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electrocatalysts on carbon supports for the
oxygen reduction reaction: from nanoparticles to
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Electrocatalysts for the oxygen reduc Ton reaction (ORR} are crucial for a variety of renewable energy
applications (e.g., proton exchange membrane fuel cells, PEMFCs). The synthesis of highly-dispersed and
high-metal-density ORR electrocatalysts (e.g.. nanoscale and atomic-level structures} on carbon
supports with strong durability is extremely desirable but remains challenging. Carbon-supported
high-loading noble metal catalysts with nanoscale structures {e.g., Pt-based nanoparticles} are the most
widely used catalysts with the best catalytic performances. Single atom catalysts (SACs} that integrate
the merits of homogeneous and heterogeneous catalysts have attracted considerable attention in recent
years. Aside from the manipulation of the geometric and electronic structures of active metal sites,
another key challenge in this field is the development of strategies for preparing high-metal-density
SACs, thus rendering atomic-level ORR electrocatalysts dramatically reactive, selective, and stable

Received 16th September 2021, compared to their nanoscale counterparts. This review summarizes the recent advancements in carbon-

Accepted 27th November 2021 supported nanoscale and atomic-level ORR electrocatalysts with high metal density (namely high
loading} for fuel cells. Special emphasis is placed on the basic principles, preparation strategies and

catalytic applications of these highly-dispersed and high-metal-density ORR electrocatalysts on carbon
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reaction of PEMFCs; and {2) the process of oxygen reduction is
relatively complex, involving multiple elementary steps and a

1 Introduction
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In recent years, in order to deal with the problems of energy
shortage and environmental pollution caused by traditional
fossil fuels, numerous research institutions in many countries
have committed to developing sustainable clean energy
technologies.” In this context, proton exchange membrane fuel
cells (PEMFCs) have attracted extensive attention because of
their high specific power density, high energy conversion
efficiency, environmental friendliness, and low starting and
working temperatures, and are thus considered to be one of
the most ideal classes of energy conversion devices that can
replace traditional internal combustion engines as automobile
power sources.” In PEMFCs, the design of cathode “oxygen
reduction” electrocatalysts is more important and complex
than that of anode “hydrogen oxidation” electrocatalysts. The
main reasons are the following: (1) the kinetics of oxygen
reduction is very slow, and its exchange current density is only
1/100th of that of anodic hydrogen oxidation, and thus oxygen
reduction has become the restrictive step of the electrocatalytic

College of Chemistry, Guangdong University of Petrochemical Technology,
Maoming, 525000, China. E-matl: ks212@163.com, yuchanglinjx@163.com
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variety of intermediates, which often leads to a decrease of
energy conversion efficiency and an increase of oxygen
reduction overpotential.® Therefore, the design and develop-
ment of high-performance cathode oxygen reduction electro-
catalysts is of great significance in promoting the development
of PEMFCs.

The oxygen reduction reaction (ORR), that is, the electro-
chemical reduction of oxygen molecules, is a relatively complex
process in fuel cells or metal-oxygen cells.® The oxygen
reduction reaction of cathodes has many possible reaction
mechanisms; the main reaction pathways are as follows:

(i) Oxygen molecules can be reduced to form water through a
direct “four-electron mechanism” {taking metal Pt as an
example):

2Pt + O, — 2Pt-O 1)
2Pt-O + 2H' + 2¢  — 2Pt-OH )
2Pt-OH + 2H™ + 2¢  — Pt + 2H,0 (3)

The total reaction is:

Mater. Adv, 2022, 3, 779-809 | 779
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Recent Progress of Diatomic Catalysts: General Design
Fundamentals and Diversified Catalytic Applications

Yifan Hu, Pesheng Li,* Bolin Li, and Changlin Yu*

In recent years, some experiments and theoretical work have pointed out that
diatomic catalysts not only retain the advantages of monoatomic catalysts,
but also introduce a variety of interactions, which exceed the theoretical limit
of catalytic performance and can be applied to many catalytic fields. Here, the
interaction between adjacent metal atoms in diatomic catalysts is elaborated:
synergistic effect, spacing enhancement effect (geometric effect), and elec-
tronic effect. With regard to the classification and characterization of various
new diatomic catalysts, diatomic catalysts are classified into four categories:
heteronuclear/homonuclear, withfwithout carbon carriers, and their char-
acterization measures are introduced and explained in detail. In the aspect

of preparation of diatomic catalysts, the widely used atomic layer deposi-

tion method, metal-organic framework derivative method, and simple ball
milling method are introduced, with emphasis on the formation mechanism
of diatomic catalysts. Finally, the effective control strategies of four diatomic

of SACs can be effectively broken by using
various interactions between the two
metal atoms.'¥ Compared with mona-
tomic catalysts, diatomic catalysts have the
advantages of large atomic loading, inter-
action between diatomic sites, and wider
catalytic applications.’*?”) Among them,
the most prominent is the interaction
between diatomic sites: synergistic effect,
distance enhancement effect, and elec-
tronic effect. The interaction between dia-
tomic sites is not only a simple addition
of the functions of individual atoms, but
also helps to adjust the electronic struc-
tures of catalytic active sites and effectively
improve the catalytic performances for
multifold advanced applications.

catalysts and the key applications of diatomic catalysts in electrocatalysis,
photocatalysis, thermal catalysis, and other catalytic fields are given.

1. Introduction

Single-atom catalysts {SACs), or monatomic catalysts as a hot
gpot in the field of heterogeneoug catalysis in recent years,
have been widely and deeply studied for their high atom uti-
lization rate and excellent catalytic performances.'™ However,
monatomic catalysts only contain one metal center, which
makes it difficult to break the linear relationship existing in
many catalytic processes.*® Besides, most SACs still have
gome problems, such as low metal loading, small contact area
between single atom and supporting materials, and relatively
weak interaction, which greatly limit the practical application
of monatomic catalysts in many kinds of catalytic fields."1
Based on this phenomenon, diatomic catalysts (DACs) as a
family member of monoatomic catalyst have started to emerge
in recent years.'™] By introducing the second metal atom to
construct “homogeneous element DACs” or “heterogeneous
element diatomic catalysts DACs,” some application limitations
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Ever since Zhang and co-workers pro-
posed the concept of a SAC in 20112V the
controllable designs of SACs, including
coordination and electronic structures,
have been fully developed. Due to the
small contact area of SACs, the interaction between atoms
and the support is relatively weak, which provides the neces-
sary space and possibility for the development of high-perfor-
mance DACs with synergistic electronic enhancement effect
on diversified fields of thermocatalysis, photocatalysis, and
electrocatalysis)l? % (see Figure 1 for details). From the earliest
proposal of diatornic site dimer catalysts?>?% and double metal
SACsP42] to precisely controlled diatomic metal catalysts by
atormiic layer deposition (ALD) technique® or other synthesis
techniques 72* The research on DACs has gradually deepened
from simple preparation and regulation to study the interac-
tion between diatomic sites and then to expand the application
range of diatomnic catalysts.’ Although it is still at an early
stage, the results achieved in the study of DACs have attracted
wide attention in diversified catalysis fields.

By comparing the different coordination catalytic struc-
tures of various DACs, we can roughly divide most of the
present DACs into the following three categories. 1) The
“strictly paired” metal diatomic catalysts: this kind of DACs
has two identical metal active centers, which are of gener-
ally symmetrical coordination structures, and the space and
distance of their coordination structures are highly sym-
metrical (see Figure 2 for details). Most of these DACs are
supported by carbon materials, and their coordination struc-
tureg can be abbreviated as Y,—M—M,—Y, (Figure 2a) or
Y;—M—Y—M,—Y, (Figure 2b), or M;/M,—Y,—Z, (Figure 2c¢)
(Y: coordination atoms, M1/M;: metal atoms (M;= M, or M; #
M,), and x: coordination number of the second coordination

© 2022 Wiley-VCH GmbH
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Emerging Ultrahigh-Density Single-Atom Catalysts for
Versatile Heterogeneous Catalysis Applications:
Redefinition, Recent Progress, and Challenges

Zesheng Li,* Bolin Li,| Yifan Hu,

In recent years, single-atom catalysts (SACs) with high metal loading have
emerged in different heterogeneous catalysis fields and shown extraordinary
catalytic properties. When there are enough coordination atoms (or functional
groups) on the supports, it is possible to achieve a limit monolayer atom loading
on the surface of supports with ultrahigh atom density (5-15 atoms nm~?) and
extremely close site distance (0.2-0.5 nm), by using appropriate synthesis
methods and procedures. These high-density metal atoms usually have no or less
metal bonds, which are mostly isolated by support atoms to form 3D foam:-like
atomic constructions. Herein, a new notion of metal atomic foam catalysts
(AFCs) is propsed to redefine these ultrahigh-density SACs acc dated by
specific supports. This new paradigm of 3D atomic construction for SACs has
potential significance for both theoretical research and industrial applications.
The latest major advancements in the controllable synthesis of AFCs on various
supports (e.g., polymer, carbon, and metallic compound) via different methods
(bottom-up or top-down approaches) are summarized. The latent catalytic
principles and typical application cases of AFCs are emphasized in a wide range
of heterogeneous catalysis fields (e.g., ther lysis, phot lysis, electro-
catalysis, etc.). The challenges and prospects of this newly 3D ultrahigh-density
AFCs materials in practical industrial application are pointed out as well.

Kichun Liao, Huiging Yu, and Changlin Yu*

Zhang and co-workers put forward the con-
cept of “single-atom catalysis” for the first
time.l"! Single-atom catalysts (SACs) are
considered to have the maximized atomic
utilization efficiency due to the isolation
properties of metal atoms and other
characteristics, such as the unique metal
atom-support interfacial interaction, the
potential of bridging homogeneous and
heterogeneous catalysis, and the possibility
of narrowing the gap between theoretical
and experimental catalysis.”” Since then,
the theme of “single-atom catalysis” has
entered a very rapid development stage,!
and the recently newly “dual-atom
catalysts””! and customized “atomic cluster
catalysts”® have been further proposed.
We are witnessing the paradigm shift
and scientific progress in the field of
heterogeneous catalysis based on the con-
cept of single atom or atomically dispersed
catalysis.

