaf 10 8.98 0.9968

v-Al2O3 150 0.72 0.9788
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nanoleaf/y-Al2Os catalyst can be recovered by
using a filtration process to separate the cata-
lyst from the reaction solution.

The possible mechanism of catalytic
heterogeneity for PAP production using CuO-
nanoleaf/y-AlsOs catalyst was described in
Figure 8. Initially, NaBHi reacts with two
moles of water to become one mole of NaBO:
and four moles of hydrogen gas. This gas was
adsorbed on the catalyst surface with dissocia-
tive adsorption, establishing the required H* to
reduce PNP [16,42]. In addition, the 4-
Nitrophenolate ions as a reactant were ad-
sorbed on the surface of the CuO-nanoleafl/y-
Al>Os catalyst. The surface reaction between 4-
nitrophenolate ions and H* then becomes PAP
on the surface of the CuO-nanoleaf/y-Al2Os
catalyst. Finally, the desorption process of PAP
occurs when PAP release from the surface of
the CuO-nanoleaf/y-Al2O3 catalyst. y-Al2Os ma-
terial could increase the adsorption ability to
adsorb the 4-nitrophenolate ions and H” in

OH

NaBH, + 2H,0 --> NaBO, + 4H,

“4 %, )
NO2 o/b ’ \OQ
o, Ny
: §
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Figure 8. Mechanism reaction of PNP
conversion to PAP using CuO-nanoleaf/y-Al20s.
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solution to reach the surface of CuO-nanoleaf,
hence, the reaction mechanism occurs faster.
On the other hand, the BH4 ions are also ad-
sorbed to the surface of the CuO-nanoleafly-
Al203 catalyst and transfer electrons to the
4-nitrophenolate ions for the PNP reduction
process to become PAP product [43].

Generally, a catalyst's ability to catalyze
reactions can be affected by the number of
active sites on the composite. Figure 9(a) shows
that PNP conversion increased with the
increasing catalyst loading. The higher the
catalyst loading, the greater the active site of
the catalyst, and the higher the catalytic
activity ability is for PNP reduction. PNP
conversion significantly increased when adding
catalyst loading was 75 to 150 mg. PNP
conversion was obtained to be 40.16% and
93.53%, with catalyst loading of 75 mg and 150
mg, respectively, with a reaction time of 4
minutes and keeping other conditions constant.
Figure 9(b) shows the constant rate values vs
catalyst loading. The rate constant in 75 mg of
catalyst loading was obtained to be 21.6xX10-2
min-!. A further increase in catalyst loading
increased the rate constant linearly, which
means the catalytic activity would increase.
The research by Nandawar et al. [35] showed
the same results where the rate constant in-
creased with increasing loading catalyst using
CuO-nanoparticle/Al203 catalyst. A further rise
in catalyst loading does not increase PNP
conversion when adding catalyst loading from
150 mg to 200 mg. At this stage, increasing the
number of active sites of CuO does not affect
raising the reaction constant for reducing PNP.
The greater the concentration of the catalyst in
the solution, the more likely it is to cover the
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Figure 9. (a) PNP conversion vs loading catalyst curve and (b) Rate constant vs loading catalyst curve
with CuO-nanoleaf/y-Al203 catalyst on PNP reduction (PNP initial concentration = 2.2x10-4 M, NaBH4
initial concentration = 1.58x10-2 M, reaction temperature 30 °C, reaction time 4 min).
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catalyst's active site, which has no influence on
the performance.

The reduction process also depends on the
reaction temperature, which was altered from
20 to 50 °C while maintaining the same
reduction conditions. Figure 10 shows that
PNP conversion increase with the temperature
reaction. In 2.5 min, the PNP conversion could
reach 72.43% at a smaller reaction temperature
of 20 °C and 94.18% at 50 °C. The higher the
reaction temperature, the greater the rate
constant obtained, and the greater the PNP
reduction catalytic activity capability. The
activation energy was found to be 20.57
kd.mol! (Figure 10 inserted) from kinetic data
and calculated with the Arrhenius equation.
Nandanwar et al. (2012) found that the
activation energy was 27.41 kd/mol using
colloidal CuO/Al:Os as a catalyst for PNP
reduction reaction [35].

3.5 Catalyst Reusability Test

Reusability is one of the important virtues
of the catalyst. The reusability of the as-
prepared CuO-nanoleaf/y-Al2Os catalyst in the
PNP reduction process were further investigat-
ed. After the catalyst was used in a catalytic re-
duction process, the catalyst was separated
from the solution by filtration of the solution
followed by washing it with water and dry the
catalyst. Then, the CuO-nanoleaf/y-AloO3 cata-
lyst was again used as a catalyst in another
run of PNP reduction reaction. Figure 11 shows
the PNP conversion vs a number of cycles of
catalyst usage. The CuO-nanoleafl/y-Al203 cata-
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Figure 10. PNP conversion vs time reaction
curve and In & vs 1/T curve with nanoleaf
CuO/y-Al203 catalyst on PNP reduction (PNP
initial concentration = 2.2x10-4 M, NaBH:
initial concentration = 1.58x10-2 M, loading
catalyst = 150 mg).

lyst had been used four times for catalyzing the
same reaction. The PNP conversion value still
remain more than 80% after the catalyst was
reused in four times. It shows their reusability
and stability for the CuO-nanoleaf/y-AlO3 cat-
alyst for PNP reduction process while keeping
its high catalytic activity. To evaluate the rea-
son, the Cu content in spent catalyst after re-
moving the catalyst from the reaction was ana-
lyzed by ICP. The result show that there was
no obvious leaching of copper during the reac-
tion with Cu content of catalyst after reusabil-
ity test was 3.41%.

4. Conclusion

In summary, the CuO-nanoleaf/y-Al2O3
catalyst was synthesized by a wet chemical im-
pregnation method. The results showed that
CuO with nanoleaf structure was attached and
distributed on the surface of y-Al2Os, increasing
the specific surface area of the catalyst and
decreasing a tendency to agglomeration. The
CuO-nanoleaf/y-Al203 catalyst was wused to
produce PAP by reducing PNP in the presence
of NaBH4 and has high catalytic activity with a
constants rate of 0.4862 min—! and 93.53 %
PNP conversion within 4 min. The catalyst
loading and temperature reaction parameters
greatly affected the synthesis of PAP from the
reduction of PNP. The optimum parameters
were a catalyst loading of 150 mg, a
temperature reaction of 50 °C with a PNP
initial concentration of 2.2x10~4 M, and NaBH4
of 1.58x10-2 M. The results showed that
94.18% PNP conversion was obtained within

PNP Caonversion

2 3

Number of Cycle

Figure 11. PNP Conversion vs number of cycles
in multiple cycles using CuO-nanoleaf/y-AloO3
catalyst (PNP initial concentration = 2.2x104
M, NaBH; initial concentration = 1.58xX10-2 M,
loading catalyst = 150 mg, reaction
temperature 30 °C, time reaction 10 min).
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2.5 min under the optimized condition. The
CuO-nanoleaf/y-AloO3 catalyst can promise
practical application in the synthesis of PAP.
This is because of its high catalytic efficiency
and low cost in the synthesis process.
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