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Preface 

The International Conference on Materials Science and Manufacturing (ICMSM2012) provided 
a forum for academic scientists, leading engineers, industry researchers and scholar students to 
exchange and share their experiences and research results. ICMSM2012 aims to cover the recent 
advancement and trends in the area of new materials, advanced materials, advanced 
manufacturing technologies, and manufacturing systems and automation to facilitate knowledge 
sharing and networking interactions on emerging trends and new challenges. 

 

This book tends to collect the latest research results and applications on material science and 
manufacturing system and technology. It includes a selection of 77 papers from 212 papers 
submitted to the conference from universities and industries all over the world. All of accepted 
papers were subjected to strict peer-reviewing by 2-4 expert referees. The papers have been 
selected for this volume because of quality and the relevance to the conference.  

 

The editor hopes this book will provide readers a broad overview of the latest advances on 
material science and manufacturing technologies. The editor also believes this book would be a 
good reference for academic researchers and industrial professionals in the fields of material 
science and manufacturing technologies. 

 

ICMSM2012 would like to express our sincere appreciations to all authors for their contributions 
to this book. We would like to extend our thanks to all the referees for their constructive 
comments on all papers; especially, we would like to thank to organizing committee for their 
hard working. Finally, we would like to thank the Trans Tech Publications for producing this 
volume. 

 

Dr. Qingzhou Xu 

Morehead State University 

Morehead， Kentucky, USA 40351 
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CHAPTER 1: 
 

New Materials and Advanced Materials 



 

Investigation on nano-sized ZnO powder doped with Al3+ prepared by 

sol-gel method 

Xiong Yu1,a , Zheng Ji2b, Li Songlin 2c, Liu Xuejia 1d, Liang Lu1e 

1. Beijing Institute of Aeronautical Materials, Beijing 100095, China 
2. School of Materials Science and Engineering, Tianjin University,Tianjin 300072,China 

a. xyubiam@sina.com   b. zheng_ji@tju.edu.cn  c.slli@tju.edu.cn  
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Abstract. Al
3+

-doped ZnO nano-powder was prepared by sol-gel process, using tin tetrachloride 

and titanium tetrachloride as starting materials. The crystallinity and purity of the powder were 

analyzed by X-ray diffraction spectrometer (XRD). And the size and distribution of Al
3+

-doped 

ZnO grains were studied using transmission electron microscope (TEM) and scanning electron 

microscope (SEM). The results showed that the Al
3+

 was successfully doped into the crystal lattice 

of tin oxide and that the electric conductivity of Al
3+

-doped ZnO sample was improved 

significantly. 

1. Introduction 

ZnO doped systems have attracted a lot of attention all over the world due to their good 

conductivity, high whiteness, environmentally friendly behavior and non-toxic property.These ZnO 

materials are mainly used as antistatic agent and have ignificance in research and application, and 

their market demand is growing rapidly. [1,2] The number of conduction electrons increase 

according to the doping content of Al or Ga [3,4]. The substitution of doping ions for zinc ions 

weakens the electron binding capacity of ionic bond. The number of free electrons activated from 

valence electrons increase, which make excess electrons show up in the bottom of conduction band, 

and the carrier concentration of the internal crystal increase accordingly. Moreover, oxygen 

vacancies are generated in the doping process. With the increase of doping content, number of free 

electrons and carrier density, the conductivity of powder decreases[5-9]. 

In this work, the authors prepared pared Al
3+

-doped
 
ZnO using sol-gel technique and investigated 

the microstructure, size, distribution and crystallization of Al
3+

-doped tin oxide grains as well as the 

doping effects on the electrical conductivity of these materials.  

2.Experimental 

The ZnO gel was prepared by sol-gel technique. A brief description was given in the following. 

Tin tetrachloride, (Zn (NO3 ) 2·6H2O) was first resolved into the solution composed of ethanol and 

de-ionized water (volume ratio is 1:1) to a concentration of 2 mol/l with vigorous stirring for a few 

minutes, and then adding titanium tetrachloride (Al (NO3 ) 3·9H2O ) to the solution with the 

dispersant of polyethylene glycol (PEG) and stirring for 30 minutes at 80℃. Ammonia was added to 

the solution until the pH of the mixture reached 7. ZnO gel was rinsed by de-ionized water and 

ethanol after 48 hours of aging until there was no chloride ion. Then the gel was dried in an oven at 

60℃ for 4 hours, and then respectively sintered for 2 hours at 300℃, 500℃ and 700℃ to get 

different Al
3+

-doped ZnOpowders. 