Metal atomic foam (MAF) (or called

1. Introduction

With the rapid development of chemical industry, heterogeneous
catalysis plays a central role in modern industrial catalysis."!
Heterogeneous catalysts based on nanomaterials play a leading
role in the practical industrial application, because of its
advantages in convenient solid-liquid separation and large-scale
production.”? However, the nanostructured heterogeneous
catalysts are generally inferior to homogeneous catalysts in terms
of activity and selectivity. Therefore, the pursuit of optimized per-
formance has always been one of the key tasks in field of hetero-
geneous catalysis.”) In a landmark study appeared in 2011,
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metal atomic aerogel) catalytic materials,
are a new type of atomically dispersed het-
erogeneous catalytic materials, which are
characterized by ultrahigh-content and spatially random-stacked
metal atoms supported on appropriate coordination-functional
support materials (see Figure 1). Usually, the metal atomic foam
catalysts (AFCs) have unique 3D porous network structure at
molecular level, in other words, the metal atoms or ligand entire-
ties can be overlapped on 3D stereoscopic space, while no or very
few metallic bonds are formed. This 3D porous architecture of
AFCs is quite different from the mono-layer distribution of SACs
(or dual-atom catalysts, DACs), and the multilayer close-packing
pattern of atomic cluster catalysts (ACCs) (or nanocrystal
catalysts, NCCs) (see Figure 1). In most cases, for atomically
dispersed catalyst with some specific functional structures
(e.g., abundant coordination units and molecular groups), the
3D atomic architectures can be formed when metal content rises
to a limit value.”" To distinguish such atomic structure more
accurately, for the first time, these 3D atomic architectures of
high-density SACs are defined as AFCs in this review. The pro-
posed AFCs can be regarded as a bridge connecting SACs and
nanocrystal catalysts, and it is possible to combine the advantages
of both and induce new catalytic properties.
In the field of nanotechnology, the purposeful manipulation
of nanounits to self-assemble into 3D foam structures is a

© 2022 Wiley-VCH GmbH
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In 2011, Zhang's research team, in cooperation with Li and Liu, reported the Pty/FeO, atomically dispersed
catalysts for the first time in the world, and based on this, proposed the concept of “single-atom cata-
lysts”. Single-atom catalysts (SACs) have a wide range of industrial application prospects in the catalytic
synthesis of fine chemicals due to their high atomic utilization rate and special catalytic activity. With the
deepening of the research, the preparation methods of SACs emerge in an endless stream, but it is still an

ded on 11/2/2021 12:31:16 AM.

urgent problem to realize the industrial production of highly stable SACs prepared in small batches (gram
level) or even in large batches (kilogram level). In this review paper, several typical solvent-free green syn-
H thetic strategies (e.g., ball milling, physical mixing, gas migration, and pyrolyzing coordination polymers
= Received 2nd July 2021, (including MOFs)) for the batch preparation of SACs are introduced. And typical catalytic application of
5 Accepted 27th September 2021 SACs in green synthesis of fine chemicals by means of oxidation reaction, hydrogenation reaction, coup-
= DOI: 10.1039/d1gc02331d ling reaction and other reactions are also introduced. This is the first review paper focusing on the mass
¥ rsc.li/greenchem preparation techniques of SACs and their applications in fine chemicals production.
3
(2]
el 1. Introduction In view of this, numerous highly-efficient metal-organic
j compounds and corresponding simple synthesis processes
Z Fine chemicals are important and valuable raw materials and were developed, which made the fine chemical industry flour-
&~ intermediates, which can be used in the manufacture of phar- ish in the 20 century, such as homogeneous phase rhodium

maceuticals, pesticides, pigments, cosmetics, food additives
and other specialty chemicals." Fine chemical products are
characterized by many attributes, including high-added value,
wide use, and great industrial relevancy. They directly serve
many aspects of the national economy and various fields of
high-tech industries, and are an indispensable part of the
national economy.” There are many problems in the tra-
ditional methods of fine chemical synthesis: (1) the homo-
geneous catalysts are difficult to separate; (2) the by-products
produced pollute the environment; (3) the production pro-
cesses are complicated, with many steps and great energy con-
sumption.” With the increasing attention on the environment
and safety, it is urgent to develop new, mild, and efficient cata-
Iysts to achieve green and sustainable synthesis of fine chemi-
cals.* This green and sustainable strategy is characterized by
several principles, such as efficient atomic catalytic processes,
environmentally-friendly reagents and solvents, and a one-pot
cascade synthesis route.

College of Chemistry, Guangdong University of Petrochemical Technology, Maoming,
525000, China. E-mail: [25212@163.com, yuchanglinjx@163.com
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catalysts for olefin hydroformylation.” However, despite their
high catalytic activity and selectivity, these transition metal
complexes are often sensitive to water or air and are difficult to
separate from products, sometimes resulting in product con-
tamination.® With the rapid development of nanoscience,
heterogeneous catalysts (mainly supported transition metal
nanoparticles) have been used to solve these problems, but
their overall catalytic efficiency is usually lower than that of
their homogeneous counterparts.” Therefore, it is necessary to
develop a new type of catalyst for the green and sustainable
synthesis of fine chemicals, which combines the advantages of
homogeneous catalysts and heterogeneous catalysts.

In recent years, the single-atom catalysts (SACs) have
become a new research hotspot due to their 100% atom utiliz-
ation, unique electronic-geometric structure, and good cata-
Iytic performances, showing the rapid development and pro-
spects in industrial applications.® Noticeably, SACs have a wide
range of industrial application prospects in the catalytic syn-
thesis of fine chemicals due to their high atomic utilization
rate and special catalytic activity." As a kind of special sup-
ported metal catalyst, SACs not only provide a good platform
for the study of catalytic mechanisms, but are also considered

Green Chem.
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Abstract: ZrO, was coated on AZ31 magnesium alloy substrate by plasma electrolytic oxidation
with Ky ZrFg and NaH,POy electrolytes. The discharge characteristics and variation in active species
during the plasma electrolytic oxidation (PEO) process were studied by optical emission spectroscopy.
The surface morphology and element composition of the membranes were observed by scanning
electron microscope. The ion transfer of the substrate was studied by atomic absorption spectroscopy.
The phase composition and corrosion characteristics of the PEO membranes were examined with XRD
and an electrochemical workstation, respectively. The heat and mass transfer models during the PEO
process were introduced. The contributions of ions to the membranes and active species were also
analyzed. The results indicated that the ion transfer at different stages exhibits different tendencies.
At the first and transition stages, the migration resistance of the ions was low and increased gradually.
At the initial discharge stage, the migration resistance was the highest because the highest membrane
growth rate occurred at this stage. At the later discharge stage, the migration resistance tends to be
stable, which is ascribed to a dynamic equilibrium PEO membrane growth rate. The intensity of
active species is related to the energy state of the working electrode’s surface. The higher the energy,
the greater the probability that the active species will be excited to generate energy level transitions,
and the higher the plasma concentration.

Keywords: plasma electrolytic oxidation; discharge; active species; mechanism; heat and mass transfer

1. Introduction

Plasma electrolytic oxidation (PEO) technology is an effective method for the surface
modification of metallic materials. It can grow ceramic membranes on the substrate in situ
due to the mutual effects of electrochemistry, plasma chemistry, and thermal chemistry.
Because the chemical reaction happens between the interface of the substrate/electrolyte
and the electrolyte/substrate, rather than by simple physical deposition, the membranes are
strongly adhered to the substrate with different compositions, membrane thickness, colors,
strength, hardness, friction property, photocatalytic activity, etc. [1-4], thereby strength-
ening the surface of the substrate. For example, the antibacterial effect and corrosion
behavior could be improved in Ringer’s physiological solution when the PEO membranes
are processed by adding nanoparticles of ZnO [3].

Some important features of the PEO process are the phenomena of fulmination, lu-
minescence, discharge, and heat release that occur between the interfaces of substrates/
electrolytes [5]. At different PEO stages, the continuously moving micro-discharge sparks
with different shapes, colors, and numbers appear on the surface of the substrate. The

Membranes 2022, 12, 516. https:/ /
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Abstract: Processing robust mechanical properties is important for elastomeric materials. In this
work, different molecular weights of polyethylene glycols (PLG) were used to modify graphene
oxide (GO) in order to study the relationship between the number of hydrogen bonds and the
properties of the polyurethane/graphene oxide membrane. The fact of PEG was successfully grafted
onto the surface of GO was certified by Fourier transform infrared spectra, Raman spectra, X-ray
photoelectron spectroscopy. The graft ratio was indicated by thermogravimetric analysis. The
presence of hydrogen bonds in PUR/MGO composites membrane was proved by the cyclic loading-
unloading test and stress relaxation test. The thermal stability and low-temperature resistance
performance of PUR/MGO had been improved compared with PUR/GO. When the molecular
weight of PEG grafted on the surface of GO was 600, the tensile strength and elongation at break of
the composite membrane were optimal. The reason for the improvement of physical and mechanical
properties was that the dispersion of filler in the rubber matrix and the compatibility between filler
and rubber had been improved.

Keywords: graphene oxide; different number-average molecular polyethylene glycols; polyurethane;
organic-inorganic hybrid membranes; hydrogen bonds; properties

1. Introduction

Rubber is widely used in the automobile industry, petroleum industry, leather industry,
and other fields because of its high wear resistance, high strength, high elasticity, and good
aging resistance, etc. For enhanced performance and lifetime of rubber products, fillers
such as carbon black (CB) [1], carbon nanotubes (CNTs) [2], carbon nanodots (CDs) [3]
and graphene [4], have been introduced into the rubber matrix. Among these nanofillers,
graphene is considered to be the most promising one due to its excellent features, such as
super Young'’s modulus, fracture strength, barrier properties, and conductive properties [5].
However, some articles reported that graphene improved the strength of rubber matrix at
the expense of toughness and ductility [6,7]. How to improve the toughness and strength
of vulcanizates simultaneously is a challenging issue.

Natural biomaterials are a vast source to inspire us to design robust materials with
excellent strength and toughness. For instance, spider silk, bones and shells, they always
exhibit a surprising balance of strength, toughness, and ductility [8,9]. Researches have
demonstrated that the supramechanical performance of these natural robust materials is
actually achieved by using the sacrificial bond and hidden length on the soft-hard interface
to obtain high strength, toughness, and ductility [10]. Inspired by these natural biomaterials,
it was recently demonstrated that constructing sacrificial bonds and hidden lengths in

Membranes 2022, 12, 517. https:/ / doi.org/10.3390/membranes12050517
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hemical T

ARTICLE INFO ABSTRACT

Keywords: AgVO; and Agl have attracted great interest in environmental remediation. Aiming at enhancing the catalytic
In suit grown activity and stability of AgVOs. Visible light response Z-scheme Agl/Ag/AgVO3 hybrid nanorods were prepared
Z-scheme: by in situ reduction and ion exchange grown. The results of characterization and experiment showed that ob-
Agl/Ag/AgVO3

tained hybrid material are primarily composed of AgVO3 nanorods, whose surface were closely attached to Agl
and Ag particles. Compared with AgVO3 and Ag/AgVOs, the absorbance of Z-scheme Agl/Ag/AgVOs hybrid
nanorods in the visible light region is dramatically enhanced. The degradation efficiency of sample is five times
of that of AgVO3 and four times of that of Ag/AgVOs, respectively. And the degradation efficiency still keep 90%
after the fourth repeat experiment. The trapping experiments of active species confirmed that the contribution of
the degradation for AO-II is mainly attributed to h" and eO;. The efficient photocatalytic activity can be

Visible light response
Acid orange I

lained by Z-type mect

which p effective separation of photogenerated charges. This study

provides an idea for the design of efficient visible light photocatalysts.

