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Preface

2012 International Conference on Frontiers of Advanced Materials and
Engineering Technology (FAMET 2012) will be held in Xiamen, China during
January 4-5, 2012. The aim is to provide a platform for researchers, engineers,
academicians as well as industrial professionals from all over the world to
present their research results and development activities in Advanced Materials
and Engineering Technology.

In this conference, we received more than 1000 submission from email and
electronic submission system, which were reviewed by international experts,
and about 465 papers have been selected for presentation, representing 8
national and international organizations. This high level of interest truly reflects
the worldwide importance of Advanced Materials and Engineering Technology.
I think that FAMET 2012 will be the most comprehensive Conference focused
on the Advanced Materials and Engineering. The conference will promote the
development of Materials and Technology, strengthening the international
academic cooperation and communications, and exchanging research ideas.

We would like to thank the conference chairs, organization staff, The authors
and the members of International Technological Committees for their hard
work. Thanks are also given to Trans Tech Publications.

We hope that FAMET 2012 will be successful and enjoyable to all participants.
We look forward to seeing all of you next year at the FAMET 2013.

November, 2012

Wen-Pei Sung
National Chin-Y1 University of Technology

Dongye Sun
Chongqing University

Ran Chen
Chongqing University of Technology, China
Conference Chairman
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Abstract. The novel phosphine was used with a silicon resin to impart flame resistancy to
polycarbonate. Combustion behaviors and thermal degradation properties of flame retardancy PC
have been assayed by limiting oxygen index, vertical burning test and thermogravimetric analysis.
Dynamic rheological of FR-PC was also examined. Flame retardant consisted of 80 wt.% PPPO and
20 wt.% silicon resin possesses excellent flame retardancy for PC. LOI value of FR-PC is 33.0%
and passes UL-94 V-0 rating. SEM revealed that the char yield as well as char properties have direct
effects on the flame retardancy.

Introduction

Polycarbonate (PC), a widely used engineering plastic, has outstanding properties including good
hardness, impact strength, transparency, dimensional stability, and thermal stability. Therefore, it is
widely used in the fields of optical equipment, construction, automobiles, electrical and electric
devices, and so on [1-3]. PC by itself shows a limiting oxygen index (LOI) of approximate 28% and
V-2 rating in the vertical burning test (UL-94). But more stringent flame retardant performance is
required in application of electrical and electric devices [3].

Phosphines have good thermal stability and solvent resistance [4]. Moreover, they are preferred
to flame retardant [4, 5]. The compounds can take place in vapour phase by a radical mechanism to
interrupt the exothermic processes and to suppress combustion. They can also act in condensed
phase. The compounds incorporated polymer materials act like acid precursors and acids participate
in char formation. And then a protective layer is formed to prevent further burning. Some
phosphines were used to enhance flame retardancy to polymer materials. [6, 7].

In this work, a novel aromatic phosphine phenylene phenyl phosphine oligomer (PPPO) was used
to impart flame retardancy to PC. Because silicon compounds can enhance flame retardant
properties of polymer, a new flame-retardant system, PC/PPPO/silicon resin system is developed.
Effects of oligomer on flame retardancy, thermal degradation and dynamic rheological properties of
FR-PC systems were invetigated.

Experimental

Materials. PPPO was synthesized in our laboratory. Titanic oxide (Ti0O,), molecular sieve (4A) and
montmorillonite (MMT) were purchased from Sanding Chemical Co. (Zhejiang, China). A silicon
resin (DY-MQ102) was obtained from Dayi chemicals industry Co. Ltd. (Shandong, China). PC
2805 was provided by Bayer Germany and was dried in the oven at 120 °C for 6 h before use.
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Preparation of samples. PC, PPPO and fillers were mixed in a RM-200A rheometer (HAPRO,
Haerbin, China) at a temperature of 250 °C and a rotor speed of 50 rpm for 8 min. The samples
were pressed on a curing machine at 190 °C for 3 min into sheets of suitable thickness and size.
Measurements. The LOI values were measured at room temperature on a JF-3 oxygen index meter
(Jiangning Analysis Instrument Company, China) according to ISO4589-1984 standard. The
dimensions of all samples are 130 mmx 6.5 mm x 3 mm. Vertical burning tests were carried out on
a CZF-2-type instrument (Jiangning Analysis Instrument Company, China) with the dimension of
130 mmx 13 mmXx 3 mm according to UL-94 test standard. UL-94 testing results are carried out by
burning ratings V-0, V-1, or V-2. V-0 rating presents the best flame retardancy of polymeric
materials. The rheological measurements were carried out on a rotational rheometry (AR 2000ex,
TA, America) at 250 °C with parallel plate geometry of 20 mm in diameter. The frequencies were
from 10" to 10> s'. TGA data were conducted using a Perkin Elmer Pyris 1 Thermal Analyser. A
heating rate of 10°C-min” was used. Samples (2-4 mg) were contained in a standard platinum pan
and heated from 50 to 800 °C. The sample compartment was purged with pure nitrogen at 20
ml-min” during analysis. Morphological studies on the residual chars were taken using a FEI
QUANTA-200 (USA) scanning electron microscopy at an acceleration voltage of 15 kV.

Results and discussion

Flame retardancy. Results of LOI values and UL-94 rating with different loadings are presented in
table 1. LOI of PC was 28.1%. With increase of PPPO contents LOI values increase for all FR-PC.
The sample with 5 wt.% PPPO has a high LOI value of 32.4%. Addition of 5 wt.% PPPO does not
help with flame retardancy well. The sample was classified as V-2 rating because of its drips during
the UL-94 measurement. It was reported that mineral filler and silicon compound could obviously
improve the combustion behavior [8, 9]. In order to pass V-0 rating, several kinds of fillers were
selected. When 1 wt.% TiO,, 4A molecular sieve and MMT were added into the sample, value of
LOI decreased compared to PC/5 wt.% PPPO. UL-94 rating kept V-2 and dripping occurred.
Co-addition of silicon resin drastically changed the combustion performance of PC. Combination of
4 wt.% PPPO and 1 wt.% silicon resin provided a V-0 rating and 33.0% of LOL.

Table 1 Flame retardancy of PC/PPPO/ filler systems

Samples LOI UL-94 rating | Dripping
PC 28.1 V-2 Yes
PC/1%PPPO 28.6 V-2 Yes
PC/3%PPPO 30.2 V-2 Yes
PC/5%PPPO 32.4 V-2 Yes
PC/4%PPPO/1%TiO, 29.6 V-2 Yes
PC/4%PPPO/1%4A 28.9 V-2 Yes
PC/4% PPPO/1%MMT | 31.4 V-2 Yes
PC/4%PPPO/1Si resin 33.0 V-0 No

Melt viscosity of FR-PC system was evaluated using complex viscosity (n*) of dynamic
rheological analysis. As figure 1 shown, the shear thinning behavior exists for all samples with
increase of frequency. This is a general characteristic of polymer melts. From 10" to 10%s™, flame
retardants increase the viscosity of system in comparison to PC and the curves become smooth. It
means that the FR-PC become insensitive to shear. When 1 wt.% silicon resin was added, complex
viscosity of the system increased dramatically even in low frequency. As the melt viscosity of
FR-PC system increased to a certain extent that was enough to hang over the char layer, it was
considered that the dripping disappeared.
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Thermal properties of composites. TGA and DTG curves for FR-PC system are shown in figure.
2. Tinitial 18 defined as the temperature at which 5% weight loss occurs and Ty, 1s defined as the
temperature at maximum weight loss rate. Thermal decomposition data are presented in table 2.
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Fig. 2 TGA and DTG curves of FR-PC system under a N, atmosphere
Table 2 TGA data of PPPO and FR-PC systems under a N, atmosphere

Samples Tinitiat (°C) | Tmax (°C) | The char residues at 800 °C(%)
PPPO 363.2 429.2 26.5
PC 433.9 5239 21.3
PC/5 wt.% PPPO 415.3 469.8 23.1
PC/4 wt.% PPPO/1 wt.% silicon resin 395.1 455.1 24.7

From the TGA curves, it can be seen that thermal decomposition behaviors of all samples mainly
undergo in one step process. PPPO does not show any significant weight loss at temperatures below
350 °C. However, it undergoes rapid weight loss between 400 and 500 °C. The Tiniia1 and Tpax of the
PPPO were 363.2 °C and 429.2 °C, respectively. Residues of PPPO at 600 °C and 800 °C in
nitrogen atmosphere are 31.2% and 26.5%, respectively, indicating that PPPO has very effective
charring ability.

Addition of PPPO to PC at 5 wt.% leads to a critical advance in the thermal degradation
processes of PC. Tiyial recorded decreases from 433.9 to 415.3 °C. Tpax decreases from 523.9 to
469.8 °C and residual char yield slightly increased by 8.5%. A small amount of PPPO influenced
strongly the thermal degradation of PC. Additions of PPPO and silicon resin influence the thermal
degradation of PC effectively and degradation temperatures decrease. Tipitia1 and Tpax drops to 395.1
°C and 455.1 °C, respectively. And the residual char yield enhances to 24.7%.

SEM analysis. Figure 3 showed the SEM of the char layer from combustion. There existed bulky
and loosen porous structure on the surface of PC (figure 3 a). This structure cannot provide a good
barrier to the transfer of heat and prevent the underlying PC from degradation and combustion. A
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very distinct difference in appearance was observed on the charred FR-PC. The surface of the
sample of PC/5 wt.% PPPO system was covered by continuous and protective char layer (shown as
figure 3 b). As silicon resin was added into PC/PPPO system, the surface of char from PC/4 wt.%
PPPO/1 wt.% silicon resin was tight, indicating a dense char structure (shown in figure 3 c). A
high-quality char can effectively form a protected layer to stop the propagation of heat and oxygen
to melt polymer matrix during combustion.

Fig. 3 SEM of the char layer (a): PC, (b): PC/5 wt.% PPPO (c): PC/4 wt.% PPPO/1 wt.% silicon
resin

Conclusions

A novel phosphine oligomer PPPO was successfully synthesized, using organolithium reagents
reactions with DCPP and the chemical structure was confirmed. PPPO has good thermal stability
and can be used as an efficient flame retardant for PC. The LOI value of PC/5 wt.% PPPO system
reached to 32.4%. Combination of PPPO with silicon resin helps to produce a significant flame
retardant effect in PC. PC shows V-0 rating and 33.0% of LOI in the presence of 4 wt.% PPPO and
1 wt.% silicon resin, based on experimental results of flame retardancy. Effects of PPPO and silicon
resin could accelerate decomposition and char formation, which was proved by thermal analysis,
dynamic rheological analysis, the morphology of the char and cone calorimeter test. Mechanical
properties data indicated that the effect of flame retardants on mechanical properties of FR-PC
systems was not significant.
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Abstract. The influence of microstructure evolution of a nickel-based superalloy after long-term
aging on the tensile properties and deformation behavior was investigated. The results shows that the
aging time exhibits an significant effect on the strength of alloy under low strain rate and the
elongation decrease with increasing the aging time, but the aging time has no obvious effect on the
strength of the alloy and elongation is affected significantly by aging time. During deformation under
high strain rate, the dislocation motion is blocked and the dislocation can not release in time, the
strengthening phase peak size effect does not appear in the aging time ranging from Oh to 1000h, so
the influent of aging time on the strength of the alloy is not obvious. After long-term aging, no
precipitation appear in both sides of the grain boundary which leads to the coordination ability of
plastic deformation of grain boundaries reducing, so the ductility of the alloy decreases rapidly in a
short aging time.

Introduction

With the rapid development of the aerospace industry, the service environment of nickel-based
superalloy is becoming more increasingly complex[1]. In order to obtain the high hot-strength in
high-temperature service, the alloying degree of nickel-based superalloy is increasing which leads to
the decreasing the stability of microstructure during the high-temperature and long-time service, and
even a lot of TCP precipitation phase at the grain boundaries which leads to the appearance of the
brittle failure in a large number of caused by catastrophic the phenomena of disastrous brittle
failure[2]. The alloy used as the critical rotating parts such as turbine blades and turbine disks always
bears dynamic loads and services under high temperature and high strain rate[3]. So the deformation
behavior under dynamic loads is very important to use safety of nickel-based as the rotating parts
under harsh service conditions[4, 5]. The present research focuses on the effect and mechanism of
microstructure evolution of nickel-based superalloy used widely as aviation, aerospace, nuclear and
petrochemical field after long-term aging on the tensile properties.

Experimental Material and Method

The experimental alloy was produced by vacuum induction melting method, and forged into 80 mm
X160 mm billet and then hot-rolled into 80mm rods. The main chemical composition of alloys were
(Wt%): C 0.04, Fe 16.77, Cr24.43, Al10.89, Ti1l.92, Nb3.15, Mn0.02, P 0.001, S0.001,
B 0.004, Ni bal. After standard heat treatment, the materials were aged for Oh. 100h. 200h. 500h
and 1000h at 780°C. And then the tensile deformation tests were performed using the MTS 810
material testing machine under the strain rate of 102 s, 10 s™ and 10° s respectively. The change
of microstructure and the tensile fracture morphology were observed by OLYMPUS GX71 optical
microscope and JEOL 7001 scanning electron microscope. The microstructure near the tensile
fractures was analyzed by TECNAI G* 20 transmission electron microscopy.
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Experimental Results

Microstructure evolution during long-term aging. The precipitation phases of the alloy vary with
the aging time as shown in Fig.1. The microstructure of the alloy after long-term aging has an obvious
change. The spherical precipitation by standard heat treatment changes into disc-shaped. Another
strengthening phase y' is spherical during 1000h aging time, and its size does not change obviously
after 200h aging. When increasing the aging time to 1000h, the y' phase grows slightly.

@)

Fig.1 Morphology of precipitation phase after different aging time:
(a) Oh, (b) 200h, (c) 500h, (d) 1000h

Influence of long-term aging on tensile properties. The changes of yield strength and elongation
with aging time are shown in Fig.2. The phenomena can be observed clearly that the strength of the
alloy becomes higher when increasing the strain rate under the same aging time. For three different
strain rates, the influence of aging time on alloy strength is consistent. At low strain rate, the yield
strength and tensile strength firstly increase and then decrease with extension of aging time. The yield
strength and tensile strength essentially keep unchanged at 10° s strain rate.
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Fig.2 Change of the tensile properties of alloy with aging time:
(a) yield strength (b) fracture elongation

The elongation of the alloy for same aging time decreases with increasing strain rate. After tensile
deformation at three different strains rate conditions, the elongation decreases with increasing aging
time. The reducing rate of plasticity of the alloy aging 100h increases with increasing the strain rate,
the fracture elongation rapidly decreases, and then do not change at 10° s strain rate.

Influence of long-term aging on the morphology of tensile fracture. The change of morphology
of the tensile fracture fiber area with aging time is shown in Fig.3. A large number of dimples exist in
tensile fracture without aging treatment. After aging treatment, the fluctuation of fracture increases
and the size of dimples become no uniform, and secondary cracks can be observed at tensile fracture
after 1000h aging, and intergranular fracture is obvious. At high strain rate, secondary cracks can be
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observed at tensile fracture after 200h aging, and extend and increase with increasing aging time.
When increasing aging time to 1000h, the fracture exhibits obvious sugar-like characteristics, and and
the toughness area decreases.

[y 15 A e I-LE = B IR _4- = Rt '. _O_P'?
Fig.3 Change of morphology of of the tensile fracture with aging time under different strain rate:
(a) £=107s", 0h; (b) £=107s", 200h; (c) £=107s", 500h; (d) £=10"s", 1000kh;

(e) £=10"s", Oh; (f) £=10"s", 200h; (g) £=10°s", 500h; (h) £=10°s"", 1000h

Discussion

At low strain rate, deformation resistance first increase then decrease with prolonging aging time. At
this time, alloy still has good uniform plastic deformation ability. But the plasticity decreases with
increasing aging time. But at high strain rate, after aging treatment and elastic deformation, the
uniform plastic deformation process is very short. With increasing strain, the stress-strain curve
rapidly enter the stage of non-uniform plastic deformation until fracture, and aging time does not
significantly affect the stress-strain curve.

For superalloy the strengthening effect of precipitation phase mainly depends on hindering from
dislocation motion[6]. When the percentage content of strengthening phase is the same, with
increasing average size, dislocation motion changes from the cut-off mechanism into the bypass
mechanism, the role of strengthen has peak value[7]. With increasing aging time, the size of
precipitations increase, and strengthening effect first increases then decreases. So under the same
strain, the deformation resistance firstly increases and then decreases, but the alloy still has good
uniform plastic deformation. With increasing aging time, the precipitations at grain boundary worsen
plasticity obviously, and plasticity decreases.

At high strain rate, the change of tensile properties with aging time is obvious which should have a
relationship with dislocation motion mechanism. At low strain rate, multiple slip systems
simultaneously activate at tensile fracture without aging treatment and the level of dislocation tangles
is low as shown in Fig. 4. When aging time increases to 200h, the density and tangles of dislocation
increase. With prolonging aging time, the density and tangles of dislocation decrease, but the
characteristics of multi-line slip are not observed. At high strain rate, the characteristics of multi-line
slip are obvious. When prolonging aging time, the density of dislocation does not change obviously,
and multiple slip systems activating can be observed.
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: s IR N *.. My '-
Fig. 4 Morphology of the dislocation near tensile fracture with different aging time:
(@) £=107s", Ohy(b) £=107s",200h; (c) £=107s", 1000h; (d) £=10°s"", Oh;

(e) £€=10"s",200h; (f) £=10°s"", 1000h

In the process of plastic deformation of metal crystals, the dislocation motion is blocked, releases
through decomposition or climb, and the process takes some time to complete [8]. When the size of
precipitation phase is small, the role of hindering dislocation motion is not strong, multiple slip
systems activate at the same time, and the plastic deformation is good. After long-term aging
treatment, the precipitation phases become bigger which increases the role of hindering dislocation
motion and the interaction mechanism of dislocation movement changes at different strain rate. At
low strain rate, dislocation movement is blocked and tangled, but releases by the decomposition and
climb of dislocation.In the process of deformation at low strain rate and before the peak strengthening
size of strengthening phase, dislocation cut through the strengthening phase and multi-line slips can
be observed. With increasing aging time, the strength of the alloy increases. When the precipitations
are larger than those at peak, dislocation decomposition and climb still are able to carry out, and the
dislocation bypasses the strengthening phase, the phenomena of multi-line slips activating disappears.
Moreover, the strength decreases with increasing aging time.

But during the process of deformation at high strain rate, the dislocation movement is blocked and
cannot release by dislocation decomposition and climb due to the higher rate of strain and
deformation. With increasing the size of strengthening phases, the phenomena of passing from cutting
through to bypassing when the dislocation passes the strengthening phases. So in the process of
deformation at high strain rate, after the aging treatment ranging from Oh to 1000h, the peak size effect
of strengthening phase does not appear, and the dislocation cuts through strengthening phases. With
increasing the strengthening phases, multi-line slips can be observed, and the strength does not
change obviously.

The elongation of the alloy decreases rapidly in the aging 200h under high strain rate, the long-term
aging leads to the occurrence of degradation phenomena in advance. And the alloy with the shorter
aging time shows intergranular fracture characteristic, and exhibits a typical intergranular fracture
when increasing aging time to 1000h. The precipitation phases within the grain transform to grain
boundaries during the long-term aging, which increase the size of precipitation phases at grain
boundaries. The needle-like precipitation phases along the grain boundaries or growing into grain can
be observed. So some grain boundaries consist of the interface of precipitation phases and
substrate.The needle-like precipitation phases continue to grow, which lead to no significant
precipitation brand of strengthening phases between precipitation phases and substrate as shown in
Fig.5.

-
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Fig.5 No precipitation brand of strengthening phase near the precipitation phase
at grain boundar of the alloy aging 500h at 780 C

When deformation occurs with short aging time and low strain rate, dislocation pile-up and stress
concentration existing in the precipitation phases along grain boundaries can release by the way of
slip or climb, and the grain boundary has a certain ability to coordinate the plastic deformation[9].
With prolonging aging time, grain boundary precipitation phases continue to grow, the interface of
precipitation phases and substrate replace a large number of grain boundaries. No precipitation brand
of strengthening phases continues to increase, which leads to the degree of dislocation pile-up and
stress concentration, so the plastic deformation ability of the alloy decreases significantly.

Summary

During the range of low strain rate, the strength of the nickel-based alloy firstly increases and then
decreases with prolonging the aging time. But in the high strain rate, the alloy strength remains
unchanged on the whole and the elongation is more significantly affected by aging time. When
deformation of the alloy occurs under high strain rate, the dislocation motion is blocked and cannot
release in time, the dislocation cuts through the strengthening phases with the size of strengthening
phases increasing, so the strength of the alloy is not affected significantly. During the deformation
process under high strain rate, the coordination ability of grain boundary reduces which leads to the
plasticity decreasing rapidly after a short aging time.
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Abstract. Pure phase Fe doped BaTiOj; crystals have been successfully fabricated at 200°C with 0.7M
KOH by a hydrothermal method. The obtained products were characterized by X-ray diffraction
(XRD) and transmission electron microscopy (TEM). An obvious morphology evolution from
hexagonal shape to sphericity was observed when Fe doping concentration was increased from 0% to
1%, 3%, 6%, and 10%. In addition, the size of the obtained Fe doped BaTiO; crystals obviously
became smaller. The possible mechanism was also discussed.

