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Preface

In order to be organized as a leading annual international conference of
IAMR for researchers, scientists to participate all over the world, Annual
International Conference on Intelligent Materials and Nanomaterials
(AIMN14) is successfully held on April 18-19, 2014 in Seoul, South
Korea.

AIMN14 serves as the important and influential platform for authors to
publish manuscripts in excellent international proceedings and exchange
new ideas face to face. AIMN14 is the unique conference with its strong
organization team, dependable reputation and wide sponsors all around
the world.

All accepted papers of AIMN14 have been strictly selected for the quality
and the relevance to the conference. We sincerely hope that the current
selected papers provide a good overview of the research activities related
to advanced materials and engineering. These new materials includes,
intelligent materials, nanomaterials synthesis and properties, nano devices
and system, nano materials, technologies for applications,
materials/nanufacturing processes, etc.

The volume of AIMN14 is expected to boast future research activities
within the new actions, meetings and conferences and this volume is
provided not only for the readers abroad overview of the latest research
results on material science and related fields, but also for those who wish
to have a valuable summary and reference in these fields.

We would like to express our sincere appreciations to all the authors for
their contributions to this volume. We are indebted to all the referees for
their constructive comments on the papers. Many thanks are also warmly
given to Trans Tech Publications, the distinguished publisher of AIMN14.

All staffs of AIMN14 Organizing Committees from IAMR look forward

to your continuous attention and support to this Annual International
Conference in the future.

AIMN14 Organizing Committees
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Gangue as Flame Retardants for Flexible Poly (Vinyl Chloride) '
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Key words: Gangue, flame retardant, aluminum hydroxide ,PVC

Abstract: Gangue as flame retardant was used to PVC, the mechanical properties and flame
retardance of the samples were studied. The resultant data show that gangue little effect on the
mechanical properties of the sample, especially tensile strength, yield stress, and 10% of gangue
obtained good flame retardance. PVC treated with flame-retardants showed a high limiting oxygen
index, char yield, which indicated that the flame retardance of the treated PVC was improved.

Introduction

PVC materials or products tend to have excellent fire performance. But to make it easy to
process, semirigid and flexible PVC compound always contains a large volume of plasticizer such
as DOP [di(2-ethylhexyl)phthalate], which can deteriorate the flame retardation and smoke
suppression properties. When the PVC products contain 45 parts DOP, the limiting oxygen index
(LOI) would decrease to about 24 and the PVC would thus become a high-flammability material.
However, plasticized PVC products can still have good fire performance, particularly if additionally
fire-retarded [1,2].

In recent years, the use of metal hydroxide flame retardant and smoke suppressant in PVC has
been reported [3,4].These flame-retardants, e.g., Mg(OH),, AI(OH); are required at high
concentrations (40—60%) for imparting a good degree of flame retardancy. Because of the high
loading it is essential that good degree of flame retardancy be obtained, but mechanical properties
decrease obviously. Using coupling agents and synergists are good ways to solving this problem
[5-7]. Many elements, such as alloys, organic substances and inorganic compounds including
antimony, tin, zinc, copper, iron and molybdenum, have been used in the flame retardation and
smoke suppression of PVC. Gangue contains many kinds of metal oxides, which may have the
similar effective.

The purpose of our present study is to study mechanical properties, flame retardant of the
samples treated with combinations of AI(OH); and gangue.

Experimental
Materials

PVC, S G Type 2, dioctyl phthalate (DOP); Tribasic lead sulfate, Dibasic lead phosphate,
commercially available; Stearic acid, industrial grade; Mg(OH),, industrial grade; Al(OH);, ZX-131

type.

Instrumentation

LOI values were determined in accordance with ASTM D2863-70 by means of a General Model
HC-1 LOI apparatus. The vertical burning test was conducted by a CZF-II horizontal and vertical
burning tester (Jiang Ning Analysis Instrument Company, China). The mechanical properties were
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tested according to GB/T 1040.2-2006 standard with a LJ-5000 tensile testing machine (Chengde
Experimental Factory).
Preparation of Flame Retardant PVC Samples

Formulation according to predetermined material (including PVC, three salts, salts of stearic
acid, DOP, hydroxide, chloride, coal) are mixed in a mixer 3 to 5 minutes at 35 - 45 °C. Then the
mixture was plastified on the two-roll mill at 165°C for 6-8 min, compressed at 180°C to form
sheets of 100mmx10mmx3mm. The test specimens were cut from the molded sheets.

Table 1 The composition of the samples
PVC DOP Tribasic Dibasic  Stearic AI(OH); Gangue Oxygen

(g) (€3} lead lead acid (€3} (g) index
Sample
sulfate  phosphate () (%)
® ®

A 500.0 150.0 7.5 7.5 5.0 0.0 0.0 24.5

B 500.0 150.0 7.5 7.5 5.0 50.0 0.0 26.6

C 500.0 150.0 7.5 7.5 5.0 75.0 0.0 28.4

D 500.0 150.0 7.5 7.5 5.0 100.0 0.0 29.5

E 500.0 150.0 7.5 7.5 5.0 125.0 0.0 29.4

F 500.0 150.0 7.5 7.5 5.0 125.0 5.0 29.7

G 500.0 150.0 7.5 7.5 5.0 125.0 10.0 29.8

H 500.0 150.0 7.5 7.5 5.0 125.0 15.0 29.2

I 500.0 150.0 7.5 7.5 5.0 125.0 20.0 27.9

RESULTS AND DISCUSSION

Flame retardancy of AI(OH); and gangue

AI(OH); as one halogen-free, flame-retardant additives, inorganic acid, used in plastics and
rubber industry, attracted widespread attention. From the oxygen index values in Table 1, the
flexible PVC added Al(OH); has good flame retardancy, whose LOI increase from 24.5% to 29.4%.
The flame-retardant effect of AI(OH); in soft PVC is mainly based on their dehydration
endothermic effect, thus inhibiting soft PVC temperature from rising. When addition of Al(OH);
reaches 100g, the best effect is obtained.

To get better flame retardancy for PVC, gangue was added. The data were shown in Table 1,
LOI of samples (F,G) increase with the addition of gangue. When more gangue was added, the LOI
of samples decrease, 10g gangue is optimal. Gangue and Al (OH) 3 can be a good flame retardant
for flexible PVC.

Effect of AI(OH); and gangue on the Mechanical Properties

Mechanical properties such as tensile strength, breaking strain, yield stress and tensile modulus
of samples were measured, and shown in Figs.1-4.

Fig.1 shows the effect of the gangue on tensile strain of samples (TS), which shows that the TS
increase when the added gangue’s weight is less than 5g, when it is more than 5g and less than 10g,
the TS decrease. When it is more than 10g and less than 15g, the TS second increase but slowly,
while more than 15g, the TS decrease.

Fig.2 shows the effect of the gangue on breaking strain of samples (BS). We can see that the BS
increase when the added gangue’s weight is less than 7g, the BS start decreasing when the weight is
more than 7g. Obviously, the highest value of BS is obtained when the gangue’s weight is 7g.
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Fig.3 shows the effect of the gangue on yield stress of samples (YS). When the added gangue’s
weight is less than 5g, the YS keep increasing, then the YS decreases, sometimes it also has slightly
increase, when the gangue’s weight is 5g, the Y'S has its highest value.

Fig.4 shows the effect of the gangue on tensile modulus of samples (TM). The TM constantly
increases. However, the TM is much greater in the range of 5-10g of gangue.

Similar to other additives, the gangue can reduce some mechanical properties. This is because
the interactions among the polymer molecules were decreased and the movement of the polymer
chains was limited when the flame-retardants reached at 15g.

Analysis of Char Yield

Fig.5, 6 present the SEM photographs of the surface of char of the samples (sample A, sample
G). From Figure 5, it can be observed that the char is very slight, loose and soft, which could not
protect the underlying material from fire. Contrarily, Figure 6 shows that the char is compact, tough
and hard though there are some holes on the surface. It is possible that the gangue could promote
the formation of effective charring layer. The structure of the intumescent charring layer may

increase the efficiency of the flame retardancy, act as heat insulation, and protect inner matrix
materials.
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23KV 605X  100um  KYKY-EM3200 SN:0053 23KV 510X 100um  KYKY-EM3200 SN:0051
Fig.5 SEM photographs of sample A Fig.6 SEM photographs of sample G
Conclusions

10g gangue and 100g Al (OH) ; were added can obtain a good flame retardant for flexible PVC,
whose LOI reached 29.8%. Gangue has little effect on the mechanical properties of the sample,
especially tensile strength, yield stress. The flame-retardant effect of AI(OH); in soft PVC is mainly
based on their dehydration endothermic effect, thus inhibiting soft PVC temperature from rising.
Gangue could promote the formation of effective charring layer. The structure of the intumescent
charring layer may increase the efficiency of the flame retardancy, act as heat insulation, and
protect inner matrix materials.

! Contract grant sponsor: Fundamental research funds for the Central Universities: 3142013102.
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Abstract

A novel smart gel based on interpenetrating network of anionic polymer and surfactant was
investigated. A supramolecular assembly structured gel is formed by associating polymer side
chain with wormlike micelle of surfactant. The physical interaction of val der vaal and hydrogen
bonding force between surfactant and polymer gives a strong viscoelastic gel at evaluated
temperature. The viscoelastic properties and gel structure were characterized by dynamic
rheometer and cryo-TEM. The polymer and VES complex gel is highly elastic, which elastic
moduli G’ is higher than loss moduli G’ at low angular frequency, 0.1 rad/s, in high temperature.
The total concentration of surfactant and polymer is low which is economically to use in industries.

Introduction

The smart intelligent materials which properties can be controlled by environmental changes are
much interested research areas around the world. The environmental change can be electrical,
magnetic, light, thermal and pH etc. Among these materials, the polymer could be designed from
molecular structure and form smart materials in response different environmental changes [1-4].
The small molecules such as surfactant can also form different aggregates which respond to
environmental changes [5-8]. The microstructure changes can induce major changes in the
macroscopic properties such as viscoelasticity and solid-liquid transition. The intelligent materials
have been used in pharmaceutical [9], automobile [10], drag reduction [11] and oil industry [12,13]
etc.

Thermo thickening gel is interested for application in oil and pharmaceutical industries, where
fluid has lower viscosity at low temperature and form gel at higher temperature. In oil and gas
stimulation operation, fluid is preferred to have low viscosity at low temperature for easy of
pumping with low friction pressure, and form viscoelastic gel to suspend proppant particles at high
temperature at reservoir. For example, sodium erucate as surfactant can transform from fluid to
elastic gel at high temperature above its Kraft temperature [7]. Polymer and surfactant could have
synergistic interaction at certain condition. For examples, associating polymer can interact with
spherical micelle and formed the network [14]. We hereby study a new class of surfactant with
wormlike micelle structure in combination of associating polymer. The new system forms
viscoelastic fluid at broader range of concentration and forms stronger gel at higher temperature.
The complex gel can be used in oil and gas stimulation.
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Experiment
Materials

Amphoteric surfactant with C18 chain length and hydrophobically modified polyacrylamide
polymer with anionic group (AP) were made by our lab. Anionic surfactant, sodium lauryl sulfate,
was received from Sinopharm Chemcial Co, China. Conventional polyacrylamide with anionic
group (CP) was obtained from Beijing Henju Co. Water was deionized.

Methods

Rheological properties were measured by a Haake Mars II Rheometer Pressured Cell. Dynamic
properties were measured by cone and plate geometry on rheometer.

Cryo-transimission electron microscopy (Cryo-TEM) observation of surfactant solution was
carried out in a controlled-environment vitrification system. Samples were prepared at 25 °C and
100% RH on a Quantifoil holey carbon grid (Electron Microscopy Sciences). The grid was
quenched rapidly in liquid ethane at -180 °C and then transferred to liquid nitrogen (-196 °C) for
storage. Imageing of the samples was performed using JEM2010 cryo-microscope with a Gatan 626
cryoholder. The acceleration voltage was 200 keV, and the working temperature was kept below -
170 °C. Digital images were recorded using a charge-coupled device camera (Gatan 832).

Results and Discussions

The surfactant studied is a mixture of amphoteric and anionic surfactant (MS) similar to system
studied previously [6]. The surfactant system showed viscoelastic behavior itself above certain
concentration which forms entangled wormlike micelle structure. The viscosity of surfactant and
polymer with variation of temperature is shown in Fig. 1. It can be seen that viscosity of fluid with
single surfactant or polymer all decreases as temperature increases. The viscosity in mixture of
conventional polymer (CP) and surfactant (MS) also decreases with increasing temperature.
However, the viscosity in mixture of hydrophobically modified polymer (AP) and surfactant (MS)
increases with increasing temperature. The overall concentration of mixed AP and MS is also
higher than their individual combined. Hence, there is positive synergism interaction between these
two materials at increasing temperature. It can be seen that viscosity starts to increase above 50 °C.
This behavior could be due to the increase of solubility of longer chain surfactant at higher
temperature. The complex fluid formed between associating polymer (AP) and surfactant (MS) is a
highly elastic gel as shown in Table 1, which the storage modulus, G’, is larger than loss modulus,
G’ at frequency 0.1-100 rad/s.

At further higher temperature above 80 °C, formation of branches along the micelles leading to a
multionconnected rather than an entangled network. Branch junction points increase the number of
possible configurations, enabling percolation, and the formation of extended micellar networks,
which leads to a multiconnected rather than an entangled network of cylindrical micelles. Hence the
visocosity decreases for branched worm-like micelles.