The morphologies of Al
3+

-doped ZnOpowders were observed by scanning electron microscopy 

(SEM; PHILIPS XL-30 TMP ESEM). And its XRD patterns were obtained using Rigakudmax 

X-ray diffractometer with a copper Ka X-ray source, 40 kV and 100 mA.  
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3. Results and Discussion 

3.1 TEM  

 

Fig.1. SEM image of Al
3+

-doped tin oxide gel grains 

 

The microstructure and distribution of Al
3+

-doped ZnO gel grains were shown in Fig.1. It was 

found that the grains varied in size from 10 to100nm and evenly distributed during the formation of 

gel, which revealed that polyethylene glycol (PEG) could effectively prevent ZnO gel grains from 

agglomerating. These phenomena should be ascribed to the repulsive force among the gel grains 

and the electric double layer of gel, generated by the organic polymerization chain reaction of PEG 

in the solution.  

3.2 XRD 

Fig.2 showed the XRD spectra of Al3+-doped ZnO powders sintered for 2 hours at 350℃, 500℃ 

and 700℃, respectively. The measurements demonstrated that there existed only the peaks of ZnO 

while the peaks of Al3+ didn’t occur in all XRD spectra, which revealed that the Al3+ was 

successfully doped into the crystal lattice of ZnO by sol-gel technique. As shown in Fig.2, the 

intensity of ZnO peaks increased with the increase of sintering temperature and the half-height 

width of peaks decreased with the increase of temperature, which indicated that the crystallization 

of ZnO powder developed progressively as the sintering temperature increased. In this work, the 

crystallization of ZnO gel sintered at 350℃ didn’t grow thoroughly while perfect crystal of ZnO 

could be obtained at higher sintering temperature, such as 500℃ and 700℃. The grain size of 

Al3+-doped ZnO powders sintered at different temperatures could be calculated according to the 

Scherrer. The results were shown in Table 1. 
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Fig.2. XRD spectra of the Al
3+

-doped ZnO powders sintered for 2 hours at 350℃, 500℃ and 

700℃, respectively. 

 

Table 1 Grain size of Al
3+

-doped SnO2 powders sintered at different temperature 

Temperature（℃） 350 500 700 

Grain size（nm） 10-20 30-50 70-90 

 

 

It could be concluded that the Al
3+

-doped ZnO powders sintered at 500℃ was more suitable for 

further study because the grains aggregated easily at 700℃, which were also supported by SEM 

images (shown in Fig.3).  

3.3 SEM 

Fig.3 showed the microstructure of Al
3+

-doped ZnO2 powders sintered for 2 hours at 500℃ and 

700℃, respectively. It could be observed that grain size of ZnOpowders sintered at 700℃ were 

much larger than that of powders sintered at 500℃. As shown in Fig.3, the grains of powders 

sintered at 500℃ distributed evenly while those of powders sintered at 700℃ agglomerated, which 

indicated that hard agglomeration of doped tin oxide powder occurred at higher temperature, e.g. 

700℃ in this work.  
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Fig.3. SEM images of Al
3+

-doped ZnO powders with sintered at different temperatures for 2hours, 

respectively. (a)500℃, (b)700℃ 

3.4 Analysis of physical properties 

As shown in Table 2, the density of Al
3+

-doped ZnO powders was higher than that of pure ZnO 

prepared by the same method. And the electric resirtitivity of Al
3+

-doped ZnO materials was 10
4
 

times higher than that of pure ZnO materials. It could be concluded that Al
3+

 doped into the lattice 

of ZnO intensively enhanced the electric resirtitivity of these materials, which was due to the 

following reasons.  

 Table 2. The density and electric conductivity of ZnO materials 

Materials 
Electric resirtitivity 

（Ω·cm） 

Pure ZnO 5.23×10
8
  

Al
3+

-doped ZnO
 

3.142×10
4
  

4.Conclusions 

From the test results discussed above, it could be inferred that it was possible to make nano-sized 

Al
3+

-doped ZnO using sol-gel technique. Polyethylene glycol (PEG) could effectively prevent ZnO 

gel grains from agglomerating during the formation of the gel. It was achievable to get perfect 

Al
3+

-doped ZnO crystal and fine grains when dried Al
3+

-doped ZnO gel was sintered at 500℃. The 

testing results revealed that the doped Al
3+

 could significantly enhance the electric conductivity of 

ZnO materials as well as the density.                                                               
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Abstract:  

Large amounts of butyl rubber (IIR) are used as inner tires for aeroplanes, trucks, cars, 

two-wheelers etc. However, after long runs when these tires are not serviceable they are discarded. 