Introduction

Multiferroic materials can exhibit a coexistence of simultaneous ferroelectric and magnetic order
parameters, and have drew much attention because of the fascinating fundamental physics studies and
offering an additional degree of freedom in information storage [1-3]. However, very few such
materials exist in nature because the usual atomic-level mechanisms driving ferromagnetism and
ferroelectricity are mutually exclusive [4]. Therefore, the route to obtain ferromagnetism by doping
ferroelectric material with transition metal atoms has offered an alternative approach to achieve room
temperature ferromagnetism in ferroelectric materials.

It is well known that the properties of nanocrystals are dependent not only on their chemical
composition but also on their structure, shape, phase, and size. The preparation of nanocrystals such
as nanorods, nanofibers, and nanotubes, etc., has attracted keen interest recently due to their potential
applications in various fields of technology compared with their collective optical, magnetic, and
electronic properties [5—8]. Barium titanate (BaTiO;) has been widely used in multilayer ceramic
capacitors (MLCC) [9], chemical sensors, and nonvolatile memories [10], due to its attractive
dielectric and ferroelectric characteristics. Various techniques have been developed to synthesize
BaTiOs3, such as electrospinning, sol-gel method, molten-salt route, and solvothermal technique. Up
to date, BaTiOs crystals with different shapes, such as acicular particles, nanocubes, nanorods,
nanowires, and nanofibers, have been obtained [11-15].

In our recent work, our group has successfully synthesized Fe-doped NagsBipsTiO; with
ferromagnetism at room temperature by a hydrothermal technique [16]. In this paper, we report the
hydrothermal synthesis of Fe doped BaTiO3; hexagonal crystals. We focus on the effect of Fe doping
on the morphology of BaTiO; hexagonal crystals, which is significant in investigating the correlation
between morphology and basic physical properties. Furthermore, the results presented in this paper
would be important to widely explore multiferroic materials based on BaTiO; crystals. The
concentration of Fe is designed as the molar ratio of Fe/(Fe + Ti) in the form of Fe’* ions.

Experimental

The chemical reagents used in the work were bismuth nitrate (Ba(NOs),), titanium (IV) sulfate
[Ti(SO4);], iron nitrate [Fe(NO3)3;*9H,0] and potassium hydroxide (KOH). All the chemicals were
analytical grade purity and were used as received without further purification. The hydrothermal
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process included the following steps: 0.01 mol Ti(SO4), and appropriate amount of Fe(NOs); were
dissolved in 30 ml diluted HNO3 (10%) to form aqueous solutions. Then, KOH solution was slowly
added to the above solution to coprecipitate Ti*" and Fe** ions by constant stirring and precipitate was
formed. The precipitate was filtered, and washed with distilled water to remove NOs, SO42' and K*
ions. Next, the fresh precipitate and equivalent amounts of Ba(NOs3), solution were transferred into
the stainless-steel autoclave with KOH solution for the hydrothermal treatment. The autoclave was
sealed and maintained at 200 °C for 6h. Finally, the autoclave was cooled down to room temperature
naturally. The products were filtered, washed with distilled water and absolute ethanol for several
times, and then dried at 90 °C for 4 h for characterization.

X-ray diffraction was performed on an X-ray diffractometer (D8 Focus, Germany) using CuKa
radiation. Transmission electron microscope (TEM) images were taken with a JEOL, 200CX TEM by
using an acceleration voltage of 160 kV.

Results and discussion

Fig. 1 exhibits the XRD patterns of the Fe doped BaTiO; samples with different Fe doping
concentrations prepared at 200 °C with 0.7M KOH concentration by the hydrothermal method. It
could be observed that the as-prepared samples are pure phase, well consistent with a perovskite
structure, and exclude from any impurities when Fe doping concentration increased from 0% to 10%.
A careful comparison on the location of (110) diffraction peaks in the range of 30°-33° [exhibited in
Fig.1(b)] reveals that the (110) diffraction peak has a clear shift toward a lower 20 value when the Fe
doping concentration increases, suggesting that Fe ions have incorporated into BaTiOs host lattice
and the lattice parameter a of BaTiO; was enlarged because of larger radius of Fe*™ with respect to
Ti*". No any iron oxide phase can be found from Fig. 1(a). Therefore, according to the above results,
it is reasonable to consider that doped Fe ions have been effectively incorporated into the crystal
structure of BaTiO;. Fe doping does not affect the crystalline structure of the parent compound
BaTiO; which is important for preserving the ferroelectric properties in Fe-doped BaTiOs.
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Fig.1 (a) XRD patterns of the as-obtained Fe doped BaTiO; samples with different Fe doping
concentration ranging from 0% to 10%, (b) a comparison of (110) diffraction peak positions for the
patterns,

The morphology of the as-prepared Fe doped BaTiO; samples were further examined with
transmission electron microscope (TEM). A typical image of TEM for the pure BaTiOs; samples
depicts that well-faceted hexagonal BaTiO; crystals with symmetric corners were formed, and each
corner possessed rod-like shape with a length of 200-250 nm and width of 80—120 nm. However,
when the Fe doping concentration was increased from 0% to 1%, though the obtained Fe doped
BaTiO; crystals still presented hexagonal shape with six corners, the symmetry of six corners was
decreased and the length and width of corners were decreased to 100nm and 50nm, respectively.
When the Fe doping concentration was further increased from 1% to 3%, the morphology of the
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obtained Fe doped BaTiOs crystals changed from hexagonal shape to sphericity with corners, and the
size of the ball-shaped crystals was further decreased. When the Fe doping concentration was further
increased from 3% to 6% and 10%, crystals with ball shape were obtained, and the diameter of the
crystals was further decreased to ca.150nm. An obvious morphology evolution from hexagonal shape
to sphere-like was observed according to the TEM results. The morphology and size variation of the
Fe doped BaTiOs; crystals indicated that Fe ions have successfully incorporated into the lattice
structure of BaTiO3 and have a pronounced effect on the crystallization and evolution of BaTiO;
crystallites, which is in a good agreement with the above XRD results.

The competition between crystal nucleation and crystal growth determines the size of the products
during the hydrothermal process [17]. The crystal size will be small on condition that the rate of
crystal nucleation is greater than that of crystal growth. We consider that the rate of crystal growth
must be greater than that of crystal nucleation in the case of no addition of Fe, so the nuclei of
BaTiO; crystals could grow easily up. However, in the case of Ti sites substituted by Fe cations, the
defects in the crystals structure increased inevitably, which might observably decrease the growing
speed of BaTiO; nuclei and the size of BaTiO; particles were gradually decreased.

@

500nm
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(©)

Fig.2 TEM images of the as-obtained Fe doped BaTiO; samples with different Fe doping
concentration (a)0%, (b)1%, (c)3%, (d)6%, and (e)10%.
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Conclusions

Fe doped BaTiOs; hexagonal crystals without any impurities have been successfully synthesized by a
hydrothermal method. When the Fe doping concentration increased from 0% to 10%, the morphology
of the as-obtained crystals changed from hexagonal shape to sphericity, and the size of the as-prepared
crystals became smaller. To obtain more single-phase multiferroic materials, the ferromagnetism and
ferroelectricity of the Fe doped BaTiOs; crystals needs to be further investigated, which will be
reported elsewhere.

Acknowledgment

This work is supported by the Doctor Foundation of Luoyang Institute of Science and Technology
(2009BZ05).

References
[1]J. Dho, C.W. Leung, J.L. Driscoll, M.G. Blamire, J. Cryst. Growth Vol. 267 (2004), p.548.

[2] T. Kimura, S. Kawamoto, I. Yamada, M. Azuma, M. Takano, Y. Tokura, Phys. Rev. B Vol. 67
(2003), p.180401.

[3] W.M. Zhu, Z.G. Ye, Ceram. Int. Vol. 30 (2004), p.1435.

[4] N.A. Spaldin, M. Fiebig, Science Vol. 309 (2005), p.391.

[5] C. M. Lieber, Solid State Commun Vol. 107, (1998), p.607.

[6] A. M. Morales and C. M. Lieber, Science Vol. 279, (1998), p.208.

[7] X. F. Duan and C. M. Lieber, Adv. Mater Vol. 12 (2000), p.298.

[8] Q. Y. Lu, F. Gao, and D. Y. Zhao, Nanoletters Vol. 2 (2002), p.725.

[9] S. Ghosh, S. Dasgupta, A. Sen, H.S. Maiti, Mater. Lett Vol. 61 (2007), p.538.
[10] S. Venigalla, Am. Ceram. Soc. Bull Vol. 6 (1999), p.45.

[11] Y. Masuda, T. Yamada, K. Koumoto, Cryst. Growth. Des Vol. 8 (2008), p.1169.
[12] J. Miao, C.G. Hu, H. Liu, Y.F. Xiong, Mater. Lett Vol. 62 (2008), p.235.

[

(

[

[

[

[

13] S.O. Kang, H.S. Jang, K.B. Kim, B. H. Park, M.J. Jung, Y. Kim et al, Mater. Res. Bull Vol. 43
2008), p.996.

14] C.L. Jiang, K. Kiyofumi, Y.F. Wang, K. Koumoto, Cryst. Growth. Des Vol. 7 (2007), p.2713.
15] J.H. Yuh, L. Perez, W. M. Sigmund, J.C. Nino, Physica E Vol. 37 (2007), p.254.
16] Y.J. Wang, Y.G. Wang, Z. Shu, Adv. Mater. Research Vol. 284 (2011), p.2452.

17] Y.G. Wang, G. Xu, Z.H. Ren, X. Wei, W.J. Weng, P.Y. Du, G. Shen, G.R. Han, Ceram Int Vol.
34 (2008), p.1569.



Advanced Materials Research Vols. 430-432 (2012) pp 16-19
© (2012) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMR.430-432.16

Polaron effect on the D center at the InP(GaP) Heterointerface in a
magnetic field

Xiao-yan Zhang'? and Guo-liang Fan®®
' Department of physics, Inner Mongolia University of Technology, Hohhot, 010051, China
? Department of physics, Inner Mongolia University, Hohhot, 010021, China

2 xyzhang66@sina.com, ® eeguoliangfan@sina.com
Keywords: D™ center, spin-triplet state, binding-energy

Abstract. Effect of polaron on the spin triplet state (p-like) of the D~ center is discussed by means of
variational principle and second-order perturbation theory. Numerical results are produced for
heterostructures of InP(GaP) in a magnetic field. We find that the polaron correction is very
important. The contribution of the polaron is not negligible.

Introduction

D center in semiconductors is the solid-state analogs of 2~ ion where two electrons are bound to a
single positive charge. Recently, there has considerable interest in the two dimensional or

quasi-two-dimensional D~ center [1-3], especially in the limit of a strong magnetic field. Although

there have been great effects toward understanding the behavior of the D~ centers in
quasi-two-dimension system, very little information is available concerning polaron effects on the

properties of the D center in various wells. These effects were found to be important for a shallow

donor in this system [4]. Because the binding energy of the D~ center is much smaller than that of a
shallow donor, the relative contribution of the polaron correction is larger. In the photoconductivity

measurement [5] for the D centers, the initial state is a bound bipolaron and the final state is a bound
polaron and a free polaron, which means that in order to describe these experimental results, one
needs knowledge of the polaron effects on the following systems [6-8].

In this paper, we report on a study of the D~ centers at the heterointerface of InP(GaP). The
transition energies have been obtained as function of the magnetic field. In section of theory, we
outline the theory used in this work. Our numerical results are summarized in section of results and
discussion.

Theory

We study the energy of a spin triplet state of the D~ center at the heterointerface (X-Y plane), and the
magnetic field is applied parallel to Z axis (perpendicular to the X-Y plane), The Hamiltonian of this
system interacting with interface-phonons, including the interface image potential, can be written as:

H=H, 6 +H,+H,+H, (1)
Here
- . . e’ NP 1 ., ho,
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Hp, =Xy, eXp(_Q|Zz|+i‘j'lbz)aq +hc]
q
where H ,, is free phonon Hamiltonian. H, and H,, are the interaction Hamiltonian of the
electrons with the interface-phonons. ¢ 1s 2D wave vector of the interface-phonons. p, and p, are

the 2D position vectors of the electrons while 7, and 7, the 3D ones

For simplified calculation, the potential is modeled by an infinite barrier potential and can be
written as:

V) o z<0 3)
z)=
0 z>0
The electron-I0-phonon interaction constant is defined by
1/2
ﬂ'h 2
v, = —{ ©.e } @)
&'Sq

where ¢'is inversely proportional to the coupling constant and is defined by:

%:2_2 )

& E,t1&, &,tTéy

. :a{ ‘9001(501 +502)]/2 (6)

€y (gocl + 8062)

&y (&) and g,,(s,,) are, respectively, the static and the high-frequency dielectric constants of
crystal 1(2).
With the LLP intermediate coupling theory, the first unitary transformation can be chosen as:

U, = exp{— i?cha;aq} (7)
q

The Hamiltonian can be transformed to be

H'=UHU,

=H, +Z(ha) + ja a +Z[ti exp(—q‘z}.‘)aq +h.c.} (8)

in which the two phonons term is neglected. The second transformation

U, :exp[Z(qua; —F(;aq)} 9)
9
brings H' to
H =UJH'U,
2 2
=H +Z(ha)s +Z—Z1j(a; +F,)(a, +F[”)+Z[vqj exp(—qlz])(q, +Fq/,)+h.c.] (10)
9 9

We now start with a variational method to calculate the triplet state energy of the negative donor.
We confine ourselves on the zero phonon state (at the low temperature limit). The variational wave
function is chosen as

@) =|0) ¥ (7. 7,)) (11)

|O> is the phonon vacuum state, and |‘P> is the trial wave function for the donor state.

As an exact solution of the problem posed by Eq.1 is not possible, we have attempted a variational
solution, using trial wave functions of the Chandrasekhar type.

¥(55) = lo()e'(2) -0 (7)o () (12)
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where we adopt the following variational functions for an inner orbital ¢(7)and outer orbital ¢’ (),

according to the YKA approximation:

4 1/2 2 2
= p z
go(r) [nafaf] “exp 4a’  4a)
2—6 1/2 . p2 22
(Fl=|—2 i — = (14)
(p (I") 37ra'L4 al//3] Zpe eXp 4avL2 + 461'//2
where a,,a,,a', ,a', are variational parameters.
The expectation value of the energy is given by
E =(®|H|®)=E, +E,+E, (15)
5 hzqz -l
E . =)W | |ho,+—— 16
Ij ;‘ q;‘ |: s 2m :| ( )

Results and discussion

We have calculated the eigenenergy and the binding energy of the b~ ion at the heterointerface of
InP(GaP) in magnetic fields.

4 18 g
(a) = £ O
3 & 14 &
E ’ / E E InP(GaP)
£ -
s2p "N/ g 15
g 5 = A
g 1 / g?' 0.6 g—
5 2 02 &
e =
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Fig. 1 The eigenenergy (a) and binding energy (b) of the D~ center at the heterointerface of
InP(GaP) as functions of magnetic fields y with electron-phonon interaction (solid line) and without

electron-phonon interaction (dashed line).
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Fig. 2 The binding energy of the D™ center at the heterointerface of InP(GaP) as functions of
magnetic fields y with electron-phonon interaction (solid line) and without electron-phonon

interaction (dashed line). (y < 0.06)

The influences of the interaction of electron and phonon are obvious. From Fig.1 we can see that
the electron-I0-phonon interaction plays an important role in the interface shallow donor states, and it
brings down the eigenenergy and raises the binding energy of the D~ ion. The Fig.2 shows that the
spin triplet-state of L = —1 has been shown to form a binding state under the application of magnetic
fields y ~ 0.053 without electron-phonon interaction. Owing to the interaction, in the zero magnetic
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fields, the spin triplet-state of L = —1 has also formed a binding state. Peeter’s study [1] of polaron
correction to the D~ center in a quantum well has also come to an analogous conclusion. For the spin
triplet state of L = —2, it need stronger magnetic field to carry out the translation from non-binding
state to binding state. The variational wave functions we adopted are not applicable. Using more
elaborate variational wave functions, more theoretical work is necessary.
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Abstract. The biodegradable nanocomposites of poly(3—hydroxybutyrate—co—3—hydroxyvalerate)
(PHBV) with different cellulose nanocrystals (CNCs) contents were prepared by a solvent casting
method. The effects of CNCs on the crystallization behavior of PHBV were studied by DSC. The
DSC results showed that compared to PHBV, the melt crystallization temperature increased to 92.3
°C for the nanocomposites with 10 wt. % CNCs, which indicated that the crystallization of PHBV
became easier with the addition of CNCs. Moreover, the non—isothermal crystallization kinetics study
illustrated that overall crystallization rate of PHBV in the nanocomposites was faster than that of neat
PHBYV, which should be attributed to the strong heterogeneous nucleation of CNCs.

Introduction

Among all kinds of biodegradable polymers, PHBV produced by a wide variety of bacteria as an
intracellular reserve of carbon and energy has attracted much attention as an environmentally
degradable resin since it has excellent biocompatibility and suitable physical properties. PHBV has
more commercial potential applications to replace the petroleum—based synthetic polymers, and also
can be used as various biomedical materials [1,2]. However, PHBV still exhibits several
shortcomings to restrict its applications, such as slow crystallization rate, brittleness due to its big
spherulites, and poor thermal stability [1]. In order to improve the rate of crystallization and also
decrease the spherulitic sizes of PHBYV, the effect of various seeding agents, including the organic and
inorganic fillers [1-3], on crystallization behaviors, thermal and mechanical properties have been
investigated extensively. Recently, more and more attention has been given to the fabrication and the
property studies of polymer/CNC nanocomposites due to the high aspect ratio, nanosize in diameter,
very low density, and the remarkably enhanced physical properties with a small amount of added
CNCs [4-6]. However, to the best of our knowledge, the research on PHBV/CNC nanocomposites
has rarely been a concern in the past investigations. In present paper, the effect of CNCs on the
crystallization behavior of PHBV was studied in detail by using differential scanning calorimetry
(DSC).

Experimental

PHBV (Mn=5.90x10*, Mw/Mn=3.18, and HV=2.6 mol %) was supplied from Ningbo Tianan
Biologic Material Co., Ltd (Ningbo, China). Commercial microcrystalline cellulose (MCC, particle
size about 20 pum), chloroform (99.0%) and acetone (99.0%) were purchased from Guoyao Group
Chemical Reagent CO., LTD. (Shanghai, China). Other reagents and solvents were used as received.

The CNCs were prepared by hydrolysis of 0.02 g/mL MCC in concentrated sulfuric acid at 50°C for
1 h, and the highly dispersed CNC suspension in chloroform (81 mg/mL) could be obtained by a
solvent exchange procedure as our previous report [2]. Then PHBV was dissolved in the prepared
chloroform suspension of CNCs at room temperature. The suspension of PHBV/CNC in chloroform
was ultra—sonicated for 30 minutes and immediately casted on a clean glass plate. The resulting films
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were obtained by solvent evaporation at room temperature and dried under vacuum at 40 °C.
Different CNC contents of 1, 5, 10, and 20% (w/w) were used to prepare the nanocomposite films on
the dry basis. The samples were denoted as PHBV/CNCI1, PHBV/CNCS5, PHBV/CNCI10, and
PHBV/CNC20, respectively.

The thermal behaviors of neat PHBV and its nanocomposites were characterized by a differential
scanning calorimeter (MDSC TA-2910). About 10 mg of samples were first heated from room
temperature to 200 °C at a rate of 20 °C/min and kept at 200 °C for 3 min to eliminate the previous
heat history. Then the samples were subsequently cooled to 0 °C at 10 °C/min (the first cooling scan),
and then heated to 200 °C (the second heating scan) at a rate of 10 °C/min. The thermal parameters
were obtained from the first cooling trace and the second heating trace.

Results and discussion

Crystallization and melting behavior. The first cooling and second heating DSC curves of neat
PHBV and its nanocomposites are shown in Fig.l. The thermal parameters including melt
crystallization temperature (Ty,), melt crystallization enthalpies (AH,,), melting temperature (Tp,
Tumo), melting enthalpies (AH,y), cold crystallization temperature (T..), and cold crystallization
enthalpies (AH,.) are listed in Table 1. In Fig.1 (a), the neat PHBV and PHBV/CNCI1 did not show
any obvious melt crystallization peaks during the cooling scans, whereas the cold crystallization
peaks appeared in the second heating scans. With the increase of the CNC contents, the Ty, values
shifted from 89.9 °C to maximum value of 92.3 °C, and then reduced to 57.4 °C for PHBV/CNC20.
This result indicated that the crystallization of PHBV/CNC nanocomposites became easier probably
because CNCs was an effective nucleation agent for PHBV crystallization. But high CNC contents
will induce aggregations to depress nucleation effect for PHBV. As shown in Fig.1 (b), it is observed
that the nanocomposites exhibited the double melting peaks (T, Trm2) similar to the neat PHBV in
the second heating process, which was caused by melting, recrystallization, and remelting during
heating [1,2]. At lower melting temperature the less perfect and lower lamella thickness crystals
melted, and then they reorganized to higher perfection and remelted at a higher temperature [2]. The
double melting peaks of the nanocomposites were clearer than those of neat PHBV. The melting point
from the higher temperature endothermic peak was taken as the true melting temperature [1,2]. As the
CNC contents increased from 0 to 20wt.%, the melting temperature shifted from 130.7 to 168.3 °C,
then decreased to 164.8 °C for PHBV/CNC20. The corresponding melting enthalpy reduced from
44.7 to 68.4 J/g, and then increased to 62.8 J/g, which illustrated that crystal perfection of the
PHBV/CNC nanocomposites was improved. In addition, as shown in Fig.1 (b), it must be pointed out
that obvious cold crystallization peaks of PHBV and PHBV/CNCI appeared in the second heating
scans. Compared to that of neat PHBYV, a slight decrease in the cold crystallization temperature for
PHBV/CNCI1, but other nanocomposites did not show obvious cold crystallization peaks. This also
indicated that the crystallization of PHBV became easier by incorporating well-dispersed CNC, even
loading low CNC content (1wt.%).

