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Abstract: The aim of this paper was to investigate the catalytic properties of
palladium supported on chitosan catalysts. The effect of primitive chitosan and
degraded chitosan on catalytic performance was compared. The structure, mor-
phology, metal content and properties of the catalysts were characterized by
Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy
(SEM), inductively coupled plasma spectrometry (ICP), X-ray diffraction
(XRD), Brunauer—-Emmett-Teller (BET) method and X-ray photoelectron
spectroscopy (XPS). The results showed that the catalytic performance of
Pd/degraded chitosan was better than that of Pd/chitosan at a certain Pd load.
Pd/degraded chitosan (degradation 4 h) catalyst exhibited excellent catalytic
performance and stability. The acetylene conversion and ethylene selectivity,
respectively, achieved 100 and 91 %. During 13.5 h, the acetylene conversion
maintained 100 % and the ethylene selectivity decreased slightly from 88 to 71 %.
Based on this study, it was demonstrated that Pd was successfully coordinated
with chitosan; after degradation, the chitosan particles became smaller and had
larger surface areas; these were conducive to improve the catalytic performance
of Pd/degraded chitosan. Pd/degraded chitosan also had high selectivity at high
conversion, greatly improving the characteristics of low selectivity at high con-
version of traditional Pd-based catalysts.
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INTRODUCTION

A significant proportion of ethylene is produced from naphtha cracking.!
This process makes ethylene to be contaminated with 0.5-2 % of acetylene,
which can poison the Ziegler—Natta catalyst used for downstream ethylene poly-
merization.! Selective hydrogenation of small amounts of acetylene in ethylene
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rich feedstocks is an important industrial target. Namely, acetylene is effectively
removed from ethylene via hydrogenation to ethylene. At the same time, sub-
stantial hydrogenation of ethylene and over-hydrogenation of acetylene to undes-
irable ethane are avoided. In order to avoid poisoning of the catalyst in the ethyl-
ene polymerization, acetylene concentration must be reduced to a level less than
5 ppm.! So it is necessary to seek the catalysts with both high activity for acet-
ylene conversion and high selectivity for ethylene. The traditional industrial cat-
alysts are Pd-based systems, which usually show a poor selectivity at high con-
version of acetylene.!-2 How to improve the selectivity of Pd-based catalysts has
always been the focus of researchers.

It is well known that catalyst support strongly influences the catalytic per-
formance of Pd.3-¢ Changing support is one of the effective methods to improve
the catalytic performance of a catalyst. In industry, Al,O3, SiO, and carbon are
commonly used as supports of Pd-based catalysts for acetylene selective hydro-
genation.”® As a biodegradable materials, polysaccharides have gained lot of
attention in the synthesis of catalysts.!0 These biodegradable resources can dec-
rease the utilization of non-renewable materials and minimize the environmental
pollution. Chitosan (CS) is classified as polysaccharides, obtained from chitin
which is the second most abundant natural polymer present on the earth.!! Duo
to the hydroxyl and amino groups, CS has strong affinity for metal ions and high
sorption capacities for catalytic metals such as palladium, copper, platinum. It
has been shown to be a very promising support.!2.13 Researchers used Pd sup-
ported on CS (or CS derivatives) as catalysts for oxidation reactions, hydrogen-
ation reactions, allylic substitution reactions, carbonylation reactions, Suzuki and
Heck reactions.!2 For the hydrogenation reaction, Jin used silica-supported CS—
—Pd catalysts for the hydrogenation of nitrobenzene, 1-hexene, acrylic acid, chlo-
ronitrobenzene and phenol to aniline, hexane, propionic acid, chloroaniline and
cyclohexanone, respectively.!2 However, Pd/CS composites have not yet been used
as catalysts for acetylene selective hydrogenation in the available literature so far.

In this work, we utilized CS to prepare Pd-based catalysts. The catalytic
properties of the obtained catalysts were tested by selective hydrogenation of
acetylene. In addition, the stability of the resultant catalyst was also studied.
Simultaneously, the obtained catalysts were characterized by X-ray diffraction
(XRD), scanning electron microscopy (SEM), inductively coupled plasma spec-
trometry (ICP), Brunauer—-Emmett-Teller (BET) method, Fourier transform
infrared spectroscopy (FTIR) and X-ray photoelectron spectroscopy (XPS).

