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Construction of Cultivation Mode of Applied Talents in

Exploration and Practice
HAO Xiangying, GUO Haifu, LI Xiang

(College of Chemistry and Chemical Engineering, Zhaoqing University, Zhaoqing, Guangdong 526061,China)

Abstract: It has become the focus of attention how to construct the reasonable training mode of the applica-
tion talents to Local Undergraduate Colleges. According to the idea of school management of Zhaoqing Universi-
ty and its personnel training goal, combined with their own professional characteristics of College of Chemistry
and Chemical Engineering, the present paper summarized the experiences and shortcomings in the construction
of application-oriented talents cultivation mode. This can provide reference mode system for Chemical Engineer-
ing Specialty of similar colleges in the same field.
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A Novel Approach to Disperse CuO onto the Zeolites Mordenite and Beta
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Abstract. Zeolites mordenite (MOR) and B decorated with high dispersion degree and loading
content of CuO composite (symbolized as CuO/zeolite) were prepared via a novel method-the
stepped hydrothermal synthesis. The resultant composite were characterized with details by powder
XRD, ICP-AES, H,-TPR and TEM techniques. Shown by experiment, the stepped hydrothermal
synthetic method adopted in the present research using urea as alkali source as well as benefiting from
the ultrasonic wash treatment hardly damages the zeolitic framework structure. Compared with
ammonia, high dispersion degree and loading level of CuO are yielded as a consequence of the
employment of urea as alkali source. Besides, the ultrasonic wash treatment not only removes some
CuO precursors that deposit on the external surface of the porous support but also produces a uniform
distribution of CuO particles with smaller dimension on the surface of zeolites: CuO are dispersed in
nanoscale of about 4-8 nm on mordenite and 2-5 nm on zeolite B. The present synthetic strategy could
be therefore applied as a novel general method for the manufacture of functional materials in a wide
spectrum.

Introduction

Currently, the accepted preparative methods for molecular sieves catalysts modified with metallic
active species includes the incorporation of hetero metallic ions within the synthetic process of the
molecular sieves, the ion exchange process, the impregnation method, the coprecipitation method, the
deposited precipitation method, the solid phase reaction and the microwave radiation method, etc
[3-6]. The guest molecules are known to affect the molecular sieves formation and therefore it is
usually difficult to assemble these molecules during the synthetic procedure of the host molecular
sieves [7]. The ion exchange is possessed of a small exchange capacity and moreover only cations
could be processed. The thermal diffusion usually results in a small loading content and unattainable
reaction inside the pores. The microwave radiation has some advantages e.g. rapid and even
distribution of heat, however this method does have some drawbacks such as low loading level and
furthermore, high power usually brings about the framework’s collapse. The hydrothermal synthetic
method gathers the effects of the impregnation, the ion exchange, the thermal diffusion, surface
chemical adsorption and chemical reaction and actualizes the stepped reactions including
precipitation, combination, coordination and decomposition within the dispersion procedure of the
active species. Consequently the active species that can be dispersed vary in a wide scope and will be
received in high loading level as well. It is worth mentioning however, the metallic active species
might aggregate on the surface of the molecular sieves and block the pores of the zeolite supports due
to the increased concentration under hydrothermal conditions. With the aim to avoid this in the
present work, urea was employed as alkali source and the ultrasonic wash treatment was applied in the
preparation procedure on the basis of the literatures [8-11]. As a consequence of the active measures
taken, zeolites mordenite and B supporting CuO composite were produced with high dispersion
degree and loading content of metallic elements. So far, such a preparative method has not been found
reported.
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Experiment

Materials
In the present experiment, copper nitrate (A.R., Chemical Engineering Experiments Plant of Tianjin
University), mordenite (MOR, Chemical Plant of Nankai University, Si0,/Al,05= 11), zeolite Naf
(Chemical Plant of Nankai University, Si0,/Al,03 = 25) and urea (A.R., First Plant of Chemical
Reagents of Tianjin) were used.