(a) (b)

PHBV/CNC20
/\ PHBV/CNC20

PHBV/CNC10

PHBV/CNC10

PHBV/CNCS W
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Fig.1 DSC curves of neat PHBV and its nanocomposites (a) first cooling scans; (b) second
heating scans
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Table 1 Thermal parameters of neat PHBV and its nanocomposites

Sarmol First cooling Second melting
P TaCO  AHw(l))  TeCO  Tw(°CO) Tw(C)  AHwm(lg)
PHBV / / 41.2 111.7 130.7 44.7
PHBV/CNC1 / / 38.8 107.2 127.7 52.6
PHBV/CNCS5 89.9 55.8 / 147.5 156.9 56.6
PHBV/ CNC10 92.3 58.9 / 157.8 168.3 68.4
PHBV/ CNC20 57.4 47.4 / 150.5 164.8 62.8

Non-isothermal crystallization Kinetics. It is well known that the non—isothermal
crystallization kinetic can be studied by Avrami equation, and the corresponding crystallization
kinetic parameters can be calculated by following equations [3]:

1-X, = exp(—kt") (1)
log[-In(1-X,)]=logk +nlogt? (2)
,-T
t==0 3
7 3)
logk. = logk @

1n2 1/n
los = (k_j (5)

c

where X(2) is the relative crystallinity at time (t), & is the crystallinity rate constant, » is the Avrami

exponent, 4 is the cooling rate, k. is corrected crystallinity rate constant (Jeziorny rate constant), and
ty.51s the half-life crystallization time.
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Fig.2 Plots of relative crystallinity (a) and the Avrami plots (b) versus crystallization time for
neat PHBV and its nanocomposites at their crystallization temperatures

According to Eq. 1, Eq. 2 and Eq. 3, the plots of Xt and the Avrami plots versus crystallization time
for PHBV and its nanocomposites at their crystallization temperatures are shown in Fig.2,
respectively. It is observed that the time for completed crystallization of the nanocomposites was
shorter than that for neat PHBV. It is clear that the addition of CNCs enhanced the non—isothermal
melt crystallization of PHBV compared with neat PHBV; moreover, the CNC contents with 10 wt.%
was more efficient in accelerating the crystallization process of PHBV than the other nanocomposites.
The Avrami parameters of neat PHBV and its nanocomposites can be calculated through Eq. 4 and Eq.
5 and summarized in Table 2. It is found that the value of & and k. for the PHBV/CNC nanocomposite
was greater than that of PHBV, indicating that CNCs were efficient in enhancing the non—isothermal
melt crystallization of PHBV. This result also suggested that the incorporation of CNCs can be used
as the heterogeneous nucleation agent to accelerate the overall crystallization process of PHBV in the
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nanocomposites as compared with neat PHBV. Furthermore, the values of ¢, s for the nanocomposites
were smaller than those of neat PHBV at crystallization temperatures. With the CNC contents, 7 s
decreased from 0.986 to 0.954, and then increased to 0.970. Usually, the crystallization rate can also
be easily described by the reciprocal of #,s [3]. Such variations indicated the overall crystallization
rate of PHBV/CNC10 was the fastest among all the nanocomposites.

Table 2 Crystallization kinetic parameters for neat PHBV and its nanocomposites

Sample n k k. t9.5 (min)
PHBV 3.31 0.044 0.731 0.986
PHBV/CNC1 4.27 0.049 0.740 0.983
PHBV/CNC5 4.45 0.166 0.836 0.959
PHBV/CNCI10 4.65 0.224 0.861 0.954
PHBV/ CNC20 441 0.098 0.793 0.970
Conclusions

A series of biodegradable PHBV/CNC nanocomposites with various CNC contents were fabricated
with a solution casting method. From the DSC analysis, it can be found that with the CNC contents
increased to 10 wt.%, the melting temperature shifted from 130.7 °C for neat PHBV to 168.3 °C for
PHBV/CNC10, meanwhile the melt crystallization temperature increased to maximum value of 92.3
°C. This indicated that with the addition of CNC, the crystal perfection of the PHBV/CNC composites
was improved and their crystallization became easier with the CNC contents. Further, non—isothermal
crystallization kinetics study indicated that the presence of CNCs could accelerate the overall
crystallization process of PHBV in the nanocomposites compared with that of neat PHBV, which
should be attributed to the strong heterogeneous nucleation of CNCs.
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Abstract. A bismaleimide (BMI) resin system based on allyl condensed polynuclear aromatic resin
and 4,4'-bismaleimidodiphenyl methane was prepared in this paper. The chemical structures and
rheological properties of the resin prepolymer were characterized by FTIR and viscometer,
respectively. DSC was used to study the curing reaction of the resin prepolymer, and TG-DTG was
employed to study the thermal behaviors of the cured resin. Moreover, physical properties of the
BMI resin, including mechanical and dielectric properties, were studied. The results showed that the
BMI resin had good thermo-stability, good mechanical properties and excellent dielectric
properties.

Introduction

The modern aerospace and aeronautic industry urgently needs matrix resin with excellent thermal
and mechanical properties and good processing characteristics for advanced composites [1,2].
Bismaleimide (BMI) is one of the most important resins owing to its outstanding thermal properties
[3]. The cured resin, however, is extremely brittle due to its high cross-linking density. Presently,
one of the most desirable methods is the copolymerization of BMI with allyl compounds. Typical
allyl compounds are 0,0'-diallybisphenol A, 0,0'-diallybisphenol A ether, allylated novolac and
allylated xylok [4], which can react with BMI and thus decrease cross-linking density of modified
resin [5]. Moreover, Phenyl groups in these allyl compounds can improve heat-resistant property of
modified resin.

Condensed polynuclear aromatic (COPNA) resin is as a novel tape of heat-resistant resin [6],
which is prepared from the dehydrating reaction of 1,4-benzenedimethanol and condensed aromatic
compounds (e.g. anthracene, pyrene, phenanthrene or their mixtures, the pitch materials) under an
acid catalysis [7]. COPNA resin has better heat-resistant property than novolac or xylok resin, due
to its higher aromaticity. Presently, COPNA resin is often used in production of friction materials,
carbon materials, and electronic packing materials for its excellent thermal, mechanical and
dielectric properties [8,9]. In this article, we report a novel thermosetting resin system based on
4,4'-methylenediphenyl dimaleimide and allylated COPNA resin.

Experimental

Materials. 4,4'-bismaleimidodiphenyl methane, m.p. 156-158 °C, was purchased from the
Fenguang Chemical Co., Ltd. (Honghu, China). Allyl chloride was obtained from the Qilu
Petrochemical Co, Ltd. (Zibo, China) and used after distillation. 1-naphthol (CP), p-toluenesulfonic
acid (CP), n-butanol (CP) and 1,4-benzenedimethanol (CP) were all obtained from Shanghai
Chemical Reagent Corporation (Shanghai, China).

Preparation of BMI resin. Allyl condensed polynuclear aromatic resin used was prepared
according to the procedure described in our previous study [10], and a scheme for the preparation of
allyl COPNA resin was illustrated in figure 1.

For the preparation of the BMI resin, 100 g allyl COPNA resin was heated to 130 °C in a
three-necked round bottom glass flask equipped with a mechanical stirring device and thermometer,
then 100 g 4,4 -bismaleimidodiphenyl methane was added under stirring and maintained between
120-140 °C until a clear homogeneous melt was obtained. The melt was maintained at 130 °C for
additional 30 min, and the resultant liquid was defined as resin prepolymer.
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Fig.1 Preparation of the allyl COPNA resin
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Preparation of the specimens for mechanical testing. The resin prepolymer obtained was
degassed in a vacuum oven, and then cast into a steel mold. Curing was carried out by heating at
150 °C for 2 h, 180 °C for 2 h, 200 °C for 2 h, 230 °C for 2 h and 260 °C for 6 h. The specimens
obtained were used for mechanical testing.

Measurements. FTIR spectra were recorded using the KBr tablet technique on a Nicolet-5700
FTIR spectrometer in the transmittance mode.

The thermal behavior of the resin prepolymers were studied by differential scanning calorimetric
analysis (DSC) on a Mettler thermal analyzer.

The viscosity of the resin prepolymers was measured using a Brookfield DV III+ rotational
viscometer with 53.57 rpm for apparent viscosity.

Thermal stability of samples was obtained with a Perkin-Elmer thermogravimetric analyzer with
a heating rate of 10 °C/min in a nitrogen atmosphere.

Tensile and flexural data were obtained according to GB1451-1483 and GB3356-3382,
respectively. In addition, impact strength was determined by GB1843-1880. Heat deflection
temperature (HDT) was obtained by GB1634-1679 and density by GB 1033-1086. The value of
water absorption was calculated according to ASTMD 570-81. The dielectric properties were
measured according to GB1409-78 using wave-guide short circuit method.

Results and discussion

FTIR analysis. FTIR spectra of the allyl COPNA resin and the prepolymer are shown in figure 2.
In the FTIR spectrum of allyl COPNA resin, the peaks at 920 cm™ and 1640 cm™ confirm the
presence of allyl groups [6]. In the FTIR spectrum of the prepolymer, there are no peaks at 920 cm™
and 1640 cm’, revealing that the allyl groups participate in the copolymerization with
4,4 -bismaleimidodiphenyl methane. In addition, the peak at 1712 cm™ is attributed to carbonyl
C=0 stretching vibration of imide ring.

DSC analysis. DSC is used to establish a reasonable curing cycle for the resin system. Figure 3
shows DSC curves of the prepolymer at a series of heating rates (5, 10, 15, 20 and 25 °C/min). The
initial temperature (7;), peak temperature (7,), and finish temperature (7)) are plotted against the
heating rate. By extending the 7— B curves to B =0, the reference temperatures 7;° (178.05 °C), T, po
(238.84 °C), and 7, fO (265.24 °C) are obtained. The results show that the resin system has higher T,
and T}. Therefore, in order to obtain high crosslinking network, it is necessary to cure at some lower
temperature for a longer time according to the time-temperature equivalence. We carry out a curing
cycle for the resin system by heating at 150 °C for 2 h, 180 °C for 2 h, 200 °C for 2 h, 230 °C for 2
h and 260 °C for 6 h.
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Fig.2 FTIR spectra of ally COPNA resin and prepolymer Fig.3 DSC curves of prepolymer

Rheological properties of resin prepolymer. Rheologic properties of thermosetting resin are
principal parameters for processing. Figure 4 shows viscosity-time curves for the prepolymer over a
range of temperatures, illustrating that the rate of cure increases with increasing temperature. The
initial viscosity varies inversely with temperature before commencement of curing. Afterwards, the
viscosity increases with increasing time at certain temperature, and the viscosity curves cross over
due to the higher cure rate at higher temperature. The gel time of the prepolymer at different
temperatures is shown in figure 5. It demonstrates longer pot life when held at lower temperature.
At 120 °C, a working life of about 380 min is maintained. When the temperature is raised to 150 °C
or 170 °C, it gels within 80 min or 40 min, respectively.
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Fig.4 Viscosity-time curves of prepolymer Fig.5 Gel time-temperature correlations of prepolymer

TGA analysis. The TG and DTG curves of ally COPNA resin, prepolymer and cured resin are
shown in figure 6. It can be seen from the figure that the prepolymer and cured resin have better
thermo-stability than the ally COPNA resin. Specially, for the formation of a highly cross-linked
network, the cured resin exhibits very excellent thermo-stability, indicated by its initial weight loss
temperature of 450 °C and char yield of 53.6% at 800 °C.
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Fig.6 TG-DTG curves of ally COPNA resin, prepolymer and cured resin
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Properties of the BMI resin. The properties of the cured resin are shown in Table 1. The resin
system has good mechanical properties. In particular, the flexural strength of the resin arrives at 155
MPa, which is higher than most of BMI resins. The reason for this is due to the existence of a great
deal of rigid and large naphthyl groups. In addition, the cured resin possesses excellent
thermal-stability, which may be attributed to the high aromatic backbone and the high cross-linking
density of the BMI resin. Moreover, the BMI resin has good hot-wet resistance, indicated by the
water absorption of 2.1%. Furthermore, the cured resin exhibits good dielectric properties,
suggested by the dissipation factor of 0.013 and the dielectric constant of 3.16.

Table 1 Physical properties of the BMI resin

Property Value Property Value

Tensile strength [Mpa] 76.8 Ty [°C] 270

Tensile modulus [Gpa] 3.6 Specific gravity 1.2

Flexural strength [Mpa] 155 Water absorption 2.1

Impact strength [kJ/m*]  11.3 Dissipation factor (1 MHz) 0.013

HDT [°C] 312 Dielectric constant (1 MHz) 3.16
Conclusions

A novel thermosetting resin was obtained by the reaction of Allyl COPNA resin and BMI. The resin
prepolymer has good rheological properties, and its curing reaction can be easily controlled. The
cured resin has good thermo-stability. The initial decomposition temperature of the cured resin
arrives at 450 °C and resultant char yield reaches 53.6% at 800 °C. Moreover, the cured resin
possesses not only good mechanical properties but also excellent dielectric properties.
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Abstract. The first principles calculation based density functional theory has been employed to
investigate the changes of energy, bonds length and bonds angle of aryldiazonium salt Self-assembly
monolayer (SAMs) on silicon (100) surface. The steady structure and binding energy can be
determined. It is shown that the partial bonds length and bonds angle have been changed obviously
before and after self-assembly. The reduced energy of system is -101.95¢V, i.e. binding energy, which
i1s emitted energy of Si-C covalent bond coming into being, illuminates that the SAMs can be
fabricated easily between aryldiazonium salt and Si (100) surface. The stability of system can be
improved and SAMs can firmly stay on Si (100) surface.

Introduction

The technology of using semiconductor materials silicon wafers as substrate to self-assemble organic
functional monolayer is a very promising technology of micro-nano structure preparation. On account
of order and high stability at normal temperature of this type of self-assembled monolayer, especially
the functional monolayer obtained with nano-scale structures and interfacial properties, it is very
popular with researchers. Therefore, it appears particularly important to study the changes of the
silicon surface’s molecular structure and energy before and after assembly monolayer in the
micro-scale and thus to have a knowledge of SAMs’ state of stable existence.

In recent years, the rapid development of theory and numerical algorithms makes the
first-principles approach based on Density Functional Theory conventional computing research
methods in condensed matter physics, quantum chemistry and material science. Calculated results not
only can be used to explain the experimental results, but also may reliably predict many properties of
materials and bring about some important discoveries of experiments under some circumstances. The
theoretical study of the organic monolayer on silicon surface has been reported [8-10], but the
calculation study of the self-assembly monolayer of aromatic diazonium salt on silicon surface has not
been reported yet. From a theoretical perspective, this chapter adopts first-principles calculation to
study assembly behavior of aromatics monolayer (C6H4NO?2) prepared on silicon (100) surface based
on mechanochemical method in the micro-scale.

Analog computation

Method of Calculation. In accordance with Quantum Chemistry Density Functional Theory (DFT),
CASTEP (Cambridge Sequential Total Energy Package) calculation module in Material Studio
software of Accelery Company is used to conduct theoretical calculations, and functional adopts
Generalized  Gradient  Approximation (GGA), local functional employs PBE
(Perdew-Burke-Ernzerhof functional), Plane wave cutoff energy Ecut is set to 300eV.

Model Building. As a result of the excellent optical performance of Si (100) crystal surface, it is
widely adopted in manufacture of electronic components. When conducting simulation calculation
and mechanochemical experiments, the Si (100) crystal surface are studied in this paper. Si (100)
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surface has two dangling bonds that are prone to reconstruct. At present, although the study of Si(100)
surface is more, there is no consensus view of the concrete structure of its reconstruction surface. And
experimental studies of low-energy electron diffraction (LEED) and He diffraction measurements
suggest that Si(100) surface has three reconstructed forms at least in which Si(100)2%1 is the most
important reconstruction way, in addition to c(4%2) and p(2x2). Si(100)2x1 reconstruction is that one
is equal to 2 times of internal basis vector and the other one is equal to internal basis vector. Many
results of theoretical study also demonstrated that Si(100)2x1 reconstruction surface is a more stable
model of Si(100) surface reconstruction.

Calculation model establishment’s conditions of Si(100) crystal surface: Si(100) section model
adopted in the paper is Si(100)2x1 reconstruction surface model. Monocrystal silicon was cut along
(100) direction, three Si atoms were adopted, the /2 x+/2 original cell was selected as the supercell

and vacuum layer thickness is 15A. In the supercell model that Si(100) lattice plane selected, 27 Si
atoms were contained, and the surface contains 9 Si atoms, as is shown in Figure 1(a). This model is a
ball-and-stick model (that is, a ball stands for an atom and a stick shows a band that links adjacent
atoms).In x, y direction to extend them as needed, a series of simulation boxes in different sizes can be
obtained.

Calculation model establishment’s conditions of aromatic diazonium salt are that boron
tetrafluoride aromatic diazonium salt is connected with the nitro (-NO;) on one end, carbon atoms’
number of the skeleton is six, and its molecular formula is NO,C¢H4N;BF4 which includes two end
groups: nitro (-NO;) and boron tetrafluoride diazo (-N,BF4).Thus, more flexible self-assembly can be
conducted on the single crystalline silicon surface. As the diazo in the aromatic diazonium salt
molecules is prone to take denitrification reaction in solution, what really reacts with the silicon
surface in solution is the benzene ring NO,C¢Hy4 with nitro connected at one end after breaking triple
bond between nitrogen and nitrogen. On account of the calculation software limitations, it is
advisable to directly establish the nitro benzene (CcH4NO;) with nitro connected at one end after
breaking triple bond between nitrogen and nitrogen when the model is built, as is shown in Figure
1(b). This model is a ball-and-stick model (that is, a ball stands for an atom and a stick shows a band
that links adjacent atoms), in Figure 1(b), the gray ball is C atom, the red ball is O atom, and the white
ball is H atom.

Model selection of calculating the interaction between CsH4NO, and Si(100) crystal face: middle
silicon atoms are selected on the Si(100) crystal face with the structural optimization completed, and
then the optimization molecules are rooted in its top.

(b)
Fig.1 The side views of (a) single crystalline silicon (100) plane and (b) NO,C¢H,

Middle silicon atoms are selected on the Si(100) crystal face with the structural optimization
completed, and then the two optimization molecules are rooted in its top, and the distance between Si
and the benzene ring is about 2.000 A. As needed, different surface coverage can be obtained by
controlling the number of replaced aromatic molecules, due to the limitations of analog computer
operation conditions, self-assembly of a single aromatic molecule and silicon surface is selected for
the study during the calculation. Finally, the basic unit of the model has been shown in Figure 2-6, the
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model includes three layers of Si atoms. In order to improve calculation speed, the following two
silicon atoms is fixed when Si(100) crystal plane model calculations and self-assembly aromatic
molecule calculations are conducted.

Results and discussions

Structural Optimization. Figure 2 is a side view and a top view of Si(100) crystal surface absorbing
an active molecule before and after geometry optimization. Table 1 is the bond angle and bond length
data of partial silicon atoms, respectively before and after optimization, and after combining an active
molecule C¢H4NO, of the Si(100) crystal surface. It is inferred in accordance with structure theory
that each Si in sp3 hybrid orbitals forms tetrahedral spatial structure in conjunction with the other four
Si atoms, Si-Si bond length d=2.352A, Si-Si-Si bond angle 109.471°.When the crystal is cut along a
certain direction to obtain different surfaces, the surface atomic structure of crystals is significantly
different from the internal atomic structure, the reason is that each atom in a solid contributes the
same number of electrons and forms chemical bonds with the other atoms around, thus to combine
atoms together in a solid. However, the atoms on the surface of the solid have extra unpaired valence
electrons to form dangling bonds because chemical bonds of one side’s atoms are cut off, leading to
the difference between the surface structure and the internal structure of crystals. It is acknowledged
from Table 1 that the data of bond lengths and bond angles has changed after structural optimization
and its data differs from the theoretical values.

after geometry
optimization

(a) (b)
Fig.2 The three views of C¢H4NO,/Si (100) a) before and b) after geometry optimization

Tablel The bond length and angle of Si (100) before/after absorbing C4H,NO,

Planes bond length (nm) bond angle (°)
d1_2 d2_3,d3_4 d4.5 Z123 /345
(100)before 0.233 0.233 0.233 109.471 109.471
optimization
(100) after 0.232 0.233 0.231 109.203 109.202
optimization
(100)- C¢H4NO, | 0.239 0.233 0.253 111.428 63.204

Absorption Energy Calculation. Table 2 is total energies of Si (100) crystal surface before and after
combining a CcH4NO,. As a result of the formation of new chemical bonds, the energy of Si atom
combining a CcH4sNO,with becomes lower. Absorption Energy can be used to express the size of
energy reducing. When the absorption energy value is negative, it shows releasing energy, and the
stability of the system increases. The smaller the absorption energy is, the more energy decreases
before and after reaction, and it is in more favor of reaction. The total energy of the system reduces
after combining a CcH4NO,, the reduced value is the energy that is released from the formation of
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Si-C chemical bond, that is, the absorption energy is -101.95e¢V, which indicates that the aromatic
diazonium salt monolayer can be assembled on (100) plane, the stability of the system increases after
self-assembly.