EXPERIMENTAL
Materials

CS (pharmaceutical grade, deacetylation degree: 80-95 %) was purchased from Sino-
pharm Chemical Reagent Co., Ltd. (Shanghai, China). All the other reagents were purchased
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from Damao Chemical Reagent Factory (Tianjin, China). They were of analytical grade and
were used without further purification.

Preparation of the degraded CS

2 g of CS was put into a 250 mL round bottom flask. 100 mL of 2 % acetic acid aqueous
solution was added to the flask. The suspension was then magnetically stirred at 30 °C for 4 h
to ensure CS complete dissolution. 8 mL of 30 % H,0, aqueous solution was added to the CS
acetic acid solution. The above mixed solution reacted at 50 °C for 6 h under stirring.

Then the pH of reaction mixture was adjusted to be neutral using 1 M NaOH aqueous
solution. The product was separated by centrifugation (10000 rpm for 5 min) and washed
three times with distilled water and anhydrous ethanol, respectively. Then the product was
dried in an oven at 40 °C for 12 h. The degraded CS sample was obtained. The degradation
time was set to 0.5, 1, 2, 4 and 6 h. The corresponding CS samples were labeled as degraded
CS (0.5 h), degraded CS (1 h), degraded CS (2 h), degraded CS (4 h) and degraded CS (6 h),
respectively.

Measurement of intrinsic viscosity (/n]) of CS

The value of [#] can reflect the molecular weight of a polymer. The smaller the [#], the
smaller the molecular weight. A certain amount of CS sample was dissolved into 20 mL of
formic acid. The [#] of CS sample was determined using Obblehode viscometry. The values
of [5] were calculated according to the literature method.!*

Preparation of Pd/CS and Pd/degraded CS

0.6 g of CS (or degraded CS) was put into a 250 mL round bottom flask. 100 mL of 2 %
acetic acid aqueous solution was added to the flask. The suspension was then magnetically
stirred at 50 °C until the CS (or degraded CS) was completely dissolved. A certain volume of
PdCl, hydrochloric acid solution was added dropwise to the CS (or degraded CS) solution
under stirring. The mixture reacted at 60 °C for 2 h.

Then the reaction mixture was cooled and adjusted to be neutral using 1 M NaOH aque-
ous solution. The product was separated by centrifugation (10000 rpm for 5 min) and washed
three times with distilled water. Then the product was dried at 40 °C to constant weight. The
dried sample was Pd/CS (or Pd/degraded CS) catalyst.

Catalytic performance experiment

Pretreatment before reaction. 30-31 mg of catalyst was put into a quartz tube reactor (4
mm inner diameter). The quartz tube reactor was fixed in an oven with a programmed temp-
erature controller. The catalyst was reduced in situ for 2 h under a flow of Hy/Ar mixture at
130 °C by heating from room temperature using a heating rate of 5 °C min'!. The volume ratio
of H, to Ar was 1 to 3. Then the reactor was cooled down to the reaction temperature under
the protection of Ar gas.

Selective hydrogenation of acetylene. Ar, H, and feed gas mixture of 94.95 % C,Hy, 5.05
% C,H, were continuously introduced into the quartz tube reactor. The total flow rate of Ar,
H,, C,H, and C,H, mixture was 30 mL min'! and the volume ratio of H, to C,H, was 20 to 1.
The total gas hourly space velocity (GHSV) was 60000 mL h! g-I. All gas flows in the react-
ion were controlled with mass flow controllers. The gas products from the reactor outlet were
analyzed three times at each reaction temperature by an online gas chromatography (GC-
-2020, Tengzhou Zhongke spectrum analysis instrument Co. Ltd, Shandong, China) equipped
with a flame ionization detector and a 30 mx0.32 mm (i.d.)x1.50 um XP-Plot capillary
column (column box temperature: 100 °C; detector temperature: 200 °C). The analysis data of
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the gas chromatography was collected using a PC work-station. These analysis data that
included the amount of C,H,, C,H4 and C,Hg in the gas products from the reactor outlet were
used to calculate the conversion and selectivity of the catalyst. Acetylene conversion and sel-
ectivity to ethylene were calculated as follows:!+13