1. Introduction

Over the years, human beings have suffered from various problems
caused by environmental pollution. Photocatalytic technology is
considered to be one of the ideal methods to solve the problem of
environmental pollution [1,2]. The core of photocatalytic technology is
to develop new photocatalysts with high efficiency, low cost and easy
preparation. Since Fujishima and Honda first reported titanium dioxide
(TiO») photocatalyst in 1972, extensive and in-depth research has been
carried out on it. However, the biggest disadvantage of TiO, is its wide
band gap, which can only absorb and utilize the ultraviolet light in the
solar spectrum [3]. Additionally, visible light, which accounts for the
largest proportion of the solar spectrum, is not utilized, resulting in the
failure to make the most efficient use of solar light.

In order to solve this problem, there are two main ideas. One is to
modify TiO, photocatalyst to make it have visible light activity, such as
doping, forming heterojunction with noble metals or other semi-
conductors, the other is to develop other new photocatalytic materials

with visible light response, such as graphite phase carbon nitride (g-
C3Ny) [4], silver based photocatalysts (AgsPO4,AgV0s3,Ag2C0s3) [5,6],
bismuth based photocatalysts (BisOg, BioMoOg, BiIOX < X = Cl, Br, I>,
Bip02CO3) [7-9], etc. Among them, silver vanadium oxide (SVO)
nanomaterials (AgzVOas, AgoV4011, AgVOs,etc.) [10-12] has attracted
great attention due to its unique hybridization of V 3d, O 2p and Ag 4d
orbital valence bands in SVO. As a typical SVO compound, AgVOs; has
excellent optical absorption properties in the visible range. It has
attracted tremendous attention due to its narrow band gap (about
2.3eV), unique electronic structure and good crystallinity [13,14].
However, the catalytic activity of AgVOj is very low due to its poor
ability to separate electron hole pairs in photocatalytic reactions. There
are usually several ways to solve the above problems. One approach is to
design specific structures and dimensions. One dimensional silver
vanadate structure is more conducive to charge separation because of its
large aspect ratio [15,16]. Another method is the deposition of noble
metals (such as Ag and Au) on the surface of silver vanadate to form
Nano Plasma Particles (NPs) [17,18], which can broaden the spectral

* Corresponding.author. College of Chemical Engineering, Guangdong University of Petrochemical Technology, Maoming, 525000, China.

** Corresponding.author.
E-mail addresses: yjh0710@163.com (J. Yi), mhm071008@163.com (H. Mo).

https://doi.org/10.1016/j.0ptmat.2022.112764

Received 15 April 2022; Received in revised form 7 July 2022; Accepted 16 July 2022

Available online 21 July 2022
0925-3467/@ 2022 Published by Elsevier B.V.

4.2 FHERFRRARHER

72



—8. Enhanced Adsorptive-Oxidative Desulfurization of Dibenzothiophene over
Ti-MWW Using Cumene Hydroperoxide as Oxidant

Korean J. Chem. Eng., 39(1), 96-108 (2022)
DOL: 10.1007/s11814-021-0844-y

PpISSN: 0256-1115
eISSN: 1975-7220

Enhanced adsorptive-oxidative desulfurization of dibenzothiophene
over Ti-MWW using cumene hydroperoxide as oxidant
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Abstract—Ti-containing Mobil composition of matter-twenty-two (Ti-MWW) zeolite was prepared via a two-step
post-synthesis process and then characterized by X-ray fluorescence, nitrogen adsorption-desorption isotherms, Fou-
rier transform infrared absorption spectra, X-ray diffraction, scanning electron microscopy, transmission electron
microscopy, and X-ray photoelectron spectra. These results indicate that the textural properties of MWW were well
preserved after acid treatment and incorporation of titanjum. An adsorptive-oxidative desulfurization (AODS) system
was successfully developed on the basis of a model oil containing dibenzothiophene (DBT) with the as-prepared Ti-
MWW being the catalyst and adsorbent and cumene hydroperoxide (CHP) being the oxidant. The parameters influ-
encing the desulfurization performance were systematically investigated. These parameters include the Ti- MWW dos-
age, the reaction temperature, the stirring speed, the molar ratio of CHP to DBT and the additions of olefins and
aromatics to the system. The conversion rate of DBT reached 99.6% via the catalytic oxidation process and the turn-
over frequency was 40.1 h™. Meanwhile, the oxidation products of DBT were removed by Ti-MWW adsorption. The
recycling and regeneration performance of Ti-MWW were also investigated, and the DBT conversion reached 99.5%
using the regenerated Ti-MWW. This work provides useful information for the construction of solvent-free oxidative

desulfurization systems using a zeolite.

Keywords: Adsorptive-oxidative Desulfurization, Ti-MWW, Dibenzothiophene, Cumene Hydroperoxide

INTRODUCTION

Fuel oils contain various heterocydic sulfur-containing com-
pounds (HSCs), such as benzothiophene, dibenzothiophene (DBT),
and their alkyl substituted derivatives, which are difficult to remove
efficiently by conventional hydrodesulfurization (HDS) [1]. How-
ever, faced with increasingly strict environmental regulations, it is
imperative to develop alternative or supplementary desulfurization
technologies for the production of low sulfur-content fuel oils [2].
Given the inherent difficulties of HDS, development of various non-
HDS technologies is being introduced, such as extractive desulfur-
ization [3], membrane separation desulfurization [4], photocatalytic
desulfurization [5], adsorptive desulfurization [6], and oxidative
desulfurization (ODS) [7]. These desulfurization processes can be
operated under milder conditions and exhibit effective removal per-
formance for HSCs.

Among the aforementioned processes, ODS has been reported
to be more promising and effective since it can be applied at mild
temperatures and pressures with no hydrogen consumption. The
basic idea of ODS is to oxidize sulfur-containing compounds to
highly polar compounds and then remove them by extraction or
adsorption. A variety of extractants have been used in ODS sys-
temns, such as acetonitrile [8], dimethyl-formamide [9] and metha-
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nal [10]. However, these solvents are still slightly miscible with fuel
ail [11]. As a result, this will bring additional pollution into the
fuel during the desulfurization process to reduce oil quality. More
seriously, these undesirable pollutant compounds usually contain
nitrogen compounds which also strictly limit the ability to achieve
deaner fuel cils [12].

To avoid contamination of the treated ofl by the extractant,
another approach is to combine the adsorption with the ODS pro-
cess under sclvent-free conditions. This approach is commonly
referred to as adsorptive-oxidative desulfurization (AODS). In the
AOQDS process, the oxidized sulfur-containing compounds are ad-
sorbed by the adsorbent, which is the additional adsorbent pro-
duced after the oxidation reaction or could be the catalyst itself.
Then the dean oil is obtained by a solid-liquid separation, which
reduces the additional pdllution of the oil phase. From the perspec-
tive of solvent savings and green chemical usage, AODS is a promis-
ing approach for the production of dean oils.

Achieving efficient oxidation of sulfur-containing compounds is
a critical step inan AODS process. Consequently, the choice of the
oxidant should be considered first. Hydrogen peroxide (H,O,) is
often chosen because of its single oxidation product [13]. However,
H,Q, inmost ODS systems is utilized as the oxidant which is immis-
cible with the oil, so the inter-solubility of H,0, and DBT is not
satisfactory [14]. Therefore, many attempts have been made to intro-
duce oil-soluble oxidants into ODS and some examples include #
butyl hydroperoxide (TBHP) [15-17], cyclohexanone peroxide
(CYHPO) [18,19], and cumene hydroperoxide (CHP) [20]. Among
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ABSTRACT

CuBi;Oy is widely used in photocatalytic degradation for pollutants in water
due to its strong visible light response characteristics, excellent chemical sta-
bility, non-toxic, and low cost. Here, stone-shaped CuBi,Q, was prepared with
CuO and Bi;O3 as raw materials by high temperature solid phase. The effect of
calcined temperature and time on the product was discussed. This material was
analyzed and discussed by XRD, SEM, XPS, and DRS, and the visible light
activity of degradation for Orange II was explored. The results showed that the
absorption edge of prepared CuBi,O4 expands to the visible region, and the
band gap was about 1.77 eV. The photocatalytic degradation rate of Orange II
was 42.6% under the optimal conditions. After H>O, assisted, the degradation
rate was more than 2 times, and repeated experiments verified that the prepared
catalysts had high stability. Finally, a reasonable mechanism of H,O, assisted
degradation enhancement is proposed. This work gives new ideas for the
preparation of new and efficient catalytic materials.
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1 Introduction photocatalytic technology has unique advantages in
the degradation of organic wastewater, CO, reduc-

Clean water resources are very important for build-  tion, and hydrogen production, which has attracted

ing an eco-friendly environment. Due to the large
discharge of domestic sewage, hospital wastewater,
farming wastewater, and dyeing wastewater, it has a
serious impact on clean water resources. Humans
began to strengthen environmental governance and
pay attention to environmental protection. The

the extensive attention of most researchers [1-4].
Many visible light heterostructured photocatalysts
have been widely and deeply studied, Such as CeO,/
ZnsVo0q 5], Agl/Ag/AgVO; 6], and Ag/CuBi,O4
[7]. Recently, bismuth-based oxides with the advan-
tage of valence band hybridization of O 2p orbital
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Abstract—Aspen Plus and MindMaster are an effective tool
for assisting students’ understanding of complex and abstract
refinery process characteristics. In this article, we present a case
study with various types of questions to demonstrate how
software can be used by teachers to teach practical problems of
the petroleum refinery process and by students to summarize
knowledge points and their relationships. The goal problem-
oriented mode and mind maps are used in the Petroleum
Refinery Engineering course, which redesigns teaching content
and improves students’ ability to think critically, analyze data,
make difficult decisions, and solve complex engineering
problems.

Keywords—Goal Problem-Oriented, Mind Map, Redesign

I INTRODUCTION

The development and popularization of computers has
helped the development of education in China. For a wide
range of subjects, computer simulations are now available [1].
Process simulation and related computational skills have also
been widely reported to be critical for chemical engineering
graduates’ employability [2-5]. Meanwhile, the critical
importance of process simulation in chemical engineering
education has been recognized [4, 6, 7].

The team innovatively put forward the teaching concept of
“target problem-oriented”. Around the three-level goals of
“country, school and major”, five types of target questions
were designed in a targeted manner. The design of the five
types of target questions is to promote the achievement of
goals, and All teaching activities must be carried out around
the goal. Internalize the target quality requirements into the
target problem system to effectively guide the teaching design.
From the perspective of students, the connotation of this goal
is to achieve students’ classroom participation, stimulate
interest, trigger thinking, cultivate quality and learn and apply
knowledge, and promote course teaching to effectively
approach the goal of talent training.

2766-2144/22/$31.00 ©2022 IEEE
DOI 10.1109/ISET55194.2022.00062
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Project-based learning (PBL) is a teaching method that can
deepen students’ understanding of concepts by applying them
to real-world cases related to teaching topics or content. In
addition, the PBL methodology improves students abilities in
other aspects, such as critical thinking, teamwork, and
engineering practice, which is different from traditional
memory-based learning methods. Through the application of
PBL, it is possible to identify the weaknesses in engineering
education by increasing the integration of all aspects of the
curriculum, providing students with design experience, and
improving their communication and teamwork skills.