Table 2 Total energies and the absorption energy of a CsqH4NO2 adsorbed on Si (100) (eV)

Planes Energy/eV absorption energy /eV
Si(100) -2899.48
Si(100)- C¢H4NO, -5052.53 -101.95

Table 2 reveales that the effect of forming SAMs is not fine as the sample has been immediately
taken out from testing box after scribe and the sufacial content of C1s has a small quantity of augment
after rinsing with acetone, anhydrous ethanol and milli-Q water. The content of Cls has been
enhanced remarkably with the prolonged assembly time, at the same time, the total trend of the
content of Ols descends because the sample has a chance to contact oxygen in the process of cutting
and after cutting. The content of Si2p takes on a degressive trend on account of the surface covered
with SAMs molecules and the fresh scribed silicon give an impact to it simultaneity. In a word, the
assembly time about 12 h will form better films.

Conclusions

The first principles calculation has been employed to investigate the changes of bonds length, bonds
angle and energy before and after self-assembly of silicon (100) surface and aryldiazonium salt.
Bonds length and bonds angle between Si atoms have been changed before and after self-assembly,
which results from the introduced benzene ring with nitro, the sizes of these changes are factors
influence whether self-assembly reacts from the perspective of energy. The total energy of the system
reduces after combining a C6H4NO?2, the reduced value is the energy that is released from the
formation of Si-C chemical bond, that is, the absorption energy is -101.95eV, which indicates that the
aromatic diazonium salt monolayer can be assembled on (100) plane, the stability of the system
increases after self-assembly, and the stability of the film is better.
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Abstract. Inverse spinel-type metal oxides, magnesium-manganese-titanium
oxide(MgMny 5sTips0O3), was prepared by a coprecipitation/thermal crystallization method. The
extraction/insertion reaction with this material was investigation by X-ray, saturation capacity of
exchange, and Kd measurement. The acid treatments of MgMn, 5Tip 503 caused Mg2+ extractions of
more than 82%, while the dissolutions of Mn*" and Ti*" were less than 15%.The experimental
results have proved that the acid-treated sample has a capacity of exchange 7.6 mmol-g”' for Li" in
the solution.

Introduction

The inorganic ion-exchange preparation has the advantage of thermo-stability and radiation
resistance, synthesis simple and good selectivity etc. Apart from that, it appears the fine speciality
in dealing with nuclear waste, gathering and separating of metal ions and chromatogram
analysis[1-2].

In this paper, the coprecipitation/thermal crystallization method was used to synthesize the
MgMn sTi503 of spinel-type oxide, whose composition and structure are different from those in
literature[3-4], The experimental result have proved that the inorganic material has better selectivity
and higher capacity of exchange for Li" in the solution removed Li" previously. Moreover, the cost
is cheap and its application prospect is significant.

Experimental section

Reagent and Instruments. MgSO4, MnSO4 and Ti(SO4), were all analytical reagents; pure water;
D/max-A type X-ray diffraction instrument; Dx-170 type ion chromatogram instrument; AA-670
atom absorption spectrum instrument; Centrifuge 5804 centrifugal separation instrument.

Synthesis and Identifiable of MgMnsTiys03;. The ammonia was dropped into a standard
mixed solution of MgSQO4, MnSO4 and Ti(SO4), with a Mg/Mn/Ti mole ration of 1:0.5:0.5 at the
condition of constant rate churning. After the pH of mother solution reached 11.0, a H,O, solution
was added to the solution to oxidize Mn*" to Mn*" completely. After reacting fully, centrifugal
separating and washing water, the Mg-Mn-Ti coprecipitation was obtained. The coprecipitation was
coprecipitated for few hours on electric heating plate, air-dried for 48h at 72°C and crushed. Then
the exchanger precursor obtained. The precursor was heat-treated for 4h at 700°C, 800°C, 900 Cand
95°C respectively to obtain the Mg-Mn-Ti oxide, whose theoretical formula was MgMny sTig 503,
the sample obtained by thermal crystallization treatment of 900°C was designed as MgMnTi-900.
Then it was analysed of x-ray diffraction and compared to literature[3].

Composition analysis: A 0.2g portion of sample(MgMnTi-900) was dissolved with acid. The
Mg, Mn and Ti contents were determined by atomic absorption spectrometry. The Mn valence was
determined by the method in the literature[3] and the MgMnTi-900 composition was calculated
from these values.
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The Cation Extraction of MgMnTi Oxide and Acid Modification. Four 0.200g portions of
sample (MgMnTi-900 oxides) were immersed in a HNOj3 solution (50ml) of 0.01M, 0.1M, 1M and
10OM respectively with shaking in constant temperature water at 25°C. After 3 days, take the
supernatant solution to determine the cation concentration, test its acid proof ability and the
extraction ration of Mg®", Mn*", Ti*".

A 5g portion of sample (MgMnTi-900) was immersed in a 1M HNO; solution (500mL) with
intermittent shaking in constant temperature water at 25°C. After 7 days, remove the supernatant
solution and add new HNO; solution. Repeating that for twice, then the initial sample was
transformed to H-type sample, washed with water and air-dried. The sample obtained by thermal
crystallized at 900°C and acid modified was designated as MgMnTi-900 (H), X-ray diffraction was
carried out to compare their stabilization of structure. The composition was determined by the
method referred in 1.2, and the H content was calculated by subtraction method.

Saturation Capacity of Exchange.Weigh five 0.5g portions of MgMnTi-900(H), then each
portion was immersed in a 0.IM solution (10mL), containing Li", Na', K', Rb" and Cs"
respectively, diluted to 100mL, shaken in constant temperature water at 25°C. After saturation
exchanging (namely, after 10 days by literature[9,13,15]) the solutions were filtered by
subminiature aperture sieve, and the cation concentration was determined. At the same time, do
vacant experiment. Last, the inorganic exchanger saturation capacity of exchange for
alkali-metal-ions obtained by decrease quantity.

Distribution Coefficient (Kd). After weighing four 0.100g portions of MgMnTi-900(H), each
portion of sample was immersed in a 0.05M mixed solution (0.200mL) containing Li", Na", K', Rb"
and Cs'( CI'/OH rations are different in each solution, C(C1)+C(OH)=0.1M, C=Li", Na", K", Rb"
and Cs"). The alkali-metals ions total concentration all was 1.0x10°M by adding 9mL distilled
water. After the samples were shaken for 7 days in constant temperature water at 25°C and were
filtered, cation concentrations in each samples were obtained.

Results and Discussion

Compound and Appraisement of MgMnysTip50;3. The X-ray diffraction pattern of compound
metal oxide (MgMnysTis03), crystallized at different temperatures, was shown in figure 1. The
pure spinel-type phase is formed in a temperature range between 700°C and 950°C. The diffraction
peaks become higher and sharper with an increase in the temperature. The structure of compound
metal oxide MgMn, sTigsO; crystallized at 900°C was much perfect.

We know from chemical analysis, the composition of MgMnTi-900 is Mg 20Mng s;Ti 4903 20,
whose chemical component is basically corresponded with the composition of spinel-type metal
oxides.

Mz MnTi-900( H)
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Fig.1 The powder’s X-ray figures of different crystal temperatures
Cation Extraction of Compound Oxide MgMnTi and Acid Modification. The extraction
ration of Mg®", Mn*and Ti** from MgMnTi-900 in different concentration HNOs solution is shown
in figure 2. we know from figure 2, the extractabilities of Mg®" are 41%~82%, Mn*" are 6.9%~
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15.8%, and Ti*" are 2.4%~8.2%. Those indicate that the extractabilities of Mg®" are higher than
those of Mn** and Ti*" when exchanger was immersed in 1M acid solution, correspounding with the
exchanger condition was better.(IN, Mg®" 74%, Mn*" 10.2%, Ti*" 6.2%)

X-ray diffraction of MgMnTi-900(H), which is the acid modification product, is shown in figure
1. As shown, the structure of MgMnTi-900(H) is nearly constant, which is inverse spinel oxide type
too. It indicate that the exchanger is steady. The analysis indicate the composition of MgMnTi-900
(H) was Hj 43Mgp24Mng 4910480324, whose component of 72% Mg2+ transformed to H' compared
with the composition Mg;,0Mngs1Tig490320 before acid-treated. Then the specific Mg2+ of
exchanger were extracted fulfill basically and remained the H-type identified with initial type.
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Fig.2 Extraction ration of cations from MgMnTi-900 in nitric acid solution

Saturation Capacity of Exchange. The relation between radius and saturated ion exchange
capacity of MgMnTi-900(H) for alkali was shown in figure 3. Known from figure 3, the capacity of
exchange for Li" was much higher than those for other alkali ions. The capacity for Li" is 7.6
mmol * g, which is much higher than the register of literature [9,12-15]. It proved that the ion
exchange synthesized has higher capacity of exchange, and better remembering of exchange for Li'.
The effect factors of saturation capacity of exchange of MgMnTi-900(H) are: 1) The Mg*" in
exchange solution must be removed previously, because Mg”" exchange with exchanger vacancy
site when existing too much Mg”*"; 2) The experimental results shown that the exchange capacity of
ion exchanger for Li" is much higher than those for other alkali ions in thin solution, which indicate
that the ion-exchange reaction is carried out between and bare ions. That verified that the bare ions
diameter of Mg”" is nearly close to that of Li"; 3) At the time of exchange, a Mg®" was replaced by
one H". Li" not only entered the vacancy site of Mg®" but also exchange with the H" of surface.
Therefore, MgMnTi-900(H) has a higher exchange capacity for Li".
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Distribution coefficient(Kd). Kd values can be the token of exchange selectivity of
MgMnTi-900(H) for correlate ions. Shown in figure 4, Kd values of MgMnTi-900(H) for alkali
ions are larger and larger with an increase pH over the pH region studied. The selectivity sequence
of MgMnTi-900(H) for alkali metal ions as follows:

Li">Cs">Rb">K" > Na" (1)
It indicates that MgMnTi-900(H) has a better ion selectivity for Li". Ton-exchange reaction is
reversible reaction. The reaction of H' in ion-exchanger with alkali metal ions in solution as
follows(example for Li"):

E-H+2Li" ©E-Li+2H" (2)

4.54
4.0+
3.5

3.0
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Fig.4 Distribution coefficient of MgMnTi-900(H) for alkali ions

Conclusions

The comprehensive results indicate that the MgMngsTipsO3; of inverse spinel-type metal oxide
show a capacity extraction/insertion of Li" in the aqueous phase, mainly by an ion-exchange
mechanism. The Li -extracted samples show a high selectivity and a large capacity for Li" among
alkali metal ions.
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Abstract. Ca;_3,Lny, TiO3 (Ln=La, Nd, Sm; x=0.13, 0.20) ceramics were investigated systematically
to dicuss the influences of sintering temperature, compositions, Ln** ions on its sintering property,
crystal structure and microstructure. The results show that the dense ceramics were obtained in the
sintering temperature range of 1300~1350 °C and the relative density reached over 97%. Sintering
temperature was 50~150 °C lower than previous reports. Single orthogonal perovskite structure phase
was formed except that a little secondary phase Sm,Ti,07 was detected by XRD analysis when x=0.20
and Ln=Sm. The growth pattern of Ca;_3,Ln,,TiO3 grains was terracing growth.

Introduction

With the tremendous development of modern communication technology such as mobile
communication, satellite broadcasting and ultra-high speed wireless LAN, the demands for
microwave dielectric resonators, filters and antennas increase rapidly. As a result, microwave
dielectric ceramics, the key materials for manufacturing these components, were investigated widely
in recent years. A combination of high dielectric constant (¢), low dielectric loss (i.e. high Of-value)
and near zero temperature coefficient of resonant frequency (zy) in microwave dielectric ceramics is
necessary to reduce the size of devices, ensure spectral purity at microwave frequencies and ensure
high stability of devices, respectively. With typical ABO; type perovskite structure, CaTiO; ceramic
possesses high dielectric constant (e~170), however, not high enough Qf-value (Qf~3600GHz) and
huge positive temperature coefficient of resonance frequency (Tf~+8OOX10_6/OC) [1], consequently,
can not satisfy the requirements of practical application. Therefore, researchers conducted a series of
research to enhance QOf-value and reduce 7, of CaTiO; ceramic. For instance, after Ca®" ions were
replaced by trivalent Ln*" (Ln=La, Nd, Sm) ions, respectively, trand dielectric loss of CaTiO3 ceramic
decreased observably, moreover, ¢ still maintained at ~110. From the study of Kim et al [2], ¢ and 7,
decreased with increasing x value in (1-x)CaTiOs-xLay;3TiO; (0.1<x<0.96) system. Meanwhile,
QOf-value increased rapidly at the onset and linearly rose when x>0.3. ¢=90 and 7=+190% 107°/°C when
x=0.96. However, Huang et al [3] reported that the peak value of Of=17600GHz appeared when x=0.4
in Ca;_,La;sTiO; (0.1=x<0.9) system. The structure and microwave dielectric properties of
Ca; ,Nd,,;3TiO5 (0=<x<1, CNT) ceramics were investigated by Yoshida et al [4]. The results shown
that CNT belonged to GdFeO; type orthorhombic perovskite structure (0<x<0.69) and La,;;TiO3 type
double perovskite structure (0.78<x<0.93), ¢ and 7, decreased, QJf-value increased remarkably and
reached the maximum of 17200GHz when x=0.39 and then decreased with the increasing x value. In
addition, Fu et al [5] considered the crystal structure of Ca; Nd,,;3TiO3; (x=0.30, 0.39, 0.48) as
orthorhombic perovskite structure. The structure of Ca; ,Smy,3TiO; (0.0<x<0.8) transformed from
orthorhombic perovskite structure (x=0.) to tetragonal perovskite structure (x=0.6) [6]. With the
increasing Sm®" content, the amount of vacancy at A-site of CST increased, accompanying by the
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decrease of microwave dielectric loss. Of-value reached the maximum (14900GHz) when x=0.6 and
decreased due to the appearance of Sm,Ti,O;. Yoon et al [7] discussed the influence of
octahedral-site bond valence on the microwave dielectric properties of Ca; ,Smj,3TiO; (0.0<x<0.6)
ceramics. As Sm®" content increased, vacancy concentration at 4-site increased, which probably
reduced the anharmonic vibration in crystal lattice, consequently, dielectric loss was lessened and Qf
increased.

However, according to previous reports, crystal structures and microwave dielectric properties of
Caj_3,Ln,, TiO5 ceramics were not so identical researched. In the present work, Ca;_3,Ln,, TiO3
(Ln=La, Nd, Sm; x=0.13, 0.20) ceramics were investigated systematically to dicuss the influences of
sintering temperature, compositions, Ln’" ions on its sintering property, crystal structure and
microstructure.

Experimental procedures

The conventional solid-state preparation route was used to synthesize Ca;_3,Ln,, TiO3 (Ln=La, Nd,
Sm; x=0.13, 0.20) specimens from CaCOj3(99.8%), La,03 (99.9%), Nd,03(99.9%), Sm,03 (99.9%)
and Ti0, (99.5%). According to the composition of Ca;_3,Ln,, TiO3, stoichiometric starting powders
were ball milled together in polyethylene jar with ZrO, media for 12 h in distilled water. The mixtures
were dried and calcined at 1200 °C for 3 h in air. And then the calcined powders were pressed into
disks under a pressure of 98 MPa with suitable amount of 5 wt.% solution of polyvinyl alcohol (PVA)
as the binder. Then the disks were sintered at 1300~1350 °C in air for 3 h.

The densities of the sintered pellets were measured by Archimedes method. The phase
identification of the present ceramics was carried out by X-ray diffractometer (XRD, Rigaku D/max
Ultima IIT) with Cu-K, radiation (A=0.15406 nm). The microstructure observation was performed on
thermal etched specimens using environmental scanning electron microscope (ESEM, Philips XL30
ESEM-TMP).

Results and discussion

The apparent density of Ca;_3,L.n,, TiO; ceramics as a function of composition was shown in Fig. 1.
The dense ceramics were obtained in the sintering temperature range of 1300~1350 °C and the
relative density reached over 97%. Sintering temperature was 50~150 °C lower than 1400 °C [2-4] or
1450 °C [6, 7] according to previous reports. On the one hand, the volume of unit-cell (V) decreased
with the decreasing Ln’" radius as listed in Table 1. On the other hand, the weight of unit-cell
increased because the atomic weight of Ln*" ions increased in turn of La—Nd—Sm. As a result, the
density of Ca;_,Ln,,;3TiO3 ceramics increased with the decreasing ionic radius or increasing atomic
weight of Ln’" ions after Ca>" ions were replaced by Ln®" ions. In addition, as the content of Ln’" ions
increased, density increased obviously due to the fact that the atomic weight of Ln’" ions are much
greater than that of Ca®" ion.
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Fig. 1 Density of Ca;_3,L.n,, TiO3 ceramics
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From the XRD patterns of Ca;_3,Ln,, TiO3 ceramics (as shown in Fig. 2), the diffraction peaks
shifted rightwards in the turn of La—Nd—Sm, which indicated that the crystal lattice constants
reduced gradually according to the Bragg equation (as listed in Table 1).The lattice constants (a, b, c,
V) of orthogonal perovskite structure calculated by the least square method from the main diffraction
peaks of the XRD patterns were listed in Table 1. As the radius of Ln*" ions decreased, a, b, c and V,,
decreased in turn. Nevertheless, the lattice constants increased in different degree when the content of
Ln®" ions increased. This trend was reported by Fu et al [5]without relevant interpretation.

x=0.13 H lPerovskite x=020 H Perovskite
CIsm,Ti.o,
3 . 3 n
© ©
= [ | - = O k | -
el [ Il # O O [ |
losm | W | L ® W F sl |OW | x
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E |t .\MW@L«M Eleane | |
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20 (deg.) 20 (deg.)
Fig. 2 XRD patterns of Ca; 3,L.ny, TiO3 ceramics (1325 °C, 3 h)
Table 1 Lattice constants of orthorhombic perovskite phase in Ca;_3,L.ny, TiO; ceramics
x=0.00 [8] x=0.13 x=0.20
CaTiOs Ln=La Ln=Nd Ln=Sm Ln=La Ln=Nd Ln=Sm
a (0.1nm) 5.3827 54383 53960 5.3903 54514 5.4263 5.4140

b (0.1nm) 5.4537 5.4407 5.4363 54298 54560 5.4279 5.4185
¢ (0.1nm) 7.6551 7.6935 7.6648 7.6467 7.7168 7.6755 7.6583

V, (10°°m?) 224.72 227.64 22484 22381 229.52 226.07 224.66

Composition

Generally, the lattice constants of substitutional solid solution depend on effective ionic radius,
average electronegativity difference and lattice defects. When coordination number equal to 12, the
effective ionic radius of Ca*, La*", Nd*" and Sm®" were 0.134 nm, 0.136 nm, 0.127 nm and 0.124 nm
[9], respectively. As the radius of Ln>" ions decreased, the lattice constants of Ca;_3,Ln,, TiO;
decreased in the turn of La—Nd—Sm when the x value unchanged.

The concept of “electronegativity” was derived by Pauling [10] in 1932, taking ionization energy
and electron affinity into account. The lager average electronegativity difference means the more
stable crystal structure, conversely, the combination of ions becomes loosely. The average
electronegativity difference of Ca;_3,Ln,, TiO;3 can be calculated from Eq. 1 [11](as listed in Table 2):

e=[(1-3x) yca-012x yin-0)/(1-x) (1)
where yca-0 and yin.0 are the electronegativity difference of Ca’" and Ln*" with 02_, respectively. As
the content of Ln>" ions increased, average electronegativity difference decreased. It indicated that the
combination of ions became looser after Ca>* ions were replaced by Ln®" ions, i.e., lattice constants
trended to increase.