C,H, (in feed) — C,H, (in products)
C,H; (in feed)

C,Hg (in products) — C,Hg (in feed)

C,H, (in feed) — C,H, (in products)

C,H, conversion =100

(M

C,Hy selectivity =100(1 -

2

Characterization

The actual metal load of the different catalysts was measured using ICP (Aglient 7800,
USA). The structures of samples were investigated by FTIR (Invenio S, Germany) using KBr
disk technique. Each spectrum of the samples was acquired by accumulation of 27 scans with
a resolution of 4 cm™!. Morphology of samples was characterized by SEM (Carl Zeiss Sigma
500, Germany). The compositions’ phases of the as-prepared materials were identified by a
XRD (Bruker D8 Advances, Germany) equipped with CuKa radiation (. = 1.5418 A) and
operated at 40 kV and 40 mA with a 5° min’! scan rate. The scanning angular range of 260 was
performed from 5 to 90°. The surface area measurements of catalysts were conducted accord-
ing to the BET method at —196 °C (Asap 2020 Plus HD88, USA). The samples were pre-
treated at 120 °C for 4 h. The total pore volume was evaluated by single point pore volume at
a relative pressure of 0.99. The binding energy (BE) and the chemical state of elements were
determined by XPS (K-Alpha, UK). Binding energies were calibrated using the C;, peak
(BE =284.8 eV) as standard.

Before XRD and XPS analyses, the catalysts were reduced in situ for 2 h under a flow of
H,/Ar mixture at 130 °C.

RESULTS AND DISCUSSION
The [m] of CS sample

The values of [#] are listed in Table I. As can be seen from Table I, the
values of [#] decreased with degradation time. This indicates that the molecular
chain of CS was broken and the molecular weight of CS was decreased.

TABLE 1. The [#] of CS samples at different degradation time

Degradation time, h 0.0 0.5 1.0 2.0 4.0 6.0
[#]/mL g! 513.4 202.0 132.5 50.5 14.0 2.7
XRD analysis

XRD patterns of CS, degraded CS (4 h), 0.2 % Pd/CS and 0.2 % Pd/deg-
raded CS (4 h) are shown in Fig. 1. 0.2 % indicates that the nominal load of the
Pd is 0.2 mass %.

As shown in Fig. 1, the pattern of CS shows a broader and weaker charac-
teristic peak at 26 24.0°. It indicates that the degree of crystallinity of CS was
very low. A strong new characteristic peak appeared at 26 20.1° after degrading
for 4 h. This suggests that the crystallinity of CS increased after degradation.
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Crystallinity increase supports the theory that HyO; solution penetrates and deg-
rades the amorphous zone first.16

1800

i —CS
_ :333 i —— Degraded CS (4h)
= 1000 |- ——02% Pd/degraded CS (4h)

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 &0 &85 90
20/°

Fig. 1. XRD of CS, degraded CS (4 h), 0.2 % Pd/CS and 0.2 % Pd/degraded CS (4 h).

For 0.2 % Pd/CS and 0.2 % Pd/degraded CS (4 h) catalysts, due to the coor-
dination of CS and degraded CS with Pd, both catalysts showed new absorption
peaks at 20 12.8 and 11.7°, respectively.

Furthermore, no characteristic peak of Pd is observed in the XRD patterns of
0.2 % Pd/CS and 0.2 % Pd/degraded CS (4 h). This indicates that Pd species
were amorphous and were uniformly dispersed. Perhaps the content of Pd was
too low to be measured.

SEM analysis

Fig. 2 shows the SEM images of CS (Fig. 2a) and degraded CS (4 h) (Fig.
2b).

EHT= 5004V Mag= 300KX WD=G69mm  SignalA=SEZ EHT= 5004V Mag= 300KX  WD= 69mm  SignalA=SE2

(a) (b)
Fig. 2. SEM image of: a) CS; b) degraded CS (4 h).

