International Conferenceon Sustainable Built Environment

NANCO and University of Melbourne |

|

\
i
fl|
i
|
hil
i

joint research session on
Nanotechnology and Sustainable
.’

built environment f:!:t'.o'
|
j

I

1314 December, 2010 at Earls Regency, Kandy;’

Sri‘kanka
Y

EEEEEEEEEEEEEEEEEEEEEEEEEEEE MELBOURNE
Advanced Protective
Technology for Engineering
Structures




International Conference on Sustainable Built Envanments

Special Session on Nanotechnology and Sustainable Built Environment

13" & 14" December, 2010

Earl’'s Regency Hotel, Kandy,
Sri Lanka

December 2010



© Copyright Reserved

University of Peradeniyad)niversity of Moratuwa, University of Melbourraad the organizing committee are not
responsible for any errors of views expressedérpidpers as these are the responsibility of indatiduthors

Proceedings of the Special Session of the IntemaltiConference on:
SUSTAINABLE BUILT ENVIRONEMENTS



NANCO AND UNIVERSITY OF MELBOURNE JOINT RESEARCH SESSION ON
NANOTECHNOLOGY AND SUSTAINABLE BUILT ENVIRONMENT
13-14 December, 2010 at Earls Regency, Kandy, Sri Lanka

PROGRAMME AGENDA

Morning Session

1. PHOTOACTIVE MATERIALS FOR BUILDINGS
De SilvaA.P

2. MOTION SENSORAPPLICATIONS IN SMART BUILDINGS
Nanayakkara D.A.V. S. D., Samaranayake L.

3.DESIGN AND SIMULATION OF MEMS SENSORSWITH INBUILT GSM
COMMUNICATION FOR SMART BUILDINGS - Chathuranga K.V.D.S., Jayasinghe C.M.

4. APPLICATION OF NANOMATERIALS INTHE SUSTAINABLE BUILT ENVIRONMENT
Gammampila R., Mendis P, NgoT., Aye L.,Jayalath A.S., Rupasinghe R.A.M.

5. INTELLIGENT BUILDINGS FOR INTELLIGENT PEOPLE A CONCEPT
De Silva S., Dias P

Lunch

Afternoomn Session

6. SUSTAINABLE NANOTECHNOLOGY

Karunaratne,V.

7. APPLICATION OF NANO INSULATION MATERIALS INTHE SUSTAINABLE BUILT
ENVIRONMENT - Gammampila R., Mendis P, NgoT. ,Aye L. & Herath N

8. PHOTOCATALYTIC ACTIVITY OF NANO-TiO2 ON GLASS IN BUILDING ENVELOPE
K.D.G. Fernando, A.A.P de Alwis,V. Karunaratne and W.A.PJ. Premaratne

9. SRI LANKAN GRAPHITE MAKINGTHE SPACE ELEVATOR POSSIBLE
Samaranayake B. G.L.T, Gunasekera S., Kumarasinghe A. K. R and Kottegoda N. S

10. DEFLOURINATION OF DRINKING WATER USING LAYERED DOUBLE HYDROXIDES
Warsakoon E., Gunawardene N., Kalahe, H., Munaweera, I., Madusanka, N., Kottegoda, N.

11. NATURAL RUBBER/LAYERED SILCATE NANOCOMPOSITE FOR BUILDING
APPLICATIONS - Peiris, C., Ratnayake U. N.

12. NANOMATERIALS FOR SMART ENERGY SYSTEMS: FROM LEDTO
SUPERCAPACITORS AND SOLAR CELLS.
A.R.Kumarasimnghe, S. Gunasekara and G.Priyadarshana

13. MONTMORILLONITE CLAY NANO PARTCLE EMBEDDED NANO FIBERS FOR UV
PROTECTED CURTAINSTO BE USED IN SMART HOUSE
Sarasanantham B, Tissera, PN.,Wijesena, R.,Karunanayaka, L.



Conference Chairmen’s Message

The building sector needs a new wave of innovaiodrive dramatic reductions in
environmental impacts while sustaining economicwghoand improving social
outcomes.

The International Conference on Sustainable Bulibnment (ICSBE) —state of
the art, brings together academics, students, o#isearchers and practitioners from
Sri Lanka and overseas to exchange ideas and erpes on their recent research
in all areas of sustainable built infrastructures Awareness of climate change,
natural disasters, diminishing natural resourced anergy costs increases, the
demand for sustainable design and constructiondseasing at an unprecedented
rate. Participants will attend high quality presgioins related to those areas by
scientists representing both industry and acadenaaddition there are special
sessions on nanotechnology in construction orgdriigeNANCO and the session
on Natural Systems to Control “Water ResourcesuBol” and “Water Hazards”
Conducted by Saitama University, Japan. There & ahe preconference
International workshop on “Performance Based Reviawd Design of Tall
Buildings”. There are a number of world recognizegerts presenting keynote
speeches during the conference.