With the similar ionic radius to Ca®" ion, Ln" ions replaced Ca®" ions into A-site of the orthogonal
perovskite crastal lattice. Meanwhile, to keep the balence of electrovalence, vacancies in 4-site were
introduced. Furthermore, the amount of vacancies increased with the increasing Ln®* ionic
concentration. Defect reaction equation can be written as Eq. 2:

Ln,,TiO, %%LnéaJr%Vé; Tig, +30, )

The lattice constants trend to decrease due to the introduction of vacancies in A-site.
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In a word, lattice constants of Ca;_3,L.n, TiO; depended on effective ionic radius, average
electronegativity difference and vacancies in 4-site. The variation trend of lattice constants with the
content of Ln’" ionic concentration rested with the competitive relationship among the three factors.
In more specific terms, as the Ln’" ionic concentration increased, the influence of the average
electronegativity difference on lattice constants was dominated, therefore, the lattice constants of
Caj_3,Ln,, TiO; increased. On the other hand, when x value unchanged, lattice constants influenced
principally by effective ionic radius, consequently, decreased in the turn of La—Nd—Sm.

As shown in Fig. 2, the diffraction peaks of Ca; 3,L.n,, TiO; coincide with single orthogonal
perovskite structure except that a little Sm,Ti,0; was detected by XRD analysis when x=0.20 and
Ln=Sm, i.e., the orthogonal perovskite structure was not stable any more. It indicated that the solid
solution limit of Ca;_3,Sm,, Ti03; was less than 0.20, which was different from the reports of Kim et al
[6], Sm,Ti,O7 appeared until x=0.27.

On the other hand, besides average electronegativity difference (e), the tolerance factor (7) is
another important parameter to evaluate the stability of crystal structure [12]. As to ABO; type
perovskite structure, the tolerance factor can be written as

t=(R,+R,)/[N2(R, +R,)] (3)

where R4, Rz and R are the radius of ions in A, B-site and 0> according to Shannon [9], respectively.

As listed in Table 2, the average electronegativity difference (e) decreased with increasing Ln’"
concentration. Meanwhile, when x value unchanged, e decreased in the turn of La—Nd—Sm. It
indicated that the chemical bond strength reduced, consequently, the stability of perovskite structure
lessened. The variation trend of tolerance factor (¢) is similar to that of e, i.e., ¢ deviates from 1
increasingly. This also means that the stability of perovskite structure lessened. Both e and t of
Cap4Smg4Ti0; are the minimum. As a result, single perovskite structure can not maintain and the
second phase Sm,Ti,07 appeared.

Table 2 The average electronegativity difference (e) and tolerance factor (7) of Ca; 3,L.n,, TiO3

Composition x=0.00 [8] x=0.13 x=0.20
CaTiO; Ln=La Ln=Nd Ln=Sm Ln=La Ln=Nd Ln=Sm
e 2.1700 2.1373 2.1318 2.1276 2.1178 2.1089 2.1022
t 0.9639 0.9045 0.8962 0.8935 0.8725 0.8598 0.8556

The dense ceramics with high relative density (>97%) can be obtained by sintering at the
temperature range of 1300~1350 °C. SEM photographs of Ca;_3,Ln,, TiO3 ceramics are shown in Fig.
3. A large quantity of massive grains and a few granular grains, with intended and ladder-like
microstructure even unambiguous interfacial angle are observed, indicating the terracing growth of
grains. However, when x=0.20 and Ln=Sm, granular grains increased obviously, probably
corresponding to the secondary phase Sm;Ti,04.

o TR S

Fig. 4 SEM images of Ca;_3,L.n,, TiO5 ceramics: x=0.13, Ln=La(a), Nd(b), Sm(c); x=0.20, Ln= La(d), Nd(e), Sm(f)
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Conclusions

1. The dense ceramics were obtained in the sintering temperature range of 1300~1350 °C and the
relative density reached over 97%. Sintering temperature was 50~150 °C lower than previous
reports.

2. Single orthogonal perovskite structure phase was formed except that a little secondary phase
Sm,Ti,07 was detected by XRD analysis when x=0.20 and Ln=Sm.

3. The growth pattern of Ca;_3,Ln,, TiO5 grains was terracing growth.
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Abstract. In order to research the influenced factors of sensitivity of ultrasonic nondestructive testing,
the compared experiments using water immersion and contact method were carried out and the
experimental results of sensitivities were obtained. The results showed that the limited sensitivities of
probes with IMHz and 2.25 MHz is very low. And the defects of¢1mm, which distance not exceeding
Imm, can be detected by probes of 5 MHz and 10 MHz. The defects ofp0.5mm can be detected by
probes of 15 MHz and 20 MHz. The definition of defects apperance will be further improved for the
probes with their frequency more than 15 MHz when the scanning step enough small. The distance of
probes and defects has little effect on the detecting sensitivity.

Introduction

In rencent years, carbon fiber reinforce plastics (CFRP) was being wide applied to main force bearing
structure of all kinds of tools and mechanical components. Advanced composite materials can
improve the weight lighting and high performence of components because of its excellent
characteristics[1]. The CFRP has been widely applied in many fields because of its excellent
mechanical properties[2]. The CFRP is a multiphase system with complicated anisotropy, it has
characteristics as follows: quality discreteness, complex molding process, and defects may be
producted in the manufacturing process because of environmental control, manufacture engineering
and operation[3]. The static load, mechanical damage, fatigue, creep deformation and overheating can
lead to structure damage of composite material in the working process[4]. Those defects and damages
can reduce greatly servece life of structure, even disastrous consequence will be brought to structures
of tools and machines[5].

The basic science technology which ultrasonic nondestructive testing technology is applied to
CFRP field was discussed in this paper, and this will lay a theoretical foundation for the development
of ultrasonic nondestructive testing technology.

Experiment and discussion of results

This study conducts ultrasonic nondestructive testing of carbon fiber reinforce plastics, using two
methods, contact method and flooding method. At the same time, it also studies how step and focus
affect the sensitivity in the process of non-destructive testing.

probes. The section headings are in boldface capital and lowercase letters. Second level headings
are typed as part of the succeeding paragraph (like the subsection heading of this paragraph).

The properties of the probe. Straight contact probe and immersion focused probe are the two
most commonly used probes in Ultrasonic Testing.

Straight contact probe operates flexible and fast, but it requires the detected parts has shape rules
and a relatively smooth contact surface. Due to serious spread of the velocity (Fig. 1), the ratio of the
effective area which small defects received in the sound field and the same wave vibration surface
area tends to be small, which results in small defects reflected energy and low sensitivity in the defect
detection process. In the manual testing process of the three types of CFRP materials system of this
study.
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Fig.1 The beam spread Fig. 2 The sensitivities Fig. 3 The sensitivities
schematic diagram of the comparison of above two comparison under the same
direct-contact probe methods signal noise ratio conditions

Compared to direct-contact probe, immersion focused probe’s energy in the face detection focused
more. Therefore, immersion focused probe has higher sensitivity, shown in Fig. 2.

Focus Probe’s sound field diameter in the detection area is adjustable. When the sound focuses on
the internal CFRP plate, the beam diameter is less than Imm. 1mm of the defect can reflect ultrasound
energy of the entire beam. Therefore, in the same SNR conditions, it has higher sensitivity, shown in
Fig. 3.

Probe Frequency. For the same material, the probe of different frequency produce the different
wavelengths ultrasonic, A=c/f, where ¢ is internal sound velocity in material f is the frequency of
ultrasonic pulse.

COINS tests: Different frequencies of the probe, to detect a set of coins, shown in Fig. 4 (a), (b),

(©), (d), (&), (D).

(e) The frequency of probe is 15MHz () The frequency of probe is 20MHz
Fig. 4The effect of frequency of probes on the detection results with 0.1mm step

As the results (Fig. 4) of the different frequencies probe ultrasound testing on the coins shown, on
the condition of that no impact on the sensitivity , the limits of the sensitivity 1 MHz and 2.25
MHz probe is very low. While 5 MHz and 10 MHz probe has a certain sensitivity detective capacity
of small defects. Defects(National Emblem Maximum five-pointed star)can be detected
in about @ 1mm.but defect spacing of Imm can not pick out ¢ 1mm defects(as shown in the right side
of the ruler scale). Smm the size of the defect can be detected by 15 MHz and 20 MHz probe. The
probe of 15 MHz can pick out the small defects of 1mm ,while the 20 MHz probe can pick out the
small defects of 0.5mm.
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CFREP test: Practical CFRP board is tested by the probes of different frequencies.

With the frequency of peobe increasing (Fig .5), there is more and more defects detected on the
same CFRP testing area.Although limited by the step 0.5mm, due to the high-frequency ultrasound
has strengthened the capacity of reflection.So there are more details of defects displayed
in C-scan results. Therefore, on the degree of the SNR can be tolerated , the higher the frequency of
probe, the higher sensitivity of detection results.

Step. Scanning step decide the display resolution ratio of C-scanning, which influence the
instrument ability of detecting tiny defects directly. That is, the minimum value of detection
resolution is the scanning step.Via coin ultrasonic inspection and real CFRP ultrasonic inspection and
measurement, the effect of scanning step on the detection sensitivity was analyzed by ultrasonic
detection experiment with coin and CFRP.

(c) The step is Imm (d) The step is 2mm
Fig .6 The effect of step on the sensitivity with the frequency of 15MHz

From detection results (Fig .6), it was found that the probe which frequency less than 5 MHz, scan
step less than Imm will not cover ultrasound resolution, just has a little difference in smooth of image.
When frequency less than 10 MHz, scanning step less than 0.5mm, will not cover ultrasound
resolution ratio. But the definition of defects apperance will be further improved for the probes with
their frequency more than 15 MHz when the scanning step enough small.

CFRP ultrasonic inspection and measurement experiment: the practical CFRP board was detected
by the probe of 10MHz under the condition of changing step(Fig.7).

According to above results, the scanning step, that is scanning distinguishability, influenced the
detection sensitivity, in the scanning process, the step must bigger than limited sensitivity of probe,
only in this way, the detection results can not distort.

(a) The step is 0.2mm  (b) The step is 0.5mm (c) The step is Imm (d) The step is 2mm
Fig. 7 The effect of step on the detection result (10MHz)

Focal length. Focal length influence acoustic beam diameter of detection surface directly, Hence
the energy which influence reflection of defect is called sensitivity. Under the experimental results,
choose 0.5mm as scanning step, increasing focal length of 5%, 10%, 20% to research the change of
detection sensitivity(Fig.8).
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(c) The focal length of 110% (d) The focal length of 120%
Fig. 8 The effect of focal length on the detection result with the frequency of 15MHz

From the above results (Fig.8), can see that focal length change does not bring big alteration of
response rate. This influence become obvious when the size of probe is bgger than 15 MHz.

Conclusion

The detection limited sensitivities of probes of different frequency as follows: the limited
sensitivities of probes with IMHz and 2.25 MHz is very low. And the defects of¢lmm, which
distance not exceeding Imm, can be detected by probes of 5 MHz and 10 MHz. The defects
of(0.5mm can be detected by probes of 15 MHz and 20 MHz.

The probes with their frequency less than 5 MHz can not cover ultrasonic distinguishabilities when
the step more than 1mm. The probes with their frequency more than 10 MHz can not cover ultrasonic
distinguishabilities when the step more than 0.5mm. But the definition of defects apperance will be
further improved for the probes with their frequency more than 15 MHz when the scanning step
enough small.
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Abstract. ZnO nanowire array supported on the graphene surface was fabricated by thermo
hydrolysis method. The ZnO nanoparticles (seed crystals) were first deposited on GO surface and
then ZnO nanoparticles grew to ZnO nanowire array when the seed crystal side was hung upside
down and touched with ZnO precursor solution during the process of thermo hydrolysis. The ZnO
nanowire array was then coated with TiO, precursor, hydrolyzed and turned to crystalline TiO,. The
formed ZnO/TiO,/graphene composites have different structure depending on the reaction
conditions and their morphology was observed with scanning electron microscopy.

Introduction

Zinc oxide is an unique material that exhibits semiconducting and piezoelectric dual properties, so it
is widely applied in industry for many purposes such as optoelectronics, sensors, transducers and
biomedical science[1], antireflection coatings, transparent electrodes in solar cell, laser and surface
acoustic wave devises, etc[2]. Nano size ZnO is even more attractive and various shapes of ZnO
nanocrystals have been prepared[3]. ZnO embedded into a porous template by using the spray
pyrolysis method exhibited a broadened dominant excitonic band edge emission and rapidly
decreasing deep level emission with decreasing temperature in contrast to ZnO powder[4,5]. The
ZnO nano-array can be used as luminiferous materials in laser, light emitting diode and solar cell
[6-8]. TiO; is another semiconductor. TiO,, as one of the most important transition-metal functional
oxides, has attracted extensive attention during the past decades for its superior physical and
chemical properties. TiO, nanowire arrays are widely used in dye sensitized solar cell and
photocatalytic degradation of chemical pollutant[9-10]. Heterostructures of two or more
components, such as TiO, doped/deposited with other semiconductor oxides including ZnO and
SnO,, sulfides including CdS, PbS and CdSe, or noblemetals including Ag, Au, and Pd, have been
developed to enhance the separation of photoexcited electron-hole pairs, to provide more surface
sites for reactions, and increase the light absorption range[11]. Here, ZnO/graphene and
ZnO/TiO,/graphene heterostructures were fabricated by thermo hydrolysis method.

Experimental

The glass slide was firstly treated according to the standard procedure and used as matrix. The glass
slide was dipped into 0.01% GO solution for 10 minutes, rinsed with deionized water, flushed with
pressed air and dried. Then it was socked into 0.005mol/L precursor solution of zinc acetate in
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absolute ethyl alcohol for 5 minutes, taken out, rinsed with absolute ethyl alcohol and dried at 90°C.
The above steps repeated for 10 times, and then the glass slide was put into oven and sintered for 20
minutes at 340°C to obtain ZnO nanoparticles, during which the GO was partly reduced.

Zinc nitrate (0.005mol/L) and hexamethylenetetramine (0.005mol/L) solutions were put into a
container. The glass slide was hung inside the container with seed crystal side upside down and
touched with the ZnO precursor solution. The container was placed into a high pressure reaction
kettle and reacted for 16h at 75°C for ZnO nanowire growth.

The above ZnO nanowire loaded glass slide was soaked into tetraisopropyl titanate (TIPT)
solution (0.001mol/L, in absolute ethyl alcohol) for 8h under N, atmosphere, taken out and put into
water-ethyl alcohol solution (0.0033mol/L) to make tetraisopropyl titanate hydrolyzed, and then
soaked into ethyl alcohol aqueous solution (60%) and react for 10h at 160°C in a high pressure
reaction kettle. The ZnO noaorod array was observed with scanning electron microscopy
(JEOL-6700F ESEM, Japan)

Results and discussion

The GO nanosheets were prepared in our laboratory by a modified Hummers method[12]. Their
aqueous suspension is stable for several months with no precipitation occurring, and this is useful
for forming smooth graphene film on the glass slide for growing ZnO nanowires. The ZnO
nanowires formed in the early stage is very short, but they are perpendicular to the glass slide as
shown in figure 1A. When ZnO nanoparticles were pre-produced and coated on the graphene as
seed crystals, the formed ZnO nanowires are not perpendicular to the glass slide (figure 1B).
Meanwhile, we found that the solution used to grow ZnO crystals also effect the growth of ZnO
nanowires (figure 1C-H). In solution 1 (a mixed solution of 0.01mol/L zinc nitrate, 0.3mol/L
ammonia water, 0.005mol/L hexamethylenetetramine, 0.005mol/L polyethyleneimine), the ZnO
nanowires do not keep in one direction (figure 1C-D), because they grow too fast. Whereas in
solution 2 (a mixed solution of zinc nitrate and 0.005mol/L hexamethylenetetramine), ZnO

Fig.1 ZnO nanowire arrays grown on the graphene film

nanowires grow slowly, but in one direction (figure 1E-H). Therefore, growing solution 2 was
applied to study the effect of its concentration on the ZnO nanowires. The ZnO nanowires raised in
high concentration (0.01mol/L) are short but thick. So the ZnO nanowire array is dense and
unidirectional (figure 1G-H). On the contrary, ZnO nanowires look thin, so the ZnO nanowire array
is comparatively sparse. The long nanowires are too slim to stand straight. The above results
indicate that the structure of ZnO nanowire array can be adjusted by changing the concentration of
growing solution.
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The adhension of ZnO nanowire array to the GO film is a key point for the following coating of
TiO, precursor solution. Fig.2A that the adhesion is so strong that the GO film is detached from the
glass silde but attached to the ZnO nanowires after thermol tratment. Figure 2B shows the freestand
graphene films with ZnO nanowire array that are layed face-to-face.

Fig.2 Freestand graphene film with ZnO nanowire arrays and ZnO nanowire array (Fig.1E and 1G)

coated with TiO, precursor (C, D)

Fig.3 Morphology of TiO2 grown on ZnO nanowire array in different conditions. (A) 0.0033mol/L
TIPT, water; (B) 0.0033mol/L TIPT, 25% ethyl alcohol; (C, D) 0.01mol/L TIPT, 60% ethyl alcohol

Fig.4 SEM photos of ZnO/TiO2 after etching

When ZnO nanowire array was coated with tetraisopropyl titanate solution, the nanowire surface
became rough (figure 2C, 2D). After thermal treatment for 10h at 160°C, TiO, was formed, but the
morphology of TiO, is different (figure 3). The diameter of the ZnO nanowires in figure 3 increases
as compared with the nanowires in figurelE, indicating that the ZnO nanowires have a TiO, shell
and ZnO forms the core, or core@shell structure (ZnO@TiO). When TiO, grow outside from the
side of ZnO nanowires, a new ZnO/TiO, structure is formed as shown in figure 3B. This can
drastically increase the surface area of the composite and find application in dye sensitized TiO,
solar cell or photocatalytic degradation of chemicals. When high concentration of TiO, precursor is
used, the ZnO nanowires are covered by a thick shell of TiO, (figure 3C-D). The composite is
etched with a mixed solution (3% HF-12% water-85% glycerol) to unveil the ZnO nanowires

(figure 4).
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Conclusions

ZnO nanowire array can be grown on the grapheme oxide film by thermo hydrolysis. The ZnO
nanowires can induce the growth of TiO; and creates ZnO/TiO, composites of different structure.
The ZnO/GO and Zn/TiO,/GO heterostructures have potential applications in dye sensitized TiO,
solar cell and photocatalytic degradation of chemicals.
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Abstract: Though poly(ethyleneteraphthalate)(PET) fabrics have high initial modulus, outstanding
creasability and wash-well character, but its hydrophilicity and biocompatibility are very poor. In
this paper, the PET fabric was encased sucrose ester at high pressure and high temperature to endue
it enough hydroxyl to grafting protein. The sericin was grafted on PET fabric by sucrose eater
glycidyl ether (SEGE). The FT-IR spectra showed that sericin was grafted on PET fabric, and the
structure of sericin was random coil conformation. X-ray diffraction spectra showed the structure of
PET fiber did not changed. DSC showed the thermostability increased a little. After the PET fabric
grafted with sericin, the hydrophilicity of PET sericin composite fabric was improved greatly, the
cockle elasticity kept well, and the broken strength in creased a little. Certainly, the whiteness and
air permeability decreased a little. The PET sericin composite fabric was high functional.

Introduction
Poly(ethyleneterephthalate)(PET) fabrics have high initial modulus, and outstanding creasability
character. Then it is widely used as apparel. But its hydrophilicity and biocompatibility are very
poor. Then many papers reported to modify PET fabric to increase its hydrophilicity etc. For
example, PET fabric was treated with KMnO4 and H,SO,4 to endue PET fabric with -COOH, and
irritated with ultraviolet and Os to increase the hydrophilicity[ 1-3], or hydrolyzed to create -COOH
and —OH[4-5].

In this paper, the PET fabric was semi-encased with sucrose ester to endue PET fabric with
enough —OH. And because sericin has good biocompatibility, the encased PET fabric was grafted
with sericin by crosslinkage to endue PET fabric with high functional property.

Materials and methods

Materials. PET fabric was bought from market. hydrochloric acid and NaOH (Chendu
Eichlorohydrin, tetrabutylammonium, Chemical agent Company), sucrose ester(Liuzhou Food
Additive Company),.

Synthesizing sucrose ester glycidyl ether(SEGE). SEGE is a crosslinkage compound which
has softening function, because it has hydrophobic hydrocarbon chain. The synthesis method was
same as the former paper[6].

Encasing sucrose ester on PET fabric to endue polyester fabric -OH. The encasing
process was at high pressure and high temperature, it was same as the former paper[6].



50 Frontiers of Advanced Materials and Engineering Technology

Preparing sericin. The silk was degummed at high pressure and high temperature. The
temperature was 130°C, and time 60 min. Then the sericin solution was prepared.

Grafting sericin on PET fabrics encased sucrose ester. PET fabrics were immersed into
sericin and SEGE solution for 20 min. After immersing, the PET fabrics was dried at 60 C, and
baked at 100 ‘C for 30 min.

Analytic Methods. Differential scanning calorimetry (DSC) measurement was performed by a
DSC 2003 F3 Maia instrument. Wide angle X-ray diffraction (WAXD) profile were obtained by a
Beijing puxi XD-3 diffractometer. Fourier transform infrared (FT-IR) spectroscopy was measured
with a PE FT-IR-Spelmm GX infrared spectrometer.

Measurement of characteristics of PET sericin composite fabric. The moister regain, flexural
stiffness, creasability, air permeability, whiteness, broken strength etc. characteristics were
measured with standard methods.