It can be seen that CS and degraded CS all presented uniform spherical par-
ticle and all had rough surface. However, the particle size of degraded CS was
much smaller than CS. This was due to degradation of CS. Degradation made the
molecular chain of CS break into small segments. The small particle size had
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larger surface area. This was conducive to the dispersion of Pd and coordination
of Pd with CS as well as improving catalytic performance.

ICP analysis

Actual load and the nominal load of Pd in Pd/CS and Pd/degraded CS (4 h)
analyzed by ICP are summarized in Table II. It can be seen that the actual Pd
load of Pd/degraded CS (4 h) was higher than that of Pd/CS. The reason was that
the size of degraded CS was smaller than that of CS. Degraded CS with small
size bound more readily with Pd. These results were in good agreement with the
SEM results.

TABLE II. The Pd load, BET and total pore volume of catalysts
Nominal load Actual load of Actual load of Pd BET surface  Total pore

Catalyst

of Pd, % Pd, % after 13.5h, %  area, m?/g volume, m%/g
Pd/CS 0.20 0.13 0.13 2.14 0.017
Pd/degraded 0.20 0.20 0.20 145.89 0.78
CS (4 h)

From Table II, the content of Pd was unchanged after reacting for 13.5 h.
This demonstrates that the mass loss of catalyst was zero in the gas-solid phase
catalytic reaction.

BET analysis

The BET surface areas of the samples are listed in Table II. The BET surface
area of Pd/CS and Pd/degraded CS (4 h) are 2.14 and 145.89 m?/g, respectively.
The total pore volume of Pd/CS and Pd/degraded CS (4 h) are 0.017 and 0.78
cm3/g, respectively. It can be seen that the surface area and pore volume of
Pd/degraded CS (4 h) are higher than that of Pd/CS. The values of BET surface
area confirmed that small particle had large surface area. This was consistent
with SEM results. The large surface area was conducive to the dispersion and
adsorption of the active metal as well as improving the catalytic performance of
catalysts.

FTIR analysis

FTIR spectra of different samples are shown in Fig. 3.

In the FTIR spectrum of CS, the characteristic broad peak at 3374 cm™! was
considered as the stretching vibrations of O-H and N-H in CS.17-19 The peak
observed at 2876 cm~! was ascribed to C—H stretching vibration.192! The weak
peak appeared at 1656 cm~! was assigned to the amide C=O stretching.18.22,23
The weak peak appeared at 1598 cm~! was assigned to the bending band of
N-H.!8.23 As shown in the FTIR spectrum of CS, the absorption peak near 1381
cm! was assigned to deformational vibrations of the ~OH group.!920 The CS
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characteristic band at 1078 cm™! was ascribed to asymmetric stretching vibration
of -C-0.18.23

cs — Degraded CS
0.2% Pd/CS —— 0.2% Pd/degraded CS (4h)
1632

1.60 1521 2890 3397

1.40 1384
8120 1090 | —
210 P — /
E 080 | 2 rm/x/—_“‘\\f\“‘//—
£ 0.60 1078 1598 2876 3374
= 0.40 1381 l | ‘

0.20 ‘ L — 1656

0.00 P R T

300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 3900
Wavenumber, 1/cm

Fig. 3. FTIR spectra of CS, degraded CS (4 h), 0.2 % Pd/CS and 0.2 % Pd/degraded CS (4 h).

Compared with the CS, degraded CS just had some changes in the FTIR
spectra, that is, the absorption of O - H and N-H shifted to 3435 cm™! and the
absorption of C=0 slightly shifted to 1634 cm~!. The absorption peaks at 2876,
1381, 1078 cm ~ ! were almost unchanged. The absorption of of N-H at 1598
cm~! disappeared. These observations proved CS molecule was degraded. The
breakage of the CS molecular chains resulted in its structural change. These res-
ults indicate that some CS molecular chains were broken from C-NH and C-OH.