The driving force for this increased viscosity in mixed polymer and surfactant system is due to
physical crosslinking of polymer and surfactant through intermolecular val der vaal interaction of
hydrophobic side chain in associating polymer and surfactant micelle. In addition, hydrogen
bonding between the polymer hydrophilic and surfactant head group could also reinforce their
interaction and crosslinking. The interpenetrating network of wormlike micelle from surfactant and
hydrophobic modified polymer is graphically shown in Fig. 2a.
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Figure 1. Viscosity versus temperature for polymer, surfactant and their mixture.

Table 1. Storage modulus (G’) and loss modulus (G’’) versus angular frequency for 1% mixed
surfactant (MS) and 0.15% associating polymer (AP) at 70 °C.

Augular 0.10 0.40 1.58 6.31 25.10 100.00
Frequency [rad/s]

G’ [Pa] 5.45 6.36 7.78 9.37 11.20 11.90
G’ [Pa] 1.37 1.48 1.69 2.10 2.80 4.16

The presence of wormlike micelle structure in surfactant studied is directly confirmed by Cyro-
TEM observation as shown in Fig. 2b. It can be seen that threadlike structure with about 10nm in
diameter and >1 um in length exists. The wormlike micelles entangle with each other as well as
polymer gives highly elastic gel.

b

Figure 2. (a) Illustrated crosslink model of wormlike micelle and associating polymer. (b) Cryo-
TEM micrographs of wormlike micelle in mixed ampheteric and anionic surfactant (1%, wt) at 25
°C.
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Conclusions

A novel smart gel based on interpenetrating network of anionic polymer and surfactants was
formed through physical crosslink. The val der vaal and hydrogen bonding interaction between
wormlike micelle and polymer network gives strong viscoelastic gel. The gel strength is stronger at
evaluated temperature. The smart gel is useful as stimulation fluids in oil and gas industry,
hydraulic fluid, household and personal care products.

Acknowledgement

The authors acknowledgement the supports from the National Hi-Tech Development (863) Plan
Project (2013AA064801) and National Natural Science Foundation of China (Grant No 51174163).

References

[1] J. Zhang, R.D.K. Misra, Magnetic drug-targeting carrier encapsulated with thermosensitive
smart polymer: Core—shell nanoparticle carrier and drug release response, Acta Biomaterialia, 3
(2007) 838-850.

[2] G. Filipcsei, I. Csetneki, A. Szildgyi, M. Zrinyi, Magnetic field-responsive smart polymer
composites, Advances in Polymer Science, 206(2007)137-189.

[3] M. S. Yavuz, Y. Cheng, J. Chen et al, Gold nanocages covered by smart polymers for
controlled release with near-infrared light, Nature Materials, 8 (2009)935-939.

[4] K. Al-Tahami, J. Singh, Smart polymer based delivery systems for peptides and proteins, Recent
Patents on Drug Delivery & Formulation, 1(2007) 65-71.

[5] J. Yang, Cur. Viscoelastic wormlike micelles and their applications, Opin. Colloid Interface
Sci., 7(2002) 276-281.

[6] J. Yang, Z. Yang, Y. Lu et al, Rheological properties of zwitterionic wormlike micelle in
presence of solvents and cosurfactant at high temperature, J. Dispersion Sci. Tech. 34 (2013)
1124-1129.

[7]1 Y. Zhang, Y. Han, Z. Chu, S. He, J. Zhang, Y. Feng, Thermally induced structural transitions
from fluids to hydrogels with pH-switchable anionic wormlike micelles, J. Col. Interf Sci, 394
(2013) 319-328.

[8] R. Kumar , A. M. Ketner, S. R. Raghavan, Nonaqueous photorheological fluids based on light-
responsive reverse wormlike micelles, Langmuir, 26 (2010) 5405-5411.

[9] A.S. Hoffman, “Intelligent” polymers in medicine and biotechnology, Macromolecular
Symposia, 98 (1995) 645-664.

[10] A.G. Olabi, A. Grunwald, Design and application of magneto-rheological fluid, Materials &
Design, 28(2007) 2658-2664.

[11] Y. Qi, J.L. Zakin, Chemical and rheological characterization of drag-reducing cationic
surfactant systems, Ind. Eng. Chem. Res., 41(2002) 6326-6336.

[12] L. Li, H.A.Nasr-El-Din, K.E. Cawiezel. Rheological properties of a new class of viscoelastic
surfactant, SPE Prod. Oper, 25(2010) 355-366.

[13] Y.J. Lu, B. Fang, D. Y. Fang et al, Viscoelastic surfactant micelle systems and their rheological
properties, Oilfield Chemistry, 20(2003)291-294.

[14] N. Gaillard, A.Thomas, C. Favero, Novel associative acrylamide-based polymers for proppant
transport in hydraulic fracturing fluids, SPE International Symposium on Oilfield Chemistry, SPE-
164072, 8-10 April, The Woodlands, Texas, 2013.



Advanced Materials Research Vol. 983 (2014) pp 11-15
© (2014) Trans Tech Publications, Switzerland
doi: 10.4028/www.scientific.net/AMR.983.11

Smart and Robust Composite Tube Columns Frames for Offshore Sub-
Structure Construction

Thar M. Badri Albarody®*, Zahiraniza Bt Mustaffa® and Mohd Shahir Liew®
Civil Engineering Department, Universiti Teknologi PETRONAS, Bandar Seri Iskandar,
31750 Tronoh, Perak, Malaysia

%t albarody@ymail.com, *zahiraniza@petronas.com.my, °shahir_liew@petronas.com.my

Keywords: Offshore Structure; Steel-encased Composite; Nano-Hyprid Composite; FGM;
Laminated Shell theory.

Abstract. Offshore industry has been welcoming to composite material for its saliences. Features
such as corrosion and temperature resistance, construction cost reduction, and superb fatigue
performance are some of the reasons for this choice. Steel tube-encased composite is an appropriate
found composite replacement for traditional offshore construction. Regardless of all its advantages,
they suffer from the interfacing problem between composite and steel layers; however,
magnetostrictive nanofillers are proposed to increase the integration between the layers. Therefore,
current effort is discussed the vibrational behavior of the proposed robust steel tube column as well
as the actuation characteristics of the magnetostrictive nanofillers in encased composite. The result
reveals that, the steel tube-encased composite columns exhibit greater stiffness in compare with
traditional steel tube. Furthermore, magnetostrictive nanofillers have shown higher actuation
capability of vibration at seismic mode.

Introduction

Composites have found extensive applications in the oil & gas industry since last two decades.
Significant advances have been made in the areas of composite pipe work and fluid handling [1, 2].
The high cost to replace steel elements in retrofit applications and increased longevity in new
construction are driving the use of composites, which withstand severe conditions as experienced in
offshore environment [3, 4]. In the offshore oil and gas industry, the cost of manufacturing and
erecting oil rigs could be reduced significantly if heavy metal column could be replaced with lighter
ones made of composites. Composite column also could be used for:

1. Replace steel components to eliminate corrosion

2. Exhibit excellent fatigue performance, good resistance to temperature extremes and wear,
especially in offshore industrial sectors.

Build lighter structures to increase platform performance.

Improved combat survivability.

Produce complex structural parts at reduced cost, especially in quantity

The tailorability of composites to suit specific applications has been one of its greater
advantages such as imparting low thermal conductivity, low coefficient of thermal expansion,
high axial strength and stiffness etc.

SNk w

Therefore, offshore engineering center in Universiti Teknologi PETRONAS (OECU) has shifted
attention to the development of composite structures of carbon and/or glasses fiber reinforced epoxy
and steel for offshore jacket sub-structure construction with the aim of becoming a medium-scale
contractor with leading-edge technology. Steel Tube-Encased Composite (STEC) column is
developed essentially as weldable tubular structural element expected to be good replacement of
traditionally steel tubes in offshore industrial facilities constructions. However, still the interfacing
problem between composite and steel layers in STEC represent a challenge to be work out.
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Therefore, a Nano-Hyprid-functionally graded composite (NHFG) proposed to increase the
integration between the layers and grading the structural properties across tube thickness using
magnetic nanoparticles as fillers. Furthermore, such functional composites could utilize the
magnetostrictive properties to actuate the vibration inside the composite tubes.  Several models
have been found in the literature dealt with functional composite [5, 6]. Some of them could
specialize to demonstrate the vibrational behavior of multilayered and functionally graded
magnetostrictive composite. Albarody, et.al., [S] derived the exact solution for linearly constitutive
properties, simply supported, functional composite shell subjected to static and dynamic loadings.
The authors were investigated and analyzed the effects of the material properties, lay-ups of the
constituent layers, and shell parameters under the free vibration behavior.

In this paper, a STEC columns filled with magnetic nanoparticles is modeled and the vibrational
characteristic is discussed. Also, some of NHFG composite are examined.

Theoretical Formulation

Based on Hamilton's variational principle linked with Gibbs free energy functions, the steel tube-
encased composite model is casted according to the first-order shear deformation shell theory. The
exact solution is derived for linearly magnetostrictive constitutive properties, simply supported, and
thick shell having rectangular plane-form. Expressed in the (meter—kilogram—second) system of
units, the generation procedure of thick composite shell model, written in curvilinear coordinates
and provides the much-needed materials in state of the smart or adaptive materials are as follows;

1. Constitutive Relations: In a system gather mechanical, magnetic, and thermal influences, the
constitutive relations are expressed formally as:
_ 1 GT T G
Sij = [Sijia&;j ~ KpraXp ~ ATl (1)

2. Kinematic Relations: According to the FOSD shell theory, the following representation of the
3D displacement and magnetic potentials is postulated:

u(a, B' Zl t) = Ug (O(, Bl t) + lea(ar B' t); V((X, B; z' t) =Vo ((X' B; t) + ZIIJB(O(, B; t);
w(o,B,3t) =wo(a,Bt), and (B, 5t) = —(9(a B D) +39:(a, B 1)),  (2)

where u,, v, and w, are referred to as the mid-surface displacement functions, and y, and g are
the midsurface rotation functions of the shell, and 9 is the magnetic potential function. The strains at
any point in the shell can be written in terms of mid-surface strains and curvature changes as:

€q = (Eon T Zslo()' ap = (anB + CslaB)' €ag = (soa( + Zq"a/Ra)'
ep = (cop +Ce1p),  Zpa = (fopa + TErpa).  £pc = (Eops + {Wp/Rp).

However, the mid-surface strains as well as the curvature and twist changes are extended by
Codazzi-Gauss geometric relations, as [6]. The distributions of magnetic fields at any point in the
composite shell are assumed as:

€)

Xa = Ooa + W), Xg = (Xop + Gxap): )
and the magnetic field changes are
109 109 109 109,

Xoa = NEK X1a = BNEE XoB = _EE: X1p = B og" (%)

3. Kinetic Relations: The elastic, electric, and magnetic force and moment resultants are obtained
by integrating the constitutive relations (1) over the shell thickness as below:
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h
Ny, My} = [3,(1,0{Si}yndd + (NF, MT), (6)
2

where y, = (1 + {/R,,), the subscripts n denote either of a,  or a3, and h is the shell thickness.
In order to gain a numerical stability and pursue a possible integration of Eq. (6) in absence of
thermal forces, the term (1 + {/R,,) should be expanded in a geometric series as in [7, 8].

4. Variational Principle: The variational energy method via the Hamiltonian axiom has been used
by [9, 10] for coupling of the energy phenomena and to derive a consistent set of equations of

motion coupled with the free charge equation. In summary, the total energy of a shell element can
be defined as:

8 [ (K—P)dt =0, (7)

where P is the total potential energy induced in the system given by:
P = [If, [sijiasi; - kpuaxp - ATV — Ha, (t(si' G,) + W(S;, Gl,))' (8)

where Q(S;, G, T) is the thermodynamic potential. t(Si, Gl,) and W(S;, G) are the tractions and
the work done by body force, and magnetic charge, respectively. The kinetic energy is given as:

K=/, fE n((03 + 95 +Ww8) + (0% + Uf) + 20(ud + 3 UF)) vavp ABALdA.  (9)

The traction is
t(Si,G) = (SnnSun + Spedve + Sp8wr ) + (Gpnd9 + G 89) (10)
and the external work is
W(S;, G) = (Fiu, + Fgv, + Faw, + CoWg + Cwg) — (F99, + € 9,), (11)

where F3, FB' and F; are the distributed forces in o, B and ( directions, respectively, while
C5 and C3 are the distributed couples about the middle surface of the shell. F¢and C® are the

distributed forces and couples due to the magnetic charge. Hence, the temperature, T is a known
function of position and enter the formulation only through the constitutive equations. Substituting
Egs. (1, 10, and 11) into Eq. (8) and equating the resulting equation with Eq. (9), yields after
expanding the terms:

1] <E(u3+03+w(%)+%(¢é+¢é)
Qo

ot W . ABdAdt- [ [ff., (ije — xijx — AT8€) dVdt
+1, (32 + v23) ) o

+11 J1, (Sandun + SnedVe + SngdWy + Gnn89 + Gpe59)ABdAdE
+ ftt: ) fQO(Fguo + Fgv, + Faw, + C3Wy + Cibg — FO9, — €€ 9;) ABdAdt = 0. (12)

Replacing the constitutive terms in Eq. (12) by the kinetic relations (6), then integrating the
displacement gradients by parts to obtain only the virtual displacements, we can set the coefficients
of du,, dvo, OW,, Oy, Oyp, 099 and 69 to zero, individually. The equations of motion and the
charge equilibrium equation for isothermal case are

5} 0
BN, +2=ANg, + =N

= 9%u, %Yy
28 25 NaB ™ 5q NB+ Qa+—QB+ABF —AB( +1, )

L<e at2 at2
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aBANB — BN,g +Z—OB(NBQ—Z—‘;NQ +%Qa +%QB + ABFy = AB (I, 2 Vo 41, a;t";‘g),
~AB <1;—Z I;‘; + B+:B> +25BQ, +5AQ; + ABF, = AB (T, 5%)

2 BM,, +0%AMBa+aBMaB 2 Mg - ABQ, + zpa +ABC, = AB (T, aat‘;°+T3 =be)
aBAMB = BMg + 2 Mgq- aBM ~ABQg + —]ZPB +ABCg = AB (12"’ wo 1, a;j;s)

here I;, I,, and I5 are the inertia terms defined as:

I Ra +Rp j12
= [Ij + Ij+1< R R >+ R,R [y T, s, 1, 6]
B Bli=1,2,3

N hg
_ Z f X (1,7 33,0, ¢)dg,
k=1 hy_1

where I* is the mass density of the k™ layer of the shell per unit mid-surface area. Eqs. (13) can
be written in a matrix form as (K;; + 02/0t* M) {A} = {F — FT}, where K and M are stiffness
and mass matrices, respectively, and FT is the thermal forces. Thus, the forced method will apply
satisfying SS boundary conditions and admit specially-orthotropic rectangular laminates, to
determine the governing equations that satisfied everywhere in the domain of the shell.