Students’ learning experiences are enhanced through the
blended learning strategy, which involves teachers utilizing
information technology to create additional teaching videos to
supplement teaching resources and collecting data on students”
participation via feedback on specific online platforms prior
to class. In class, we employ arandom questioning strategy to
ascertain students’ preview effects through the use of simple
questions. Additionally, mind maps, process simulation
software, and group discussions are used to evaluate their
educational effects. During class, teachers place an emphasis
on explaining complex concepts. The practical and project
problems are based on the simulation project, which teachers
simulate in class and students practice after class. Following
that, students provide real-time feedback on the teaching
content via online questionnaires.

II.  COURSE DESCRIPTION

Petroleum Refinery Engineering is an obligatory course
that is integrated into semester 1 of the fourth and last
academic year of Bachelor Studies in Chemical Engineering
and Technology at the GDUPT (China) and carries 5 credits.
It is taught through a combination of lectures, seminars,
software simulation sessions, and project work done by
groups of students.

Authorized licensed use limited to: University of Melbourne. Downloaded on October 02,2022 at 04:22:33 UTC from |IEEE Xplore. Restrictions apply.
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class one week ago. The teaching resources included

Petrochemical Technology were reconstructed based on the
demand of petrochemical industry. The ideological and
political contents permeation and methods, the reform of
ideological and political evaluation and the educational effect
of the course were introduced. The professional ethics of
engineer was paid attention to cultivated and “The Spirit of
Westward Migration” of university was publicized during the
process of teaching. The feedback from students'
questionnaires showed that 82% of students thought that the
“critical thinking ability” of them had been improved.
Students' classroom participation rate had increased to 100%,
and the excellent rate of academic performance had increased
by 32% (score > 80 points).

Keywords—~Petrochemical Technology course; Ideological
and political reform; Teaching design

1. INTRODUCTION

“ Morality education, moral education first”. The content
of curriculum ideological and political education was
reconstructed. 18 videos of curriculum ideological and
political education and related ideological and political case

databases were rebuilt. The contents of “petrochemical safety,

environment, petrochemical culture and society” were
infiltrated during the process of teaching. It aimed to
cultivate “feelings of home and country, social responsibility,
scientific spirit and professional ethics”, cultivate students'
professional ethics of engineer to let students to obtain the
comprehensive abilities of considering social, health, safety,
law, culture, environmental protection and other factors in
design and work. The course had been launched on
“Xuetangzaixian™ (website: https:/www.xuetangx.com), and
the videos of ideological and political education were fully
open to the society. At present, the course had been opened
for 5 sessions with more than 6,360 students selected.

II. GENERAL IDEA OF IDEOLOGICAL AND POLITICAL DESIGN
OF PETROCHEMICAL TECHNOLOGY BASED ON BLENDING
TEACHING

A.  Blending teaching design-Theoretical part
The specific implementation process was shown as
follows (Figure 1):

Before class: self-learning to dispel doubts. The relevant
teaching resources were posted online before the start of the

2766-2144/22/$31.00 ©2022 IEEE
DOI 10.1109/ISET55194.2022.00034

126

teaching videos of “ideological and political” content.
In class: group cooperation to dispel doubts/report.

After class: get multiple effective feedback.

Before class In class After class
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Fig. 1. Blending teaching design of ideological and political course.

B. Reconstruct the content of “teaching " and “learning”

The curriculum knowledge system was divided into eight
modules taking the product processing scheme of the
chemical branch of large-scale refining and chemical
integration enterprises as the knowledge network. The deep
integration of production and education was practiced, and
enterprise production process cases were introduced into the
teaching process[1-3].

C. ldeclogical and political resources

The ideological and political resources of this course were
selected from the five-episode series propaganda film "Come
on, China" of CCTV. This five-episode promo was mainly
shot to commemorate the 70th anniversary of the founding of
New China, and its contents included petrochemical related
products, processes and related historical changes, such as
the quality upgrade of petroleum products, oil shale gas and
petrochemical products worn by people, PX (p-xylene)
industrial chain and so on. Addition ideological and political
videos which were produced on the occasion of the 100th
anniversary of the founding of the Party were selected. These
ideological and political video resources were closely related
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Keywords:
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A sustainable method is developed for the selective and additive-free synthesis of imines from primary amines
with TBHP lyzed by bioinspired complex (MnCIy(I'PA)) at room temperature. Use of 0.2 mol %
MnCI,(TPA) was efficient enough for this transformation by offering excellent conversions up to 98.2% along

L":“":; with 93.4% product yield within 1 h. The influence of reaction parameters (catalyst dosage, solvent, reaction
TBHP ) temperature, time, etc.) on the catalytic performance was also investigated in detail. Building on these results,

the selected MnCI,(TPA) was further employed to transform various primary amines into corresponding imines
and exhibited good compatibility even for the challenging aliphatic amine. The high efficiency, combining with a
large substrate scope and ambient reaction conditions, makes the developed bioinspired Mn complex/TBIIP
system a promising pathway to produce imines. This work also paves a way to the expansion of non-heme metal
catalysts as efficient platforms for various oxidation reactions

1. Introduction

Tmines containing high-activity unsaturated C=N double bonds are
among the most significant intermediates for the synthesis of a variety of
pharmaceuticals, agrochemicals and molecular motors [1-3]. As a
consequence, extensive attention from both academic and industrial
field has been attracted toward the synthesis of imines. The condensa-
tion reaction between amines and carbonyl compounds is a traditional
strategy to acheive imines fabrication. This process involves the use of
unstable aldehydes, dehydrating agents and acid catalysts, which re-
strains its industrial application from the practical and environmental
point of view [4]. The direct oxidative coupling of amines to the cor-
responding imines provides a promising and attractive alternative to the
conventional approach.

Over the past decade, considerable efforts have been made for this
transformation, thus yielding plentiful catalytic systems based on metal
catalysts, such as Cu [2,5,6], Fe [7], Mn [8-10], V [11], Co [12], Pd
[13], Au [14], Ru [15], Cd [16], and Ti [17,18]; and other catalysts,
such asquinone (TBHBQ) [19], ionic liquids [20], graphene oxide [21],
mesoporous carbon [22], and salicylic acid derivative [23]. Despite
good catalytic performance, most of theses methodologies involve
complicated catalyst preparation process, cumbersome reaction setup,

* Corresponding author.
F-mail address: chenyaju970@126.com (Y. Chen).

https://doi.org/10.1016/j.ica.2021.120282

or harsh reaction conditions, such as high temperature, the addition of
oxidative promoters, and light irradiation. For example, a vanadium
catalyst (VO(Hhpic),) was developed for the aerobic oxidation of amines
to imines at 120 °C in acetonitrile [24]. Liang and co-workers reported
salicylic acid complexed with TiO, for visible light-driven selective
oxidation of amines into imines with air using TEMPO as a co-catalyst
[18]. Moreover, some reported protocols are often limited in lower ac-
tivity and unruly selectivity for aliphatic amines [25]. In view of the
above, the exploration of simple catalytic system with high efficiency
and good substrate expansibility for the oxidative coupling of amines
under mild even ambient conditions is highly desirable.

Catalytic oxidation methodologies based on bioinspired metal com-
plexes and peroxides, which can be regarded as biologically inspired, are
gradually highlight their remarkable advantages of mild reaction con-
ditions, excellent reactivity and high selectivity [26,27]. Among them,
the biologically important elements-based complexes such as iron and
manganese attract particular attention. Iron porphyrins, as the mimics of
the cytochrome P450 active site, has been the most extensively studied
in various oxidation reactions. For eaxmple, fluorinated Fe-porphyrins
were found to be highly efficient for catalyzing the double epoxidation
of divinylbenzene with H>O» under mild conditions [28]. Metal com-
plexes with porphyrin-inspired tetradentate nitrogen (N4) ligands
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Abstract—Hierarchically porous y-Al,O;, TiO,—Al,O; composite supports, and Pt—Sn—K/Al,O; and Pt—
Sn—K/Ti0,—Al,O; catalysts were prepared using a secondary aging reconstruction method, a sol—gel
method, an incipient wetness impregnation method under vacuum, respectively. The pore structure, reduc-
ibility, surface acidity, and Pt dispersion of the as-prepared 1-Al,O;, TiO)—Al, O, composites, and Pt—Sn—
K/Al,O; and Pt—Sn—K/Ti0,—Al,O; catalysts were characterized using X-ray diffraction, N, adsorption—
desorption, Hy temperature-programmed reduction, NH; temperature-programmed desorption, and CO
pulse adsorption analyses. The long-chain alkane dehydrogenation performance of the Pt—Sn—K/Al,O; and
Pt—Sn—K/TiO,—Al,0; catalysts was evaluated in a quartz tube fixed-bed microreactor. The results indicated
that the dehydrogenation performance and stability of the hierarchically porous Pt—Sn—K/Ti0,—Al,0; cat-
alyst were superior to those of the Pt/y-Al,O; catalyst. TiO,—Al, 05 composites inhibited the reduction of tin
oxides and remarkably improved the long-chain alkane dehydrogenation performance of the Pt—Sn—
K/Ti0,—Al, 05 catalysts. TiO, was highly dispersed on Al,O; and the addition of an appropriate amount of
Ti0, to Al,O; improved the dehydrogenation selectivity and stability of Pt—Sn—K/Ti0,—Al,0;. When the
TiO, content of Pt—Sn—K/Ti0y—Al,O; was lower than 5%, the interaction between Ti0, and Al,0; was
strong, promoting the formation of a stable Pt—Sn—Ti0,—Al,O; structure. Furthermore, the dispersion and
thermal stability of Pt and the dehydrogenation activity and stability of the Pt—Sn—K/Ti0,—Al,0; catalyst
were improved. Upon increasing the TiO, content to 10% and 15%, the Pt—Sn—Ti0,—Al,0; structure was
destroyed and the dehydrogenation activity of the Pt—Sn—K/Ti0,—Al,0; catalyst reduced owing to Hy back-
flow.