Comparison of CS FTIR spectrum with 0.2 % Pd/CS shows that introduction
of Pd caused significant changes. The characteristic bands at 3374, 2876 and
1381 cm! from CS spectrum were also present after Pd loading, but increased
slightly in intensity and shifted to 3397, 2890 and 1384 cm~!. Simultaneously,
the characteristic bands at 1656, 1598 and 1078 cm™! from CS spectrum were
also present after Pd species loading, but varied obviously in intensity and shifted
to 1632, 1521 and 1090 cm!. Coordination of CS with Pd species results in
substantial changes of the vibration frequencies.

However, the presence of Pd in degraded CS causes slightly changes in the
shape of the FTIR spectra of degraded CS and 0.2 % Pd/degraded CS (4 h). In
the FTIR spectrum of degraded CS, the absorb bands at 3435, 2874, 1635, 1387
and 1076 cm™! were shifted to 3425, 2880, 1653, 1385 and 1079 cm™!, respect-
ively. These changes indicate that coordination of the degraded CS with Pd spe-
cies occurred.

XPS analysis

As listed in Table III, the atomic concentrations of Cig, Nig and O;g of CS
are close to that of Pd/CS. However, the contents of Cig, Nig and O1g of CS are
different from that of Pd/degraded CS (4 h). The atomic concentration of Cyg inc-
reased from 65.57 to 79.38 %, while the atomic concentrations of Nig and Oy
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decreased from 5.93 and 28.50 % to 1.18 and 19.42 %, respectively. This indi-
cates that part of the CS molecular chains were broken from —OH and —-NH
during degradation, thus increasing the surface C atom content.

TABLE III. XPS data for Pd/CS, Pd/degraded CS (4 h)

Element Cls le Ols Pd3d5
Compound CS

Binding energy?, eV 285.26 399.04 532.21 -
Atomic concentration, % 65.57 5.93 28.50 -
Compound Pd/CS

Binding energy, eV 284.80 399.57 532.87 337.19
Atomic concentration, % 65.11 6.18 28.66 0.05
Chemical state C-C/C-H C-N(H) C-O(H) Pd-O
Compound Pd/degraded CS (4 h)

Binding energy, eV 284.80 399.33 533.29 337.88
Atomic concentration, % 79.38 1.18 19.42 0.02
Chemical state C-C/C-H C-N(H) C-O(H) PdOx

3The binding energies were referenced to Cy; (284.8eV)

Comparing the XPS data of CS with Pd/CS and Pd/degraded CS (4 h), the
binding energy of Nig increased from 399.04 to 399.57 and 399.33 eV, respect-
ively, which indicates that the coordination bonds have formed between Pd and
amino group of CS. While the binding energy of O rose from 532.21 to 532.87
and 533.29 eV, respectively, indicating that Pd was also coordinated to hydroxyl
group of CS. These results were in good agreement with the FTIR results.

As displayed in Table III, the chemical states of Pd in Pd/CS and Pd/deg-
raded CS were PdO and PdOx, respectively.

Catalyst performance test

Effect of the Pd load. Taking the degraded CS (6 h) as an example, the effect
of Pd load on catalyst performance was studied. The conversion and the select-
ivity data over Pd/degraded CS (6 h) are shown in Fig. 4.

From Fig. 4a, the conversion enhanced as the temperature increased. The
conversion of 0.3 and 0.2 % Pd can achieve 100 % at 150 and 170 °C, respect-
ively. For 0.1 % Pd, acetylene was still not fully converted at 190 °C and the
conversion was only 87 %.

In Fig. 4b, the selectivity of 0.1 and 0.2 % Pd varied little with the tempe-
rature. However, the selectivity of 0.3 % Pd decreased rapidly with the tempe-
rature.

In Fig. 4c, although the selectivity of 0.1 and 0.2 % Pd are as high as 100 %
when conversion is less than 22 %, there is no practical significance since the
low conversion. When conversion is more than 80 %, the selectivity of 0.3 % Pd
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decreases faster. Therefore, the catalyst with 0.2 % Pd has the best compositive
property.

®0.1% Pd ® 0.2% Pd ® 0.3% Pd ®01%Pd ®02%Pd ®0.3% Pd
1.00 L 10 & & & & & & & & & & & 4
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Conversion
(©)

Fig. 4. Effect of the Pd load on catalyst performance: a) the relationship between conversion
and temperature; b) the relationship between selectivity and temperature; c¢) the relationship
between selectivity and conversion.