This conference represents a unique opportunitynieeting colleagues and friends,
exchanging ideas, and learning about research evelapment work. The support

of Institution of Engineers (IESL) is deeply appated. We must also express our
sincere thanks to all people who contributed thigie and great effort to make the
conference possible. Our special thanks go to thanising committee. We would

also like to thank all the reviewers of papers, 08 reviews have been very
important to maintain the quality of the conference

We are delighted that the Honourable Prime-MinjsMr. D.M. Jayaratne and
Honourable Higher Education Minister, Mr. S. B, §&sayake have accepted our
invitation to open the conference.

The Conference will deliver an awesome volume édrimation on sustainability
initiatives in all building sectors from around th®be, with up to 9 sessions from
a diversity of focus groups and organisations priasg their latest findings. We
would like to invite participants from all sectpgzrivate and public, to join this
important conference from 20 14" December. This event promises to be an
incredible and rewarding experience.

Conference Chairs
Prof. Priyan Mendis, University of Melbourne, Awsia

Prof. Ranjith Dissanayake, University of Peraden§ Lanka
Prof. Thishan Jayasinghe, University of Moratuwa L8nka
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PHOTOACTIVE MATERIALS FOR BUILDINGS
De Silva A.P*

School of Chemistry and Chemical Engineering, Qlseeeniversity,
Belfast BT9 5AG, Northern Ireland.
E-mail: a.desilva@qub.ac.uk

Since the intertwining of light and electron traarsénables life on the planet, it is no surprisg the
same phenomenon can serve to empower materialsf1$drvice in the built environment. The
inexpensive generation of electrical power fromligim in a distributed manner will probably
become possible with photoelectrochemical cellsextdbd in windows. From a chemical viewpoint,
1 can undergo photoinduced electron transfer (PE) WO, and the resultind™ can undergo
further electron transfer with electrochemical yelld when the thermodynamic conditions are
considered (Fig. 1). However, the efficiency of rgfeaseparation following PET in this and related
cases is attributable to the nanostructured, Ti@trix on whichl is bound [2]. For instance, the
electric current generation efficiency in sunligditaround 1000-fold higher fdk in nanostructured
TiO, than on a chosen face of single-crystal JiiDits anatase form[3]Besides the hugely increased
surface area of this matrix (c.f. the single-cristih also avoids charge-depletion layers and lloca
electric fields near the particles. Some of thesadow-cells will probably be adaptable to self-
cleaning tasks as well, since photoelectrochencieltd are able to decompose organic compounds via

redox processes [4].
A
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Fig. L Energy diagram for the frontier orbitals/bandsadTiO,-dye-electrochemical relay’ system
which makes up the heart of dye-sensitized phottrelehemical cells.

When the sun goes down, the conceptual revers®EJdf can provide a way of electrical light
generation. Organic light-emitting diodes of nantmoethinness and very large area provide an
efficient way of approaching this goal, especidlipse with emitter-layers in each of the primary
colours with carefully engineered thicknesses tevent losses in the internally generated photons
before they escape to the outside [5]. The intespalce of buildings for work and play can be
enhanced with screens on which information mayigglayed by adapting the same materials.
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Sustainable built environments are particularlyfuisé people live sustainable lives inside. Detent

of health conditions on a do-it-yourself basis véllow concerned people to consult a medical
professional for a more thorough evaluation, sonawke current pregnancy tests. A home equipped
with such testing facilities would be a particwadomforting environment to live in. PET can be
marshalled to help in this situation too, by bemglt into sensors and diagnostic systems. These
show how medical applications arise from the enmutabf computational ideas with molecules. The
thermodynamic situations which are encountered ndurihe competition between PET and
fluorescence are shown in Figures 2 and 3.

LUMO _T_

HOMO?
HOMO

Fluorophore* Receptor

E

Fig. 2 Energy diagram for the frontier orbitals of aisrophore-spacer-receptor’ system which
makes up the heart of fluorescent PET sensorsogcidevices.

For instance, Boolean diagnostic systéni6] involves three thermodynamically allowed PET
processes arising from each of the receptors {atgrtamine, benzo-15-crown-5-ether, and
phenyliminodiacetate targeting HNa and Zii* respectively. The latter three species form thgets
involved in the diagnosis. All three PET processesd to be stopped before the fluorescence output
has a chance of being released at a ‘high’ levele@ch receptor is bound by its correspondingtatio
the PET processes are shut down one by one duectoostatic attraction between the cation and the
transiting electron.

LUMO

hVFIu

HOMO
HOMO'

Fluorophore* Target-bound receptor

Fig. 3: Energy diagram for the frontier orbitals of aisrophore-spacer-receptor’ system when the
receptor is bound to its target.