Preparation of the catalysts
1.0 g of calcined zeolite Na} or mordenite was placed in a Teflon-lined stainless steel autoclave
mixed with appropriate copper nitrate solution (0.45 g copper nitrate was dissolved in 30 ml of
distilled water). The mixture was stirred at ambient conditions for 2 h. The autoclave cap was then
firmly screwed and the autoclave was heated at 413K for 4 h under autogenous pressure.
Subsequently unscrew the cap a little bit and keep the autoclave in the above temperature for 12 h
until the substance in the autoclave turned into powder.

An excess of urea was added into the above autoclave and then distilled water was added to
completely dissolve the urea. The autoclave cap was firmly screwed after a sufficient stir of the
mixture. Temperature-programmed heat was carried out at a ramp-rate of 2 °C-min-1 and the
temperature was maintained at 95°C, 110°C, and 120 °C for 2 h, respectively. The autoclave cap was
afterwards loosened to desiccate the substances into powder, which was then washed under ultrasonic
until the filtrate was metallic ion free. After centrifugal separation, the resulting solid was dried at
383-393K. For activation, a program of temperature was operated on the sample at a ramp-rate of 5
K-min-1 to 773K for 5h.

Characterization of the catalysts
Powder XRD data were collected on a Rigaku D/max-2500 X-ray diffractometer (40 mV and 100mA)
with monochromatized CuKa radiation. The 26 value was scanned at a resolution of 2°-min™" from 5°
to 35° and 4°-min” from 35° to 60°. ICP-AES measurement was taken by an IRIS Advantage ICAP
full spectrum direct-reading emission spectrometer of TJA Solutions (US). To accomplish this
measurement, the prepared catalyst was accurately quantified and resolved with appropriate hydrogen
fluoride in a polytetrafluoroethylene beaker. The solution was then gently vaporized to free silicon
fluoride. The residues were resolved by appropriate volume of 0.2 mol-1"’s hydrogen chloride and
requisite aqueous ammonia was supplied to adjust the pH value to weak acidity. This solution was
then diluted to 100 ml with great accuracy and the resulting blue homogeneous liquid was to be
applied in the ICP-AES.

Transmission electron microscopy (TEM) measurements were performed with a Philips EM400ST
electron microscope operated at 200 kV. Sample was mounted on a holey carbon film supported on a
Cu grid by drying a droplet of a suspension of ground sample in ethanol on the grid.

The reducibility of the calcined copper catalysts was evaluated by temperature-programmed
reduction (TPR) on a homebuilt apparatus. 100 mg of sample (20-40 mesh particle size) was mounted
in a quartz tube and calcined in argon’s flow up to 773K for 60 minutes (10K min™) in order to
remove the substances physisorbed in the sample. The sample was then cooled to ambient
temperature in argon. The reducing gas was 5% hydrogen (in volume percentage) mixed with argon.
H,-TPR was conducted with a temperature ramp-rate of 10K-min™ and gas flow-rate of 30 ml-min™.
The cold trap was composed of liquid nitrogen and acetone while the amount of hydrogen consumed
during the reduction process was detected by a thermal conductivity detector.

2]

Results and discussions

Effects on the loading by different alkali sources
According to the above-mentioned experiment procedure, copper nitrate was quantified at 0.45 g
(with 1 g of molecular sieves) and other experiment conditions were maintained. Aqueous ammonia
and urea were employed respectively as alkali source. The resulting composites were analyzed by
ICP-AES with resultant data listed in Table 1.
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60 Materials and Design
) ) . Table 2 ICP-AES analytical data of the samples with and without
Table 1 Effects on the loading by different alkali sources the ultrasonic wash

Molecular sieves Alkali source CuO Cont. (%) Molecular sieves CuO Cont. (w.t. %)
MOR ammonia 14.8 CuO/MOR (without ultrasonic wash) ~ 17.6

urea 16.8 CuO/MOR (with ultrasonic wash) 16.8
zeolite ammonia 9.95 CuO/Nap (without ultrasonic wash) 19.8

urea 12.2 CuO/Nap (with ultrasonic wash) 12.2

Apparently, the loading level of CuO in the host-guest composite prepared by urea as alkali source
is more enhanced than that by ammonia. The TEM photographs (Fig.1) show that spherical clusters of
CuO distribute on the surface of molecular sieves in very small particle size when urea was used and
was evenly dispersed at 4-8 nm on mordenite and 2-5 nm on zeoliote B, respectively. In comparison,
CuO clusters were dispersed at a wider scope of 5-20 nm on the surface of mordenite and zeolite 3
(Fig.2) when ammonia was used. Obviously, the smaller particle size are received on § compared with
mordenite which may relate to different zeolitic structures.