Results and discussion

Structure. Fig.1 is FT-IR spectra of PET fabric encased sucrose ester and grafted sericin. The
absorption bands at 1700.99cm-1 is amide [,1550.42 cm-1 is amide II ,attribute to the B -sheet
structure, and 1247 cm-1 is amide Il attribute to random coil conformation. The amide 1I is very
weak, and amide III is strong, then the structure of sericin on PET fabric is mainly random coil
conformation.
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Fig.1 FT-IR spectra of PET fabric grafted with sericin Fig.2 DSC thermograms of PET fabric

Fig.2 is DSC thermograms of PET fabric, PET fabric encased sucrose ester, and PET fabric
encased sucrose ester and grafted sericin. From Fig.2, the melt point of PET fabric encased sucrose
ester was lower than PET fabric. But the melt point of PET encased sucrose ester and grafted sericin
was higher than PET fabric. This showed the thermostability of PET fabric grafted sericin was
higher than PET fabric.
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Fig.3 X-ray diffraction spectra of PET fabric
Fig.3 is X-ray diffraction spectra of PET fabric, PET fabric encased sucrose ester, and PET fabric
encased sucrose ester and grafted sericin. The three X-ray diffraction spectra were similar, and there
was no new diffraction apex, this also showed the structure of sericin on PET fabric was random
coil conformation.

Characteristics of PET fabric grafted sericin

Table 1 showed the wearability and some physical property of PET fabric encased sucrose ester and
grafted sericin. With the increase of grafting rate of sericin on PET fabric, the moisture regain
increased. When the grafting rate of sericin reached 4.2%, the moisture regain increased 67.5%.

With the increase of grafting rate of sericin on PET fabric, the rapid and cockle elasticity
increased firstly, and then decreased a little. In general, with the increase of grafting rate of protein
on PET fabric, the cockle elasticity decreased greatly[7]. PET sericin composite fabric only
decreased a little when the grafting rate was relative high. This is because the crosslinkage has a
hydrophobic hydrocarbon chain, which decreased the interaction of sericin on PET fabric.

Table 1 Characteristics of PET fabric encased sucrose ester and grafted sericin

Grafting rate /(%) 0 0.9 1.5 2.1 3.2 3.8 4.2
Moisture regain/(%) 0.4 0.44 0.52 0.55 0.58 0.58 0.67

Rapid cockle elasticity/(°) | 306.12 312.28 | 311.15 310.46 307.56 304.28 301.37
Slow cockle elasticity/(°) | 316.23 324.15 | 323.18 322.15 318.36 313.23 308.36

Broken strength/(N) 480.12 620.23 | 618.35 601.23 510.34 650.11 650.08
Whiteness 87.23 80.36 79.26 79.21 75.32 70.18 70.13
Disappearing time of

1805 612 431 305 98 41 20
bead /(s)
Contact angle/(°) 170.13 164.21 | 150.23 142.20 108.15 104.98 95.03
Air permeability/(mm/s) 1609 1605 1592 1463 1365 1365 1306
Spray rating 4 3 2 2 2 1 1

The broken strength of PET fabric grafted sericin not only did not decrease, but also increased a
little. This i1s because the encasing sucrose process did not damage the polyester macromolecule.
However, other modification method, such as modified with KMnO,4, would break the PET
macromolecules.
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With the increase of grafting rate of sericin on PET fabric, the whiteness of fabric decreased a
little. This is because the sericin solution is not very white.

After the PET fabric grafted sericin, the bead could wet the fabric more easily. The disappearing
time of bead on PET fabric could decrease from 1805 second to 20 second. The contact angle
decreased from 170.13° to 95.03°, and the spray rating decreased from 4 to 1. These showed the
hydrophilicity of PET fabric was improved greatly.

The air permeability of PET fabric grafted sericin decreased a little. This is because the sericin
partly jammed the lacune of fabric.

Conclusions

The FT-IR spectra showed that sericin was grafted on PET fabric, and the structure of sericin was
random coil conformation. X-ray diffraction spectra showed the structure of PET fiber did not
changed. DSC showed the thermostability increased a little. With the increase of grafting rate of
sericin, the moisture regain increased, the hydrophilicity was improved greatly, and the whiteness
and air permeability decreased a little. The cockle elasticity of PET sericin composite fabric kept
well, and the broken strength in creased a little. These showed the PET sericin composite fabric was
high functional.
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Abstract. Liquid shock absorbing system as the primary one, although it can solve the shock
absorbing problem, there has been a crash or impact occurs instantaneously when the apparent tilt
steering and comfort very poor phenomenon. To this end, a new study of nitrogen gas shock
absorber fluid control body height at rated load automatically within the body to adjust to the
optimal height designed to improve the car's shock absorber damping effect, making the car more
shock absorption system safe and comfortable, with a more stable operational.

Introduction

Auto automobile shock absorber is one of the key components of suspension rack. Its performance
plays a decisive role in the car's carrying capacity, speed, driving stability and comfort. In recent
years, with the rapid increase of car ownership in China, people, in addition to car speed,
considerate the car's power, economy, emissions, reliability, maneuverability, stability, security.
Vehicle suspension shock absorber as an important assembly of suspension system, it can decay
auto body vibration, so plays a very important role [1] in the vehicle ride comfort, handling and
stability and security. It is positive significance to develop a performance shock absorbers for
improvement of the quality of automotive quality and service life of the car.

Nitrogen-oil fluid’s overall design of body height control shock

Nitrogen — oil fluid structure principle of body height control shock. Nitrogen — oil fluid structure
principle of body height control shock absorber shown in Fig. 1. 1 - piston rod, 2 - pump check valve,
3 - outer cylinder of shock absorber, 4 — up and outside additional chamber, 5 - working cylinder, 6 -
guide tube, 7 - outside and under additional cavity, 8 —oil hole , 9 - static and dynamic sealing ring
group, 10 — up piston chamber, 11 - oil pump valve, 12 - damping piston, 13 - drain valve hole, 14 -
height sensor, 15 — up piston chamber, 16 — fluid shunt.

1

Fig. 1 Nitrogen - Oil damper body height control structure diagram
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When shock absorber was stroked by external shocks, the piston rod was in the compression
stroke. At this point, the damping piston 12 together with the piston rod 1 runs down. So, up and down
the piston cylinder chamber pressure increases, forcing the oil level of piston chamber 15 drops, part
of the hydraulic oil from the liquid orifice goes into the guide tube 6, which goes into the next from
the guide tube 6 additional external cavity. Also part of the hydraulic oil from the piston chamber 15
goes through the lower orifice of damping group (within the cylinder along the bottom of a set of open
orifice) into the outer chamber 4 attached. When the external load was unloaded, piston rod 1 moves
upward under nitrogen response elasticity. Excess hydraulic fluid in the outer chamber 4 returns back
to the piston 15 from the orifice of the inferior vena group. At this time, there will be a part of the
hydraulic oil flows from the pump check valve into guide lubrication chamber, flowing into the piston
chamber from the guide lubrication chamber. This completes a cycle of work.

Nitrogen - oil fluid’s overall design structure principle of body height control shock.
Nitrogen - oil fluid’s main components and internal structure of body height control shock is shown
in Fig. 2. 1 - low-pressure nitrogen, 2 - pump rod, 3 - low-pressure oil, 4 - high-pressure nitrogen, 5
- Oil separator, 6 - hollow rod, 7 - high-pressure oil chamber, 8 - rubber elastic element, 9 - suction
tube, 10 - height sensor, 11 - piston valve system, 12 - pump - inlet valve, 13 - control tube, 14 -
pump chamber, 15 - pump - oil drain valve.

- ‘lim = , T |\

NN

Fig. 2 Nitrogen - a high degree of control of body fluid shock absorber structure

Control sleeve 13 is mounted on the inside of hollow rod 6 and the internal of control sleeve
control 13 also is done pump rod 2 and two-way valve, which composes of the pump system. Piston
valve system 11 is installed in the lower end of rod 6 (piston side), which moves in the cylinder and
produces damping force. Hydraulic oil of high pressure chamber and high pressure gas is separated
by oil and gas membrane 5. During the recovery stroke, the volume of the pump chamber 14 varies
from small to large and hydraulic oil is drawn from the low-pressure chamber to the pump chamber
14 due to the presence of one-way valve. In the compression stroke of the pump chamber 14
changes from large to small and hydraulic oil from the pump chamber 14 is pumped into the
pressure chamber due also to the presence of one-way valve. It is repeating and the pressure of
high-pressure chamber is also increasing up to push car body to the best body ride height. Once to
the optimum height, the system bypass is opened, the oil runs along s the height of the spiral groove
of sensor 10 and the vent hole pump of rod 2, so that fluid pressure circulates in the pump chamber
and the high pressure chamber. Car is maintained in the best height.

Nitrogen - Oil fluid’s mathematical model of body height control shock

Nitrogen - Qil fluid’s mathematical model of body height control shock. Nitrogen — oil fluid’s
mathematical model of body height control shock is shown in Fig. 3. 1 - sprung mass, 2 - working
cylinder, 3 — nitrogen gas springs, 4 - sprung mass,5 — piston rod, 6 - gas damper, 7 - hydraulic
damper, 8 - input signal.
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Fig. 3 Physical model of nitrogen damper in cars

For the sprung mass, differential equations is established based on Newton's second law.

mlal = Fgas +Fgasid _Gl

(1)

. the movement acceleration velocity of

a _

In the above formula, the above-sprung mass.

above-sprung mass. Fous elastic force of the nitrogen spring. Fousa damping force produced by

gas damper. Gi_ the gravity of above-sprung mass.
For the sprung mass, a differential equation is established according to Newton's second law.
mya, = F; +Fai17d -F, -G,

ga.

2)
the movement acceleration velocity of
FA

exciting force. Fou_a_ damping force produced by gas damper. G, _the gravity of below-sprung mass.
For the sprung mass, a differential equation is established according to Newton's second law
Determination of characteristics of shock absorber damping force. Damping force generated
by oil’s passing through throttle is the product of pressure difference on both sides of throttle and
pressure area, the pressure is.

m,_ a,_

In the above formula, the below-sprung mass.

F =F, cos(wt) F,

below-sprung mass. s - exciting force. * 4 -the maximum amplitude of the

p 0’
P:ECZ 2+0(Q

«“ (3)
P - fluid densit kg/mm’y O i mm® /sy Ca_ i
y( ). = -flow passing through the valve( ). flow coefficient.
& - coefficient related to orifice shape and fluid viscosity.
Determination of relative damping coefficient to shock absorber. After loading, the basic
parameters of shock absorber are expressed as the relative damping coefficient, which is.

¢ — 7/
2N KM 4)

?_ the relative damping coefficient. 7 - damping coefficient of shock absorber (derivative of
damping characteristics). K -suspension stiffness(N/mm). M - sprung mass( kg ).

When the relative damping coefficient? = | ,non-periodic domain movement is produced; When
? s very large, although it is quickly decay in the resonance area, it increases in the non-resonant

excitation region. When¢21, periodic motion is produced and when ¢ s very small, the
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resonance amplitude is too large. General relative damping values vary between 0.3 and 0.5 range.
Ceiling value should be pick up for the undamped elastic elements, while lower limit should be
taken under the condition of existence of flexible components and suspension -oriented mechanism.

In order to rapidly decay vehicle vibration and not to transfer a large road impact to the car body,
generally, ,resistance of tensile and compressive of shock absorber is allocated according to the ratio
of 8:2 ~ 6:4.

The choice of shock absorber stroke. Damper stroke diagram is shown in Fig. 4. The total stroke
of damper is consisted of two parts: up-moving stroke and down moving stroke, namely.

L oL e

Fig.4 Schematic diagram of shock absorber stroke

S=S§,+8, Q)
In forma, S, =L-L_, .L- center distance of two lugs when a car fully loaded. S,-Should be

slightly larger than up-stroke when suspension system fully loaded (assuming the buffer block goes
off). S, =L, -L ,damper can withstand part of the rebound tension, so S, should slightly be

min

larger than the static spring deflection. Bound to the inappropriate choice of S,,S, , shock

absorber is not working properly, resulting in pull-off crushed, bashed or broken mounting brackets
and so on.

Conclusion

In this study, oil and gas spring damper physical and mathematical models was established to
determine the shock absorber damping characteristics and the calculation as well as the analysis and
design of damping characteristics of the damping element.

Body height adjustment and balance power completely come from relative motion between the
vehicle body and axle during vehicle moving without any external energy input. So, the real highly
integrated, multi-function, zero power and zero emissions is reached.

Application of Nitrogen — oil fluid control of body height fluid shock absorber improves the car's
shock absorber damping effect, making the car shock absorber system more safe and comfortable,
thus a more stable operational.
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Abstract. The kinetics and activation energy of photocatalytic degradation of phenol has been
studied using the catalytically active TiO, and PANI modified TiO, nanoparticles. The reaction
follows a pseudo-zero-order kinetics. Apparent activation energy of phenol photocatalytic
degradation in water was 13.76kJ/mol by TiO, and was 12.31kJ/mol by TiO,/PANL

Introduction

In recent years, extensive research has shown that heterogeneous photocatalysis is a viable
alternative to treat pollutions in water and air. More attentions have been paid to degradation of
organic pollutions in wastewater using titanium dioxide photocatalyst because titanium dioxide
could be used repeatedly without any noticeable deterioration of photoactivity and is non-toxic,
photochemical stability and economical [1].

However, photo-generated electrons can recombine with holes very quickly and the wide band
gap of TiO; (3.2 eV) only allows it to absorb the ultraviolet light (<387 nm). These disadvantages
of TiO; result in a low efficiency of the photocatalytic activity in practical applications [2]. In
recent years, nanocomposites of conductive polymers and inorganic particles have interesting
physical properties and many potential applications. Polyaniline, polypyrrole and
poly(3-hexylthiophene) modified TiO, can effective improve the photocatalytic activity of TiO,
catalyst under visible light and sun light [3-5]. Also, Polyaniline modified TiO, nanoparticles have
higher photocatalytic activity than neat TiO, nanoparticles under UV light [6].

The photocatalytic oxidation of phenol is one of the most frequently studied reactions because
phenolic compounds are widely used in industry and daily life [7]. How to eliminate phenolics in
wastewater effectively has been in urgent demand. In the present paper, the photocatalytic
degradation of phenol was chosen as a model reaction to evaluate the photocatalytic activities of
TiO, and PANI modified TiO, catalysts. The apparent activation energies of photocatalytic
degradation of phenol by TiO, and PANI modified TiO; catalysts were calculated.

Experimental

Materials

Phenol, ammonium peroxydisulfate and hydrochloric acid with AR grades were obtained from
Tianjin Chemical Reagents Company and were used without further purification. Aniline was
distilled before used. Nanoparticule TiO, was prepared in our laboratory with an average particle
size of about 15nm.
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Preparation of TiO,/PANI composites photocatalyst

Polyaniline-modified TiO, composites were prepared by chemical oxidative polymerization of
aniline in the presence of TiO, nanoparticles. Nanocrystalline TiO, particles were dispersed into
HCI aqueous solutions with ultrasonic vibrations for 30min to obtain a uniform suspension.
Quantitative aniline was added into this mixture dropwise under vigorously stirring in the ice-water
bath, after which ammonium peroxydisulfate (APS) dissolved in HCI aqueous solution was added
to the reaction vessel. Then the mixture was allowed to polymerize under stirring for 6h. Finally the
polyaniline-modified TiO, nanoparticles were filtered and washed, then the nanocomposites were
dried at 80°C till the constant mass was reached. In this way, PANI modified TiO, nanocomposites
were prepared.
Degradation test of phenol

To evaluate the photocatalytic activity of photocatalyst, phenol aqueous solution was placed in a
quartz photo reactor with 1gL™" TiO, or TiO,/PANI photocatalyst. The suspension was aerated prior
and during the reaction (air flow rate v=10L-h™"). After 30 min acration the suspension was
irradiated with high pressure Hg lamp (500W). The photo flux was about (0.20+£0.01)kWm™.The
temperature inside the reactor was maintained at ca. 300 K by means of a continuous circulation of
water in a jacket surrounding the reactor. Samples of 10 ml were withdrawn from the suspension
every several minutes during the irradiation. The photocatalyst were separated from the solution by
centrifugation and the quantitative determination of phenol was performed by measuring its
absorption at 270 nm with a UV-vis spectrophotometer.

Results and Discussion

Effect of Initial Phenol Concentration on Degradation Rate

The mechanism of many photocatalytic reactions have been described in detail in the literatures
and many of these are concerned with the degradation of organic and inorganic compounds [8,9].
During the photocatalytic process the catalyst is activated by photons. When the semiconductor,
TiO., is irradiated with photons of appropriate energy, the formation of an electron-hole pair occurs,
and then these charges can either recombine or participate in different reactions. The dependency of
the degradation rate on the concentrations is widely reported by means of the
Langmuir-Hinshelwood (L-H) model in a batch reactor for a given light intensity combined with the
assumption that the oxygen is adsorbed on different adsorption sites than the other products [10]. In
generally, the L-H model is simplified by including the surface coverage of oxygen in an apparent
kinetic parameter and by considering the initial degradation rate. Furthermore, the last assumption
allows neglecting the intermediates which is difficult to estimate because all the major
intermediates and by-products must have been identified. So L-H model expression becomes (1):

o ko K (4] (1)
1+ K ,[4]

Where k,»s is an apparent kinetic parameter depending on light intensity, mass and nature of the
catalyst, and concentration of the electron carrier. For low concentration, K4/A]/<<I, Eq (1) reduces
into r9=keps/AJ, which is first order reaction. For high concentration K/4]/>>1, the degradation
rate is maximal and of order 0 with regard to the initial concentration. This expression is only valid
at the beginning of the reaction when the by-products are produced in a negligible amount.

The change in concentration of phenol as a function of irradiation time and its dependence on the
initial concentration of phenol is shown in Fig.1(a). It was observed that under experimental
conditions the concentration of phenol was changed with linear when the initial concentration of
phenol in the range of 0.21-0.85 mmolL 'was different. The degradation rate is of zero-order rate
law. The rates obey the Langmuir-Hinshelwood relationship, the L-H kinetic equation was:
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Where £ is the rate constant, K is the adsorption constant of phenol on TiO, from water and ¢ is
the initial phenol concentration, the plot of #' as a function of ¢, should yield a straight line. This
hypothesis was verified through the double reciprocal plot shown in Fig.1(b). For the value of k&
derived from the intercept, and for K derived from the slope of the line, we obtained £
=0.0237mmolL 'min™" and K=3.259 mmol'L, respectively. The high adsorption constant supports
the view that phenol is easily adsorbed over TiO,.
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Fig.1 Effect of different initial concentration of phenol on degradation rate (a), linear relationship
between reciprocal of initial rates (1/7) and reciprocal of initial phenol concentration (1/¢y) (b)

Determination of Apparent Activation Energy

The dynamics of phenol degradation at different temperature by TiO, is shown in Fig. 2(a). It
suggests that the decline of phenol concentration is linear relation with the degradation time, and it
obeys zero-order reaction kinetics. Generally, the rate constant follows an Arrhenius
temperature-dependence and increase exponentially with temperature.

k= Ae E/RT [3]

Where k£ denotes the (temperature-independence) rate constant, £ represents apparent activation
energy, 7 is the reaction temperature, R is the gas constant. Results further confirm that raising the
temperature increased the chemical reaction rate. It can be concluded the apparent activation energy
of neat TiO, from Arrhenius equation is 13.76kJ/mol. Generally, the activation energy of chemical
reactive is in the range of 40-400 kJ/mol. Therefore, the effect of temperature on reactive rate is
very little in the photochemistry reactive.
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Fig.2 Dynamics of phenol degradation by TiO, at different temperature (a), Relationship of
degradation rate constants and temperature
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According to our former research, the introduction of about 1% PANI into TiO; nanoparticles
enhanced the photocatalytic activity significantly [6]. The optimal initial TiO,/ANI molar ratio was
100: 1, so TiO,/PANI composites with initial TiO,/ANI molar ratio (100:1) was chose to degrade
phenol aqueous solution. The dynamics of phenol degradation at different temperature by PANI
modified TiO, catalyst is shown in Fig. 3. Also, the apparent activation energy of phenol
degradation by TiO,/PANI composites is 12.31kJ/mol. Compared to TiO,, phenol degradation
apparent activation energy is lower about 1.45kJ/mol. So, the degradation rate of phenol by
TiO,/PANI composites improved.

Conclusion

In this article, PANI modified TiO, nanoparticles were prepared by in situ chemical oxidative
polymerization method. The photocatalytic degradation of phenol and its reactive kinetics have
been studied using nanoparticulate TiO, and TiO,/PANI nanocomposites. Results show the reaction
follows a pseudo-zero-order kinetics under UV irradiation. Apparent activation energy of phenol
pthotocatalytic degradation in water by TiO;, and by TiO,/PANI composites are calculated which are
13.76kJ/mol and 12.31kJ/mol respectively.
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Abstract. The effects of SiC addition on physical properties and slag resistance of MgO-based
castables were investigated using magnesia as the main raw and silica micropowder as binder. The
result revealed that with increasing SiC addition, dried strength decreased, medium and high
temperature strength first increased and then decreased and reached a maximum at 3% SiC addition.
The hot modulus of rupture (HMOR) of the materials maximized at 3% SiC addition. The slag
penetration resistance of the castables was improved while resistance to slag attack was deteriorated
with the increase in SiC addition. The materials exhibited optimum slag resistance at 3% SiC
additions.