Thus far, the accurate treatment of thermal, magnetic and elastic energies that are taken into
account in this smart composite shell that encased a steel tube column, expect yields rather
sophisticated equations interlink the magnetic inductions and stress resultants.

Parametric Analysis

As deepwater structures for the future developments are expected to be floating structures.
Structural systems that can adapt to the environment automatically offer new vistas for designers
and lead to novel efficient developments. An offshore structure that form from the proposed steel
tube-encased composite is defined smart due to the actuation capability of the magnetostrictive
materials that integrated into structural.

The challenging part of the offshore structural adaption is that the structure is subjected to highly
uncertain environmental forces. Thus, the effects of the material properties, and lay-ups of the
constituent layers of the encased composite and the steel tube parameters on the vibration behavior
are required to be dissected. In Fig. 1, a CoFe,O, Nano particle material is scrutinized and the
mechanical properties of the encased shell are found to be varied in a very orderly manner across
the tube thickness. The STEC tubes that encased with shell made of composite filled with CoFe,O4
appear with higher stiffness as compared to traditional steel tube and exhibit possible actuations
when a magnetic field propagate along the tube.
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Fig 1. The transvers stresses and magnetic induction across the composite tube thickness, at unity load.
GRFE properties are (E/ E)=15, G5/ E;=0.5, G3/ E;=0.5, v1,=0.3, a/b=1, a/h=10, and the lamination scheme
is (0/09)s), while CoFe, O, properties and the grading material properties model can be found in [5].

Conclusions

The evolutionary process of development of adaptive steel tube-encased composite for tubular
constructions has opened up new vistas for the several interdisciplinary applications. The benefits of
these composite tubes are expected to be enormous. The concept of a structure with capability of
automatically responding to the environment by change in the self-configuration, or by changing the
interface with the environment is one which offers the potential of extremely attractive advantages
in the design, development and operation of offshore structures. The STEC columns comprising
magnetostrictive materials have been modeled and scrutinized. The present model may serve as a
reference in developing a prototype of STEC columns for further experimentations.
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Abstract: Piezoelectric material which can be used as both sensor and drive is an important kind of
smart material. Studies on piezoelectric materials are now the research focus and hotspots of smart
materials which have achieved fruitful results. This article describes the working principle of smart
piezoelectric materials, provides an overview of the preparation progresses and application status,
based on which the research and development trends are discussed.

1. Introduction

The performance requirement of the smart materials is that the perceptions, drive and
information processing should be integrated in one system, which is similar to biological materials
that have intellectual properties [1]. Smart materials system can get the outside world information
by its own perception, make judgment and processing, emit instruction, and then adjust own state
and structure to adapt to the changes in the extemal environment. Consequently, the smart materials
system fulfill various special functions, such as self-detection, self-diagnosis, self-regulation,
self-adaptive and self-repair, which are similar to biological system [2].

The smart materials are based on the function materials which can be divided into two categories
according to their different roles playing at work. These can be made into various types of sensors
are known perception materials, which are used to sense the signal of stimulation and changes from
the outside or internal, such as stress, heat, light and electricity etc. The common perception
materials include photosensitive materials, heat-sensitive materials, moisture-sensitive materials,
acoustic emission material, inductor material, shape memory materials, magnetostrictive materials,
piezoelectric materials etc. These can be made into drivers are known as actuating materials, which
can change the shape, size, location, stiffness and structure of their own according to the changes of
temperature, electric field and magnetic field etc. The common actuating materials include
shape-memory materials, electrostrictive materials, electrorheological fluids, magnetostrictive
material, magnetorheological fluid and piezoelectric materials [2, 3, 4].

With the progress of the research of the smart materials, the piezoelectric materials which can be
made into both driver and sensor drive more and more attention. Piezoelectric materials are able to
achieve mutual transformation between mechanical energy and electric energy. Transforming the
changes of the outside pressure into appropriate electric signal, piezoelectric materials fulfill the
function of being a sensor, meanwhile piezoelectric materials meet the requirement of being a
driver while transforming the electric signal of the excitation source into corresponding mechanical
signal, such as the vibration signal and deformation signal [5, 6, 7].

With the rapid development of the materials science, microelectronics and computer technology,
the piezoelectric materials show broad prospect of application which catches the interests of the
global scientists. Based on the background above, the working principle of smart piezoelectric
materials are described; an overview of the preparation progresses and application status are
provided and the research and development trends are discussed in this article [5.8].
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2. Working principle of the smart piezoelectric materials

The working principle of the smart piezoelectric materials is based on piezoelectric effect. The
piezoelectric effect is that when there is a deformation of the materials by external forces, positive
and negative electric charges will arise in the relative two surfaces of the material due to an internal
polarization at the same time. There are direct piezoelectric effect when mechanical energy is
transformed into electrical energy and inverse piezoelectric effect electrical energy is transformed
into mechanical energy [3, 5].

3. New preparation technology of the smart piezoelectric materials

3.1 The piezoelectric coatings prepared by plasma spraying method

W Haessler et al. investigated the structure and piezoelectric properties of the PZT coatings
prepared by plasma spraying method. They found out that the heat treatment and polarization
process after spraying have a significant effect on the piezoelectric properties of the PZT coatings
[9].

Songlin Gu, Guolu Li et al. fabricated PZT coatings on the surface of 45 steel by supersonic
plasma spraying method. The research results showed that the PZT coatings with a typical layered
structure had dense microstructure, of which the surface was flat and the air hole rate was 1.6%.
The PZT coating was well bonded to the substrate, which met the requirement of application at
actual work [10].

3.2 Piezoelectric ceramic materials prepared by sol-gel method

Piezoelectric ceramic materials fabricated by sol-gel method have high purity, well-distributed
chemical constituents and low temperature of reaction compared with these prepared by the
traditional solid state reaction.

Minglei Zhao et al. prepared NajsBigsTiO3 ceramic by sol-gel method. The piezoelectric
constant d33=173x10""*pC/N increased by 40% compared with that fabricated by traditional method.
Meanwhile the piezoelectric ceramic in this study had small coercive field and large residual
polarization [11].

Y. D. Hou et al. investigated the fabrication of (NapgK2)osBipsTiOs (NKBT) prepared by
sol-gel —hydrothermal method and its densification. The analysis of the morphology and structure
showed that NKBT nanowire with pure perovskite structure could be prepared by
sol-gel-hydrothermal method with the synthetic temperature of 160 °C, of which the diameter was
50-80nm, and the length was 1.5-2.0um. The theoretical density of the flake made of NKBT
nanowire was more than 98% [12].

3.3 Fabrication of piezoelectric composites

Lei Dai, Shan Hu et al. prepared PZN-PZT/PVDF piezoelectric composite material by solid
phase sintering combined with solution blending method, and investigated the properties of the
materials. The results revealed that the generation of pyrochlore phase could be restrained by
appropriately excessive Pb, but too much Pb would reduce the degree of crystallization of the main
crystal phase and the piezoelectric properties of the piezoelectric composite material [13].

4. Application prospect of the smart piezoelectric materials

4.1 Application in structural health monitoring

Due to chemical corrosion, stress effect, tiny impact and influence and other factors, local
damage and micro-cracks may appear on the surface of the structure of large aircraft, nuclear
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reactors, bridges, and large pipes. On the structure of local damage, especially micro - cracks on the
surface of monitoring it is a very important part of structural health monitoring system to monitor
the local damage and micro-cracks on the surface of the vital structure [14].

A damage detection method based on an innovative 2D phased sensor array made of
piezoelectric paint is proposed for in situ damage detection of a thin isotropic panel using guided
Lamb waves. In this study, a 2D phased sensor array with a spiral configuration is fabricated using
a piezoelectric composite patch and used for detecting damages in an aluminum panel. Steered
array responses are generated from the raw sensor signals using a directional filtering algorithm
based on phased array signal processing. To enhance the proposed analysis technique, empirical
mode decomposition (EMD) and a Hilbert—-Huang transform (HHT) are applied. A new damage
detection algorithm including threshold setting and damage index (DI) calculation is developed and
implemented for detecting damages in the form of holes and a simulated crack. The characteristic
damage indices consistently increase as damage size grows [15].

4.2 Application in energy converter

In order to optimize the deformation and brittleness of the piezoelectric materials, the Langley
research center of the NASA fabricated a new kind of smart piezoelectric macro fiber composite
(MFC). Tungpimoluryt K, Hatti N et.al designed an energy collection device based on MFC
materials. The main structure of the device is cantilever structure with the MFC fixed on the surface
of the cantilever. When sinusoidal excitation is applied, capacitor of the energy collection device is
used to collect the electric current generated by MFC, so that the function of collecting energy is
fulfilled. The study results showed that this device can produce up to 45. 6v voltage [16].

4.3 Application in adaptive wing

Based on the inverse piezoelectric effect, Paradies et al. designed and made an active control
wing model of which the wingspan was 500mm.The key parts of the model were seven set of MFC
modules. The wings would be controlled to auto-deform while the MFC parts were applied with
voltage. The study results showed that the deformation value of the wing end was 4.3mm when the
voltage applied was 1.5kV [17].

5. Research prospect of the smart piezoelectric materials

In this paper, new fabrication methods and application of the smart piezoelectric materials are
introduced. Although the smart piezoelectric materials have been used in many fields owing to the
big driving force and fast response speed, it should be noted that the effects to decrease the
brittleness and improve the deformation degree of the smart piezoelectric materials are still needed.
The key focus of the study of smart piezoelectric materials are to compound the structures and
increase the serviceability. As the synthesis and integration of various materials and high
technology, the research of smart piezoelectric materials is bound to have a good and broad
prospects.
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Abstract. A series of polystyrene-supported 1-(propyl-3-sulfonate)-3-methy-imidazolium
hydrosulfate acidic ionic liquid (PS-[SO3;H-PMIM][HSO4]) catalysts with different [SO;H-PMIM]
[HSO4] contents were prepared and tested for esterification of n-butyl alcohol with acetic acid. It was
found that the reactivity of the catalyst increased with increasing [SO;H-PMIM][HSO4] content, and
best yield of n-Butyl acetate of 98% was obtained using PS-[SO;H-PMIM][HSO4]1 within 1.5h. The
catalytic activity of this catalyst decreased slightly after fifth using.

Introduction

Caboxylic esters is a important intermediates. Traditionally, they were synthesized by Fischer
esterification of carboxylic acids and alcohols under the catalyst of hydrochloric acid or sulfuric acid
[1]. Although much success has been achieved with these inorganic liquid-phase acids, some
problems still remain, for example, tedious purification procedure of the product, needing of a lot of
inorganic acids, corrosion of equipments[2,3]. Various novel catalysts have therefore been explored
in order to avoid these insufficient. Since the end of last century, with more and more recognition of
room temperature ionic liquids (TSILs), there are growing interests in using ionic liquids as solvents
or catalysts for esterification [4,5], but high costs and unendurable viscosities limited their further
applications [6].

In recent years, some researches were reported about supported acidic ionic liquid catalyst for
organic reactions [7-9]. These researches showed that the supported ionic liquid catalysts had many
advantages over their unsupported counterparts, such as separation, reusability, and the ability to
provide practical conveniences in a continuous system. Recently, Xu[10] reported a new approach of
synthesis of PS-supported acidic ionic liquid (PS-CH,-[SO;H-pIM][HSOy4]) catalyst and its catalytic
performance for Fischer esterification. In the previous work, we supported a imidazole type
Brensted-acidic TSILs, 1-(propyl-3-sulfonate)-3-methy-imidazolium hydrosulfate acidic ionic liquid
([SOsH-PMIM][HSO4)), onto three kind of chloromethylated polystyrene beads prepared in lab to
prepare a series of PS-[SO;H-PMIM][HSO4] catalysts, and studied their catalytic capability in
nitration of aromatic compounds [11, 12]. As part of our continuing interests, here, we tested for
esterification of n-butyl alcohol with acetic acid. The catalysts were characterized by FT-IR,
SEM/TEM, elements analysis, TG/DSC and acid base titration.