The simultaneously ‘high’ concentrations of thréeldgically important cations are signalled by the
emission of a light signal which is easy to sea.(B). In the present context, the adjective ‘high’
means that the cation concentration is large entugip the ratio of bound-receptor to free-recepto
within 2 to significantly above 1. In chemical design terthss means that the target concentration is
significantly larger than the reciprocal of the eptor-target binding constant. The latter can be
chosen to match the target concentration presethteiblood, say, of a healthy person. Scan be
seen to go some way towards easily indicating mbte excess and hence, renal dysfunction. The
difference with2 and its cousing-9] is that multiple analytes are evaluated stam#ously according

to a small, but non-trivial, algorithm. Rudimentargrsions of2, each responding to a single target
are currently used worldwide on a substantial sddlg
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Fig. 4 Fluorescence emission spectra for a ‘lab-on-semdé’ system when it is interrogated with
various target combinations.
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MOTION SENSOR APPLICATIONSIN SMART BUILDINGS

Nanayakkara D. A. V. S. B.Samaranayake 1.

!Scientist, NANCO (Pvt) Ltd., Lot 14, Zone 1, Biyawa Export Processeing Zone, Walgama, Malwana, Sri
Lanka.
E-mail: sameeran@susnanotec.lk
Telephone: +94 11 4650516, Fax: +94 11 4741995

“Senior Scientist, NANCO (Pvt) Ltd., Lot 14, ZoneBiyagama Export Processeing Zone, Walgama, Malyana
Sri Lanka.
E-mail: lilanthas@susnanotec.lk
Telephone: +94 11 4650508, Fax: +94 11 4741995

Abstract: Among the many kinds of applications of today’'s ssentechnology, motion detection play a vital
role especially for the safety of human being &irtlday today rituals. In smart buildings, differappes of
motion sensors are used to monitor parameters vareleritical for the safety of its occupants, equént and
also the behavior of any structural changes agansironmental changes.

Accelerometers which are connected to the struaifithose buildings, for example can capture thations
caused by vehicles on highways nearby, trains pgdsy, etc., and can be programmed to take negessar
preventive actions to protect the occupants, eqgentnmside the building and the structure. Vilmatiree
platforms like the one presented in this pape, lvéla suitable solution.

They can also be used to get a feedback of howuheings were behaved in the disastrous situations

Keywords. Accelerometer, MEMS, Controller, Control action,téator

1 Introduction

Today the concept of smart buildings has markedva ara of the modern building construction
industry. They are designed targeting the secuanity the luxury of the lives of their residents and
surroundings and protection of themselves and ttupapties inside the building at disastrous
situations. Smart buildings are equipped with u#sitypes of sensors to monitor various parameters
of their environment and control systems to perfeamous tasks according to the requirements of
the people inside the buildings and to controleaheironmental conditions.

Among the different types of parameters which aaptured by the sensors inside a building,
vibration level is a very important for the guaed lifetime of the building as well as the equiptne
inside the building which are sensitive to vibragolmportance of concerning on vibration levels is
much more highlighted for the building situated méee roads where heavy vehicles are operating
and constructed in the areas having a higher pritlyadf earth quakes. Sensitive equipment which
are used in the industrial, medical, research amdral other types of businesses can get damaged o
become malfunctioning due to frequent vibratioosiimg from the above sources. Development of a
vibration free platform is much more important &deguard such equipment. Accelerometers placed
in such locations can be used for monitoring theation levels [1].

The accelerometers used for such purposes shoutersitive enough at least along the axis along
which the vibrations are sensed. These accelerosnetam be fixed to the platforms of the sensitive
equipment. Controllers can be designed to compertisase vibrations using applicable actuators.

2 Objectives and M ethodology
Objective of the work is to compensate the vibraiacreated from the heavy vehicles using a
combination of active and passive compensators.

I nternational Conference on Sustainable Built Environment (I CSBE-2010) 5
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This is simulated with the required models of tlentollers, spring damped platforms and the
actuators fed by typical vibration waveforms.

3 Theory

31 Accelerometer

MEMS accelerometers are used to sense the vibrbti@ts. They are designed with a small proof
mass suspended by a spring and a damper systefhg@Jnass is free to move in between a certain
limits.

% Ci
— M )
— [—
C2 C2

Fig. 1. Structure of a Capacitive MEMS Accelerometer

Capacitors are used to measure the displacemenheofspring suspended proof mass of the
accelerometer. C1 and C2 capacitance values vaty thwe displacement of the mass. Following
equation explains variation of capacitance withghp between the capacitor plates in a paralléé pla
capacitor as in the capacitive MEMS accelerometer.

A
C = EE (1)
According to the following equation capacitancenigersely promotional to the gap (d) in between
the two electrodes. The change of capacitance @asuned by the voltage ratio between the two series
capacitors (¢cand G).

Acceleration of the proof mass (a) is connectedh Wit displacement (x) according to the following
equation. Parameter k represents the spring cdnstan

a =§x (2)

4 Results

4.1 Active Compensator Design
A vibration free platform driven by an active compator with linear actuators is designed to protect
the vibration sensitive equipments.

I nternational Conference on Sustainable Built Environment (I CSBE-2010) 6
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Accelerometer 02
Spring damped platform
. . Active Compensator
Passive suspension system

Accelerometer 01

v ]

Fig. 2: Structure of the vibration free platform conned®dn active compensator and spring-mass
damper.