Fig.2 TEM micrographs of (a) CuO/MOR and (b) CuO/Nap
after ultrasonic wash by using ammonia as alkali source.

L] L
Fig. | TEM micrographs of (a) CuO/MOR and (b) CuO/Nap
after ultrasonic wash by using urea as alkali source.

As far as different alkali sources are concerned, CuO particles are received in more homogeneous
distribution and smaller dimension when urea is employed.

Above368K, urea begins to hydrolyze when it is used as alkali source; the hydrolysis products then
react with copper nitrate and form the precursor of basic cupric carbonate, which decomposes at
723K:

CO(NH,), +3H,0 — CO, T +2NH,H,0
3Cu* +CO}” +40H ™ + H,0 — CuCO,-2Cu(OH), - H,0 4
CuCO,-2Cu(OH), - H,0 — 3Cu0 + CO, T +4H,0

The urea hydrolyzes and gradually emits carbon dioxide and ammonia. Compared with one-off added
alkali (e.g. aqueous ammonia or sodium hydroxide), it is easier to produce molecular sieves
supporting CuO catalysts with fine particle of CuO, even in uniform distribution and high loading
content. With the rise of temperature, the decomposition rate of urea increases as well as the fractional
pressure of carbon dioxide together with its solubility in the solution. In this occasion, the formation
and decomposition of basic cupric carbonate are stimulated. Meanwhile, the increase of the solubility
of carbon dioxide in solution also enhances the requisite supersaturation to nucleate of the
intermediate basic cupric carbonate. The rate of nucleation is speeded up and this helps to receive
much uniform and small basic cupric carbonate [12]. The subsequent decomposition of basic cupric
carbonate consequently produces fine grained CuO clusters in nanometer size as well as even
distribution on the surfaces of the molecular sieves.
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Effects of the ultrasonic wash
Fig. 3 and Fig. 4show the XRD patterns of mordenite, CuO-supported mordenite sample with and
without ultrasonic wash treatment at lower angles (5°-35°) and CuO, CuO-supported mordenite
sample with and without ultrasonic wash treatment at higher angles (35°-60°). It is clearly to see from
the XRD patterns that the ultrasonic wash has little effect on the framework structure of the
mordenite.

According to Fig. 4, the intensities of the corresponding diffraction peaks of CuO phase at 20 of
35.5° and 38.7° of the samples prepared with ultrasonic wash treatment were decreased and the peaks
were widened; moreover the diffraction peaks at 20 of 48.7°, 53.4° and 58.2° disappeared, indicating
that CuO are in existent on the zeolite surface in form of very fine particles. From TEM photograph
(Fig. 7) it is also observed CuO particles evidently aggregates before ultrasonic wash while are
homogeneously dispersed in smaller dimension after ultrasonic treatment.
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Fig. 3 XRD patterns of samples at low angles (a) pure MOR CuO/MOR prepared vyithout ultrgsonic wash (b) CuO/MOR
(b) CuO/MOR prepared without ultrasonic wash (c) prepared with ultrasonic wash (c) CuO
CuO/MOR prepared with ultrasonic wash

Fig.5 and Fig. 6 display the XRD patterns of calcined template-free Nafy and CuO/p prepared with
and without ultrasonic wash treatment at lower 20 angles of 5-35° and high 26 angles of 35-60°,
respectively. As far as the zeolitic framework is concerned, it is clear zeolite f maintains its specific
structure after the loading of CuO which is hardly affected by the ultrasonic wash treatment. Similar
conclusion can be drawn when mordenite is employed as substrate and/or aqueous ammonia plays as
alkali source. However the specific diffraction peaks characteristic of CuO phase disappear, which
probably because the majority of CuO is highly and uniformly dispersed in a very fine particle with a
nanoscale or even in a monolayer distribution in the internal surface of zeolite 3, which was out of the
detect limit of XRD.
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Fig. 5 XRD patterns of samples at low angles (a) Naf} (b) _—