Keywords: dehydrogenation, long-chain alkane, hierarchically porous material, polymetallic catalyst, com-
posite catalyst, TiO,

DOI: 10.1134/50023158422020070

1. INTRODUCTION Pt and TiO, being stronger than that between Pt and
alkali and rare earth metal oxides. The strong metal—
support interaction (SMSD) in Pt/TiO, catalysts is
ascribed to the electron transfer from the partially

reduced support to the metal crystallites. TiO,—Al,Os

Recently, the use of transition metal oxide com-
posites as catalyst supports has attracted increasing
attention [1—35]. The reducibility of TiO, and the
strong interaction between TiO, and active catalyst

components confer TiO, outstanding characteristics
[6—10]. The promoting effect of TiO, during alkane
dehydrogenation is stronger than that of alkali and rare
earth metal oxides, owing to the interaction between

Abbreviations: SMSI — strong metal—support interaction;
AACH — ammonium aluminum carbonate hydroxide; AS —
Al»(8Oy)3'18H,0; AHC — NH4HCO3; XRD — X-ray diffrac-
tion; BET — Brunauer—Emmett—Teller method; BJH — Bar-
rett—Joyner—Halenda method; NH;-TPD — NHj; temperature-
programmed desorption; H,-TPR — H, temperature-pro-
grammed reduction of hydrogen.

composites, which are often used as catalyst supports,
exhibit good hydrodesulfurization performance owing
to their good reducibility and sulfurization ability [11—
13]. Several studies have indicated that TiO, doping
can significantly improve the sintering resistance abil-
ity and promote the flow of active oxygen species [ 14,
15]. Therefore, Ti-modified y-Al,Oy supports can be
used to improve the long-chain alkane dehydrogena-
tion performance of Pt catalysts. The use of TiO,—
Al,(O; as a composite catalyst support for propane
dehydrogenation has attracted increasing attention
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ABSTRACT: Liquid—liquid equilibrium data for a cyclohexane—ethanol—solvent ternary system were obtained at 303.15 K and
100.3 kPa using 1,4-butanediol, dimethyl sulfoxide, or N,N-dimethylfor ide as the extractant. Extraction abilities of these solvents
in the separation of ethanol from a mixture containing cyclohexane were determined in terms of the distribution coefficient and the
separation factor derived from experimental values. The extraction ability of 1,4-butanediol was higher than those of the other two
extractants for the separation of ethanol from cyclohexane. Moreover, the experimental data were fitted with the nonrandom two-
liquid model, and the binary energy parameters were calculated accordingly. The divergence between the measured tie-line data and
the calculated results was determined based on the root-mean-square deviation (RMSD). The highest value of RMSD was 0.98%,
suggesting that the model is suitable for correlating the experimental values for the cyclohexane—ethanol—solvent ternary systems.

Downloaded via SOUTH CHINA UNIV OF TECHNOLOGY on September 15, 2022 at 11:49:12 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

1. INTRODUCTION

The organic solvents cyclohexane (Cy) and ethanol (EtOH)
are two important basic chemical raw materials that are
extensively used in medicine, organic syntheses, and other
industries.' ™ A mixture of Cy and EtOH is used in many
applications. In 1963, Scatchard and Satkiewicz® investigated
the vapor—liquid equilibrium of the Cy—EtOH system in the
temperature range of 278.15—338.15 K. Misra et al. explored
the effect of 4-methyl-2,6-dicarbomethoxyphenol (CMOH)
microheterogeneity on the spectral response of an excited-state
intramolecular proton-transfer probe using the Cy—EtOH
binary mixture. The solvent composition was found to affect
the spectral responses of CMOH in a mixture containing Cy
and EtOH.” Since the Cy—EtOH solvent system is suitable for
dilution crystallization, Guo et al.” used a mixture of Cy and
EtOH to purify clopidogrel hydrogen sulfate (form II) [CHS
(I1)] and measured the solubility of CHS (II) in the binary
solvent system in the temperature range of 283.35—-333.75 K.
Qiu and Blanchard” selected perylene as a nonpolar probe
molecule and investigated its rotational diffusion and vibra-
tional relaxation dynamics in a series of Cy—EtOH mixed
solutions. A clear discontinuous change was observed in the

© 2021 American Chemical Soclety

- 4 ACS Publications

4384

&0

chromophore environment for EtOH concentrations ranging
from § to 7.5% (v/v). The Cy—EtOH mixture is also used in
glossy coatings of surfaces containing copolymer and varnish
solvents.'® Consequently, huge amounts of Cy—EtOH waste
liquid are produced. Since the reagents are expensive, it would
be ideal if the Cy—EtOH mixture is separated and recovered
after use. This not only reduces environmental pollution but
also saves resources.

Cy and EtOH have similar boiling points and, hence, can
form an azeotropic mixture (constant boiling point of 338.05 K
at 69.5 wt % Cy and 30.5 wt % EtOH). This renders the
separation of Cy and EtOH extremely difficult and almost
impossible through conventional distillation strategies. Wang
and Tian"" used the ionic liquid [bmim]PF; as an extractant to
separate Cy and EtOH by extractive distillation. Mu et al.'*
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class one week ago. The teaching resources included

Petrochemical Technology were reconstructed based on the
demand of petrochemical industry. The ideological and
political contents permeation and methods, the reform of
ideological and political evaluation and the educational effect
of the course were introduced. The professional ethics of
engineer was paid attention to cultivated and “The Spirit of
Westward Migration” of university was publicized during the
process of hi The feedback from students’
questionnaires showed that 82% of students thought that the
“critical thinking ability” of them had been improved.
Students’ classroom participation rate had increased to 100%,
and the excellent rate of academic performance had increased
by 32% (score > 80 points).

teaching videos of “ideological and political” content.
In class: group cooperation to dispel doubts/report.

After class: get multiple effective feedback.

Before class In class After class

¥ *

Homework + online
5 discussion + quiz +
report (ability and

Study situation analysis,

Tinchlag baske problens 8

process

political cases of

study indepes
i enterprises accomplishment)

¥ Objective problem .
Teaching | Objective problem “m.'mm"r'mm" Group discussion +
meihod i online evaluation

Aassroom + case (eachis
X

v  p

Keywords—Petroch ! Technology course; Id, ical
and political reform; Teaching design

1. INTRODUCTION

“Morality education, moral education first”. The content
of curriculum ideological and political education was
reconstructed. 18 videos of curriculum ideological and
political education and related ideological and political case
databases were rebuilt. The contents of “petrochemical safety,
environment, petrochemical culture and society” were
infiltrated during the process of teaching. It aimed to
cultivate “feelings of home and country, social responsibility,
scientific spirit and professional ethics”, cultivate students'
professional ethics of engineer to let students to obtain the
comprehensive abilities of considering social, health, safety,
law, culture, environmental protection and other factors in
design and work. The course had been launched on
“Xuetangzaixian” (website: https://www xuetangx.com), and
the videos of ideological and political education were fully
open to the society. At present, the course had been opened
for 5 sessions with more than 6,360 students selected.

II. GENERAL IDEA OF IDEOLOGICAL AND POLITICAL DESIGN
OF PETROCHEMICAL TECHNOLOGY BASED ON BLENDING
TEACHING

A.  Blending teaching design-Theoretical part
The specific implementation process was shown as
follows (Figure 1):

Before class: self-learning to dispel doubts. The relevant
teaching resources were posted online before the start of the

2766-2144/22,
DOI 10.1109/18!

.00 ©2022 IEEE
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Fig. 1. Blending teaching design of ideological and political course.

B. Reconstruct the content of “teaching” and “learning”

The curriculum knowledge system was divided into eight
modules taking the product processing scheme of the
chemical branch of large-scale refining and chemical
integration enterprises as the knowledge network. The deep
integration of production and education was practiced, and
enterprise production process cases were introduced into the
teaching process[1-3].

C. Ideological and political resources

The ideological and political resources of this course were
selected from the five-episode series propaganda film "Come
on, China" of CCTV. This five-episode promo was mainly
shot to commemorate the 70th anniversary of the founding of
New China, and its contents included petrochemical related
products, processes and related historical changes, such as
the quality upgrade of petroleum products, oil shale gas and
petrochemical products worn by people, PX (p-xylene)
industrial chain and so on. Addition ideological and political
videos which were produced on the occasion of the 100th
anniversary of the founding of the Party were selected. These
ideological and political video resources were closely related
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121



7.1 RFEHEHBEL
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Abstract—Aspen Plus and MindMaster are an effective tool
for assisting students’ understanding of complex and abstract
refinery process characteristics. In this article, we present a case
study with various types of questions to demonstrate how
software can be used by teachers to teach practical problems of
the petroleum refinery process and by students to summarize
knowledge points and their relationships. The goal problem-
oriented mode and mind maps are used in the Petroleum
Refinery Engineering course, which redesigns teaching content
and improves students’ ability to think critically, analyze data,
make difficult decisions, and solve complex engineering
problems.

Keywords—Goal Problem-Oriented, Mind Map, Redesign

I INTRODUCTION

The development and popularization of computers has
helped the development of education in China. For a wide
range of subjects, computer simulations are now available [1].
Process simulation and related computational skills have also
been widely reported to be critical for chemical engineering
graduates’ employability [2-5]. Meanwhile, the critical
importance of process simulation in chemical engineering
education has been recognized [4, 6, 7].

The team innovatively put forward the teaching concept of
“target problem-oriented”. Around the three-level goals of
“country, school and major”, five types of target questions
were designed in a targeted manner. The design of the five
types of target questions is to promote the achievement of
goals, and All teaching activities must be carried out around
the goal. Internalize the target quality requirements into the
target problem system to effectively guide the teaching design.
From the perspective of students, the connotation of this goal
is to achieve students’ classroom participation, stimulate
interest, trigger thinking, cultivate quality and learn and apply
knowledge, and promote course teaching to effectively
approach the goal of talent training.
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Project-based learning (PBL) is ateaching method that can
deepen students’ understanding of concepts by applying them
to real-world cases related to teaching topics or content. In
addition, the PBL methodology improves students’ abilities in
other aspects, such as critical thinking, teamwork, and
engineering practice, which is different from traditional
memory-based learning methods. Through the application of
PBL, it is possible to identify the weaknesses in engineering
education by increasing the integration of all aspects of the
curriculum, providing students with design experience, and
improving their communication and teamwork skills.

Students’ learning experiences are enhanced through the
blended learning strategy, which involves teachers utilizing
information technology to create additional teaching videos to
supplement teaching resources and collecting data on students”
participation via feedback on specific online platforms prior
to class. In class, we employ a random questioning strategy to
ascertain students’ preview effects through the use of simple
questions. Additionally, mind maps, process simulation
software, and group discussions are used to evaluate their
educational effects. During class, teachers place an emphasis
on explaining complex concepts. The practical and project
problems are based on the simulation project, which teachers
simulate in class and students practice after class. Following
that, students provide real-time feedback on the teaching
content via online questionnaires.

II.  COURSE DESCRIPTION

Petroleum Refinery Engineering is an obligatory course
that is integrated into semester 1 of the fourth and last
academic year of Bachelor Studies in Chemical Engineering
and Technology at the GDUPT (China) and carries 5 credits.
It is taught through a combination of lectures, seminars,
software simulation sessions, and project work done by
groups of students.

Authorized licensed use limited to: University of Melbourne. Downloaded on October 02,2022 at 04:22:33 UTC from IEEE Xplore. Restrictions apply.
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Abstract—Blended learning is the integration of different
learning approaches, new technologies, and activities that combine
traditional face-to-face teaching methods with online
methodologies. Software, such as Aspen Plus, is an effective tool
for assisting students' understanding of complex and abstract
chemical engineering unit operations. In this article, we present a
case study with various types of questions to demonstrate how
blended learning is carried out in the teaching and learning of
chemical engineering courses. The goal problem-oriented mode is
used in the Chemical Engineering Unit Operations course, which
redesigns teaching content and improves students' ability to think
critically, analyze data, make difficult decisions, and solve
complex engineering problems.