Accelerometers are used to sense the vibrationdemutithe signals to the controller of the active
compensator. Two accelerometers are fixed as onthespring-mass damper and another on the
vibration free platform as in Fig.2. The spring-matamper smooth out the vibrations and the
controller drives the linear actuator to compenghte damped oscillations of the spring damped
platform.

Fig. 3 illustrates the block diagram of the conéol

Acceleration Error

P ini Velocity f——————»,
D

Velocity Error

Interface 01

Vibration Displacement Eror

> e
VK[J-
Disturbance
gain
P(in out >{>——> In+ 1
N1 DO N . L, =
Pulse Sprin mass ain In- out1 ©—> U Speed —p| 1 1/375+1
Generator damper In- s Low pass Filter Output
Ppsition Controller S ot Integrator
peed Controller

Input

Output of the feed forward accelerometer placedhenspring damped platform which is used to
smooth out the vibrations is inverted and fed as#fierence point of the controller. Disturbangauin

of the system which is obtained from the seconelacometer placed on the vibration free platform
is directly fed into the motor to correct the ungmmnsated movements of the vibration free platform
as illustrated on fig. 3.

Fig. 3: Controller block diagram.

Fig. 4 illustrates the model of the mass spring gemsubsystem [4] which is used to damp out the
vibrations before coming to the accelerometer Ohis Tmethod cuts off the high frequency

components of the vibrations to be matched withldaedwidth of the actuator system as well as
reduce the amplitude of the vibration. Fig. 5 ifiages the input and the corresponding output f th

spring mass damper subsystem [4].
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Fig. 4: Spring mass damper subsystem
Input of the Spring mass damper Output of Spring mass damper
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Fig. 5: Input and the corresponding output of the sprirg$damper subsystem

Output of the spring mass damper is inverted addrf® the position controller of the system which
is a PID controller. A linear encoder is used tossethe displacement of the vibration free platform
which is used to generate the feedback of theipostiontroller. Output of the position controller i
used as the input to the speed controller.

Kt

>
y J*L.s2+(J*R + B*L)s+B*R

Saturation Transfer Fcn

2 €D

Speed

Transfer Fcnl

Vemf
1

<

Fig. 6: Motor model

A model of a DC motor [3] is used to drive the wtion free platform. Rotational movement of the
motor has to be converted to a linear movemengusirack and pinion gear arrangement and a gear
reduction of about 1/5. A disturbance input to A€ motor is generated using the second
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accelerometer placed on the vibration free platfasmich is the error of the compensator. Feeding
the disturbance input directly into the motor wiltrease the performance of the compensator.

Fig. 7 illustrates the input to the controller whinis the output of the accelerometer 01 which aE@dl
on the spring damped platform and the control actibthe actuator which is converted to a linear
motion to compensate the vibration.

Input to the controller Controller action
100 40
ao 20
G0 a
= =
£ 40 2 .0
@ o
() ()
= b
= 20 o= -40
o =
a -60
=20 -80
-40 : ; -100 : s
1] 5 10 15 o 5 10 15
Time Time

Fig. 7: Input to the controller and corresponding condiction

Fig. 8 illustrates the reading of the second acoeleter which is placed on the vibration free
platform which detects the uncompensated vibratgsrmsed on the vibration free platform which is
the error of the compensator.

w10? Displacement Erar

14 Acceleration Error
j ; 0.04 T

Displacement
Acceleration

Time Time

Fig. 8: Movements of the vibration free platform

5 Discussion

According to Fig. 8 the compensation error of tistam which is the output of accelerometer 02 is
very small compared to the amplitudes of the acatta waveforms of the input to the controller
and the corresponding controller action at FigA&ording to Fig. 10 It is clear that the main i@as
for the control error is a time delay of the coht@ction which might be different with the physigal
implemented system from the simulation model.
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Acceleration waveforr of the inpuot Acceleration of the contral action
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Fig. 9: Acceleration waveforms of the input to the conémoand corresponding control action

Input and the inverted control action Tirme delay of the control action
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Fig. 10: Time delay of the inverted acceleration wavefofrthe control action

6 Conclusions

The presented vibration compensation system ishhighplicable not only in the area of smart
buildings but also in many numbers of applicatiomtduding automobile, healthcare etc. Considering
the smart building applications this is very muffe&ive to protect the vibration and shock sewusiti
equipments as a vibration free platform for thogeigments. This can be scaled up to have several
actuators and sensors at different places on a taugér platform to perform the same task.
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DESIGN AND SIMULATION OF MEMS SENSORSWITH INBUILT GSM
COMMUNICATION FOR SMART BUILDINGS

Chathuranga K.V.D.$Jayasinghe C.M.