Almost the entire amount of rubber from the worn out tires is discarded, which again need very long 

time for natural degradation due to crosslinked structure of rubbers and presence of additives. To 

solve this problem, recycled rubber is used as a partial substitute for new IIR in inner tire 

compounds. The blends with a certain amount of recycled rubber content show good mechanical 

properties. 

Introduction 

Thermosetting materials like rubbers on processing and molding are crosslinked, and therefore 

cannot be softened or molded by heating again. The technology for recycled of thermoset polymers 

including rubbers is complex, costly and less viable commercially. [1] Recently the use of 

reclaimed/reground thermoset resins in new polymer formulations is found to have some influence 

on flow and deformation characteristics during processing. [2-4]  

Experimental  

Materials 

The rubbers, recycled IIR and new IIR, along with CB (N660), 

N-cyclohexyl-2-benzothiazolsulfenamide (CBS), zinc oxide, stearic acid, CaCO3, processing oil 

(A#2), and sulfur were all supplied by NEXEN Tire Co. Ltd., Korea. 

 

Sample preparation 

Mixing was performed in a 200 ml Banbury mixer at a rotor speed of 60 rpm for the mixing 

stage at a temperature of 120°C. The recycled IIR/new IIR blends at the desired ratio were loaded 

into the mixer and premixed for 2 min. Then, the zinc oxide (5 phr), stearic acid (1 phr), CaCO3 (10 

phr) and CBS (2.5 phr) were added and mixed for 4 min. Next, half of the required amount of CB 

was added and compounded into the rubber for 1.0 min followed by the other half of the CB, mixed 

for 2.5 min and then the mixture was discharged onto the roll mill at 80°C, where the sulfur (1.5 phr) 

was added. 

The cure behavior of the compounds was determined at 165°C using a Monsanto Oscillating 

Disc Rheometer (Model ODR 2000, Monsanto, St. Louis, MO) at 1° arc (ASTM D208488).  

Results and discussion 

The compound formulation is given in Table 1. All blends have the same chemical composition, 

exception for the ratio of recycled IIR to virgin IIR.
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Table 1 Formulations of recycled IIR and virgin IIR blends 

Ingredient 1#(phr) 2#(phr) 3#(phr) 4#(phr) 5#(phr) 

Recycled IIR/ New IIR 0/ 100 5/95 10/90 15/85 20/80 

Carbon Black 55 55 55 55 55 

Oil（A#2） 5 5 5 5 5 

Zinc oxide 5 5 5 5 5 

Stearic acid 1.0 1.0 1.0 1.0 1.0 

Sulfur 1.5 1.5 1.5 1.5 1.5 

CBS 2.5 2.5 2.5 2.5 2.5 

CaCO3  10 10 10 10 10 

 

 

 

 

 

 

 

 

Fig. 1 Tc90 of blends as a function of recycled rubber content 

 

The optimum cure time(Tc90) is the vulcanization time required to obtain the optimum 

physical properties. It can be observed in Fig. 1 that the optimum cure time varies drastically with 

increasement of recycled IIR.  

It is evident that the compounds acquire higher optimum cure time with increase in the amount 

of recycled IIR. It is possible that the recycled rubber with a cross-linked network hinders the 

mobility of the unsaturated segments of virgin IIR, thus accounting for the lower cure rates. And the 

apparent reason for the Tc90 increase is that cross-linked recycled IIR does not easily flow to the 

matrix, so the increase in recycled IIR loading may reduce the flow and consequently increase the 

torque. It is also believed that the highly aggregated and convoluted structure of waste rubber 

powder contains void space in which the matrix rubber is trapped, which increases the effective 

volume fraction of waste rubber and results in higher viscosity of the blends. 
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Fig. 2 Tensile strength and break elongation of blends as a function of recycled rubber loading 

in virgin IIR matrix 

 

 

0 5 10 15 20

8.5

9.0

9.5

10.0

10.5

11.0

11.5

12.0

tc
9
0

/m
in

Recycling IIR Content  (phr)

 

 

Advanced Materials Research Vol. 621 9



Tensile strength and elongation at break are used to evaluate the mechanical properties of the 

systems in figure 2. The recycled IIR and virgin IIR compounds have much better properties. It is 

worth noting that with up to 15 phr loading of recycled IIR, the compound has even higher tensile 

strength and elongation. As could be expected, better compatibility and the migration of sulphur 

between the recycled IIR and virgin IIR matrix are achieved and better properties are obtained. 