CuO/Bprepared without ultrasonic wash (c) CuO/pprepared
with ultrasonic wash Fig. 6 XRD patterns of samples at high angles (a) Naf} (b)
CuO/ prepared without ultrasonic wash (c) CuO/p
prepared with ultrasonic wash (d) CuO
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TEM micrographs of CuO/MOR and CuO/p before and after ultrasonic wash process are given in
Fig. 7 and Fig. 1. Fig. 7 shows small CuO particles are decorated on the external surface of mordenite
with a slight conglomeration. In the Fig. 1, CuO particles are more uniform in dispersion as a
consequence of the ultrasonic wash treatment. The above conclusion is basically consistent with that
acquired from XRD.

Fig. 8 and Fig. 9 are XRD patterns at higher angles for CuO/p and CuO/MOR before and after
ultrasonic washed and treated with aqueous ammonia. The XRD patterns are very similar with the
counterparts treated with urea. However when MOR was employed as carrier media, the
corresponding diffraction peaks at 35.5° and 38.7° are more intense in comparison with those treated
with urea, implying the loaded CuO are slightly aggregated and in relatively larger dimension. Similar
conclusion can be drawn from TEM photographs given in Fig. 1 and Fig. 2. However when zeolite 3
was support and aqueous ammonia was alkali source, the XRD patterns for samples after ultrasonic
wash imply no obvious diffraction peaks are observed at 35.5° and 38.7° which may due to relative
low loading content of CuO on zeolite  than on mordenite (Table 2). Moreover, the ultrasonic wash
removes the majority of bulky CuO particles aggregate on the external surface while CuO is mainly
dispersed in form of monolayer on the zeolitic internal surface.

Fig. 7 TEM mlcrographs of (@ CuO/MOR and (b) CuO/Nap
before ultrasonic wash by using urea as alkali source.

Fig. 8 XRD patterns of samples treated with ammonia (a)

CuO/MOR prepared without ultrasonic washing (b)

CuO/MOR prepared with ultrasonic washing (c) CuO.

The ICP-AES analytical data of the samples with and without ultrasonic wash treatment are given
in Table 2. From this table, the loading content slightly decreases when ultrasonic wash is applied,
which seems more effective towards [ than mordenite. This is probably due to the differences of
molecular sieves’ framework structures in topology and zeolite crystal dimensions. It is therefore
concluded that CuO dispersed on the external framework of 3 is much easier to be removed by means
of ultrasonic wash. On the other hand, the interaction between CuO and MOR is more complicated
and powerful.

M, consumption fa .}

= 414
tu—n‘“'u.nv’.\u - . a-_'___,E_. i L I.II-\ h

, . ' ; . ,
40 50 &0 L M

2 ihecia i am o s 2o o o 1090
Termperalurs [5)

Fig. 9 XRD patterns of samples treated with ammonia (a)
CuO/B prepared without ultrasonic washing (b) CuO/p Fig. 10 The TPR profile of CuO/MOR with different CuO
prepared with ultrasonic washing ¢) CuO amount (a) 8.26% (b) 11.7% (c) 16.8%