'Engineer, NANCO (Pvt) Ltd., Lot 14, Zone 1, Biyagafxport Processeing Zone, Walgama, Malwana,
Sri Lanka.
E-mail: damiths@susnanotec.lk
Telephone: +94 11 4650519, Fax: +94 11 4741995

2Engineer, NANCO (Pvt) Ltd., Lot 14, Zone 1, Biyagafxport Processeing Zone, Walgama, Malwana,
Sri Lanka.
E-mail: chiranthaj@susnanotec.lk
Telephone: +94 11 4650519, Fax: +94 11 4741995

Abstract: Use of MEMS based sensor in building automatioma igend in the present. This is because the
inherent behavior of MEMS sensors are being vempparct, low powered, sensitive and cheap methods of
sensing biological and environmental activitiegismart building. This paper discusses about ta@iiIMEMS
based acceleration sensor and a pressure sengpeaavith an inbuilt GSM module in the building entation
system, particularly the security applications. Mméters have decided about the parameters fomtexled
sensors and designed the pressure sensor and tkéeration sensors for fabrication accordingly. The
conceptual system hardware was tested using conaitgravailable sensors and GSM modules. The
applicability and the methods the integrated sesgstem can be used for is also discussed. Thestadg is
performed at the premises of The Sri Lankan Institf Nanotechnology (SLINTEC). The paper contaires
design parameters and the electronic systems designand drawings. It is hoped that this data ddé
supportive to any person who would design or imprtine proposed system.

Keywords. MEMS, Accelerometer, Pressure Sensors, Smart Bigidi

1 Introduction

Resent technological advances have revolutionibedstandards of living by making the lining
environment smarter and interactive with the rasisleSmart environments [1] tend to catch the
attention of the people because it allows savingneirgy, increase of health and security, loweoing
maintenance cost and increase of comfort levelbdanans.

When smart environments are concerned, smart bgadare the most talked about subject in the
field. The essence of the smart building is congatisf advanced and integrated systems for building
automation, life support and telecommunicationgesys. Use of new sensors and communication
systems to built sensor networks for smart buildirsgallations are becoming more and more popular
all over the world. The sensor networks are themeoted to an integrated building management
system which allows the tenants to manage the ingildFundamental reason for sensor networks is
that by integrating the systems the building managel tenants can do things that simply cannot be
done with separate systems. When systems get atéelgrcommunicate and data sharing is easy,
provide more functionality and flexibility. In addin, intermigration allows information from one
technology system to affect the actions of othatesys. For example, if a smoke detector alarm is
activated, the access control system changes togeney mode; the heating, ventilation, and air
conditioning systems adjust; the video surveillacesnera changes so the affected area can be
monitored; and so forth.[2]

Smart security systems are a predominant item énstmart building and management system.
Modern homes use Micro Electro Mechanical devicesacurity systems, ventilation systems, and
safety systems. MEMS are mostly used because ofsimall size and the low power consumption. It
is also seen that the response time and the safysii comparatively higher than mechanical only
Sensors.
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In this paper, the use of MEMS acceleration senantspressure sensors in security application is
presented. The sensor data is processes and seaghthwireless communication network to the
resident or the building management system. Thpgs®d system can either be incorporated in to
the building management system or can be usedaatepsecurity system. This separate system is
ideal for a resident who does not have a buildiagusty system in their buildings but wish to
incorporate additional security futures in to tim@ieonment they live in or work at.

The proposed system of sensors detects vibratibfiear or the sudden pressure drop inside the
room when a person opens the door and enters ¢ine ithen the system notifies to the resident that
a human has entered the room. This type of systanbe modified for the use for climate control or
lighting control as with the system, it is easydentify if a human has entered the room or notiand
is easy to control the lighting of the rooms sushdamming or brightening the room as humans
leaving or entering the room or the house. Thig imilreturn save the energy usage by the house.
With a network of sensors such as these, it isiplesto identify where the humans are at a given
time. This kind of data would be ideal to model &éhbral patterns of the residents in the building
and utilize resources accordingly. An example wdaddo identify the pattern of bathroom usage of
the residents. This data can be used to turn therwseater only at times when bathrooms are
frequently used such as in the morning and at night

The paper presents the design specifications anddhkigns of the sensors. The application circuits
of the sensor module and the design specificatwagpublished herewith. The GSM communication
system and the software development are also asdtes

2 MEMSbased sensor module with inbuilt GSM communication

The objectives of the project is to build a MEMSser unit having an acceleration sensor, a
pressure sensor and a GSM unit and incorporatesdhsor system in to a smart building security
system to identify if a person has entered an wmged room (breach of security) and relay that
information to a mobile phone via the GSM network.

The vibration due to motion of a person can bedeteby using an MEMS accelerometer placed on
the floor and near windows and entry points. A MEpt8ssure sensor can be used for detecting the
pressure changes caused by opening and closingoo$ th a closed room. Pressure changes inside
the room because the change in flow patterns wipemiog a door or window in a closed room.
Because the two sensors are to be near an entny, poé sensors are to be compact and to be
unnoticed, minimal number of wires is to come ownf the unit. The system built is a single
compact unit having a pressure sensor and an aatete sensor unit. The only wires coming out
were the power supply lines.

This system is activated only when the last petsfirthe building. When the system is activate@, th
system does not expect to detect any movementeiribiel building, if it detects any movement it
considers this as breach of security and immedgiatkelrm the particular party using short message
service (SMS).