Introduction

MgO-based castables, possessing the superior performance of polluting-free from molten steel and
basic slag attack resistance, have found applications in metallurgical industry especially in the
production of clean steel. However, the castables has some disadvantages such as low strength, high
thermal expansion, poor thermal stability and structural spalling due to penetration of molten slag,
which largely limit its wide use. To improve the performance of MgO-based castables, some oxides
such as AL,Os, Cr,0;, ZrO,, TiO, were introduced to improve the slag penetration resistance,
thermal stability and sinterability[1-4]. Some nonoxides, such as Si3N4 and SiC, have low thermal
expansion coefficient, good thermal stability and molten slag penetration resistance. Therefore, the
properties of MgO-based castables are expected to be considerably improved when the nonoxides
are introduced. Here the effects of SiC addition on the behavior of MgO-based castables were
investigated.

Experimental procedures

Starting materials. The main starting materials were sintered magnesia (8-5mm, 5-3mm, 3-Imm
and 1-Omm respectively), fused magnesia (< 200 mesh), SiC and silica micropowder. Sodium
tripolyphosphate was used as a dispersing agent. The chemical compositions of the main starting
materials were tabulated in Table 1.

Table I Chemical compositions of main starting materials (wt. %)

Starting materials MgO CaO SiO, Fe,04 AlOs C SiC
Magnesia particles 96.51 1.02 0.97 0.70 0.65 -
Magnesia fines 97.16 0.70 0.63 0.79 0.13 -
Silica micropowder 0.1 0.2 97.5 0.1 0.4 0.5

Silicon carbon - - - 0.2 - 0.3 96.89
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Specimen preparation and testing. The starting materials were weighed according to the
predetermined formulas Table 2, dry mixed well, and wet mixed with addition of appropriate water.
The mixtures were first formed at a vibrating bench into prism specimens of 160mmx>40mmx>40mm
and then dried at 110°C for 24h, sintered at 1200°C and 1500°C for 3h respectively, and cooled
naturally to room temperature.

Prism crucible samples of 70mmx70mmx70mm with a hollow core of 20mmx36mm were
prepared by forming the well wet-mixed castables under vibration on a laboratory vibrating bench.
The formed castables were cured for 24h in mould and another 24h after demoulding, and then
dried at 110°C for 24h.

The permanent linear change, apparent porosity, bulk density, cold crushing strength and
modulus of rupture (MOR) of the specimens were tested by national standard. The HMOR at
1400°C for 0.5h of resultant specimens were determined according to national standard
GB-T3002-1982.

For crucible slag test, 20g steel slag from tundish was charged in the afore-described crucible,
which was heated to 1500°C (3h soaking) in an electric furnace and then cooled naturally. The
corroded area and penetrated area of the cut section of these crucibles after test were observed by
naked eyes. The chemical analysis of the slag adopted is as follows: CaO 46.13; SiO, 16.22; Fe,03
23.19; MgO 10.09; Al,03 2.24; MnO 3.13.

Table 2 Formulations of specimens (wt. %)

Sample code S-0 S-1 S-2 S-3 S-4 S-5
97 sintered MgO (8-1mm) 55 55 55 55 55 55
97 sintered MgO (1-0mm) 15 15 15 15 15 15
Electric fused MgO of 200 mesh 27 26 25 24 23 22
silica micropowder 3 3 3 3 3
SiC fines 0 1 2 3 4

Results and Discussions

Effects of SiC additions on the room temperature physical properties of MgO-based castables
Behavior of the castables dried at 110°C for 24h. Table 3, Fig. 1 and Fig. 2 show that the
influence of SiC additions on permanent linear change, strength, bulk density and apparent porosity
respectively. As SiC addition increases, the permanent linear change values gradually increases
from negative values to positive values, strength gradually reduces, bulk density reduced and
apparent porosity increase. The strength of the castables is mainly provided by the agglomerating
and binding of MgO-Si0,-H,0 system. The hydration of MgO to form Mg(OH), also contributes to
the strength of the material. When SiC addition increases, MgO content reduces correspondingly.
Consequently, Mg(OH), content reduces and the strength of the materials declines. Because the true
density of silicon carbide powder is much lower than that of magnesia fines, the bulk density of the
castables reduces and apparent porosity increases as the additions of silicon carbide increase.

Table 3  Effects of SiC additions on permanent linear change dried at 110°C for 24h (%)
Sample code S-0 S-1 S-2 S-3 S-4 S-5

Permanent Linear Change/% -0.01 -0.01 -0.01 0.0l 0.01 0.03
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Behaviors of MgO based castables fired at 1200°C for 3h. Table 4, Fig. 3 and Fig. 4 show that
the influences of SiC additions on permanent linear change, strength, bulk density and apparent
porosity fired at 1200°C for 3h respectively. As the addition of SiC increases, permanent linear
change gradually increases, strength first increases and then reduces, bulk density reduces, and
apparent porosity first reduces and then increases. The castables possesses greatest strength and
least apparent porosity at 3% SiC addition.

During heat treatment at 1200°C, SiC will react with oxygen.

2SiC(s)*+30,(g) =2Si0,(s)+ 2CO(g)

New formed SiO; is active and could react with MgO in the castables to form forsterite.

2MgO(s)+SiOx(s) = Mg,SiOy4 (s)

(1)

(2)

The reaction takes place accompanying a dimensional expansion. With the addition of SiC
increases, the material becomes denser and the strength of the material increases. However, further
increase in SiC addition would lead to poor sinterability due to the expansion reaction. Therefore,
the structure of the material become loose and the strength of the materials begin to reduce.

Table 4 Effects of SiC additions on permanent linear change sintered at 1200°C for 3h (%)

Sample code

S-0

S-1 S-2

S-3

S-4 S-5

Permanent Linear change/% -0.03

0.01 0.04
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Behaviors of MgO based castables fired at 1500°C for 3h. Table 5, Fig. 6 and Fig. 7 show the
variation of permanent linear change, strength and apparent porosity and bulk density with the
increase of SiC additions. As the addition of SiC increases, permanent linear change gradually
increases, the strength of the castables first increase and then decrease, the apparent porosity first
decrease and then increase.

SiC plays double roles during the sintering process at high temperature. On one hand, silica is
formed due to the oxidation of SiC and reacts with MgO to form M,S, which contributes to the
sintering of the materials. On the other hand, SiC hinders the sintering at high temperature. Take the
two factors into considerations, the behavior of the castables fired at 1500°C exhibit the above
behaviors.

Table 5 Effects of SiC additions on permanent linear change sintered at 1500°C for 3h (%)

Sample code S-0 S-1 S-2 S-3 S-4 S-5

Permanent Linear Change/% -0.48 -0.41 -0.16 0.03 0.24 0.35
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Effect of SiC addition on the hot modulus of rupture of the MgO-based castables. Table 6 is
the HMOR of the castables changes with the increase in SiC addition. The MOR first increased and
then decreased and reached a maximum at 3% SiC addition.

Table 6 Hot modulus of rupture of MgO-based castables at 1400°C for 0.5h
SiC(wt. %) 0 1 2 3 4 5

Strength/Mpa 1.27 1.38 1.63 1.85 1.80 1.59

Effects of SiC addition on the slag resistance of MgO-based castables. Fig. 7 is the photo of
the crucible samples after slag test. It can be observed that as the addition of SiC increases, slag
penetration resistance increase while slag attack resistance decreases. This is because silicon
carbide reacts with oxygen at high temperature to form viscous protective film of silica over the
surface of the specimen, which hinders the penetration of molten slag. The SiC remained in the
interior could not wet with slag, which could markedly improved the slag penetration of
MgO-based castables. As the addition SiC increases, the slag penetration resistance gradually
increases. However, the content of M,;S formed in the specimen increase, which leads to the
reduction of the slag attack resistance. In conclusion, the castables possess the optimum overall slag
resistance at 3% SiC addition.
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0% 1% 2% 3% 4% 5%
Fig.7 Photo of the specimens of different SiC additions after slag test

Conclusions

(1) As the additions of SiC increased, apparent porosity slightly increased, bulk density and
strength of the castables dried at 110°C for 24h reduced; The strength of the castables fired at
1200°C and 1500°C first increased and then reduced.

(2) The hot modulus of rupture at 1400°C for 0.5h first increased and then reduced, and reached a
maximum at 3% SiC addition;

(3) With the increase in SiC addition, the slag penetration resistance of the castables increased
while slag attack resistance decreased. The castables possessed optimum slag resistance at 3% SiC
addition.
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Abstract. The high-pressure crystallized bisphenol-A polycarbonate (BAPC) and BAPC / dioctyl
phthalate (DOP) blend samples were prepared in a piston-cylinder apparatus, and the recovered
specimens were investigated using scanning electron microscopy (SEM). As for the fracture surfaces
without etching technique applied, the detailed information of the crystal morphologies of BAPC was
not shown, though the outlines of such aggregations as spherulites and cylindrulite were still exposed
due to the high-temperature degradation during the long time crystallization. However, the delicate
internal structures of these aggregates were revealed clearly by the introduction of a facile etching
method. The used etchant, dimethylacetamide, was capable of dissolving only amorphous, but not
crystalline BAPC at room temperature. With the employed selective etching technique, BAPC
spherulites with fine structures and different characteristics were observed. Spatial dendrites of the
polymer were also disclosed in BAPC samples plasticized with DOP after a deep etching process.
Furthermore, by controlling the etching process, unique hierarchical structures, composed of
nano-structured micrometer-sized crystalline entities of BAPC, was created on the fracture surfaces.
The study presented here suggested that selective etching is a more effective route to reveal the inner
structures of polymer crystals, as well as to fabricate new surface active materials, such as a
super-hydrophobic surface with self-cleaning effect.

Introduction

There are both scientific and technological reasons for studying the internal morphologies of
polymers. A route to provide the information on lamellar organization, widely employed by the
community, is the one called etching. Etching is the process of using strong acids or oxidants to cut
into the unprotected parts of a polymer surface, which destroys the amorphous region and reveals the
crystalline patterns, such as permanganic etchant for polyolefines and orthophosphoric acid for poly
(aryl-ether-ether-ketone) [1].

BAPC is an ideal subject for the investigation of polymer crystallization, which has been used as an
engineering polymer of high performance, due to its excellent toughness, weatherability and
transparency. A procedure has been described which permits the classification of solvents according
to their effect on the polymer [2]: class I -dissolve amorphous or crystalline BAPC; class I -dissolve
only amorphous BAPC; class III-convert amorphous BAPC to crystalline BAPC; class [V-none of the
above.

Achieved by creating the desired crystal morphologies with ideal molecular orientation during the
processing, solid phase forming under high pressure is a more effective route to produce polymer
products with greatly improved physical and mechanical properties [3, 4]. In this work, a facile
etching route was introduced to reveal the morphologies of high-pressure crystallized BAPC samples.
Some novel crystal forms were observed by the used etchant, dimethylacetamide, which dissolved
only amorphous BAPC at mild temperatures.
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Experimental Procedure

Materials. BAPC in pellets was a commercial product supplied by Changfeng Chem. Co.,
Chongqing, China. The viscosity-average molecular weight, calculated from intrinsic viscosity, was
about 27500. An analytical-grade DOP used as a plasticizer was provided by Tianjin Chem. Co.,
Tianjin, China. By using a Haake Rheocord 90 torque rheometer equipped with a co-rotating twin
screw extruder, BAPC and DOP was melt-blended. The temperature profile used for the extruder was
200, 250, 265 and 220°C from hopper to die and the screw rotation was maintained at 30rpm.

Fig. 1. Secondary electron images of the spherulites in the BAPC sample, crystallized at 200MPa,
300°C for 240h (a), and the cylindrulite in the BAPC sample, crystallized at 200MPa, 300°C for 120h
and then annealed at 200MPa, 320°C for 120h (b and c). No etching technique was applied.

Fig. 2. Secondary electron images of the spherulitic forms in the BAPC sample, crystallized at
200MPa, 300°C for 120h and then annealed at 200MPa, 320°C for 120h: (a) no etching technique was
applied; (b-d) the fracture surface was etched by dimethylacetamide at 25°C for different times.

Sample Preparation. High-pressure experiments were carried out with a piston-cylinder
high-pressure apparatus [4]. The following procedure for crystallization was used. After loading the
sample, low pressure (S0MPa) was applied and temperature was raised to a predetermined level. After
equilibrium was established, the pressure was raised to the desired value. The samples were kept
under these conditions for a predetermined time, and then quenched down to ambient condition.
Characterization. SEM observations were carried out on a JEOL-JSM-5900LV instrument. The
fresh surfaces of the samples were obtained through fracture at liquid N, temperature, which were
further coated with gold for the detections. Prior to the gold treatment, the surfaces were etched by
dimethylacetamide at 25°C for a given time.
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Results and Discusssion

Fig. 1a gives out the secondary electron image of the representative spherulitic forms obtained in a
pressure-crystallized BAPC sample, which impinged with one another during the growth process and
became polyhedral. A cylindrulite was also observed on the fracture surface of another BAPC sample
(Fig. 1b), crystallized at somewhat different conditions. The diameter of the cylinder was much larger
than that of the mature spherulites grown in the same system. The even top plane of the body could be
exposed easily, while most of the lateral surface was embedded in the amorphous matrix. This can
possibly indicate that there were more tie-chains between the amorphous part and the cylindrulite
along the lateral surface. Some cylindrulites may be stuck on the other surface during the fracture,
which resulted in the cylindric holes on the observed surface (Fig. 1c). Although the outlines of such
aggregations were still exposed due to the high-temperature degradation during the long time
crystallization, the detailed inner structures of the polymer crystals were not revealed at all on such
untreated fracture surfaces.

Fig. 3. Secondary electron images of the spherulites grown in the BAPC/DOP (90/10, wt/wt) blend
sample, crystallized at 200MPa, 290°C for 24h: (a) no etching technique was applied; (b) the fracture
surface was etched by dimethylacetamide at 25°C for 6h; (c) zoom-in view of the spherulitic
structures designated in (b).

Fig. 4. Secondary electron images of the spherulitic structures formed in the BAPC/DOP (90/10,
wt/wt) blend sample, crystallized at 300MPa, 290°C for 24h: (a) no etching technique was applied; (b)
the fracture surface was etched by dimethylacetamide at 25°C for 6h; (c) the magnified image of the
part highlighted by an elliptic frame in (b).

Fig. 2a displays a secondary electron image of the fracture surface of the BAPC sample crystallized
at 200MPa, 300°C for 120h and then annealed at 200MPa, 320°C for 120h. Only global aggregates
were observed if no etching technique was applied. However, etched by dimethylacetamide at 25°C to
remove the non-crystalline parts, the detailed internal information of the smooth balls was revealed
gradually with the etching time increased (Figs. 2b-c). The fine structures of the BAPC spherulites
were detected clearly and the observed dense branches indicated that the fibrils within the body
diverged frequently during the growth along the radial directions. The growth of BAPC crystals was
hastened by the introduction of a plasticizer DOP, and spherulitic structures of the polymer became
more open, as shown in Figs. 3 and 4. For the spherulitic forms grown in the BAPC/DOP blend
systems, an abundance of information on lamellar organization was provided by the applied selective
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etching technique (Figs. 3b and c; Figs. 4b and c), which would otherwise be largely inaccessible
(Figs. 3a and 4a). The deep etching by dimethylacetamide at room temperature also disclosed certain
novel crystal morphologies. Fig. 5 shows the secondary electron images of the spatial dendrites of
BAPC with denser structures and different characteristics, which were induced by DOP at high
pressure. Furthermore, the morphologies in Figs. 2d and 4c may give some interesting indications on
the design of new surface active materials. As shown, unique hierarchical structures, composed of
nano-structured micrometer-sized crystalline domains, were created on the BAPC samples, which
were thought to be the basic physical structures of a super-hydrophobic surface with lotus effect [5].

Fig. 5. Secondary electron images of the dendritic crystals in the BAPC/DOP blend samples,
crystallized at: (a) 600MPa, 290°C for 24h, 10wt.-% DOP; (b) 200MPa, 250°C for 6h, 20wt.-% DOP.
The fracture surfaces were etched by dimethylacetamide at 25°C for 6h.

Summary

In conclusion, based on the morphological observations by SEM, a facile selective etching method
was introduced for BAPC. The new usable etchant, dimethylacetamide, evidently revealed the
spherulitic details at room temperature. Novel three-dimensional dendritic crystals with different
characteristics were also revealed by a deep etching manner. Furthermore, unique hierarchical
crystalline structures, potential for functional applications, were created by controlling the etching
process.
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Abstract. Spinel-type metal oxides, lithium-titanium oxide(LiTi; 2503), was prepared by a solid
state reaction crystallization method. The extraction/insertion reaction with this material was
investigation by X-ray, saturation capacity of exchange, and Kd measurement. The experimental
results have proved that the acid-treated sample has a capacity of exchange 5.9 mmol * g for Li in
the solution.

Introduction

The inorganic ion-exchange preparation has the advantage of thermo-stability and radiation
resistance, synthesis simple and good selectivity etc. Apart from that, it appears the fine speciality
in dealing with nuclear waste, gathering and separating of metal ions and chromatogram
analysis[1-2].

In this paper, the solid state reaction crystallization method was used to synthesize the LiTi 2503
of spinel-type oxide, whose composition and structure are different from those in literature[3-4],
The experimental result have proved that the inorganic material has good selectivity and higher
capacity of exchange for Li" in the solution removed Li" previously. Moreover, the cost is cheap
and its application prospect is significant.

Experimental section

Reagent and Instruments. Li;CO; and TiO, were all analytical reagents; pure ethanol; D/max-A
type X-ray diffraction instrument; Dx-170 type ion chromatogram instrument; XQM planetary ball
mill; AA-670 atom absorption spectrum instrument; tubular-furnace.

Synthesis and Identifiable of LiTi; 2503. The pure ethanol was dropped into a XQM planetary
ball mill mixed powder of Li,CO3 and TiO, with a Li /Ti mole ration of 1:1.25 at the condition of
constant rate churning. After 8 hours, the mixture was mixed Completely. After mixing fully, The
mixture was pressed to tablet by tablet press machine. Then the tablet was heat-treated for 4.5h at
775°C to obtain the Li-Ti oxide, the sample was designed as LiTiO-775, whose theoretical formula
was LiTi; 250;. Then it was analysed of x-ray diffraction and compared to literature[3-4].

Composition analysis: A 0.2g portion of sample was dissolved with acid. The Li and Ti contents
were determined by atomic absorption spectrometry.

The Cation Extraction of LiTi Oxide and Acid Modification. Four 0.200g portions of sample
(LiTiO-775 oxides) were immersed in a HNO; solution (50ml) of 0.01M, 0.1M, IM and 10M
respectively with shaking in constant temperature water at 25°C. After 3 days, take the supernatant
solutiozn to determine the cation concentration, test its acid proof ability and the extraction ration of
Li", Ti""

A 5g portion of sample (LiTiO-775) was immersed in a 1M HNO; solution (500mL) with
intermittent shaking in constant temperature water at 25°C. After 7 days, remove the supernatant
solution and add new HNO; solution. Repeating that for twice, then the initial sample was
transformed to H-type sample, washed with water and air-dried. The sample obtained by thermal
crystallized at 775°C and acid modified was designated as LiTiO-775(H). The composition was
determined by the method referred in 1.2, and the H content was calculated by subtraction method.
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Saturation Capacity of Exchange. Eigh five 0.5g portions of LiTiO-775 (H), then each portion
was immersed in a 0.1IM solution (10mL), containing Li", Na", K', Rb" and Cs’ respectively,
diluted to 100mL, shaken in constant temperature water at 25°C. After saturation exchanging
(namely, after 10 days by literature[3-4]) the solutions were filtered by subminiature aperture sieve,
and the cation concentration was determined. At the same time, do vacant experiment. Last, the
inorganic exchanger saturation capacity of exchange for alkali-metal-ions obtained by decrease
quantity.

Distribution Coefficient (Kd). After weighing four 0.100g portions of LiTiO-775 (H), each
portion of sample was immersed in a 0.05M mixed solution (0.200mL) containing Li", Na", K', Rb"
and Cs'( CI'/OH rations are different in each solution, C(C1)+C(OH)=0.1M, C=Li", Na", K", Rb"
and Cs"). The alkali-metals ions total concentration all was 1.0x10°M by adding 9mL distilled
water. After the samples were shaken for 7 days in constant temperature water at 25°C and were
filtered, cation concentrations in each samples were obtained.

Results and Discussion

Compound and Appraisement of LiTi;,s03;. The X-ray diffraction pattern of compound metal
oxide (LiTi;»503), crystallized was shown in figure 1. The structure of compound metal oxide
LiTi; 2505 crystallized at 775°C was much perfect.