Keywords—Blended learning, Goal Problem-Oriented, Redesign

I INTRODUCTION

Blended learning is the integration of different learning
approaches, new technologies, and activities that combine
traditional face-to-face teaching methods with online
methodologies. Blended learning strategies have been shown to
improve students” academic performance, motivation, attitude,
and satisfaction, and to provide convenient and flexible
learning[1]. Implementation of blended learning strategies has
also proved cost effective. This article provides a real
application case for blended learning when teaching Unit
Operations of Chemical Engineering and proposes a goal
problem-oriented mode framework for the design of blended
learning activities in the teaching and learning of chemical
engineering course.
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There are numerous definitions and methodologies in the
literature for blended leaming. Depending on the learning
objectives, blended leamning settings combine face-to-face
instruction in the classroom with technology-based e-learning
environments. The proportion of in-class and online learning
varies[2].

Nowadays, simulation software is a widely used teaching
tool in engineering courses. Indeed, as computer capacity
increases, simulation can be utilized to readily explore the new
world of virtual applications. Recent years have seen an increase
in the number of simulation programs produced to supplement
traditional lecture-based courses, and computer applications can
now be used to explain engineering processes that are not
accessible via traditional laboratory experiments|[3].

In particular, in the education of chemical engineering
disciplines, the use of process simulation software such as
Aspen Plus and HYSY'S has a significant impact on the learning
of Unit Operations of Chemical Engineering and is a very
powerful tool for teaching their characteristics. Process
simulation and related computational skills have also been
widely reported to be critical for chemical engineering
graduates' employability[4-7]. Meanwhile, the critical
importance of process simulation in chemical engineering
education has been recognized[6, 8-12]. In general, both
teachers and students should emphasize the critical nature of
learning process simulation software during the Chemical
Engineering courses.
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Abstract—Aiming at the obscure and difficult teaching
problems of basic engineering majors, this paper explores a
smart teaching model hased on the concept of ocutcomes-hased
education and problem-oriented education, and proposes a
Goal-problem-oriented blended teaching model. Taking the
“three-in-one” of value guidance, ability training and
knowledge imparting as the teaching goal, followed by
“advanced, innovative and challenging” standards and
curriculum ideology requirements, design the teaching contents
and teaching activities of knowledge points. Orientation, setting
up “target problem” and “five types of problems”, such as
“fundamental problems”, “key problems”, “difficult problems”,
“practical problems” and “expansion problems”, to form an
interlocking chain of knowledge. In goal-driven, problem-
driven and case-driven teaching situations, students preview
online before class, communicate and discuss in dass, expand
after class. In the process of setting doubt, solving doubt and
dispelling doubt, stimulate the students’ interest, trigger their
thinking, enlighten their wisdom and cultivate their quality, so
as to approach the teaching goal.

Keywords—goal-problem-oviented, blended-learning, value
guidance, abilily lraining

I. INTRODUCTION

The principle of chemical engineering is a required
professional technical basic course for students of chemical
engineering and similar majors.

However, there are mainly the following “pain points” in
the teaching of chemical engineering principles: 1) Under the
long-term influence of the traditional teaching mode, students
have unclear learning goals, are accustomed to passive
learning, and have poor initiative and motivation to think and
explore problems, which is manifested in that students will not
ask questions in class and plagiarism in students® homework
is serious. So how can students retum to individualized and
group inquiry-based learning? 2) The traditional chemical
engineering principle teaching focuses on principle derivation
and theoretical calculation, resulting in poor engineering
practice ability and innovative thinking ability of students. So
in the course teaching process, how to design to effectively
improve students’ ability of analyzing and solving problems,
practical application ability and innovative thinking ability? 3)
This course involves many types of unit operations, and the
influencing factors vary widely. The equipment structure and
design calculation methods of unit operation are complex and
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varied. Students generally report that the course is difficult
and obscure during the learning process, which leads to
students’ low interest in learning. So how to improve students®
interest inlearning and make students more involved in course

teaching?

How to solve these problems? It is a question that must be
considered and explored in the teaching reform. So we put
forward a new learning system of goal-problem-oriented
blended learning [1]. Aimed at solve target problems, we carry
out instructional design to improve the effectiveness of
blended leamning [2]. At the same time, the key features of this
learning system are a greater emphasis on personal interest
and involvement of students in the education process.

II. CurrICULUM TEACHING REFORM MEASURES

A. Overall Design Ideas

The principle of chemical engineering is a course with
strong engineering and practicability. The leaming of each
unit operation can be decomposed into basic principles —
theoretical calculation — supporting equipment — practical
application — expansion and innovation. According to this,
targeted teaching design is carried out.

Online
Boutique teaching
y
Wisdom
teaching
Interesting
| teaching
First-class ﬁ
course
teaching
Chapter Tntelligent Process
Pass teaching teaching evaluation

teaching W tools
g .4

Practice
teaching

Fig.1. Schematic diagram of the online and offline blended teaching
process

In the blended learning design of online and offline. As it
is shown in Fig.1, with the help of online high-quality MOOC
resources, adhering tothe student-centered concept, the course
teaching adopts a goal-problem-oriented teaching design,
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Abstract—In view of the problems existing in current course
teaching, this paper puts forward teaching innovation and
reform. Goal-problem orientation is to design goal-question
around the curriculum knowledge system and organize teaching
according to goal-problem in order to promote the effective
achievement of the goal. This paper put forward the three
combination innovative cultivation system namely before class,
class and after class, as well as the combination of online and
offline, on and off campus, and the four steps of the classroom
teaching case introduction, test results analysis, target problem
analysis, review summary, formed “theory, practice, practice -
competition” manage real integration teaching system to solve
the “target problem” and implement the teaching target.

Keywords—goai-problern  ori three bi;
innovative, four steps of the clussroom teaching, course education

1. INTRODUCTION

At present, there are many problems in college course
teaching, such as students’ lack of interest, low efficiency of
classroom teaching and students” poor ability in practice and
application. Guided by the comprehensive goals of the trinity
of “knowledge transmission, ability cultivation and value
guidance”, goal-oriented teaching designs five types of
problems around the goals, including basic problems, key
problems, difficult problems, practical problems and
expansion problems !'. This paper innovatively designs the
“three-in-one four-step” to carry out teaching organization and
implementation around the target problem, so as to attract
students’ interest, improve students’ independent learning
ability and improve teaching efficiency. Meanwhile, it also
provides theoretical and practical references for teaching
reform.

II. GOAL-PROBLEM ORIENTATION TEACHING AND
ADVANTAGE ANALYSIS

Goal- problem orientation teaching refers to the demand
of national talent, the school education goal, the goal of talent
cultivation, and also combined with the course content, guided
by the target principle, system principle as the criterion, based
on principles of comprehensive, individual character principle
as the gripper, to design the basic problem, major problems
and difficulties, practice problems and expand problems the
five types of goals*l. Among them, the basic problem is the
basic knowledge point around the target problem, the students
will understand the problem as soon as they learn; Key
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problems are difficult to understand and need to be answered
by reading. Difficult problems are questions that can be
answered through thought so as to help students integrate
knowledge from multiple disciplines.The practical problem
are about how to apply theory to practice. This kind of
problem cultivates students’ ability to apply theory to practice.
The expansion problems can be designed in a multi-
dimensional way based on current affairs and politics, industry
development, ecological civilization, physical and mental
health, etc. Teachers can help inspire students to think and pay
attention to students’ thinking expansion and personality
development?.

The template is used to format your paper and style the
text. All margins, column widths, line spaces, and text fonts
are prescribed; please do not alter them. You may note
peculiarities. For example, the head margin in this template
measures proportionately more than is customary. This
measurement and others are deliberate, using specifications
that anticipate your paper as one part of the entire proceedings,
and not as an independent document. Please do not revise any
of the current designations.

III. INNOVATIVE TEACHING DESIGN OF “THREE
COMBINATIONS AND FOUR STEPS” BASED ON THE GOAL-
PROBLEM ORIENTATION

In order to broaden the teaching time and space, the three-
in-one four-step teaching is organized and implemented under
the blended learning based on the goal-problem orientation.

Three-in-one refers to the combination of pre-class, in-
class and after-class, online and offline, campus and off-
campus, and the implementation of an all-around, whole-
process, whole-staff education system of three-in-one. Four
steps refer to four steps in-class teaching to enhance students’
interest and improve class efficiency.

A. Self-study (online learning) before class to ensure the
effect of online learning
Online learning before class mainly improves students’
learning consciousness through the following three aspects to
ensure students’ online learning effect:

* Task-based requirements. Students are required to
participate in pre-class preview through the leaming
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Abstract—Hybrid teaching entails conducting online and
offline classes, thus combining the advantages of online and
traditional teaching. The introduction of information-based
teaching resources has created difficulties in teaching, learning,
and teaching management. Harnessing the advantages of such
teaching resources while allowing teachers and students to
adapt to non-traditional teaching and learning methods is a
matter of concern. Hence, this paper presents countermeasures
to the problems of hybrid teaching, such as strengthening
teachers’ hybrid teaching training, stronger supervision and
management, and formulating evaluation criteria for hybrid
teaching and learning.

Keywords—online open public elective course, hybrid
teaching, teaching hil fuati

I INTRODUCTION

The introduction of information-based teaching resources
has created problems in the fields of teaching, learning, and
teaching management. Harnessing all the advantages of
online teaching resources and enabling teachers and students,
who are accustomed to traditional teaching methods, adapt to
such non-traditional teaching methods is a new problem [1-
4]. This paper offers countermeasures like better hybrid
teaching training, stronger supervision and management,
formulation of hybrid teaching and leaming standards to the
problems of hybrid teaching, such as low student attendance
in offline counseling and low passing rates.

II. BACKGROUND OF HYBRID TEACHING

Hybrid teaching involves teachers and students attending
classes offline and online, simultaneously. Teachers upload
their recorded lecture videos and other learning materials to a
virtual learning platform so that students can access these
when they are unable to attend offline classes.

A. Importance of Online Open Courses

1) The state attaches importance to the role of
informatization in education: With the rapid development of
information technology, the impact on education has
become far-reaching. The outline of the national medium
and long term education reform and development plan
(2010-2020) pointed out that Universities at all levels should
explore various ways to make use of high-quality
educational resources at home and abroad, strengthen the
development and application of high-quality education
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resources, strengthen the construction of online teaching
resource system, introduce international high-quality digital
teaching resources and develop omline learning courses,
strengthen the application of information technology,
improve teachers’ application level of information
technology, update teaching ideas, improve teaching
methods, improve the teaching effect, encourage students to
use information means to study actively and independently,
and enhance their ability to analyze and solve problems by
using information technology [5]

In April 2015, the Ministry of Education issued its
opinions on strengthening the construction, application, and
management of online open courses in colleges and
universities. It proposed the important tasks of “building a
number of high-quality online open courses represented by
large-scale online open courses and integrating curriculum
application and teaching services, “aiming to accelerate the
creation of online courses and platforms suitable for China’s
national conditions [6].