Experimental

Catalyst preparation. Scheme 1 showed the synthetic process of PS-[SO;H-PMIM][HSO4] [10, 13].
First, sodium methylate (0.1mol) in methanol (10mL) was added dropwise into the mixture of
imidazole (0.1mol), KI (0.1g) and toluene (5mL) at 40 “C. Then, PS-CH,Cl beads (0.01mol, -CH,Cl),
prepared according to the previous report [14], in acetonitrile (15mL) was added to the formed
imidazole sodium salt solution, the reaction was carried out at 65 “C for 48 h. The PS-CH,-imidazole
product was filtered off and washed by soxhlet extraction using ethanol as solvent and dried under
vacuum. Second, PS-CH,-imidazole and equiv (relative to -imidazole) 1,3-propane sultone were
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added in anhydrous toluene and reacted at 75 ‘C for 14h. Then product named as the
PS-[SO;H-PMIM] was filtered off, washed with toluene and dried under vacuum. Last, dried
PS-[SO;H-PMIM] was soaked in dichloromethane at 0 C, and acidified with equiv concentrated
sulfuric acid or hydrochloric acid. The mixture were heated to 75 “C for 4h under stirring. The target
catalyst PS-[SOs;H-PMIM][HSO4] or PS-[SO3;H-PMIM][CI] were collected by filtration, washed
with diethyl ether and dried under vacuum.
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Scheme 1 Synthesis of PS-[SO;H-PMIM][HSO4] catalyst

Catalyst characterizations. IR spectroscopy was recorded using a Nicolet IS10 FTIR spectrometer.
TG/DSC studies were carried out using METTLER TOLEDO SDTA851e/DSC823e instrument.
Elemental analysis was determined by Vario MICRO EL. Average particle sizes and surface
morphologies were characterized by a SEM Leica S440i. GC spectra were recorded using Agilent
GC-6820 spectrometer. Acidic sites was confirmed by titration of PS-[SO;H-PMIM][HSO4] catalyst
with 2.08x10 M aq. NaOH, using phenolphthalein as indicator.

Catalyst for aromatics esterification reactions. PS-[SO;H-PMIM][HSO4] (0.95g), n-butyl alcohol
(96mmol), acetic acid (80mmol) and cyclohexane (8mL) were charged successively into a three-neck
flack with a water segregator, and stirred at 92°C for length of time. The resultant mixture was cooled.
The catalyst was filtered off, washed with ethanol, and dried for the recycling experiments. The filtrate
was analyzed using GC.

Results and discussion

FT-IR. As shown in Fig.1, for PS-CH,Cl, the characteristic peaks of polystyrene exhibited the C—H
stretching vibration of aromatic ring at 3016 cm ™', and C—H asymmetric and symmetric stretching
vibrations of methylene at 2920 cm ™' and 2855 cm ™. The peaks at 1609 cm ™' and 1507 cm™' were due
to the C—C skeleton vibration of aromatic ring of polystyrene. Moreover, a typical peak at 1265 cm™*
was attributed to stretching vibrations of the functional group —CH,Cl, and another peak at 672cm’’
was due to stretching vibrations of C-CI[15]. The two typical peaks were practically omitted after
introduction of imidazole. Meanwhile, a peak assigned to the C=N stretching vibration of imidazole
ring at 1560 cm ™' appeared[16], which was indicated the imidazole anchored on the polystyrene by
covalent bond. In the IR spectrum of PS-[SO3-PMIM], several strong peaks, i.e. 1039 cm™, 1160 cm™
and 1209 cm™, appeared which were attributed to the absorb of ~SO;". When PS-[SO3-PMIM] was
acidified with concentrated sulfuric acid, there were no obvious change in IR spectrum but two peaks,
1039 cm™ and 1209 cm™ became stronger, which were attributed to the S=O asymmetric and
symmetric stretching vibrations of —SOs— group.
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Fig. 1 IR-spectra of PS-CH,Cl, PS-CH,-imidazole, PS-[SO;-PMIM] and PS-[SO;H-PMIM][HSO4].
Elements analysis of PS-CH,-imidazole and acidic sites of PS-[SO;H-PMIM][HSQy]. Table 1
showed the elemental analysis for PS-CH,-imidazole. It can be seen that the imidazole contents
increased with the increasing of VBC in feed composition of PS-CH,Cl. Acid sites of the
PS-[SO;H-PMIM][HSO4] catalyst was confirmed by acid base titration. The loading amounts of
[SO;H-PMIM][HSO4] in  PS-[SO;H-PMIM][HSO4]1 and  PS-[SO;H-PMIM][HSO,]2,
PS-[SOsH-PMIM][HSO4]3 were 2.22, 2.03 and 1.69mmol/g respectively.
Table 1 Elemental analysis of PS-CH,-imidazole

Sample VBC:St:DVB,vol% % C %H %N Imidazole, mmol/g
PS-CH,-imidazolel 98:0:2 73.88 6.84 12.77 4.56
PS-CH;-imidazole2 74:24:2 74.11 6.88 11.58 4.14
PS-CH,-imidazole3 49:49:2 7750 7.09 9.24 3.30

“VBC:St:DVB, vol%”was the feed composition of PS-CH,Cl beads. “VBC, St and DVB” are the abbreviation of
“4-vinylbenzyl chloride, styrene and divinyl benzene” respectively.

SEM/TEM and TG-DSC. It can be seen that PS-CH,Cl (Fig. 2 A and C) was uniform globular in the
size of ~600 nm. After the introduction of [SO;H-PMIM][HSOy4], the catalyst became big a little,

about ~700nm and the surface became smooth (Fig. 2 B and D), which is in accord with other report
[10].
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Fig. 2 SEM and TEM of PS-CH,Cl (A and C) Fig. 3 TG/DSC curves of PS-CH,Cl and
and PS-[SO;H-PMIM][HSO4] (B and D). PS-[SOsH-PMIM][HSOy4] catalyst.

TG/DSC analysis was carried out in N, with heating rate of 10 ‘C/min. As shown in Fig. 3, no
significant weight loss was observed from both PS-CH,Cl and PS-[SO;H-PMIM][HSO,] at
beginning. Above 120°C, weight loss was accelerated for both the two particles and weight loss speed
of PS-CH,ClI was quicker than that of PS-[SO;H-PMIM][HSOy]. There was a obvious weight loss
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from PS-CH,Cl nearby 150 C. Correspondingly, for the DSC curve of PS-CH,Cl, a small exothermic
peak appeared, however it didn’t appear in the DSC curve of PS-[SO;H-PMIM][HSO4]. The weight
loss and the exothermic peak of PS-CH,Cl were possibly ascribed to the water inside the porous
PS-CH,Cl particles. When the [SO3;-PMIM] was immobilized onto PS-CH,Cl in organic solvent, the
water was droved and the holes were jammed. When the temperature further increased up to higher
than 300 C for PS-CH,Cl and 410 C for PS-[SO;H-PMIM][HSO,], weight loss accelerated heavily.
A possible reason is that their structures were destroyed or the chloromethyl groups and the
[SO;H-PMIM][HSO4] separated from PS. The residue weight of PS-[SO;H-PMIM][HSO4] and
PS-CH,Cl was about 56.5% and 27.2% at 450 ‘C, respectively. These observations indicated that the
immobilization of [SO;H-PMIM][HSO4] onto polystyrene could improve the thermal stability of
PS-CH,CL

Catalytic reaction. The esterification of n-butyl alcohol with acetic acid is showed in Scheme 2.

\Né\ﬁs_oy\/som
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CH,;CH,CH,CH,OH + CH;COOH CH3COO(CH,);CH; + H,O

Scheme 2 Esterification of n-butyl alcohol with acetic acid.

To evaluate the PS-[SO;H-PMIM][HSO4] catalyst described here, the catalytic activities of various
catalyst for the esterification reaction of n-butyl alcohol and acetic acid were examined under the
same reaction conditions (Table 2). Obviously, the yields of n-butyl acetate over
PS-[SO;H-PMIM][HSO4] (Table 2, entry1-3) were much higher than that over the support (Table 2,
entry 5) and no catalyst(Table 2, entry 6). This meant that the reaction hardly carried out without
catalyst and the support almost had no influence on the yield. It was worth noting that the
PS-[SOs;-PMIM]1 had no influence on the reaction evidenced the scheme of the synthesis of
PS-[SO;H-PMIM][HSO4] catalyst at a certain extent. In addition, it easy to see that both the
PS-[SO;H-PMIM][HSO4] catalysts and PS-[SO;H-PMIM][CI] (Table 2, entry 4) catalyst were
effective for the reaction of n-butyl alcohol and acetic acid although the catalytic activity of the latter
was far lower than that of the former. The reason was that both the two kinds of solid catalysts could
provide proton H', which could make the acetic acid protonated and then was attacked by
nucleophilic n-butyl alcohol to form n-Butyl acetate. Which analysis was based on the classical two
key steps esterfication [17-19]. Compared to PS-[SO;H-PMIM][HSO,] catalysts, there are two
groups, i.e. HSO4™ anions and SO*H- group, could supply proton H', the providing proton H" ability
of PS-[SO;H-PMIM][CI] is limited, which contributed lower catalytic capability.

It can be seen that all of the PS-[SO;H-PMIM][HSO,] catalysts exhibited high catalytic activity. The
yield of n-Butyl acetate increased with the increasing of [SO;H-PMIM][HSOj4] content at same
reaction time, which was attributed to the gradually increasing amount of acid sites in the catalyst.
When using the PS-[SO;H-PMIM][HSO4]1 as catalyst, 98% yield was obtained at 92°C, within 1.5h,
which was better than the similar study reported by Xu[10].

Table 2 Result of n-Butyl acetate over various catalyst and reaction time®

Yield, %

Entry Catalyst . . .
0.75,h 1.5,h 3,h

1 PS-[SO;H-PMIM][HSO4]1 94 98 98

2 PS-[SO;H-PMIM][HSO4]2 90 96 98

3 PS-[SO;H-PMIM][HSO4]3 90 93 98

4 PS-[SO;H-PMIM][CI]1 57 68 74

5 PS-[SO5;-PMIM]1 (or PS-CH,CI1) 34 47 52

6 Blank 33 48 50

* By quantitative GC based on crude product
b Reaction time, h
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Catalyst recycle study. The reusability of PS-[SO;H-PMIM][HSO,] catalyst was evaluated in
esterification of n-butyl alcohol with acetic acid catalyzed by PS-[SO;H-PMIM][HSO4]1. As shown
in Table 3, PS-[SOs;H-PMIM][HSO4]1 still showed very high activity after third runs and the catalytic
activity decreased only 3% for 5 runs, which indicated that PS-[SO;H-PMIM][HSO4] catalyst was
efficient and reusable.
Table 3 The reusability of PS-[SO;H-PMIM][HSO4]1 for n-Butyl acetate®
Runs time 1 2 3 4 5

Yield, % 98 98 97 96 95

* By quantitative GC based on crude product, reaction time 1.5h.

Conclusion

A series PS-[SO3;H-PMIM][HSOq4] catalysts were prepared by grafting [SO;H-PMIM][HSO4] onto
the highly chloromethylated polystyrene beads, and showed a better thermal stability than that of
PS-CH,Cl resins. These catalysts were efficiencies for esterification of n-butyl alcohol with acetic
acid. The yield of n-Butyl acetate generally increased with increasing of the [SO;H-PMIM][HSO4]
content. The best yield of 98% was obtained under 92°C within 1.5h over PS-[SO;H-PMIM][HSO4]1
catalyst. The catalyst could be recovered by simple filtration, and the yield only decreased 3% after
reusing for 5 times. In conclusion, the PS-[SO;H-PMIM][HSO4] catalyst prepared in this paper was
an excellent recyclable catalyst for the synthesis of n-Butyl acetate, and it showed potential
application for carboxylic esters in industry.

This work was supported by the grant (No. 1281370046) from the Scientific Research Foundation for
the high-ranking talent of Jiangsu university.
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Abstract: The SiO,-coated a-Al,O3 pearlescent pigment was prepared by liquid phase deposition
(LPD). The effects of concentration of sodium silicate solution, reaction temperature and pH value
of the aluminum oxide suspending liquid were systemically studied in this paper. The obtained
samples were characterized by scanning electron microscopy (SEM). The results showed that when the
process parameters are the concentration of sodium silicate solution of 0.1 mol/L, the reaction
temperature of 80 °C and the pH value of 9.0, the high quality of SiO,-coated a-Al,O3 pearlescent
pigment could be obtained.

Introduction

Pearlescent pigment is one of the color effect materials which composed of a highly reflective
platelet-shaped substrate encapsulated with a low index of refraction material [1]. It is widely
applied in plastics, printing ink, cosmetic and ceramic materials due to its unique decorative optical
color effects and weather-resistance effects [2].

The common substrates of traditional pearlescent pigment were mica or synthetic mica [3]. The
defect of the mica or synthetic mica based pearlescent pigment are these: 1. the mica or synthetic
mica is difficult to delamination; 2. the pearlescent pigment made by mica or synthetic mica has a
poor dispersion.

a-Al,O3; based pearlescent pigment[4] is a newly emerging material which overcome the defect
of the mica or synthetic mica based pearlescent pigment. In this paper, the factors affecting the
preparation of SiO,-coated a-Al,Os pearlescent pigment was studied in order to find a easy and fast
way of preparing the SiO,-coated a-Al,O3 pearlescent pigment.