However, with up to 15 phr loading of recycled IIR, tensile strength falls significantly. It is also 

found that elongation at break decrease with higher content of recycled IIR.  
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Fig. 3 Hardness of blends as a function of recycled rubber content 

 

Fig. 3 shows that an important increase in hardness with recycled IIR loading is observed because 

recycled IIR is probably harder than virgin IIR after devulcanization. 

Summary 

Waste IIR of 5, 10, 15 and 20 phr is added to a virgin rubber matrix in the form of recycled IIR. 

With increase in the proportion of recycled IIR, the optimum cure time is extended. It is found that 

the addition of recycled rubber with an adequate amount produces the better mechanical 

performance. So it is possible to maintain good mechanical properties of the compounds of virgin 

IIR/ recycled IIR and lower the cost at the same time.  
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Abstract. Novel benzoxazine monomers, acrylamide based benzoxazine, have been prepared from 

direct condensation of phenols with acrylamide and formaldehyde. 
1
H NMR and FT-IR, DSC and 

TGA were used to analysis the structure, compositions and investigate the curing behaviour and 

thermal stability, respectively. Solvent effects were studied. Solventless method is good for higher 

formation ratio of benzoxazine to the corresponding phenolic resin. The ratio for P-AA is 36.4% by 

solventless method, while it’s about 26% by toluene solvent; and 44% and 20% for B-AA, 

respectively. The monomers mixtures exhibit curing temperature (ca.187
o
C) without catalysts lower 

than their related allyl-benzoxazine. The FT-IR of different curing temperature shows the 

disappearance of double bond absorption at 1668 cm
-1

 and oxazine ring at 1232 cm
-1

 and 

appearance of hydroxyl group at 3446 cm
-1

.  Thermal stability of cured benzoxazine show good 

char residues compared with traditional benzoxazine of aniline.  

 

Introduction 

Polybenzoxazines are phenolic resins which have wide application in aerospace, constructions, 

automobiles, electronic devices, adhesives and coatings
 [1]

. Polybenzoxazine, contrary to traditional 

phenolic resins, possess excellent characteristics such as non volatile upon curing, low volumetric 

change, catalyst and halogen free. Polybenzoxazines suffer brittleness, low process ability and 

require high curing temperature. Different strategies taken to design suitable benzoxazine include 

preparation of monomers with addition functional group, blending, incorporation of benzoxazine 

structure to other polymers and hybridization with inorganic materials. From the first methodology, 

benzoxazine with various amines
[2a]

, naphthols
[2b]

, acetylene
[2c]

, propargyl ether
[2d]

, maleimide and 

norbornene
[2e]

, epoxy
[2f]

, allyl
[2f,2g,2h]

 caumarin
[2i]

, and urethane
[2j]

 were reported. 

Mostly, benzoxazine monomers have been synthesized by condensation of primary amines, 

phenols and formaldehyde. Aversa et al
[3]

 synthesized benzoxazines with other route such as 

Mannich reaction between 2, 4-dimethylphenol, formaldehyde solution and 3-aminopropanoic acid 

in ethanol, direct ortho-lithiation of phenol
[4]

, direct ortho-metalation
[5]

, and the reactions of 

salicylamines (o-hydroxybenzylamine) with glyoxalor-diketones in methanol
[6]

, respectively. Ishida 

et al, have extensively studied the mechanism of reactions of condensation of primary amines, 

phenol and formaldehyde in both solution and solventless method
 [7-10]

.  

Acrylamide and its polymer, polyacrylamide, have vast application in various fields such as water 

treatment, paper milling and minerals processing, testing and engineering
 [11]

. Interestingly, amide 

groups may improve stiffness and adhesion of corporating polymers. Heretofore, no benzoxazine 

was synthesized from direct Mannich reaction of amides. Acrylamide
 [12-14]

 can undergo 
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