In April 2018, the Ministry of Education issued the action
plan for educational informatization 2.0, which clearly
pointed out: continued promotion of the deep integration of
information technology and education, promotion of the
high-level evolution of educational informatization from
integrated application to innovative development, deep
integration of information technology and intelligent
technology into the whole process of education, and
promotion of the improvement of teaching, management, and
performance. It also mentioned the comprehensive
improvement of information literacy of teachers and students,
promoting the expansion from technology application to
ability and quality, instilling good information thinking;
meeting the requirements of the development of information
society, and applying information technology to solve
problems in teaching, learning, and life [7].

In September 2018, the Ministry of Education issued a
notice requiring colleges and universities to carefully identify
the prominent problems and weak links existing in classroom
construction and management, strictly manage and grasp the
teaching order, formulate rectification measures, clarify the
time node, implement the responsibility to each person,
establish the rules of strict management, strengthen the
construction of classroom teaching, and improve the quality
of classroom teaching.  Additionally, it required
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Abstract—A deep understanding of the existing problems in
the traditional engineering specialty plays a curial role in
building the new engi ing curri The achievement
orientation, curriculum crossover, and content connection
induce the lack of practical, innovative, and forward-looking in
traditional engineering, which weakens the high-quality
development of engineering students. Here, we propose a new
engineering curriculum based on a multi-disciplinary and cross-
integration system, meeting the development requirement of the
engineering ability and scientific-technological innovation. We
adopt the multi-integration training mode, collaborating with
multi-resources of  government-user-industry-university-
research and cross-collaborating with multi-disciplinary of
science-engineering-literature-management-law-medicine. The
new curriculum system promotes students' comprehensive
ability on the petrochemical emergency foundation, engineering
practice, engineering innovation, and multi-innovation,
fulfilling the theoretical, practical, engineering, and innovation
cultivation requirements, respectively. We apply this
curriculum  system to cultivate under-graduates of
petrochemical emergency engineering disciplines, improving
their comprehensive ability significantly. The results may
reference the new engineering education reform and associated
curriculum system construction.

Key A new engineering; petrochemical gency

response; multi-integration; curriculum system construction

I INTRODUCTION

The rapid development of the petrochemical industry
chain brings severe pressure on safety emergency
management, which requires many related managers and
engineering technicians. However, the talent training issues in
China's petrochemical emergency disciplines, such as the
disconnection between talent training and actual industry
development [1], the weakness of practical and mnovation
ability [2-3], deviate the talent training quality from the
industrial demand orientation. The new engineering talent
training in petrochemical safety and collaborative emergency
management has become a critical problem restricting
associated industrial development.

The new engineering education derives from the United
States in the early 21st century, focusing on interdisciplinary
integration to improve traditional engineering majors and
associated innovation ability [4-7]. The China government
formally proposed the new engineering in 2016 to actively
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respond to the new round of technological revolution and
industrial transformation. Then this concept was gradually
expanded by the "Fudan consensus,” "Tianda action," and
"Beijing Guide" after 2017 and became the systematic higher
education reform guidelines, including connotation, direction,
and system [8-11]. The new engineering education upgrades
the excellent engineering program [12], forcing on cultivating
craftsman spirit and talent innovation consciousness in the
new disciplines, industries, and economic forms [13]. The
foundation of new engineering talent training is constructing
the curriculum system [14-16]. Li et al. [17] suggested that
mathematics and engineering should be combined to realize
the infiltration of science and engineering and the combination
of medicine and engineering. Li et al. [18] proposed
constructing a new engineering curriculum system combined
with the syllabus and teaching materials, engineering
contextualization, problem orientation, and engineering
ethics. Lin et al. [19] also recommended that the new
engineering curriculum system complete the connection
between general education and professional education, and
interdisciplinary integration. Numerous studies show that the
most effective way to build the new engineering talent training
curriculum system is the interdisciplinary integration and
collaborative construction of political, industry, university,
and research resources[20-22].

Here, we analyze existing problems in the traditional
engineering curriculum system and propose the engineering
talent training mode based on multi-integration through
intensely studying the new engineering curriculum system's
construction requirements. We apply the talent training
system to the petrochemical emergency discipline, which
references the new engineering education reform of similar
majors and promotes regional industry-oriented talent training
sustainability.

II.  CURRENT ISSUE OF ENGINEERING CURRICULUM
SYSTEM

The traditional training of engineering professionals
cannot meet the development needs of the industry in the
following aspects:

* Insufficient orientation of achievement. The
professional curriculum system should meet the
development needs of the regional industrial chain.
However, the traditional college education is
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Abstract: In the context of COVID-19 Epidemic, the education industry across the country has
been forced to adopt online teaching. This paper analyzes the changes of education pattern
with the perspective of teacher-teaching mode, student-learning mode and made of school
management, and it explains the existence of teaching platform, teaching methods, teacher-
student interaction, network status and other issues of large-scale online teaching. This paper
suggests carrying out the design goal of teaching problem oriented teaching mode in seven
aspects from teaching content design, student academic analysis, courses for ideological and
political education design, teaching method design, teaching process design, and teaching
quality monitoring. During the process, four levels of talent training requirements are satisfied
including courses for ideological and political education goals, classroom teaching goals,
curriculum teaching goals and professional training goals. The goal problem oriented mode is
implemented in the course of Fire and Explosion for the major of Safety Engineering, which
provides a beneficial reference for the reform of teaching mode and the improvement of
online teaching quality.

Keywords: COVID-19 Epidemic; Online Teaching; Goal Problem; Courses for Ideclogical and
Political Education

1. Introduction

In 2020, the sudden outbreak of COVID-19
Epidemic has disrupted the rhythm of production
and life around the world (Copiello & Grillenzoni,
2020; Hemmati, 2020; Phoon & Chen, 2020). By the
end of April, there were more than & million
confirmed cases worldwide. At the end of January
2020, the Ministry of Education requested that the
start of the spring semester would be postponed
nationwide and it proposed that the online teaching
mode of "suspending classes without ceasing
classes" would be launched nationwide. According
to statistics, more than 1,400 universities and
950,000 teachers in China have adopted more than
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30 courses and technology platforms to carry out
online teaching.

By the beginning of April, the number of
students participating in online teaching has
reached 1.18 billion. Online teaching is the teaching
method of education industry had during the
outbreak, the emergence of large-scale online
teaching will be an inevitably part of the teachers,
which are unfamiliar with online teaching, teaching
platform crowded, poor terminal hardware, and
poor network. Single teaching method, weak
regulation, and so on and so forth, it led to the
decrease of the teacher's teaching effect, students'
learning interest and teaching quality (Wu, 2020;
Zhang et al, 2020). Large-scale online teaching is a
huge challenge for the education industry, and
provides opportunities the
innovation of the teaching mode in colleges and

for reform and

uhiversities (Wang, 2020).

REVISTA ARGENTINA
2020, Vol. XXIX, N°5, 285-295 [DE CLINICA PSICOLOGICA

130



7.1 RFEHEHBEL

—12. Looking Back Before We Move Forward: A Systematic
Research on Open Educational Resources

2020 Ninth International Conference of Educational Innovation through Technology (EITT) | 978-1-7281-9171-3/20/$31.00 ©2020 IEEE | DOL 10.1109/EITT50754.2020.00022

2020 Ninth International Conference of Educational Innovation through Technology (EITT)

Looking Back Before We Move Forward:
A Systematic Review of Research on Open
Educational Resources

Xiangyu Meng Can Cui Xiaochen Wang®
Teaching and Research Support Center Teaching and Research Support Center Department of Educational Technology
PLA Dalian Naval Academy PLA Dalian Naval Academy Capital Normal University
Dalian Liaoning, China Dalian Liaoning, China Beijing, China
9758750@qq.com 1083404968 (@qq.com Wangxe_cnu@163.com

Abstract—Open educational resources have been around digital or otherwise — that reside in the public domain or have
for fifteen years since the term was adopted for the first time in been released under an open license that permits no-cost
2002. To explore its research development progress research access, use, adaptation and redistribution by others with no or
focuses, this study reviewed literature on OER from the year of limited restrictions” (Pawlowski.et.al, 2012)
2002 to 2019 with a bibliometric method based on six indicators Since the official adoption of the term “open educational
including publication year, distribution by country/area, resources” in 2002, OER has developed for over seventeen
distribution by institution, citation burst detection, top years and attracted increasing attention from educators and
keywords, and highly cited publications. Based on the findings, other stakeholders because of its crucial role in supporting
five recommendations are proposed: (1) enhance international equitable, inclusive, open, participatory, and quality
cooperation, (2) pay attention to OER's impact on develeping education. OER has changed the ways of resource sharing and
countries, (3) explore sustainable mechanisms of OER projects, using. It has also promoted educational evolution by
(4) improve the quality of OER, and (4) promote teacher removing the restrictions on resource sharing and pre-
training about OER. Hopefully, this essay could present an permitting the adaptation of materials based on personal
overview of OER research and provide recommendations for purposes, which help users to act as active contributors rather
researchers and practitioners for future practice. than passive receivers in the learning process. OER also

Keywords—open educational resources, OER, systematic provides an environment for educators to produce and share
review high-quality learning resources at lower or no cost, which has

I INTRODUCTION

who cannot afford quality education to have access to the

A. Background

Educational Scientific and Cultural Organization (UNESCO) initiated their OER projects such as OpenCourseWare of

and Slovenian government in September 2017 with the theme MIT, Openlearn of the Open University, and Connexions

of “OER for Inclusive and Equitable Quality Education: from (now called OpenStax) of Rice University.

Commitment to Action.” The Congress adopted the Apart from projects, great progress has been made in
“Ljubljana OER Action Plan 2017,” which proposed five OER research as well. Topics discussed include basic issues
challenges regarding OER to be addressed in the future. These (e.g., definition, contents, benefits), development issues (e.g.,
challenges include: the capacity of users te find, re-use, create, policy making, sustainable business model, quality assurance,
and share OER, language and cultural issues, inclusive and open licenses), internationalization issues (e.g., multilingual
equitable access to quality OER, sustainability models, and problem), application problems (e.g., teacher training), and
supportive policy environments(UNESCO, 2017). The action typical case studies. Some relevant topics are also frequently
plan also proposed the latest definition of OER, which is mentioned such as massive open online courses (MOOC) and

“teaching, learning and research materials in any medium — distance education.

2166-0549/20/$31.00 ©2020 IEEE 92
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greatly increased the access to education by enabling those

educational resources that have the same quality with formal
The 2nd World Open Educational Resources(OER) education (Mcgreal, 2018). These are why many top

Congress was successfully co-organized by United Nations universities and institutions joined the OER boom and

Review of
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Abstract—Based on the OBE education concept and the
implementation of the College Students’ Quality Expansion
Credits Program in Guangdong University of Petrochemical
Technology since 2009, the dual-system talent cultivation mode
of “Teaching for Cultivation, Cultivation for Spirits” has been
innovatively proposed. This article introduces in detail the
content, basic principles, organization, implementation, effects
and plans for the reform of the dual-system talent cultivation
training mode in Guangdong University of Petrochemical
Technology.