Experimental

Raw materials and reagents. The platelet-shaped a-Al,O3; was supplied by Xiamen ZF Co., Ltd.
The morphology of a-Al,O3; was shown in Fig.1. The sodium hydroxide and sodium silicate were
provided by Tianjin Fuchen chemical reagents factory, both of them are analytical-reagent. And the
chemically-pure sulphuric acid was obtained from Fuzhou chemical engineering research institute.
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Fig.1 The morphology of a-Al,O3 (a: X 500; b: X 10000)

Preparation process. Measured 25 g a-Al,O3 and added it to 100 mL distilled water as the
reaction mother liquor. The suspending liquid was heated and stirred in certain temperature. The pH
value was adjusted by sodium hydroxide. Then injected Na,SiO3; dropwisely (about 0.75 mL/min)
into the suspending liquid and added H,SO4 (0.1 mol/L) at the same time to kept the pH value
constant (The H,SO,4 was added by ProMinent Dulcometer D1Cb, a pH controller). After that, the
product was filtered and washed for several time to move the free SiO,. In the end, the precipitate
was dried at 102 °C for 12 h.

Characterizations. The morphologies of SiO,-coated 0-Al,O3; were tested by the scanning
electron microscope (JSM 7500F).

Results and discussion

Influence of concentration of sodium silicate solution. Elevated the concentration of sodium
silicate solution could accelerate the hydrolysis of sodium silicate, so the H,SiO3;.nH,O would
generate massly and rapidly. The crystal particles would be small, because they didn’t have enough
time to grow up, as shown in Fig.2-b and Fig.2-c. But if the generation rate of H,Si03.nH,O was far
faster than its deposition rate, the H,SiO3.nH,O would be more likely to formed free SiO, or large
grain of SiO; on the surface of a-Al,Os, as shown in Fig.2-d. Therefore the optimum concentration
is 0.10 mol/L.

Fig.2 The morphology of SiO;-coated a-Al,O3 prepared by different concentration of sodium
silicate solution (a: 0.05 mol/L ; b: 0.10 mol/L; ¢: 0.15 mol/L; d: 0.20 mol/L; e: 0.25 mol/L), all the
sample above were prepared in 80 °C, with the pH 9.0
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Influence of the reaction temperature. Heating properly could promote the growth of SiO,
crystal particles as well as accelerate the hydrolysis of sodium silicate. With the increase of
temperature, the crystal particles that formed in the surface of a-Al,O; would be larger and larger, as
shown from Fig.3-a to Fig.3-d. But when the temperature was too high, the crystal might also fail to
form, as shown in Fig.3-e. Therefore the optimum reaction temperature is 80 °C.

Fig.3 The morphology of SiO,-coated a-Al,Os prepared in different temperature (a: 75 °C; b: 80
°C; ¢: 85 °C; d: 90 °C; e: 95 °C), all the sample above were prepared by 0.10 mol/L sodium silicate
solution, with the pH 9.0

Influence of the pH value. The pH value could affect both the hydrolysis and gelling of silicate.
The sodium silicate would hydrolyze rapidly at a low pH value, which might lead to self-nucleation
of silicate. We could learn from the pre-experiment that the hydrolysis rate of sodium silicate would
be appropriate when the pH value was 8.0~10.0. The relationship of gelling time with pH was
following N curve [5]. The pH 8.0~8.5 was nearly at the bottom of the N curve, at that range, the
gelling rate would be high, and the large grain of SiO, would be formed before it deposited on the
surface of a-Al,Os, as shown in Fig.4-a and Fig.4-b. When the pH value was 9.0, the gelling rate
was moderate and close to the deposition rate, the SiO, on the surface of a-Al,Os; would be
well-distributed, as shown in Fig.4-c. Therefore the optimum pH is 9.0.
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Fig.4 The morphology of SiO,-coated a-Al,Os prepared in different pH (a: 8.0; b: 8.5; ¢: 9.0; d:
9.5; e: 10.0), all the sample above were prepared by 0.10 mol/L sodium silicate solution, in 80 °C

Conclusions

The SiO,-coated a-Al,O3; pearlescent pigment was prepared by liquid phase deposition (LPD).
The result of SEM showed that when the process parameters are concentration of sodium silicate
solution of 0.1 mol/L, reaction temperature of 80 °C and pH value of 9.0, the SiO; on the surface of
0-Al,O3 would be dense, fine and well-distributed.
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Abstract. 8 Geotextiles (; 4 woven and 4 nonwoven types), 4 geogrids and 2 geocomposites of
[nonwoven/fibers/nonwoven] structure were used as raw materials and the different seaming
methods were applied to compare the seam properties of 3 geosynthetics and transmissivity of
geocomposites. Tensile strength retentions of these geosynthetics were evaluated as the degree of
damage by chemical degradation. Woven geotextiles showed the higher seam strength in the order
(SSd-1 < SSd-2) > (SSa-1 < SSa-2) > geospacer without regard to the design strength. For
nonwoven geotextiles, the order of seam strength is geospacer > (SSa-1 < SSa-2). Geogrids showed
the higher seam strength in the order of band > geospacers but reduction factors were increased in
the order of band > geospacer without regard to the geogrid’s compositions. Finally, geocomposites
showed the higher seam strength in the order of geospacer > (SSa-1 < SSa-2) but showed the
transmissivity in the order of geospacer > (SSa-1 > SSa-2) without regard to the kinds of filled

fibers and weight of geocomposite.

Introduction

Geosynthetics have their seaming methods such as mechanical or chemical seaming techniques
due to their own structures, physical, chemical and thermal properties. Furthermore, the seam
strength of geosynthetics must be influenced by seaming methods and for reinforcement/protection
applications with geosynthetics, the seaming is typically the weak connection to applied load
transfer in the reinforcement/protection system [1]. For filtration or drainage applications, this
phenomena on geosynthetics could affect the vertical or horizontal hydraulic flow. Seaming can
have a significant impact on the performance of geosynthetic systems whether their intended
function is reinforcement/protection, separation or filtration and drainage. When reinforcement/
protection is the function, the seaming must be considered as a limiting strength factor and assessed
by the same performance standards as the reinforcement/protection geosynthetic only [2, 3, 4].
Besides this, the seaming of geosynthetics should be evaluated for durability limitations such as
installation damage, creep deformation, chemical and biological degradations etc. Seaming of
geotextiles by traditional sewing methods necessarily causes needle damage to fibers and yarns as
well as creating stress concentrations where the sewing threads reverse direction for their return
stroke. These effects are relatively small for light-weight geotextiles and the resulting seam strength

are generally quite high. For geogrids, the connection techniques require a high level of dimensional
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stability within the geogrid structure to withstand the stress concentrations imposed by connection
techniques. Filtration or drainage performance of geocomposites could be also influenced by the
seam strength with different seaming methods. In this study, geotextiles - 4 woven and 4 nonwoven
types, 4 geogrids and 2 geocomposites of [nonwoven/fibers/nonwoven] structure were used as raw
materials and the different seaming methods were applied to compare the seam properties of 3

geosynthetics and transmissivities of geocomposites.

Experimental

Preparation of Samples and Seaming

8 Geotextiles(; 4 woven and 4 nonwoven types), 4 geogrids and 2 geocomposites of
[nonwoven/fibers/nonwoven] structure were used as raw materials. Geocomposites of 3-layer
structure which have the excellent drainage function under confined loading condition were
manufactured by needle punching method. Three different punching patterns were applied to
manufacture these geotextiles as T, T and | punching pattern.

Assessments of Performance of Geosynthetics

Seaming methods that applied to geosynthetics were as following: (1) geotextiles - sewing methods :
flat seam(; SSa-1, -2), butterfly seam(; SSd-1, -2), geospacer, (2) geogrids - band and geospacer, (3)
geocomposites — flat seam(; SSa-1, -2) and geospacer. Table 1 shows the specifications and
seaming methods of these geosynthetics and Figure 1 shows the various seam types and geospacer.
Seam properties of geotextiles and geocomposites were examined by ASTM D 4884(; test method
for seam strength of sewn geotextiles) and those of geogrids were investigated through ASTM D
4884. Chemical resistance of geosynthetics were tested in the condition of pH 3 and 8, 25°C and
50°C during 360 days. These solutions were adopted to compare the chemical resistance by
considering the waste leachates. The degree of chemical resistance of geosynthetics were estimated
by comparing the tensile strength retention ratio after 360 days with ASTM D 5322. Especially for
geogrids, creep deformation tests were done to determine the reduction factor of geogrids to affect
the long-term performance by ASTM D 5262 and GRI GG 3(b). Transmissivities of geocomposites
were tested by ASTM D 4716. 2 types of geonet composites — GNC-1, -2 - having the same
thickness as smart geotextiles were used as comparison materials for drainage function and Figure 2

showed the cross sectional morphology of geocomposites and geonet composites.
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Table 1. Specifications and seaming methods of geosynthetics

Design Weight Seaming
Geosynthetics Fibers X
Strength(kN/m) (g/m") Methods
WGT-1 50
WGT-2 100
Woven Polyester
WGT-3 150
Flat Seam,
WGT-4 200
Geotextile Butterfly Seam,
NWGT-1 712
Geospacer
Non- NWGT-2 | | 1,024
Polypropylene
woven NWGT-3 1,532
NWGT-4 2,156
GG-1 80
GG-2 High tenacity 150 Band,
Geogrid
GG-3 Polyester 200 Geospacer
GG-4 250
Geocomposite
GC-1 *Polypropylene 1,306 Flat Seam,
[Nonwoven/Fibers*
GC-2 Waste Fiber 2,084 Geospacer
/Nonwoven]
SSa-1 SSa-2 §8a-3

“Flat” Searmn

55d-1 a8d-2

“Butterfly” Seamn

Geosynthetic-1

Geosynthetic-2

a

Geospacer

Fig 1. Schematic diagrams of various seam types and special geospacer
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(a) Smart geotextiles (b) Geonet composite

Fig 2. Photographs of cross section areas of geosynthetics

Result and Discussion

Seamed geosynthetics by geospacers
Fig. 2 shows the seamed geosynthetics, e.g., nonwoven geotextile, geogrid and geocomposite by the
geospacer. In this Figure, it was seen that this seaming method has no problem to be used in the

bonded area instead of the overlapping the geosynthetics, especially the thick geotextiles which

have the weight more than 1,000g/m?2.

g e

e 1

(a) Nonwoven geotextile (b) Geogrid

(c) Geocomposite

Fig 3. Photographs of seamed geosynthetics by geospacer
Seam Strength
Table 2 shows the seam strength of the seamed geosynthetics with the seam type. For woven
geotextiles, the butterfly seam(SSd-1 and SSd-2) shows the excellent seam strength than the flat
seam(SSa-1 and SSa-2) but the geospacer seam shows the lower seam strength than the flat and
butterfly seams. From this, it was seen that the geospacer seam is not optimum for the woven
geotrextiles. For nonwoven geotextiles, the geospacer seam shows the excellent seam strength than

the flat and butterfly seams with the increase of weight. It is thought that geospacer makes more
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compact seam than the flat and butterfly seams for thicker nonwoven geotextiles. For geogrids and
geocomposites, the geospacer seam shows the excellent seam strength than the band seam without
regard to the design strength and geogrid’s composition.

Table 2. Seam strength of geosynthetics with seam type

Seam Type

Geosynthetios SSa-1 SSa-2 SSd-1 SSd-2 Band Geospacer
WGT-1 116 120 127 134 - 86
WGT-2 118 123 134 138 - 92
WGT-3 121 127 138 143 - 101
WGT-4 124 131 141 148 - 118
NWGT-1 78 85 - - - 92
NWGT-2 80 87 - - - 98
NWGT-3 81 89 - - - 106
NWGT-4 83 92 - - - 113
GG-1 - - - - 66 76
GG-2 - - - - 68 84
GG-3 - - - - 72 78
GG-4 - - - - 76 86
GC-1 64 78 - - - 154
GC-2 81 94 - - - 158

Chemical Resistance

The degree of chemical resistance of geosynthetics in the acidic and alkaline solutions were
represented in Table 3~6. Nonwoven geotextiles showed the excellent chemical resistance than the
woven geotextiles. The tensile strength retentions of woven geotextiles was decreased with high pH
value and temperature. This is the typical phenomena of polyester fibers which were unstable
against the high pH value and temperature. However, the geospacer seam showed the excellent
chemical resistance for all geosynthetics. For geogrids, chemical resistance is not dependent on the
seam type and the design strength. Geocomposites showed the same tendency of chemical
resistance as the nonwoven geotextiles but smaller change than nonwoven geotextiles.