Commercially available accelerometer and a pressensor with a microcontroller are used in the
prototype designs to test the validity of the prsgmb system. A GSM modem is used as the
communication equipment.
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Fig. 1: Schematic diagram of the system

3 Design and Simulation of MEM S based sensors

Fig. 2. 3D model of the proposed 3-axis accelerationiagraructure
3.1 Sensing Structure and Working Principle

The working principle of 3-axis acceleration sensan be explained as follows; when the sensor is
under the acceleration, the beam-structure haskimas of important vibration modes that lead to
form two deflection forms. Schematic drawings ofocdmed shapes of the beam structure are used to
describe the working principle of the accelerometdre first type shown in Fig. 3 (a) is caused by
the X- or Y-component of acceleration (AX, Ay).this case, seismic mass is being twisted around X
or Y axes according to applied acceleration. Ttowise type shown in Fig. 3 (b) is caused by the Z-
component of the acceleration (Az). Az causes #iensc mass to move vertically up and down.
These deflections of the beams as a result of ppéeal acceleration component on the sensor are
generating strain on the crossbeam structure. liginsiress variations on beam(s) surfaces are
produced linearly as a consequence of the strain.

In p-type piezoresistors, the resistivity of difaslayers changes when subjected to strain. This
phenomenon has been used as the sensing prindifghe B-axis accelerometer with integrated
piezoresistors on a single crystal silicon crossbs&ructure. The resistance variations of resistors
could be converted into electrical signals by usinigalance of excited Wheatstone bridge circuits.
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3.2 Structural analysis

The structural analysis of the sensing chip wasedda two steps. Firstly, analytical analysis was
done by classical elasticity theory for rough eatiom of sensor dimensions based on the required
ranges of acceleration, the piezoresistance effédilicon, the non-buckling condition, and the
necessary width of the beam for wiring. Secondhys tmodel was analyzed by a finite element
method (FEM) to investigate more comprehensivedydtress field in the structure, to determine the
motion of the seismic mass, the resonant frequehtye structure and to refine the specificatiohs o
the beam dimensions. The finite element model ef gbnsing chip was numerically analyzed by
using the commercially available ANSYS simulatiafteware. The FEM model of the accelerometer
is densely meshed in the beams to better resodvetthss distribution there. Element type, SOLID45
is used for the 3-D modeling of this solid struetufirstly, the modal analysis was carried ouind f
the vibration modes of the sensor structure andnae# frequencies. Fig. 4 (a) and (b) show those
vibration modes. Secondly, static analysis wasgpeméd to find out stress distribution and non
buckling conditions of sensor structure. Fig. 4 &md (b) show the graphical representation of
longitudinal stress distribution on the surfaceXebriented beam structure. Based on the stress
distribution results obtained by FEM analysis anel tlassical elasticity theory, piezoresistors were
placed to eliminate the cross-axis sensitivitieed a0 maximize the sensitivities to various
components of acceleration.

. A
Acceleration

Fig. 3 (a): 1° vibration mode of the sensing Fig. 3 (b): 2* vibration mode of the sensing
structure structure

Fig. 4 (a): The stress distribution on surface of Fig. 4 (b): The stress distribution on surface of

X-oriented beam structure under applied X-oriented beam structure under applied
acceleration Ax acceleration Az
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3.3 Measurement Circuits

In most cases, Wheatstone bridges are being usethdomeasurement of resistance change of
piezoresistors on sensors. ldentical twelve p-tyjgzoresistors have been interconnected to form
three Wheatstone bridge circuits on the beam strectnduced voltage under the acceleration can be
measured as the output of the sensor. [3]

Fig. 5: Mask layout of the sensor (die chip area is 3mmmx3

34 MEMSPressure Sensor

Design and Simulation procedure for the MEMS Pressansor was same as for the MEMS
accelerometer.

Fig. 6: 3D model of the proposed 3-axis Pressure semssingture
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)

Fig. 7: Mask layout of the Pressure sensor (die chip @r8amx3mn.

4 Design
4.1 Sensing Mechanism for detecting the breach of security of the room

Vibration data are collected from an acceleromdiged on a tile or a plate and put beneath the
carpet closer to a door or an entrance to the rddm. system can be mounted such a way that it
blends with the surroundings. This tile has onerelegf freedom in the vertical direction. The
amplitude of the tile is about 1mm. The pressumsse opening is placed such a way that it will
detect the pressure differences near the door. Wehgrerson walks near the place where the
acceleration sensors are placed, they will pickhgpvibration. Vibration waveforms can be filtered

to identify if a person walked near the place.l$bacan produce the weight of the person and give
characteristics of the persons walking pattern sorae degree of accuracy provided the use of three
acceleration sensors near each other and compaentpree sensor data. However this data only is
not sufficient to accurately state that a persom dér@ered the room because the acceleration sensor
picks up all the vibration signals near the vigingf the sensor. In a building when a door or a
window gets opened air inside the particular rooavenin a higher velocity, which causes a sudden
pressure difference inside the room. This kind aifom can be detected by placing a high sensitive
pressure sensor inside the entrance. With the exetrin sensor data and the pressure sensor data
processed at the same time, it can be concludéa gherson has entered the room or passed near the
room.