Effect of degradation time. Fig. 5 shows the effect of degradation time on the
catalytic performance at 0.2% Pd load.

Fig. 5a shows the change of the conversion with temperature at different
degradation times. From Fig. 5a, degradation time had little effect on the con-
version below 110 °C. Above 120 °C, the conversion of the Pd/degraded CS (4 h)
catalyst was significantly higher than that of other catalysts. When the reaction
temperature reached 160 °C, acetylene was completely converted, that is, the
conversion of the Pd/degraded CS (4 h) catalyst was 100 %. For the Pd/degraded
CS (2 h and 6 h) catalysts, acetylene was completely converted at 190 and 170
°C, respectively. For the other Pd/degraded CS (0 h, 0.5 h and 1 h) catalysts, the
conversions were still below 100 % at 190 °C.

From Fig. 5b, except the selectivity of Pd/degraded CS (0 h, 2 h and 6 h) cat-
alysts was low, there were little differences in the selectivity of the other Pd/deg-
raded CS catalysts. Fig. 5¢c shows the similar results.

Combining with Fig. 5a and b, it can be concluded that the Pd/degraded CS
(4 h) catalyst has the best catalytic effect.
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Fig. 5. Effect of degradation time on catalyst performance: a) the relationship between
conversion and temperature; b) the relationship between selectivity and temperature;
¢) the relationship between selectivity and conversion.

Effect of support. Fig. 6 shows the effect of support on the catalytic perform-
ance of Pd/CS and Pd/degraded CS (4 h) at 0.2 % Pd load.

As can be seen from Fig. 6a, the conversion of Pd/CS catalyst was lower, the
highest conversion was only 11 % in the experimental temperature range. The
conversion of Pd/degraded CS (4 h) catalyst was higher than that of Pd/CS. The
conversion had reached 94 % at 140 °C and was as high as 100 % at 160 °C.

From Fig. 6b, the selectivity of Pd/CS catalyst was unstable. However, the
selectivity of Pd/degraded CS (4 h) showed a regular trend, varying between 100
and 88 %.

From Fig. 6c¢, the conversion of Pd/CS catalyst was only about 10 %. Such
poor conversion has no practical significance.

Therefore, degraded CS (4 h) is more suitable for using as the support of Pd
than CS.

Stability of Pd/degraded CS (4 h) catalyst

The stability of a catalyst is very important for industrial application. Hence,
the stability of the Pd/degraded CS (4 h) catalyst was tested under the conditions
of T=120 °C, 0.2 % Pd load. Fig. 7 shows the stability results.
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Fig. 6. Effect of support on catalyst performance: a) the relationship between conversion and
temperature; b) the relationship between selectivity and temperature; ¢) the relationship
between selectivity and conversion.
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Fig. 7. Acetylene conversion and ethylene selectivity versus time over Pd/degraded CS (4 h)
catalyst (7= 120 °C, 0.2 % Pd load).

As shown in Fig. 7, it is worthy to note that the acetylene conversion over
Pd/degraded CS (4 h) remained almost as high as 100 % after 13.5 h. The ethyl-
ene selectivity over Pd/degraded CS (4 h) was basically stable at 71 % after 2 h.
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During 13.5 h, the ethylene selectivity decreased slightly from 88 to 71 %. These
indicate that Pd/degraded CS (4 h) catalyst exhibited good catalytic performance
and stability.

CONCLUSIONS

1) CS was successfully degraded in HyO» solution. Degradation of CS made
the molecular chain of CS break into small segments. The particle size of deg-
raded CS was much smaller. Pd/degraded CS (4 h) prepared with degraded CS
had a larger surface area than Pd/CS prepared with raw CS. Large surface area
was more propitious to the dispersion and adsorption of the active metal as well
as improving catalytic performance.

2) The results of XRD, FTIR and XPS showed that Pd was successfully
coordinated with CS. The chemical states of Pd in Pd/CS and Pd/degraded CS
were PdO and PdOx, respectively.