Table 3. Tensile strength retention of geosynthetics with seam type at pH 3, 25°C

Seam type
Geosynthetics S8a-1 SSa-2 $8d-1 $8d-2 Band Geospacer
WGT-1 82 84 84 36 i %6
WGT-2 R4 85 36 ’7 i %6
WGT-3 84 85 36 88 i 47
WGT-4 85 36 36 38 i o8
NWGT-1 78 80 ) ) i <3
NWGT-2 80 83 ) ) i g5
NWGT-3 82 33 ) ) i 47
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NWGT-4 &3 85 - - - 88
GG-1 - - - - 92 92
GG-2 - - - - 92 92
GG-3 - - - - 92 92
GG-4 - - - - 92 92
GC-1 84 86 - - - 88
GC-2 84 86 - - 88

Table 4. Tensile strength retention of geosynthetics with seam type at pH 3, 50°C

Seam type
SSa-1 SSa-2 SSd-1 SSd-2 Band Geospacer

Geosynthetics

WGT-1 80 82 83 85 - 85
WGT-2 82 83 84 86 - 85
WGT-3 82 84 85 86 - 86
WGT-4 82 84 84 87 - 86
NWGT-1 78 80 - - - 83
NWGT-2 81 82 - - - 84
NWGT-3 82 82 - - - 86
NWGT-4 82 84 - - - 86
GG-1 - - - - 92 92
GG-2 - - - - 92 93
GG-3 - - - - 93 92
GG-4 - - - - 92 92
GC-1 83 86 - - - 88
GC-2 84 86 - - 88
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Table 5. Tensile strength retention of geosynthetics with seam type at pH 8, 25°C

eam type
SSa-1 SSa-2 SSd-1 SSd-2 Band Geospacer

Geosynthetics

WGT-1 74 76 78 80 - 82
WGT-2 76 76 78 82 - 82
WGT-3 76 78 80 82 - 83
WGT-4 78 79 80 83 - 83
NWGT-1 78 80 - - - 82
NWGT-2 80 81 - - - 83
NWGT-3 80 81 - - - 83
NWGT-4 82 83 - - - 84
GG-1 - - - - 91 92
GG-2 - - - - 91 92
GG-3 - - - - 91 93
GG-4 - - - - 92 92
GC-1 82 84 - - - 86
GC-2 82 85 - - 86

Table 6. Tensile strength retention of geosynthetics with seam type at pH 8, 50°C

Seam type
Geosynthetics SSa-l SSa-2 $8d-1 $8d-2 Band Geospacer
WGT-1 74 75 78 31 ] 73
WGT-2 76 75 78 32 ) 78
WGT-3 76 77 80 83 - 80
WGT-4 78 78 30 34 ) %0
NWGT-1 74 78 B ) ) el
NWGT-2 75 80 } ) ) -
NWGT-3 77 30 B ) ) %
NWGT-4 78 81 ~ ) ) %
GG-1 - . . ) 91 o1




Advanced Materials Research Vol. 983

37

GG-2
GG-3
GG-4
GC-1
GC-2

82 83
82 84

90
90
91

91
91
92
86
86

Long-Term Design Strength of Geogrid by Creep Reduction Factor
From GRI Standard Test Method GG4, the allowable strength of geogrid could be written in the

following equation to be taken into consideration of the ultimate strength, reduction factors for

application of geogrids. The long-term design strength of geogrid should be used in the following
equation. The reference document can be found in the GRI Standard Test Method GG4(b)
“Determination of the Long-term Design Strength of Flexible Geogrids”.

T design

=T,

ultimate

1

RF,; X RF, X RF,; X RF;, ]

RF;;= reduction factor for biological degradation

where, Tgesign = long-term design strength of geogrid

Tuttimaze = ultimate strength of geogrid

RF;;= reduction factor for installation damage

RF ., = reduction factor for creep deformation

RF ., =reduction factor for chemical degradation

(1)

Table 7 shows the longterm design strength of geogrids by the reduction factor of the above

mentioned conditions. We used the default values of each reduction factor to be written in the

reference, [1]. In here, reduction factors of the geospacer seam are smaller than those of the band

seam and this means geospacer seam is more effective than the band seam. Therefore, the long-term

design strength values of geospacer showed higher than those of the band seam.

Table 7. Long-Term design strength by reduction factor of geogrids with seam type.

Long-Term
Reduction Factor
Geogrid Design Strength (KN/m)
Band Geospacer Band Geospacer
GG-1 24 2.0 333 40.0
GG-2 24 1.9 62.5 78.9
GG-3 24 1.8 83.3 111.1
GG-4 23 1.8 108.7 138.9

Transmissivities of Geocomposite

Table 8 shows the transmissivities of geocomposites by seam type. Geospacer seam showed higher
transmissivity than the flat seam(; SSa-1 > SSa-2) without regard to the kinds of filled fibers and

weight of geocomposite. For the similar specification, geocomposites showed the better

transmissivities than the typical drainage materials, geonet composites.
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Table 8. Transmissivities of geocomposites and geonet composites

Seam Type
SSa-1 SSa-2 Geospacer
Geogrid
GC-1 1.581 1.224 0.983
GC-2 1.218 1.057 0.915
GNC-1 - - 0.699
GNC-2 - - 0.485

Conclusion

Woven geotextiles showed the higher seam strength in the order of butterfly seam(; SSd-1 < SSd-2)
> flat seam(; SSa-1 < SSa-2) > geospacer without regard to the design strength. For nonwoven
geotextiles of 1,000g/m2~, the order of seam strength is geospacer > flat seam(; SSa-1 < SSa-2).
Geogrids showed the higher seam strength in the order of band > geospacer but creep deformation
were increased in the order of band > geospacer without regard to the design strength and geogrid’s
compositions. Geocomposites showed the higher seam strength in the order of geospacer > flat
seam(; SSa-1 < SSa-2) but showed the transmissivity in the order of geospacer > flat seam(; SSa-1

> SSa-2) without regard to the kinds of filled fibers and weight of geocomposite.
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Abstract.Petroleum based polyurethanes are contributing major portions in the world requirement.
To overcome the environmental issues and price adaptability, there is always a massive demand of
utilization of renewable resources for polyurethane synthesis with comparable physico-chemical
properties. Castor oil is the only major natural vegetable oil that contains a hydroxyl group (-OH)
and unsaturated double bonds (C=C) in its organic chain and therefore can be employed with or
without modification due to the excellent properties derived from the hydrophobic nature of
triglycerides. In this study, physico-chemical properties of high performance polyurethane
synthesized from Poly propylene glycol (PPG) in comparison with a combination of PPG and
Castor oil (a renewable source), by in situ polymerization technique has been studied. The
variations in properties of both types of polyurethanes are evaluated by Fourier Transform Infrared
Spectroscopy (FTIR), Scanning Electron Microscopy (SEM) and Thermogravimetric analysis
technique (TGA). Tensile strength properties were investigated by Film Tensile testing equipment.
Results indicated the presence of large -CH stretching in castor oil mixed polyurethane with a larger
oxidative thermal stability, over a pure PPG polyurethanes. Tensile properties were found almost
comparable in pure and mixed polymers, which signify the usage of mixed polymer in coming
future, to overcome the environmental and economical crisis in polyurethanes synthesis.

Introduction

Polyurethanes (PU) have been extensively used due to excellent physical properties (e.g.
low flexibility, high tensile strength, tear and abrasion resistance, solvent resistance, etc.) and high
versatility in chemical structures [1-2]. Polyurethane is generally synthesized from the isocyanate
reaction with polyol. Polypropylene glycol (PPG) is a polyol, is basically derived from the
petrochemical industry [3]. High rising costs of petrochemical feedstock’s and enhanced public
desire for environmentally friendly green products, utilization of renewable resources to
manufacture the rigid polyurethane is a work necessary at the present time [4-6].

Polyurethane based on polyols derived from different vegetable oils, like castor [7-8],
sunflower and rapeseed oils [9].Castor oil is one of the major natural vegetable oil that contains a
hydroxyl group and so it is widely used in many chemical industries, especially in the production of
polyurethanes [10]. Krushna Chandra Pradhan and P. L. Nayak investigated the synthesis of
polyurethane nanocomposites prepared from natural oil like castor oil using HMDI and organically
modified clay and covalently linked PU/n-HMDI composite, which was later collected successfully
by the electro spinning process [7]. D.J. dos Santos et al., study preparation ,diagnosis from castor
oil exhibited increasing of diisocyanate groups, in relation to polyol amount, has increasing of
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diisocyanate groups, in relation to polyol amount, has increased the strength at rupture of the
obtained polymers and has decreased the polymers elongation, which has resulted into a modulus
increasing [11]. Anupama Kaushik et al., examines a series of 1,4-butane diol chain extended
polyurethane nanocomposites based on castor oil, and 4,40-diphenylmethane diisocyanate (MDI)
were synthesized with modified clay (Cloisite 30B) as filler [12].

1. Experimental

2.1 Materials

Commercial grade Castor oil was purchased from the local market. It was dehydrated at
80°C in in a vacuum oven and characterized for hydroxyl value (148), acid value (2) and moisture
content (0.379%). Polypropylene glycol (PPG) (Mn=4000) was supplied by SIGMA- Aldrich
Company. Chain extender, 1, 4-butane diol was procured from Himedia, India. The toluene
diisocyanate (TDI), which were used as received, were supplied from SIGMA- Aldrich Company.
The catalyst used in this research is DABCO-33LV which is the mixture of triethylenediamine and
di (propylene glycol) and it was supplied by Air Products and Chemicals (United Kingdom).

2.2 Characterization Technique

Fourier transform infrared spectroscopy (FTIR) analysis of polyurethanes was done using A
Vector-22 FT-IR spectrometer (Nicolet SDX FT-IR) with a resolution of 1 cm™ from 4000 to 400
cm™. Thermal stability (TGA) of polyurethanes was carried out using a Universal V4.5A, TA
instruments under a nitrogen atmosphere. Scanning electron microscopy (SEM) was carried out on
a JEOL 6300F machine at an acceleration voltage of SKV. Tensile testing of the nanocomposites
film was carried out on an instron model 4505 universal testing machine at 25°C, with a load cell of
5 KN and following ASTM D 638. The crosshead speed was set to 2 mm/min. Samples were cut in
a dumbbell shape with an ASTM D 638 (type V).

3. Result and Discussion

3.1 FTIR Analysis

The micro-domain structures of the pure PU and castor oil based PU were analyzed by FTIR
as shown in Figure 1. A small broad band in the range 4000-3500 cm™, was observed in both
samples relating to the O-H stretching vibrations from either water or hydroxyl terminated
compounds, and N-H stretching vibrations from either urea or amine group [13-14]. The CH — CHj;
peaks stretching are more prominent in castor oil based PU, then pure PU which may be due to
larger organic chain present in castor oil based PU. Peaks at 1727 cm™ represents (C=0) non
bonded urethanes [12] which are likely to be present in larger number, in castor oil based PU
synthesis.

2.2 TGA Analysis

The result of the thermo gravimetric analysis (Figure 2) shows that thermal stability of pure
PU and castor oil PU based under identical conditions and a comparison of the weight losses
occurred. The thermal stability of these polymers is starting generally above 200 °C [15-16]. It is
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seen from Fig. 2 that onset decomposition temperature starts from 250°C and 235°C for pure PU
and castor oil based PU, respectively. At 400 °C almost 85% of pure PU decomposed while castor
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% Transmittance
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Fig. 1 Comparative FTIR spectra for PU (pure PPG & PPG and castor oil)

based PUs showed less than 80% decomposition, which may be due to the different polyol
conditions, when PPG is mixed with castor oil. It may be due to the presence of low hydroxyl
content polyols in the formulation which improved the thermal resistance of the castor oil based PU
samples [15]. Overall thermal stability of PUs showed a slight decreasing trend as the rigid
segments content increased which supports the literature samples [16]. They concluded that PU
based on vegetable oils has a better oxidative thermal stability than PU based on poly (propylene
glycol) [18].
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Fig. 2 Comparative TGA graph for PU (pure PPG & PPG and castor oil)

33 Scanning electron microscope

In pure PU, during the polymerization reaction isocyanates reacted with the polyol gelation,
resulting in the formation of the cell wall of the polyurethanes, as shown in figure 3.a. When castor
oil was mixed with PPG as a polyol, cell wall formation is slower and larger cells formed due to the
low reactivity of castor oil [3], which exhibited the controlled cell formation by addition of castor

Fig. 3 SEM for PU with (3a) and without (3b) Castor Oil
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oil in PPG glycol, as shown in Figure 3.b. Due to the difference in the chemical structure of the soft
and hard segment, microphase separation takes easily arising from the incompatibility in PU [19].

3.4 Tensile and Mechanical properties

Figure 4 and 5 showed stress strain curves of the effect of the castor oil content in elongation
at break increases, while stress decreases compared with pure PUs. The COPUs depicted an
improvement of a ~21% in elongation time while stress decreases to ~58% in comparative stress—
strain study of pure PUs and with COPUs 15wt% of castor oil. The improved elongation time of the
COPUs may be due to the presence of the CH — CHj3 peaks stretching are more prominent in
COPUs, then pure PUs which may be due to larger double bonds and bigger organic chain [20]
present in COPUs. Presence the monoglyceride in castor oil helps to control such reaction due to
low reactivity of secondary hydroxyl group present in the fatty acid chain [21].
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Fig. 4 Stress strain curves for pure COPUs and PUs
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Fig. 5 Tensile strength of pure PUs and COPUs with 0 and 15wt% of castor oil.

4. Conclusion

The results depicted enhanced physico-chemical properties of castor oil mixed PUs, over
pure PPG originated PUs. The presence of larger organic chains in castor oil mixed polyurethanes
resulted in a larger oxidative thermal stability, over pure PPG polyurethanes. A slower cell
formation was also observed in mixed polyurethanes, exhibiting a controlled synthesis. Further
studies will be done to enhance the mechanical properties by applying nanofillers.
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Abstract. Swelling behaviors of powder and granular type sodium bentonites in permeate solutions
such as NaCl, KCl, MgCl2, CaCl2, distilled water and in HCI and NaOH (with different pH values)
under different temperatures were investigated. Swelling behaviors of these bentonites were
dependent on strength, reactivity power and physical form of ion, and temperature and pH value of
permeate solution. +1 ion solution showed higher swell volumes than +2 ion solution. Distilled
water showed highest swell volumes among these tested solutions. Powder type sodium bentonite
showed higher swells volume than granular type bentonite. Higher temperatures brought quickly the
bentonite to a stable swell volume state. The pH value also affected on swelling volumes of
bentonite as lower pH values (pH<3) increased and higher pH values (11<pH<12) decreased the

swell volume of powder and granular type sodium bentonite.