4.2  Electronic Circuit Design

The electronic circuit that was design for thislaggtion can be divided into the following major
components,
I.MEMS Accelerometer
Il. MEMS Pressure Sensor
lll. Instrumentation amplifier for signal amplification
IV. Microcontroller with USB interface
V.Voltage regulator
RS232 Level convertor for GSM Modem
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Fig. 8: Schematic diagram of the circuit

Both accelerometer and pressure sensor have vexty satput voltage value which is not sufficient
for the Digital signal processing. Thus the sigias to be amplified. Instrumentation amplifier is
used here for signal amplification. In this desiga used an INA321 instrumentation amplifier
(Texas Instruments) for signal amplification. Comongly available MMA7341 MEMS 3-axis
accelerometer (Product of Freescale Corporationysisd for the acceleration sensor. It has a
sensitivity of 3g. Commercially available MPXV201BGMEMS Pressure sensor (Product of
Freescale Corporation) is used. It has a sengitfilOkPa.

PIC18LF13K50 microcontroller is used for the sigpedcessing. Analog to digital conversion is also
performed using the built in analog to digital certer. Since the GSM modem used in this design
has the normal RS232 interface, for the RS232-TeMell conversion a MAX233 chip was used. The
USB interface can be used to interface this systemcomputer for further signal processing.

Microcontroller

Instrumentation
Amplifier

MEMS Accelerometer

MEMS Pressure
Sensor

Fig. 9: Hardware circuit module (4.5cmx3.0cm)

4.3 Communication interface

Since GSM communication is very popular nowadaybkas been used to alert the user. SIEMENS
mc35i GSM modem is used for the communication whigls RS232 interface. Hayes “AT”
commands are used to communicate with the modemaghrRS232. The Hayes command set is a

Inter national Conference on Sustainable Built Environment (ICSBE-2010) 18
Kandy, 13-14 December 2010



specific command-language originally developed tfee Hayes Smartmodem 300 baud modem in
1977. The command set consists of a series of sxirstrings which combine together to produce
complete commands for operations such as dialiagging up, and changing the parameters of the
connection. Most dialup modems follow the spectfmas of the Hayes command set. [4]

The following code describes a SMS send and satfingecessary configuration. The code is written
in ANSI C language for PIC Microcontrollers.

printf("\rAT\r");

delay_ms(1200);

printf("\rAT+CPMS=\"ME\"\r");

delay_ms(1200);

printf("\rATEO\r"); //Disabling Echo feature
delay_ms(1200);

printf("\rAT+CMGF=1\r"); // Entering TEXT mode foBMS
delay_ms(1200);

printf("\rAT+CMGS=0712345678\r"); //send SMS to NG12345678
delay_ms(2200);

printf ("Test1");

putc(26);

delay_ms(1200);

5 Conclusion

In this project we have developed a circuit incogpog a MEMS pressure sensor, an
acceleration sensor and a GSM module for smartehsesurity systems. The test codes and
circuit designs are presented in this paper. The@wemodule is having a compact design and
can easily be used in security applications. lwished that this research carried out would
help future engineers to come up with solutionssfoart building.
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Abstract: Nanotechnology is widely regarded as one of thentyérst century’'s key technologies, and its
economic importance is sharply on the rise. In ¢bastruction industry, nanomaterials has potentiatg are
already usable today, especially the functionalrattaristics such as increased tensile strengtficlsaning
capacity, fire resistance, and additives basedamo nmmaterials make common materials lighter, mamnpable,
and more resistant to wear. Nonomaterial are atésidered extremely useful for roofs and facadethénbuilt
environment. They also expand design possibilit@sinterior and exterior rooms and spaces. Narsuating
materials open up new possibilities for ecologicaliented sustainable infrastructure developmérnias been
demonstrated that nanotechnology has invented pteavith many unique characteristics which coutghgicantly
provide solutions current construction issues aray rwhange the requirement and organization of oactghin
process. This paper examines and documents aplicemotechnology based products that can imprbee t
sustainable development and overall competitiveng#se construction industry

Keywords. Nano Materials, Concrete, Thermal Insulatiomnié Retardant, Thermal Energy Storage
1. Introduction

Building and construction industry is a prime cansu of world’s material and energy resources which
accounts nearly for 40%of usage. The industryagtili natural and synthetic materials which include
cement, steel, aggregates, wood, glass, textilastigs, foams etc. The current tendency and demand
towards more sustainable “green” practices has segaa tremendous pressure on this material and
energy usage in the Building Environment for imgnments and conservation (Elvin, 2007).
Nanotechnology, the manipulation of matter at themscale plays a key role in this matter where it
provides answers for current construction relataeblems. Thus the potential for energy conservation
and reduction of resource consumption, waste, itgxamd carbon emissions towards more sustainable
“Green Practices” is significant.This paper mairibcuses on better properties concrete, thermal
insulation, flame retardant, thermal energy storaged self cleaning and antimicrobial effect for
sustainable built environment.