We know from chemical analysis, the composition of LiTiO-775 is Lig97T11.2202.95, whose

chemical component is basically corresponded with the composition of spinel-type metal oxides.
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Fig.1 The powder’s X-ray figures of Lig97T1; 220595 crystal

Cation Extraction of Compound Oxide LiTiO and Acid Modification. The extraction ration
of Li" and Ti* from LiTiO-775 in different concentration HNOs; solution is shown in figure 2. we
know from figure 2, the extractabilities of Li" are 49%~91%, and Ti*" are 2.6%~6.9%. Those
indicate that the extractabilities of Li" are higher than Ti*" when exchanger was immersed in 1M
acid solution, corresponding with the exchanger condition was better.(1 N, Li*  84%, Ti*" 5.2%)

The analysis indicate the composition of LiTiO-775(H) was HgiLig16T11.1602.80, Whose
component of 84% Li" transformed to H' compared with the composition Lig¢7T1;2,0,.95 before
acid-treated. Then the specific Li" of exchanger were extracted fulfill basically and remained the
H-type identified with initial type.
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Fig.2 Extraction ration of cations from LiTiO-775 in nitric acid solution

Saturation Capacity of Exchange. The relation between radius and saturated ion exchange
capacity of LiTiO-775(H) for alkali was shown in figure 3. Known from figure 3, the capacity of
exchange for Li" was much higher than those for other alkali ions. The capacity for Li" is 5.9
mmol * g It prove that the ion exchange synthesized has higher capacity of exchange, and better
remembering of exchange for Li". The effect factors of saturation capacity of exchange of
LiTiO-775(H) are: 1) The Li" in exchange solution must be removed previously, because Li"
exchange with exchanger vacancy site when existing too much Li'; 2) The experimental results
shown that the exchange capacity of ion exchanger for Li" is much higher than those for other alkali
ions in thin solution, which indicate that the ion-exchange reaction is carried out between and bare
ions; 3) At the time of exchange, a Li" was replaced by one H'. Li" not only entered the vacancy
site but also exchange with the H™ of surface. Therefore, LiTiO-775(H) has a higher exchange
capacity for Li".
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Fig.3 Relation between ion radius and saturated ion exchange capacity of LiTiO-775 (H) for
alkali ions
Distribution coefficient(Kd). Kd values can be the token of exchange selectivity of LiTiO-775
(H) for correlate ions. Shown in figure 4, Kd values of LiTiO-775(H) for alkali ions are larger and
larger with an increase pH over the pH region studied. The selectivity sequence of LiTiO-775(H)
for alkali metal ions as follows:

Li">Cs">Rb">K" > Na" (1)

It indicates that LiTiO-775(H) has a better ion selectivity for Li". Ion-exchange reaction is

reversible reaction. The reaction of H' in ion-exchanger with alkali metal ions in solution as
follows(example for Li'):
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E-H+Li"<E-Li+H" (2)

4.5+
4.01

3.5 /
3.0 —=—Lj
2.5 —@—Na
1 —A—K
= 2.0
] —X—Rb
= 1.5 —+—Cs

1.0 "
0.5 S
00l + %
0] ——
| x——p——b——
-0.5 A?‘
1 e
-10 T T T T T T T T T T T T T T

3.0 3.5 4.0 4.5 5.0 55 6.0 6.5 7.0

Fig.4 Distribution coefficient of LiTiO-775 (H) for alkali ions

Conclusions

The comprehensive results indicate that the LiTi; 503 of spinel-type metal oxide show a capacity
extraction/insertion of Li" in the aqueous phase, mainly by an ion-exchange mechanism. The
Li"-extracted samples show a high selectivity and a large capacity for Li” among alkali metal ions.
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Abstract. The deformation of vibration incremental forming process for sheet metal is in high
complexity, theory research is not perfect. This subject using DEFORM simulation software, joined
the vibration on the forming process of tool head and simulated the forming process base on
different tool radius and vibration parameters. Simulation result indicated that vibration in greatly
reduced the stress of the forming tool head. The right vibration parameters smoothed out the
forming force largely, reduced sheet metal stress concentration, improved product quality and
product yield. That has a higher degree of study and use value.

1 Introduction

With the development of society, increased competition in the market, and how business can
develop new products quickly, low cost and high quality, changing mold production of large
investments, the production of long-period in the past to meet changing market needs for wide
variety of products in small batches, be the key to business survival and development. Incremental
forming is an advanced means to solve this problem. The technology has broad application
prospects and tremendous economic value, in vehicles, aircraft, appliances, and so the development
of the industry. [1~3]

Incremental forming based on "layered manufacturing", put pressure on sheet metal part by the
point and side-by-layer process of accumulation the deformation to production. It’s a new die less
mold forming technology. The plastic deformation of materials sheet is complex in deformation
process and fundamental research is not perfect. [4] This paper simulated the forming process by
simulation software, respectively changing technology such as vibration amplitude and frequency
and the tool radius parameter. Results show that the vibration reduced forming force and some
forming laws and the appropriate parameters were found.

2 Model of single point incremental forming of sheet metal to create

DEFORM simulation software is a powerful software, material
flow, and is well suited for large deformation State simulation in the
field of research. Because the software does not have the function of
three-dimensional modeling, solid model of this subject is built in the
PROJ/E software and import the software. Solid model is shown in
Fig.1.

Fig.1 entity model-
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Model, tools selected for rigid body, alloy steel; low carbon steel 08AL of sheet steel. The
mechanical properties are in table 1. Numerical simulation of single point incremental forming
process, the tool head configuration rules, using the absolute element mesh, bound in rotational
degree; sheet and blank holder shape simple, the relative grid partition, the X, Y direction fixed. [5]

Table 1: Tool head and sheet metal mechanics performance indicators

] yield tensile elastic shear Poisson's
density )
strength  strength modulus modulus ratio
Gpa Mpa Mpa Gpa Gpa
Sheet material 7850 165.79 290.69 188.78 79.4 0.324
Tool head 7900 785 980 206 80.6 0.3

3 Different vibration amplitude and frequency to the influence of the incremental forming

In simulation experiment, set the sheet metal thickness h=Imm. Select parameter is: feed content
Ah =0.25mm/s, the tool radius r=5Smm, select a different vibration frequencies and amplitudes of
parameters to compose 10 experiments. It is shown in table 2.

Table 2: Experiment parameter table
Group I II 111
plan 1 2 3 4 5 6 7 8 9 10
amplitude A(mm) 0 0.08 0.08 0.08 0.15 0.15 0.15 03 03 03
frequency FMHz) 0 30 50 100 30 50 100 30 50 100

Put parameters above previously to the established model, then Operate simulation and get the

forming and shaping time relationships fig.2. Plan 1 is the forming force curves without vibration.
As a reference curve, it has no change in three charts of Fig.2. Forming force reaches the maximum
value from ON in the 0-5s at the beginning of the forming force, near 1600N, in the 5-10s drop and
stabilized at 1400N until end of the simulation.

Compared to plan 1, other plans show that: 1, vibration substantially reduced forming force; 2,
which greatly improved the rate of change. Vibration reduces the work pressure forming equipment;
tool head deformation of volume declined sharply, former head service life be extended; 3,
spring-back of work-piece will also substantially smaller, improves process parts forming of
precision; 4, metal flows evenly, prevent rupture of metal, stacked and fold, increase yield and
forming quality.

Group I include plan 2, 3, 4 amplitude equal conditions for 0.08mm; group II include plan 5, 6 ,7
amplitude equal conditions for 0.15mm; group III include plan 8,9,10 amplitude equal conditions
for 0.3mm. Within each group, the vibration frequency change in turn. We can see that after you
change the vibration frequency, forming force curve trend in much the same: within the 0-23s
forming force rise from zero to the maximum the 600N, in the 23-25s down to 400N, the simulation
ends. Within each group, forming force curve smoothness of the change is not obvious, but the
higher the frequency, curved smoother trend.

In Fig.2a, 2b, 2c, plan 2, 5, 8 forming force curves is the smoothest, the forming force is
maximum, respectively higher than under the same amplitude of vibration frequency curve (except
8). It seems to show us different vibration frequency on forming force has little effect in this
simulation. Even so, 30Hz processing of vibration frequency is optimal in this simulation.
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Plan 2, 5, 8 have the same vibration frequency as 30Hz; Plan 3,6,9 have the same vibration
frequency as 50Hz; Plan 4,7,10 have the same vibration frequency as 100Hz. If to this be grouped,
each group have the same frequency and the different amplitude. We can see that after the change in
amplitude, in every group, forming force change trend of the curve seem to be the same as follows:
curve less volatile, smooth, curve most volatile. So you can see: effect of amplitude on the forming
is large, oversize or undersize amplitude will make the forming force have greater change.
Processing, suitable amplitude is very important. In this simulation, optimum amplitude is 0.15mm.

Conclusion: changing frequency on forming force is not obvious, changing amplitude will have a
greater impact on forming force. Frequency and amplitude form the comprehensive influence on
forming force.

Fig.2c, amplitude condition is 0.3mm. Vibration frequency is 100Hz, forming force rate
increases and be not suitable for forming, such as plan 10. This phenomenon demonstrates large
amplitude is not suitable for machining with high frequency in the incremental forming. During the
7s of beginning processing, plan 9 is much smoother than plan 8. This describes the frequencies of
the frequency ratio 30Hz is more conducive to forming than 50Hz; before close of 7s, plan 8 is
smoother than plan 9, describes the frequencies of 50Hz is more conducive than that of 30Hz to
forming. This shows that in the process of forming the beginning and end, forming force have a
more complex change. This phenomenon in figure 2 is well attested. It’s the best way to use
different frequencies to process at this stage.
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4 Different tool radius and revolution speed effect on incremental forming

The radius r of the tool head is an extremely important process parameter in incremental
forming. The uniformity of the machining deformation from consideration, bigger the tool radius,
you can make the tool head lower trajectory overlaps part of the increase, thereby enhancing outer
surface smooth finish, the better the performance. Instead, the radius r is undersize, it may cause the
cutting phenomena, makes surface finish go wrong, even appear crack. [6]

Other conditions under certain conditions, forming tool Nose Radius r respectively take to
[7]12mm,4mm,6 mm,8 mm and simulate of cylinder-shaped parts forming angle is 45 °. Forming
forces of different radius is shown in Figure 3. Entire forming process cost 25s and divide it in ten.
The tool spent 2.5s on covering a layer. Take values on cylindrical same bus on each layer and get
Figure 3.

Fig.3a shows: when r=8mm, forming force gradient maximum, when r=2, 4mm, forming force
gradient basic; when the r=6mm, forming force gradient is minimal. Fig.3b shows: curve r=2mm
time t=3, 20s, has two peaks; on curve r=4mm t=20s when there is a peak and peak value minimum;
on curve r=6mm t=3s when there is a peak and peak maximum; on curve r=8mm t=21s when there
is a peak and peak maximum. From here we can see: the bigger the tool radius, forming force
gradient is also bigger, forming force trend to be larger.

Due to changes in forming force large material flow is not easy to make uniform, causes metal
buildup, tension crack, folds and other processing defects, so different machining part should be the
appropriate choice of tool head, which makes forming force moderate values, change is also more
stable. This simulation, the tool radius =4mm is optimal.
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Fig.3b Forming force and timing diagrams Fig.4 Forming force and time diagram under
under different tool radiuses different revolution speeds

In forming process, the axis of rotation of the tool head around axisymmetric component. It
speeds for the revolution speed of the tool head. Other experimental conditions must, take the
revolution speed n to 8r/min, 15r/min, 30r/min. Simulation results is shown in Fig.4. That can be
seen from the diagram: tool head of the revolution speed has little impact on forming force, but its
orbital speed, the lower, forming force curves the more tortuous; its orbital speed the higher ,the
forming force curves the more smooth. If tool head speed is too low, that can easily cause tool head
adhesion of sheet metal; increasing resistance, metal flow caused by uneven; increasing the forming
tool head revolution speed, help to mitigate this situation. When revolution speed is 30r/min of
forming tool head in simulations, curve is most smooth, so 30r/min is optimal speed.
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5 Consequences

The simulation experiment uses the DEFORM software on vibration experimental to simulate

the incremental forming of sheet metal. That has some reference and guidance to the actual process
at a later time.

1) Add vibration to the incremental forming and greatly reduce forming force to the benefit of
extending the life of tool head and reducing defect of metal flow

2) Choosing the right vibration frequency, amplitude, tool head of radius and its revolution

speed can make forming force change more smooth, is conducive to raising the quality and
yield.

3) Determine the optimal value of the corresponding process parameters and have certain

degree of significance to select the experimental and the actual production process
parameters on the other conditions.
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Abstract. Ultra thin graphene oxide (GO)/polyvinyl alcohol and graphene-polyvinyl alcohol/gelatin
composite films were fabricated by electrostatic layer-by-layer assembly and spinning coating
methods. The assembling and coating process were traced with UV-visible absorption spectroscopy
and the morphology of the formed ultra thin films was observed under scanning electron
microscopy. The results show that the adsorption value of the GO based composite films linearly
increased as the number of layers increased. The ultra thin graphene oxide/polyvinyl alcohol and
graphene-polyvinyl alcohol/gelatin composite films have layered structure with high tensile strength
because of the incorporation of GO. These strong ultra thin films have potential applications in
coating, sensor and electrochemical devices.

Introduction

Layer-by-layer assembly (LBL) is a rapid developed simple method to realize surface modification
and obtain multifunctional surface or ultra thin films[1], and it has made great progress in the past
decade. The materials used to assemble composites have been widely extended. New
polyelectrolyte, such as dendrimer and polymer brush, and various colloids such as carbon nanotube
have been used to fabricate composites by electrostatic LBL (ELBL)[2-5]. LBL method shows
potential applications in anticorrosion, biotechnology and pharmaceuticals, photo and electric
technology etc[3,6].

Graphene is ideal fillers for composite materials because of its high tensile modulus and ultimate
strength. It can be added into polymers to form polymer based composites with special and different
functions. For example, graphene oxide (GO)-polyvinyl alcohol (PVA) shows high strength[7,8],
while GO-polyaniline has good electric properties[9-11]. Since GO is dispersed as a very thin
nanosheets in solvents, it can be easily incorporated into composites through ELBL. In the present
paper, GO is selected to fabricate GO base ultra thin composite films with high strength by ELBL
and spinning coating (SC) methods.

Experimental

Assembly of graphene oxide based ultra thin composite films

The glass slide was firstly treated according to the standard procedure and used as matrix. Various
solutions including 1% PVA, 0.1% GO, 0.5% Gel (gelatin), GO/PVA solution (0.1% GO, 1% PVA)
and 5% glutaraldehyde aqueous solution were previous prepared. In ELBL method, the treated glass
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slide was dipped into 1% PVA solution for 5 minutes, rinsed with deionized water, flushed with
pressed air and dried. Then PVA coated glass was dipped into 0.1% GO aqueous solution for 5
minutes, rinsed and dried again to obtain a double-layer. After ten double-layers were finished, the
film was crosslinked for 30 minutes with 5% glutaraldehyde aqueous solution to strengthen the film.
The above steps repeated again and again to form a GO/PVA film up to one hundred double-layers.
Similarly, the GO-PVA/Gel film was assembled by using 0.5% Gel and GO/PVA aqueous solutions.
In spinning coating method, the PVA and GO aqueous solutions were alternatively spinning coated
(1.6k rpm) and dried in an oven at 60°C.

Characterization

The assembly films were analyzed with Fourier transformed infrared spectroscope (Perkin-Elmer
Paragon-1000 FT-IR spectrometer), UV-vis spectrometer (TU-1901 UV-vis spectrophotometer) and
scanning electronic microscope (JEOL-6700F ESEM). The mechanical properties of the films were
tested using a Universal Testing Machine (Testometric, UK).

Results and discussion

Electrostatic layer-by-layer assembly and spinning coating are useful method to realize surface
modification and obtain multifunctional surface or ultra thin films. Here, we apply these two
methods to fabricate graphene based ultra thin films using PVA solution, GO-PVA solution and GO
solution as precursors. The glass slides gradually turn dark as the assembling or coating going on
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and this indicates the thickening of the composite coating layer, which was traced with UV visible
absorption spectroscope and the results are shown in figure 1. The adsorption value of the GO based
composite films linearly increased as the number of layers increased for GO/PVA films by both
ELBL and CS. However, the ELBL film has lower adsorption than CS film, indicating the thickness
of ELBL film is thinner than that of CS film under the same number of layers. Besides,
(GO-PVA)/Gel film by ELBL is thicker than GO/PVA (ELBL), but thinner than GO/PVA (CS),
because the concentration of GO-PVA solution is high. The above difference in thickness can be
directly observed as shown in figure 2. These films have one hundred double-layers. Obviously, SC
method can produce ultra thin GO-PVA films, but ELBL can make even thinner GO/PVA and
(GO-PVA)/Gel films. So GO/PVA films by ELBL are elastic and transparent while the films by SC

(a) GO/PVA (SC, wet) (b) GO/PVA (SC, dry) (c) GO/PVA (ELBL) (d) (GO-PVA)/Gel(ELBL)
Fig.2 Optical photos of GO/PVA films at wet (a) and dry state (b,c) and GO-PVA/Gel films (d)

are brown and translucent. At wet state, the films turn to hydrogel that has high strength because of
crosslinkage by glutaraldehyde and integration of GO. This high strength and stability in wet state
will offer potential applications in tissue engineering and surface modification.

-

(a) 0.05%GO/PVA (SC) (b) 0.1%GO/PVA (SC) () 0.15%GO/PVA (SC)
Fig.3 Optical photos of GO/PVA films with 50 double-layers made from different PVA
concentration

Meanwhile, we also investigate the effect of GO concentration on the GO/PVA films. The films
became thick and dark as the GO concentration increased (figure 3).

Figure 4 gives low (A, C) and high magnification (B, D) SEM photos of GO/PVA films (50
double-layers) by ELBL and SC methods. The thickness of ELBL film is about 1um; while that of
SC film is about 10um, almost ten times of that of ELBL film. We can clearly see the layer
structure of the GO/PVA films.

Graphene is ideal fillers for composite materials because of its high tensile modulus and ultimate
strength. When GO was assembled into the GO/PVA (PVA/0.1%GO, 50 double-layers) or
(GO-PVA)/Gel (50 double-layers) composite films, the tensile strength increased by 3 folds. The
tensile strength can be further improved by increasing GO concentration or forming covalent
between GO and polymers.
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Fig.4 SEM photos of GO/PVA films (50 double-layers) by ELBL (A, B) and SC (C, D) methods

Conclusions

We have successfully prepared ultra thin graphene oxide (GO)/polyvinyl alcohol and
graphene-polyvinyl alcohol/gelatin composite films were fabricated by electrostatic layer-by-layer
assembly and spinning coating methods. The light adsorption value of the GO based composite
films linearly increased as the number of layers increased. The ultra thin graphene oxide/polyvinyl
alcohol and graphene-polyvinyl alcohol/gelatin composite films have layered structure with high
tensile strength because of the incorporation of GO. These strong ultra thin films have potential
applications in coating, sensor and electrochemical devices.
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Abstract. Comparing the crystal orientation of the structure, tensile properties, boiling water
shrinkage rate between difference filament rolls in the same spinning position spun by WINGS POY
system and tradition ACW POY system, it is found that there are differences in orientation degree,
crystallinity, tensile strength, elongation at break, initial modulus and boiling water shrinkage rate
between difference filament rolls in the same spinning position. Coefficient of variation of the
experimental values of WINGS POY system is lower than traditional ACW POY system.

Introduction

Now the equipments of spinning manmade fiber are more efficiency and energy conservation and
more stability and more integrated. WINGS(Winding INtegrated Godet Solution) is a new spinning
system which is researched by Oerlikon Barmag Company. This system is efficiency and save room
and Convenient operation. Compare with traditional spinning system, WINGS system integrate the
guide roller and network devices to the winding head, effectively reducing deflection angle between
the tow, reducing the difference between cake POY filament yarn structure and properties differences,
making the product quality has been improved|[1~3].

Features of WINGS System

Spinning process of WINGS POY:

Polyester melt— Spinning box— Spinneret extrusion—Ring quenching— Oil cluster—Guide wire
hook— First guide wire roll—Network nozzle—Second guide wire roll=Winding— POY yarn roll.
Spinning process of traditional ACW POY:

Polyester melt— Spinning box— Spinneret extrusion—Ring quenching— Oil cluster—Guide wire
hook—Network nozzle—First guide wire roll—Second guide wire roll—=Winding— POY yarn roll.

The wrapping difference for conventional ACW POY spinning plants is 28 degrees, while WINGS
reduces this to only 7 degrees[3]. This guarantees a more even and hence an overall improved yarn
quality within a winding position.

Preparation of Fiber Experiment

Equipments. The PET melt is spinned in spinning box both using Barmag SP8X type box. Winder is
the WINGS POY winder head and ACW winder of Oerlikon Barmag. Every spinning position has 10
POY filament rolls.

Process Parameters. Polyester melt intrinsic viscosity is [77] =0.643dL/ g , content of carboxyl

end is 32.7mol et . Table 1 shows the spinning process parameters. WINGS POY process take
whole one spinning position rolls as samples, ten samples which number W-1 to W-10 from the inside
to the outside of the WINGS POY winder. In the same way the samples of traditional ACW process
craft number A-1 to A-10.