Introduction

Geosynthetic clay liners (GCL) have been used as a barrier to migrating liquids in civil
engineering works over 30 years. For these clay liners, sodium bentonite-montmorillonite (reactive
clay) is widely used, because it gives the excellent expand and sealant property at wet stage [1].
Swelling procedure of sodium bentonite happens due to the sodium carbonate through ion exchange
equilibrium process. Then, due to the flow of water, the micro structure is changed from smaller,
finely distributed clay mineral flakes to larger clay mineral crystals with giving lesser permeability
[2]. Swelling of montmorillonite particles is generally attributed to the volume of water molecules
that are bound to the clay surface, size and valence of cation and pH values of permeate liquids [2,
3]. Swelling of bentonite decreases with increasing valence Thus, it was reported that increasing
hydrated cation size for mono-valent cation(; +1 ion) gives swelling to bentonite structure and no
difference results for bi-valent cation(; +2 ions) regardless of hydrated cation size. The cases of
pH<3 and pH>12 showed a greater influence on swelling of bentonite, whereas pH value in
between them reported a constant swell volume [3-5]. In this study, we analyzed the swelling of
sodium bentonites of powder and granular types in mono-valent cation solutions such as NaCl and
KCl, bi-valent cation solutions such as MgCI2 and CaCl2, distilled water and also in HCI and
NaOH solutions (with different pH values) under different temperatures such as room temperature
(16°C), 30°C, 40°C, 50°C and 60°C, respectively.
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Experimental

Preparation of bentonites

Sodium bentonites of powder and granular types were used in this study. Chemical composition of
these bentonites in chemical structure was shown in Table 1. NaCl, KCI, CaCl2 and MgCl2 were
used as permeate liquids. The pH values of these solutions were shown in Table 2.

Table 1. Chemical composition of used bentonite

Chemical component Chemical composition [%]
Si0, 61.59
Al,O4 20.43
Fe,05 2.78
Na,O 3.05
TiOz 0.22
CaO 0.66
MgO 2.03
K,O 0.31
L.O.1 2.38
H,0 5.50
others 1.05
Table 2. pH values of permeate solutions
Solution NacCl KCl1 CaCl, MgCl,
PH 6.94 6.70 6.54 8.28

Free swell test

Free swell tests were carried out in accordance with ASTM. D5890. Approximately 90ml of 0.1
mol/L solution (NaCl, KCI, CaCl2 or MgCl2) or distilled water was poured into a clean 100 ml
graduated cylinder. Two grams of powder or granular bentonite was added in each solution in the
graduated cylinder in 0.1g increments after that, cylinder inner surface was rinsed down by solution
to remove any particles adhering to the sides of it. Then, the cylinder was filled up to 100 ml mark.
We prepared 5 cylinders for each permeate medium to observe the effect of temperature. And then,
it was placed the cylinders in water baths under room temperature (approximately 16°C), 30°C,
40°C, 50°C and 60°C. After this, swollen volume of bentonite was measured by direct reading the
cylinder scale (in ml) in every 24 hours. In order to observe the effect of pH on bentonite swelling,
HCl1 and NaOH solutions with different pH values were used. In addition, the effect of pH on
bentonite swelling was investigated in HCI (1<pH<6) and NaOH (8<pH<12) solutions were used
under mentioned temperatures and swelling volume was measured in every 24 hours till come to a

stable volume.

Result and Discussion

The swelling behavior of bentonite in types of powder and granular in NaCl solutions under
different temperatures were shown in Fig. 1. From this, it is clearly seen that swelling volume is

depend on the bath temperature till 7th experimental day. After that, swelling of bentonite lies at a
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constant level of 14 ml. Thus, higher temperatures rapidly bring the bentonite to a stable swelling
volume. According to Fig. 1, dependency of granular bentonite swelling on temperature exists till
15th day, which is longer than powder bentonite. After that, swelling volume does not change and
stays at 13ml, which is lesser than powder form of bentonite. Thus, as in Fig. 1, powder bentonoite
rapidly comes to a stable swelling volume at higher temperatures. Another feature of Fig. 1 is that
during swelling, bentonite stays at constant level/s for certain period before come to a stable volume,
but powder bentonite at 60°C is an exceptional case. Fig. 2 shows the selling behavior of granular
and powder bentonite in KCI solution under different temperatures. In both cases, swelling volume
is higher than the bentonite in NaCl solution. The pH doesn’t give any effect for this, because, both
solutions had approximately equal pH values. Only the possible reason is that higher reactivity of
K+ ions, which raise the chemical reaction to give higher swell volume. Thus, powder bentonite
gives higher swell volume than their granular form in all experimented temperatures. Hence,
powder form shows a shorter period of temperature dependency to achieve a constant level of
swelling than granular form. In addition, two stage of swelling behavior was observed in all cases of
powder and granular bentonite as in NaCl solution.
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Fig 1. Swelling behavior of bentonite in NaCl (0.1mol/L) solution under different temperatures
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Fig. 3 illustrates the swelling volumes of powder and granular bentonite in CaCl, solution under
applied temperatures. According to that, CaCl, (+2 ions) solution gave lower swelling volumes to
powder and granular bentonite compared to the swelling volumes given by NaCl and KCI
(monovalent cations) solutions. Reason would be the lower reactivity power of Ca*" than K* and
Na', which effect on ion exchange process in swelling mechanism of bentonite to change the its
micro from smaller, finely distributed clay mineral flakes to larger clay mineral crystals. The pH
value cannot be affected on this change, because, we maintained the pH values approximately in
same range (about 7) in all above mentioned solutions. Thus, they also show the temperature
dependency of bentonite swelling. Hence, higher temperature gives higher swell volumes and
quickly came to a highest state. Meanwhile, powder benonite indicate higher swell volumes than
with granular bentonite.
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Fig 3. Swelling of bentonite in CaCl, solution (0.1mol/L) under different temperatures
Fig. 4 illustrates the swelling behavior of powder and granular bentonite in MgCl, (+2 ions)
solution under different temperatures. It gives lowest swelling volumes under all temperatures

tested. Reason can be the lowest reactivity power of Mg>" than Na”, K and Ca®’. Even though
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solution pH value is slightly higher than other cases, it is hard to think its’ significant effect on the
lowest swell volume. Fig. 4 clearly demonstrates the temperature dependency of swelling of powder
bentonite. However, higher temperatures bring the bentonite rapidly to a constant level. Till 8 days,
temperature dependency of powder bentonite can be observed, but that is for granular form is more
longer (11 days). That implies that powder bentonite can swell rapidly to a constant level than their
granular form. According to the illustrations made above, we have understood that bivalent cations
gave lower swell volumes than mono-valent cation(; +1 ion). Reason would be that increase of
inner-crystalline attraction by bivalent cations leads to certain reduction of structural volume of
bentonite compared to mono-valent(; +1 ion) cations.
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Fig 4. Swelling of bentonite in MgCl, solution (0.1mol/L) under different temperatures

Fig. 5 shows the variations of bentonite swelling volume in distilled water under different
temperatures. Distilled water gives highest swelling volumes to both powder and granular bentonite
with experimented temperatures, compared with other solutions. We hypothesized the reason for
this as that distilled water does not possess any valent ions to attract inner—crystalline layers of
bentonite compared to mono-valent(; +1 ion) or bi-valent(; +2 ions) solutions. Thus, powder form
gave slightly higher swell volume than granular form of bentonite. Thus, bentonite swells in
distilled water is also temperature dependence reaction and higher temperatures bring bentonite

(both forms) quickly come to a stable swell volume.
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Fig. 5. Swelling behavior of bentonite in distilled water under different temperatures
Fig. 6 illustrates the swelling behavior of Sodium bentonite powder and granular forms with differe
nt pH values (using HC1 and NaOH solutions) under different temperatures. We changed the pH val
ues from 1 to 12, without considering 13 and 14, because these pH values were not familiar to leach
ate. It is clearly shown that pH<3 and 11<pH<12 show a greater influence on swelling of bentonite.
Specially, with lower pH values increase and higher pH values decrease the swell volume, in concer

n of active pH ranges. Usually, a higher temperature and powder bentonite (compared to granular fo
rm) leads to higher swell volumes.
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Fig 6. Swelling of bentonite under different pH values

Conclusion

Sodium bentonite swelling behavior depends on permeate liquids. Solutions with mono-valent(; +1
ion) cations swell the bentonite highly than bi-valent(; +2 ions) cation solutions. Thus, swell
volume also depends on the reactive power of these cations. Distilled water gave highest swell
volumes among all tested solutions. Hence, swell volume depends also on the temperature of

solutions as higher the temperature higher the swelling rate. Powder bentonite showed
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comparatively higher swell volumes than their granular form. The pH value also effect on swelling
volumes of bentonite as lower pH values (pH<3) increased and higher pH values (11<pH<12)

decreased the swell volume of powder and granular sodium bentonite.
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Abstract A novel cheap macromolecular intumescent flame retardant (IFR), was synthesized.
Unsaturated polyester resin (UPR) was modified with IFR to get the flame retardant UPR, whose
flammability and burning behavior were characterized by limiting oxygen index (LOI). 22.7% of
weight of IFR was doped into UPR to get 28.5 of LOIL. The thermal properties of epoxy resins
containing IFR were investigated with thermogravimetry (TG). Activation energy for the
decomposition of samples was obtained using Kissinger equation. The resultant data show that for
UPR containing IFR, compared with UPR, IFR decreased weight loss, thermal stability, increased
the char yield, which shows that IFR can catalyze decomposition and carbonization of UPR.
Introduction

Recently halogen-free intumescent flame retardant (IFR) are attracting more and more attention
from both academic and industrial communities for their multifold advantages including low toxic,
low smoke, low corrosion, no corrosive gas, and so on[1,2]. Three ingredients are necessary for IFR:
acid source, carbon source and gas source. Phosphorus-containing compounds are often used as an
acid source while nitrogen-containing compounds are used as a blowing agent. The greatest benefit
to be obtained in this way is a dramatic decrease in the heat generated due to the exothermic
combustion of polymers. Other advantages include the conservation of the structural integrity of
polymer as a result of the residue of solid carbon and a decrease of formation of flammable gaseous
product [3]. In the former work of our group, a novel macromolecular IFR which contains an acid
source, a gas source and a char source simultaneously had been synthesized. Thermal degradation
and flame retardancy of EP were improved after blending with the IFR [4,5].

On the other hand, unsaturated polyester resin (UPR) is widely used as thermal insulators and
mechanical shock absorbers in transport overpacks and in air conditioning. They are also used as
structural materials because of their light weight, greater strength to weight ratio, and
energy-absorbing capabilities [6]. UPR, like other organic polymeric materials, tends to be
flammable.

So in this work, IFR synthesized was applied to UPR get flame retardancy, and the degradation
behavior of UPR modified with the IFR was investigated.

Experimental
Materials

Pentaerythritol, 85% of phosphoric acid, Ethanolamine, 37.0%~40.0% of formalin as
formaldehyde were received from Tianjin Fuchen Chemical Reagent Factory. Melamine was
obtained from Beijing Chemical Reagent Company. Urea was received from Tianjin Yongda
Chemical Reagent Company, Acetone was obtain from Beijing Chemical Factory.191 Accelerator
for Unsaturated Polyester Resin and 191 Unsaturated Polyester Resin Curing Agent.



Advanced Materials Research Vol. 983 53

Instrumentation

Thermogravimetry (TG) was carried out on a HCT-2 thermal analyzer (Beijing Hengjiu Scientific
Instrument Factory) under a dynamic nitrogen (dried) atmosphere at a heating rate of 10°C min™.
LOI was tested by JF-3 LOI Apparatus (Jiang Ning Analysis Instrument Company, China) and
KYKY2800B SEM (KEYT Technology Development Ltd).

Synthesis of IFR

MIFR was synthesized as reference [4], the structure is to see Scheme 1. 37% formalin as
formaldehyde [F] 1 mol was brought to PH 8-8.5 with ethanolamine and heated. Then melamine [M]
0.2mol and urea [U] 0.5mol were added to the above solution, stirred until dissolved and heated
under reflux for 50 min. Heating was stopped and the solution was allowed to cool to get MUF
prepolymer A. 85% phosphoric acid 1 mol and pentaerythritol 0.5mol were mixed, heated to 120°C,
stirred for 4h until without water distilled to get caged bicyclic pentaerythritol diphosphonate to get
B. B was added slowly into A under stirring to obtain MIFR.
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Scheme 1 Synthesis of MIFR

Preparation of flame retardant UPR

The 191 Accelerator for Unsaturated Polyester Resin and the 191 Unsaturated Polyester Resin
Curing Agents homogeneously were mixed followed the Table 1. After 3~5 minutes, the
intumescent flame retardant (IFR) was added into the solution and stirred. Then added the bicyclic
pentaerythritol diphosphonate, stirred homogeneously and transferred them into a 2500ml beaker.
Kept it in an oven at 50 C for five hours. Scoured the samples with acetone after them were
solidified and dried it. The samples were obtained.