Kepwords—proble e i di ! online Fid
case analysis

1. INTRODUCTION

Education is a task of paramount importance for China.
Since the 18th National Congress of the Communist Party, the
Party Central Committee, with Chairman Xi Jinping as its
leader, have attached great importance to education, and
pointed out that it is the common mission of schools at all
levels to cultivate the socialist builders and successors with
all-round development in terms of virtue, wisdom, physical
beauty and labor. The success or failure of the implementation
of education policies as well as education and teaching reform
for the Party and China is directly related to the long-term
national stability. The majority of young students have
devoted their most youthful and beautiful years to study in
colleges and universities. It is every school’s responsibility
and obligation to prepare young students for their brilliant
futures.

For more than 60 vyears since its establishment,
Guangdong University of Petrochemical Technology has
always adhered to the principle of moral education, and has
made consistent efforts in carrying out seminars and
discussions on education, teaching concepts and reform of the
talent cultivation mode, concentrating on the topic of "what
kind of people should be cultivated, howto, and for whom? .

The innovative dual-system talent cultivation mode of

“Teaching for Cultivation, Cultivation for Spirits” proposed
by Professor Rujin Zhou, the vice president in charge of
teaching, during long-term exploration and innovative efforts
based on the concept of OBE education and the school's
implementation of college students' quality expansion credit
plan since 2009, etc... The guiding ideology is to build a dual-
system infiltration and integration engineering education
talent cultivation mode composed of the industry-education
integration curriculum education system and
multidimensional infiltration quality expansion education
system through the comprehensive teaching reform idea based
on “Teaching for Cultivation, Cultivation for Spirits” and the
engineering education concept to improve the teaching and
education mode consciousness, with professional talent
cultivation and graduation quality standards as the overall goal
of talent cultivation mode, with infiltration and integration of
teaching and educating as the general requirements. This
article makes initial introduction to the exploration and
practice of the dual-system talent cultivation mode in
Guangdong University of Petrochemical Technology. The
first part introduces the reform of the dual-system talent
cultivation mode of “Teaching for Cultivation, Cultivation
for Spirits”, and the second part introduces the basic
principles of the dual-system talent cultivation mode reform,
the third part introduces the organization and implementation
of the dual system talent cultivation mode, and the fourth part
introduces the preliminary effects of the dual system talent
cultivation mode and further plans.

II.  REFORM CONTENT OF DUAL SYSTEM TALENT
CULTIVATION MODE

The dual-system talent cultivation mode refers to the
comprehensive reform ideas of education and teaching
characterized by "teaching for cultivation, cultivation for
spirits”, whole-person education talent cultivation mode with
the multidisciplinary infiltration and integration of the dual-

2166-0549/20/$31.00 ©2020 IEEE 97
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Abstract—Based on 178 journal papers about smart
classroom published in the Chinese Core Collection and Chinese
Social Sciences Citation Index from 2008 to 2019, this paper has
explored and quantified research updates and hotspots of smart
classroom by means of co-word analysis and SPSS software. A
summary of characteristics and tendencies is given to provide
reference for deeper study of smart classroom.

Keywords—frequency analysis, smart edncation and smart
classroom, hotspots, characteristics and tendency

I INTRODUCTION

“Smart leaming” has become prevalent after the
introduction of digital leaming, mobile leaming, and
ubiquitous  learning  [1].  Innovative  educational
informatization led by “Smart Education” is an irresistible
trend [2]. “Smart Classroom,” the paragon of technology-
supported smart education, has become a cutting-edge
research issue in the discipline of modermn education.

I SMART CLASSROCM
A. Origin

“Smart” is defined as being “quick-witted, insightful and
tactical” in psychology, and “intelligent,” in terms of
technology [3]. Hence, research about “smart classroom’™ has
been conducted either from the educational or technelogical
perspective.  In 1998, Rescignoput forward “Smart
Classroom™ for the first time, pointing out that the
application of “personal computer, interactive video disc,
closed-circuit TV, VHS program,and telephone modem” can
transform traditional classroom [4].

In China, Jin (2004) first proposed “smart classroom,”
maintaining that “classroom teaching should not only convey
knowledge, but also enlighten wisdom™ [5]. In 2008, IBM
brought forward “smart planet strategy,” facilitating the
upsurge of smart classroom. Shanghai initiated “e- schoolbag”
in 2010, symbolizing the beginning of the construction of
start classroom (Y, 2001).

B. Definition

The definition of smart classroom has not been unified by
academia. Researchers outside China first interpreted it from
the perspective of instructional technology. Skipton Charles
(2006) reckoned smart classroom was the combination of
various instructional technologies within the general learning
environment. According to Pishva and Nishantha (2008),
smart classrooms integrated “voice-recognition, computer-
vision, and other technologies,

Funded by Ministry of Education of Anhui (20202dxsjgl 78); Aniai
Medical College (YZ2020RW001, 2019ahyzjyxm011, 2019ahyzjplc008)
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collectively referred to as intelligent agents, to provide a tele-
education experience,” [8]. After 2008, a growing number of
researchers concentrated on learning spaces. Akshey Jawa
(2010) pointed out smart classroom was “fully digital,
remotely accessible,” and operationally automated [9].
Therefore it could change learning behavior, elevate learning
capability, and realize smart learning (Dae- joon, 2010¢).

Research in China focused on creating smart spaces in the
first place. Huang (2012) proposed the SMART (showing,
manageable, accessible, real-time, and testing) model for
smart classroom. Chen (2012) described smart classroom as
an intelligent, technology-enhanced space. Tang (2014)
defined it as a new classroom incorporating information
technologies, and constructing a personalized, intelligentand
digitalized learning environment.

With the development of ICT (information and
communication technology), the focus of smart classroom
has shifted to effective teaching and learning. Sun (2015)
described smart classroom based on “dynamic learning
analytics” by means of using big data, cloud computing,
Internet of Things, and other up-to-date ICTs to provide
instant feedback, effective interaction, and intelligent
resource selection. Zhu (2016) pointed out that smart
classroom was an upgraded version of a flipped classroom
with optimal learning resources, evidence-based assessment,
and precision teaching. According to Liu (2019), the new
generation of smart classroom was aimed at cultivating
students” key competencies using intelligent information
technology like Al (artificial intelligence) or big data.

In summary, there are some noteworthy changes in smart
classroom. First, the focus has shifted from technology to
learning itself. Furthermore, classroom is becoming smarter
as the integration of technology in education is deepening.In
addition, precision teaching and individualized learning
based on data analysis are trendy.

Il RESEARCH UPDATES OF SMART CLASSROOM IN CHINA

Numerous researchers have studied smart classroom by
examining various definitions, spaces, models, existing
problems, and motre, but comprehensive literature reviews are
rather scant. Su (2017) conducted a research into all the
papers about smart classroom published from 2005 to 2016 in
China, and analyzed the number of publications, authors, and
research direction, but did not give a further analysis of
hotspots and tendencies. Zeng (2018) and Yang (2018) used
CiteSpace to study papers published from 2007 to 2017, and
2008 to 2018 respectively, and summarized research hotspots
of smart classroom in China. However, the research into
smart classroom and smart education has been on therise.
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Abstract—Clarifying the differences of K-12 digitallearning
status can not only help us get a comprehensive understanding
of digital learning for students in different types of schools, but
also discover the problems in a timely manner and provide
reference for educational decision makers. In this research, the
differences of K-12 digital learning situation were explored
from five dimensions, including digital learning environment
(DLE), perception towards digital learning (PTDL), digital
learning behavior (DLB), rich media integration (RMI) and
computer- supported collaborative learning (CSCL). A total of
95,261 students from more than 1,000 schools participated in
the research. One-way ANOVA analysis results indicate that
there were no significant differences in DLE. There were
significant differences in PTDL, DLB, RMI and CSCL among
urban schools, township schools and rural schools. Based on the
results of the study, some suggestions were presented such as
construction of the smart learning environment, development of
the media-rich resources and enhancement of the collaborative
learning competency, which leads to the synergy promotion of
digital learning level of students in different types of schools.

Kepwords—differences, K-12, digital learning, Information
and C ication Technol fcatis

I INTRODUCTION

In recent years, with the development of information and
communication technology (ICT), new media and new
technologies are widely used in educational teaching
practice. Learning environments are changing from the
single physical environment to the hybrid learning
environment, and learning style changes from passive
acceptance to active inquiry, and the demand for
personalized learning is increasing[l]. At the same time,
primary and secondary school students who have grown up
with digital technology are becoming the digital generation
of learners.[2] Digital learning has become an important
method to change the learner’s learning experience. Whereas,
the urban-rural divide in education (especially different
types of schools) tends to be more pronounced in developing
and emerging economies.[3] Rural schools continue to
struggle with a lack of necessary resouwrces and difficulty in
attracting and retaining talented teachers,[4] which creates a
serious problem of education inequality or the digital
divide.[5] The Digitalpakt Schule which was released by
Germany in 2019 presented that digital media can help
eliminate the educational disadvantage of children from low-
income families, and through the network platform, students

School of Education
Beijing Normal University
Beijing, China
gaobojun@mail. bnu.edu.cn

School of Electrical Engineering
Xian University of Technology
Xi’an, China
jlzhao@xaut.edu.cn

can communicate at home on school and learning issues. In
China, the regional differences ofthe students’ digital leamning
exists along with the urban-rural divide in education. For
example, there are significant differences in the methods and
preferences for using technology between the students in
urban and rural. Clarifying the differences of K-12 digital
leatning status can not only help us get a comprehensive
understanding of digital learning for students in different types
of schools, but also discover the problems timely and provide
reference for educational decision makers.

II. LITERATURE REVIEW

Digital learning is an effective teaching method to
enhance students’ learning experience [6], which will become
an important learning method and educational model in the
information era. Vashaw and Lauren proposed that digital
learning is any instructional practice in or out of school that
uses digital technology to strengthen a student’s learning
experience and improve educational outcomes.[7] Burdick
and Willis thought that digital learning calls for a radical
reworking of pedagogy in order to accommodate learners. [&]
Li put forward that digital learning is the learning process in
a digital learning environment by using modern information
technology and digital learning resources.[9] Digital
learning competency is the prerequisite for digital learning,
‘which has become the essential ability for the learners in the
information age. Digital learning competency is the ability
of learners to learn using digital learning tools and resources
in a digital learning environment. Warschauer proposed that
digital learning ability is the students to make use of the
Internet to find and use information or create meaningful
multimodal content, whether in school or in out-of-school
settings.[10] Vander Ark presented that digital learning
ability is the prerequisite for digital learning, which is
defined as one of the most important abilities of the digital
generation and the fundamental traits to using digital tools
and digital resources for learning. If they don't have the
basic traits such as knowledge, skills, motivation, and
attitudes needed to conduct digital learning and can't use
digital technology tools to learn effectively, it will be
difficult to achieve the goal of learning more, faster, deeper
and less costly.[11]

There had been previous research about the digital
learning from different perspective. Rongxia Z etal found that
combining with students” learning experience in the

2166-0549/20/$31.00 ©2020 IEEE 112
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