The load quantity of CuO on the catalysts CuO/MOR and CuO/f after the ultrasonic wash are 16.8
% and 12.2 % respectively, which shows high loading level of the active metallic species.
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TPR results
Fig. 10 shows the TPR profile of CuO/MOR samples with different loading contents of CuO prepared
with urea as alkali source and ultrasonic wash treatment was taken. TPR process is always affected by
a variety of influencing factors, e.g. the dimensionally alteration of the metal particles on the support
surface, the interaction between metal particles and the support and the porous structure of the
support. A complex TPR profile is presented where four peaks (Fig. 10c) are observed at 507K, 571K,
596K and 843K on the temperature axis, respectively. Two types of Cu®” ions are of possibility
existent in the CuO/MOR materials. One is exchanged Cu®" with the framework Na” and the other is
in the highly dispersed fine CuO particles. According to the literatures [13,14], the peak at 507K is
assigned to the reduction to Cu” of the exchanged Cu®" in the framework. The peaks at 571K and
596K may represent respectively the reduction of CuO dispersed on the external and internal surfaces.
The peak at 843K reflects the reduction of the Cu' situated in the framework. The reduction peaks at
lower temperature decrease and eventually disappear with the decrease of CuO loading content (Figs.
10c-a), revealing gradually a major peak attached with a shoulder peak. This may due to the decrease
of CuO loading content also decreased that exchanged onto the framework. Meanwhile, Cu®" that
dispersed on the zeolite surface are far more abundant than that exchanged on the framework. No
peaks appointed to the reduction of framework Cu®” when loading content reaches 8.26% (Fig. 10a).
The TPR profiles in Fig. 10 may also attribute to the uniform dispersion of CuO resulted from the
decrease of CuO loading content or the reduction peak of CuO on internal surface overlaps with the
reduction peak appoint to the reduced CuO on external surface.

Fig. 11 shows the TPR profiles of CuO/p with different CuO loading contents prepared with urea as
alkali source and ultrasonic wash treatment. Fig.11 shows there’s a major reduction peak at 562K,
551K and 539K with a shoulder at the lower temperature edge of 508K, 533K and 527K respectively.
The former may represent the reduction of monolayer CuO on the internal surface which shifts to
lower temperature with the decrease of loading content. The shoulder peak at lower temperature is
appointed to CuO particles dispersed on the external surface of zeolite.

Considering the external surface occupies only 1% of the total surface area, it is reasonable to
believe the CuO particles on the external surface are rather limited. In Fig. 11, reduction peaks at
higher temperatures are much larger than those at lower temperatures, indicating CuO particles are
mainly dispersed in form of monolayer on internal surface and quite less on external surface, which is
in accordance with XRD characterization. However, the reduction peak of the exchanged Cu®” in the
framework cannot be observed in the CuO/p which is probably resulted from the lower framework
Cu’" content due to higher Si/Al ratio.

With the decrease of CuO loading content, the external CuO/internal CuO ratio is increased.
Therefore, the shoulder peak which is characteristic of external surface CuO become obvious (Fig.
11c-a).
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Fig. 11 The TPR profiles of CuO/p with different CuO R,

amount (a) 4.83% (b) 9.24% (c) 12.2% ) ]
Fig. 12 Content of CuO on molecular sieves supports with
different amount of Cu(NOs),
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Compared with zeolite B, the metal oxide particles are in enhanced dimension dispersed on
mordenite and also in wide distribution scope which may explain the complexity of TPR profiles.
The differences between CuO/MOR and CuO/p are possiblely because of the different Si/Al ratio and
the topological structure and crystal sizes of the zeolites MOR and Naf [15, 16].

Effects of the amount of copper nitrate on the loading
Following the above-mentioned experiment procedure and keeping the other conditions, the amount
of copper nitrate was varied. For the CuO supported by zeolite 3, the ICP results are shown in Fig. 12.
According to the information by Fig. 12, the loading of CuO increases along with the increase of the
amount of copper nitrate. However, the loading of CuO tends to be invariable when copper nitrate
arrives at a certain quantity (the following experiments were carried out using 0.45 g of copper
nitrate). Similar results were obtained when mordenite was used as support.

Conclusion

(1) Stepped hydrothermal synthesis method can be used to efficiently load CuO on the zeolites
mordenite and beta. The application of the ultrasonic wash treatment is capable of removing some
large CuO precursors that deposit on the external surface of the molecular sieves as well as getting
the dispersion more uniform. This method is in point to microporous molecular sieves with high
hydrothermal stabilities.

(2) The use of urea as alkali source is advantageous to produce active species at nanometer scale.
Furthermore, the active species are easily to be introduced into the pores and consequently high
dispersion and high loading level of composite are prepared.

(3) The molecular sieves maintain the intact structures after loading. Partial supported CuO is
situated on the internal surface of the molecular sieves in form of monolayer while the other is
dispersed on the external surface of the molecular sieve support. The CuO dispersed on the
external surface of mordenite and Naf} are dimensionally 4-8 nm and 2-5 nm, respectively.
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