Table 1 The composition of the samples

Sample Acce/l;rator AC;;IEZ Alg Ble FR% LOI/%
A 102.9 2.5 0 0 0 20
B 99.9 2.7 10.1 15.2 19.5% 24.8
C 100.3 2.7 11.5 16.5 21.5% 27.5
D 101.5 2.7 124 18.4 22.7% 28.5
E 99.2 2.7 13.5 20.2 24.6% 30.5
F 101.8 2.8 16.1 243 28.3% 31.5
RESULTS AND DISCUSSION

Flame retardancy of intumescent flame retardant (IFR)

Flame retardant properties of UPR containing different IFR were list in Table 1. From the Table
1, we can see the good flame retardancy of the IFR. With the increases of IFR, the LOI values
increase. 28.3% weight of IFR was doped into UPR to get 31.5% of LOL.
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Degradation of Unsaturated Polyester Resin

The TG curves of sample A and sample D were carried out in dynamic nitrogen from ambient
temperature to 650°C and are shown in Figs 1-2. The initial decomposition temperature (IDT)
determined by 5% of weight loss, integral procedure decomposition temperature (IPDT) determined
by 50% of weight loss, char yield at 600°C were measured, list in Table 2.

1001 Sample A 1007 - Sample D
80 80-
s 60 g 60
é 401 £ 4]
201 20, o
o 0
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Temp(OC) Temp(°C)
Fig. 1 TG curves of Sample A Fig. 2 TG curves of Sample D
Table 2 Thermal data of UPR from thermogravimetrtic analysis in nitrogen
No. MIFR  IDT [IPDT Char yield
() (O (O (%0)
A - 221 379 1.4
D 22.7 179 369 14.4

When the flame retardant elements are incorporated into polymeric materials, the weight loss
pattern of the polymers is altered. Phosphorus groups decompose at relatively low temperature to
form a heat-resistant char, to retard the weight loss rate of the polymers at high temperatures [7].
Nitrogen-containing compounds produce incombustible gases when they degrade. The heat gases
can swell the just formed char. The swollen char can isolate the transfer of mass and heat between
the materials and the flame in a fire. That protects the unburned materials. The actions play some
critical roles in flame retarding polymeric materials through condensed-phase mechanisms as well
as gas-phase mechanism.

From the Figs. 1-2, it can be seen that there is a main and quick decomposition stage, and the
weight loss behavior of UPR containing IFR is found to follow the patterns discussed above. From
Table 2, For UPR containing IFR (Sample D), compared with Sample A, char yields (14.4%) are
increased. The decrease significantly of weight loss rates is lowers the amount and rate of release of
combustible products from the UPR’ decomposition, consequently depressing the resins’
flammability. The increase of char yields agrees with mechanism of flame retardant [8].
Introduction of flame-retardants leads to more char formed at the expense of flammable volatile
products of thermal degradation, thus suppressing combustion and increasing the LOL.

Thermal stability of intumescent flame retardant (IFR)

The thermal stability of the intumescent flame retardant is assessed with two parameters: andante
decomposition temperature and main decomposition temperature as well as char temperature.
Andante decomposition temperature indicates the apparent thermal stability of the unsaturated
Polyester Resin, i.e., the failure temperatures of the resins in processing and moulding. On the other
hand, main decomposition temperature and char temperature exhibits the resins’ inherent thermal
stability, i.e. the decomposition characteristics of the resins’ volatile composition. From Table 2,
phosphorus-containing intumescent flame retardant (Sample D) show relatively lower andante
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decomposition temperature than do the phosphorus-free resin (Sample A), since phosphorus-groups
decompose at low temperatures. On the other hand, the existence of IFR (Sample D) exhibits higher
main decomposition temperature and char temperature than the Sample A, retarding the weight loss
rate of the polymers at high temperatures. The high main decomposition temperature and char
temperature (325~425 and 425~650) implies the UPR’ potential application in highly anti-thermal
coatings and thermal insulating materials.

Analysis of the images from the SEM

] [a—
22KV 101 KX 10um KYKY-EM3200 SN:0027 22KV 1.01KX 10um KYKY-EM3200 SN:0030

Fig.3 SEM of the char of sample A Fig.4 SEM of the char of sample D

From Figs3-4, we can find easily that there is a great different between the images. The Sample A
hardly formed char level after burned, but formed alveolate floccule .That can not retard the volatile
gas getting out. But the Sample D formed char level with higher density. It’s effective to isolate to
be burned.
Conclusions

We succeed in synthesizing a novel cheap macromolecular IFR with a structure of a caged
bicyclic pentaerythritol diphosphonate. 22.7% weight of the IFR are doped into UPR to get 28.5 of
LOI For UPR containing IFR, compared with UPR, incorporating IFR into unsaturated polyester
resin alters degradation characteristics, which decreases weight loss, increases the char yield.
However, for UPR containing IFR, the andante decomposition temperature decreased, which shows
the stability was decreased. In the thermal degradation of UPR containing IFR, phosphorus groups
decompose at relatively low temperature, then catalyzing decomposition and carbonization of UPR
to form a heat-resistant char, retarding the weight loss rate of the UPR at high temperatures.
Nitrogen serving as blowing agents and char-reinforcing components, leads to the production of
intumescent chars which protects the underlying combustible substrate to get good flame
retardancy.
*Contract grant sponsor: Fundamental research funds for the Central Universities: 3142013102.
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Abstract. Gold based bulk metallic glass was synthesized at with different quenching rates.
AussAgsPdyCups3Sije; alloy ingots were cast into wedge shape and cone shape samples. The
critical casting thickness of this alloy composition was found to be 4 mm when cast in copper mold.
Completely amorphous structure as found in sections thinner than 4 mm when considering a infinite
copper plate geometry. In locations with slower cooling rates, there are small fractions of
transformed nano-crystals. The transmission electron microscope (TEM) study of
AussAgsPd;yCuys 3Si4.7 solidified microstructure could offer snap shots of nucleation and growth of
crystals from nanometer to micrometer length-scale as evolved with different cooling rates. The
phase evolution was recorded by transmission electron microscope study, electron diffraction and
metallography using scanning electron microscope. The specimens comprised of both fully
amorphous solid and nano-composites which were the combination of nano-crystals of controlled
sizes in amorphous matrix. Vickers hardness values increased to 350-450 Hv, when compared to
sub 100-150 Hv level of conventional 18-k gold alloys as cast. The study offers a revolutionary way
to create ultrahigh strength bulk metals that comprise of large percentage of nano-crystals in
amorphous matrix.

Introduction

Recent development of robust and stable glass forming alloy compositions [1-4] has enabled
materials scientists to study the nucleation and growth theory during solidification at various
snapshots in time. Due to sluggish kinetics, as the molten metal is cooled from liquid state, there is a
tendency for the system to bypass the crystallization events. Crystals that form in the nanometer
length-scale would slowly grow as functions of cooling rate and time allowed. By casting into
wedge shape or cone shape specimens, the cooling rate could be varied significantly. We explored
the possibility to process metals with various cooling rates in the region near the critical cooling
rates of bulk metallic glass.

Materials and methods

Methodology. Two series of processing pathways were selected as to vary cooling rates. The first
technique involved a rapid quenching of the molten liquid into a wedge-shape cavity inside a copper
mold which acted as a large thermal reservoir. The second technique utilized quartz tube which was
drawn into cone shape. The metal alloy was melted and poured inside the cone. The cone was then
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quenched a large water bath. As shown in fig.1, the two samples had different dimensionality,
boundary conditions, thermal diffusivity at the interface and therefore, different cooling rates. The
samples were cast into wedge and cone shapes so that cooling rates could also be varied within the
same specimen as shown in fig. 1.

Argon atmosphere

Quartz-tube
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ann ' g |
» | )
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Fig. 1. (Left) Two material preparation methods. Case 1 represents copper mold casting of wedge
shape sample, and case 2 represents quartz mold casting of cone shape sample.
Fig. 2. (Right) Raw metals of 99.9% or higher purity was synthesized to make alloy ingots.

Materials preparation

The AussAgsPdyCuys3Siia7 gold alloy ingots were prepared by arc-melting 99.9% or higher pure
metals together on a water-cooled copper plate, under titanium-gettered atmosphere (fig. 2). The
mixed ingots were then cast into copper mold (wedge shape specimen) and quartz mold (cone shape
specimen). For the latter case, the quartz was subsequently stirred inside water reservoir as to cool
down the heated metal. The samples were prepared by both polishing, twin-jetting and focus ion
beam and lift off in the case of TEM study.

Cooling rate calculation

The cooling rates were determined at the central of the cast specimen of different values of
thicknesses (wedge shape) and diameters (cone shape) (Fig.1). For the case of copper mold wedge
sample, the results were excerpted from [5] and [6]. For the case of cone sample as cast in quartz
tube, cooling rate was approximated using implicit unsteady scheme. The initial condition was set at
800 °C before the apparatus is dropped and stirred in water (h =2000 W/m”2.K) for 12 seconds.

10° N o 3
F Critical Cooling rate for copper mold casting

Calculated cooling rate for quartz tube casting3

Trend line of Rc = 1600/d” ]

Oi&og

) /
slower cooling rate " a
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Rc -- Critical Cooling Rate (K/s)
<)

10-2: Ll PR | PR | PR |
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d_ -- Critical Casting Thickness (mm)
(assuming infinitely long thin plate)

Fig. 3. Cooling rates in copper mold casting is represented by the trend line. For the case of quartz
tube casting, the quartz itself acts as an insulator and prevents the metals from quenching
sufficiently.
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Microstructure study and sample preparation

Because the effective cooling rates are relatively slower in the case of quartz tube casting, the
samples were found to have many nano-crystals starting at Imm- to 2mm- thick portions. Back-
scattered elections (BSE) imaging in scanning electron microscope (SEM) was used to study the
microstructure of crystals with dendritic growth as embedded in amorphous matrix. As shown in
fig. 4, cross sections of gold BMG at 1 mm was found to have crystals in sub 10-microns level and
2 mm diameter sections reveal 10-microns level dendritic microstructure.

Diameter 1 mm ‘ Diameter 2 mm

10 pm 10 pm

Fig. 4. BSE images reveal gold dendrites embedded in gold BMG background. The microstructure
features were in the 10 microns level for cast portions that were 1-2 mm thick.

Results and Discussion

BSE SEMs, TEM, selected area electron diffraction (SAED) and x-ray diffraction were the four
main techniques used to identify microstructures of the samples. TEM study shown in fig. 5 and fig.
6 are examples from cross-sections of wedge shape sample as cast in copper mold at 3 mm and 4.5
mm. Drastic difference could be found in the two materials. For the case of 3 mm, there was a small
evidence of coarsening that could be the origins of nucleation and growth of crystalline phases.
However, for the 4.5 mm thick cast, the samples were full of nano-crystals. SAED patterns also
revealed diffused rings which are the signature of amorphous material.

Fig. 5 and fig. 6. The two images are TEM micrographs obtained copper mold cast samples. The
cross sections were at 3 mm thick portion (left) and 4.5 mm thick portion (right). SAED patterns
reveal large amorphous background as evidenced by diffused ring pattern. For 4.5 mm thick sample,
nano-crystals of less than 10 nanometer diameter were found.

Conclusion

Two types of nano-composites were created by two casting techniques — copper mold casting
(wedge shape) and quartz tube casting (cone shape). The cooling rates were heavily controlled by
the interface of the melt. Particularly for the case of quartz, the cooling has been restricted by the
interface which is an insulator itself. By carefully selecting the cooling rates, sizes of nano-crystals
could be designed and controlled. The hardness values of 350 Hv and desired properties suggest that
BMG is an interest class of materials in which theoretical strengths of materials are being
challenged.
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Abstract. The contribution describes the experimental analysis for the improvement of the
mechanical properties of samples of earth with the addition of Laponite nanoparticles. Were made
two types of samples: the first consisting of soil, sand and water; the second consisting of soil,
water, sand and Laponite nanoparticles. The operations performed were: chemical analysis of soil
and sand; preparation of samples; Scanning Electron Microscope (SEM) observation of samples for
the distribution of the elements, especially the Laponite nanoparticles; testing of compression
strength and flexural strength of two types of samples; comparisons of the resulted of the
mechanical tests. The improvement of the mechanical characteristics of the earth material using
nanotechnology, will increase the use of eco-friendly, non-toxic, cost effective, available materials
in architecture.

Introduction

The mineral component of earth is made of a fine granulometry fraction composed mainly by clay
minerals belonging to the class of phyllosilicates (which dimension is below 4 um) and by a coarse
granulometry fraction (silt, sand and gravel fractions) composed by quarts, feldspars, carbonate,
iron idroxides, roch fragments. The soil is a composite natural material, is made up of two types of
components: the binder or matrix and the reinforcements. The research program PRIN 2008 entitled
Nanotechnologies for clay bricks: tradition, innovation and sustainability aims at designing new
nanocomposites, a new class of materials characterized by a dispersion of ultra-fine phases,
typically of the order of a few nanometers; such a dispersion confers to the nanocomposites unique
properties not shared with the conventional composites or micro-composites [1]. The sample
realized is of the adobe type, an earthen brick shaped by hand in a mould, without being
compressed, and left to dry under natural conditions. The mixture used to produce traditional adobe
is: soil and water with sand as a stabilizer. Stabilizing earth means basically modifying the
properties of an earth/water system in order to improve its physical-chemical and mechanical
characteristics. There are various stabilizers used in earthen bricks, ranging from cement to natural
stabilizers such as straw [2] [3]. As well as soil, water and sand, the nanocomposite envisages the
utilization of a stabilizer in the shape of a small percentage of Laponite nanoparticles (clay
nanodiscs with a diameter of 25 nm and a thickness of 1 nm). Both types of adobe were subjected
to tests of compression and flexion resistance and the results were compared in order to verify
whether the addition of Laponite nanoparticles had improved the m