3) Among 0.1, 0.2 and 0.3 % Pd load, the Pd/degraded CS (4 h) catalyst with
0.2 % Pd had the best catalytic performance. The conversion and selectivity of
Pd/degraded CS (4 h) catalyst could achieve 100 and 91 % at 160 °C, respect-
ively. The low selectivity of conventional Pd-based catalysts was significantly
improved.

4) The Pd/degraded CS (4 h) catalyst showed good stability. At lower 120
°C, the acetylene conversion over Pd/degraded CS (4 h) remained almost as high
as 100 % and the ethylene selectivity decreased slightly from 88 to 71 % after
13.5 h.
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N3BO[O
KATAJTUTUYKE ITEPOOPMAHCE IMAJTATUIJYMA/OETPAITUPAHOT XUTO3AHA 3A
CEJIEKTHUBHY XUIOPOTEHALIMJY AIETUJIEHA

SI-YE TANG', XIN-XIANG CAO!, TONG-TONG DI? u XIN-YU LI3
ICollege of Chemistry and Chemical Engineering, Luoyang Normal University, Luoyang 471934, China,

2School of Chemical Engineering, Northwest University, Xian 710069, China u 3School of Chemical
Engineering, Zhengzhou University, Zhengzhou 450001, China

Y oBOM pajy HCIHUTHBaHE Cy KaTaJlUTHUKe OCODMHE KaTaju3aropa A0OMjeHHMX HaHO-
IIekeM Nanagujyma Ha XUTO3aH. YnopehusaH je edexaT XuTo3aHa M leTpagHpaHOr XUTO3aHa
Ha Karanutuuke nepdopmance. CTpykTypa, Mopdororyja, cagpxaj MeTana U 0cobuHe KaTa-
7M3aTopa Cy HMCIMTHBAaHE HHQPaLUpBEHOM CHekTpockomujom ca dypujeoBom TpaHcdop-
MalxjoM, HHOYKTUBHO CIPETHYTOM IIIa3MoM, nudpakiujom X-3pauema, HUCKOTeMIIepaTyp-
CKOM aficCOpIUHjoM—AecopnuujoM N2 U GOTOETEKTPOHCKOM CIEKTPOCKONHUjoM. PedynTtatu cy
NIOKa3aJld Jia Cy KaTaluThuke nepdopmance Pd/merpanypaHu XUTo3aH KaTaausaTopa 5osse off
Pd/xuTo3aHa npu ogpeheHum koHueHTpauujama Pd. Katanusatop Pd/merpagupaHu XUTo3aH
(perpamauyja 4 h) nokasyje ognuuHe kaTanuTuyke nepdopmance u crabunHoct. KoHBepsuja
alleTWIeHa U CeeKTUBHOCT eTrneHa je pocruriaa 100 u 91 %, penom. ¥ toky 13,5 h, xoHBep-
3Wja auetwieHa je octana 100 %, a cenexTUBHOCT eTW/IeHa je Maso omana of 88 no 71 %.
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IToxa3zaHo je na je Pd ycnemHo KoOpIUHUPAH XUTO3aHOM; HAaKOH Jlerpajialidje, YeCTHIIe XUTO-
3aHa [0CTajy Mame U UMajy Behy criennuuHy MOBPUINHY; YIIPABO Cy OBE YeCTHLe HOIPUHeTe
nodosblaky KaTaIUTHYKUX nepdopmancy Pd/merpagupaHyu XWTo3aH KaTanusartopa. Takobe,
Karanusarop Pd/merpamupaHu XUTO3aH MMa BUCOKY CEJIEKTHMBHOCT IPH BHUCOKO] KOHBEP3HjH,
3HavajHO yHanpelyjyhu KapaKkTepUCTHKY HUCKe CEeJIeKTUBHOCTY MPU BUCOKHM KOHBep3HjamMa
TPagULMOHAIHUX KaTalKW3aToOpa 3aCHOBAaHMUX Ha Pd.

(Mpumsbero 19. neuembpa 2024, pesuarpao 31. jaHyapa, npuxsahero 27. anpuia 2025)
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