2. Concrete

Concrete is the most widely used material in thiét Bavironment. Concrete mainly consists of cement
aggregates, water and admixtures. Most of the ebmés made up of aggregates which are inert gaanul
materials such as sand, crushed stone or gravbkliTand Abdelfatah, 2009). Cement acts as the main
binding phase in concrete. The expansion of thetcoction industry it is necessary to develop lmstc
and more efficient types of concrete while maintegrsustainability.

2.1. Incorporating Nano Materials to Concrete- The Present Status

Nano engineering or nano modification to the cenim#ed materials is an active area of research at
present(Sanchez and Sobolev, 2010). But, compavitigthe other fields, concrete has been slow to
catch the emerging enhancements of nano technolbbis is mainly due to the lack of basic
understanding of concrete at nano level and the dddroad understanding of what nano modification
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means to concrete (Garboczi, 2009). The recentlg@vents of the experimental techniques available
have facilitated to study the concrete at micro ando levels. Concrete is a nano-structured multi
phased composite material consisting of an amorplphiase, nano meter to micro meter sized crystals
and bound water. The reactions within the conasetair through macro, micro and nano levels (Sanchez
and Sobolev, 2010). Therefore, addition of suitaialeo particles into concrete can alter many ptagser

of concrete. The effects of adding various nantigdes to concrete are described below.

2.1.1. Addition of Nano Silica into Concrete

Nano Silica has been found to increase the streffigttibility, workability and durability of concte.
The nano Silica particles increase the viscosittheffluid phase of concrete and fill the voidswmesn
cement grains. It reacts with Calcium Hydroxide aesults in more Calcium Silicate Hydrate (CSH).
Almost all the mechanical and transport propertiesoncrete are controlled by CSH which is a nano-
porus, nano-structured material(Garboczi, 2009and\Silica acts as a nucleation site for preparatfo
CSH which results in high strength than conventi@muncrete (Sobolev et al., 2009, Hosseini et al.,
2009, Vera-Agullo et al., 2009, Sanchez and Soh@e%0). Incorporating nano Silica has improved the
hydration process of cement (Belkowitz and Armeantr@010, Sanchez and Sobolev, 2010). This is
mainly due to the large reactive surface area nbnmarticles.

Fig: 1(2) Fig: 1(b)
Fig. 1. (a) SEM micrographs of Ordinary Portland Cementté*andFig.1:(b) Paste containing Nano
Silica (Jo et al., 2007)

2.1.2. Addition of Carbon Nano Tubes (CNT) into Concrete

Carbon Nano Tubes (both Single Walled (SWCNTSs) Mudti Walled (MWCNTS)) is another material
which can be used to enhance the properties ofetmc
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days cement paste(w/c=0.5) and cement paste paste (w/c=0.3) and cement paste
reinforced with 0.08wt% MWCNTSs (Metaxa et al.) reinforced with 0.048wt% MWCNTSs

(Metaxa et al.)
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CNTs display a very high theoretical strength whgh00 times more than that of steel while justimg
only one sixth of the specific weight of steel(ltiad., 2005). Incorporation of CNTs increases timoant

of high stiffness CSH and also reduces the porasitthe CSH phase resulting increase in Young's
Modulus, flexural strength, compressive strengttl darability and decrease in autogenous shrinkage
(Metaxa et al., Li et al., 2005).

2.1.3. Addition of Nano TiO, into Concrete

There has been few research carried out to stuiggfthct of nano Tigin concrete mixes. As Ti(s an
inert material it will not participate in the regmt within the cement paste but the rate as wethagpeak
of hydration of concrete has shown to be increaseshown in Fig 4 when nano Ti@@ added due to the
heterogeneous nucleation. Nano Fiproves Compressive and Flexural Strengths arrere the
abrasion resistance of concrete (Jayapalan &0f19)
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Fig. 4: Rate of Hydration of Ti@—blended cements (Jayapalan et al., 2009)
2.1.4. Addition of Nano Fe,O; and Al,Ozinto Concrete

Partial replacement of cement with nano,reparticles has shown to increase the flexural and
compressive strengths of concrete (Nazari et #&108). Another nano material which has been
incorporated with concrete is nano Alumina. It hagen shown that partial replacement of cement with
nanophase AD; particles improves the compressive, flexural apiit $ensile strengths of mortar but
decreases its workability and setting time(Nazbail.e 2010b, Nazari et al., 2010c).

2.1.5. Summary of the effects of Nano Materials on Strength of Concrete

A comparison of the percentage increase of flexamal compressive strengths with the addition obnan
particles is shown in Figure 5.

30%

20%

10% I I I — M Flexural Strength
0% . . T

1 Compressive Strength

Percentage
Increase

MWCNTs Nano SiO2 Nano Nano
Fe203  Alumina

Fig. 5. Percentage increase in Compressive and Flextrexidihs with the addition of nano Particles
(Sobolev et al., 2009, Hosseini et al., 2009, gatlo et al., 2009, Sanchez and Sobolev, 2010),
Metaxa et al, Nazari et al., 2010b, Nazari et24110c)
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2.1.6. Issuesregarding incorporation of Nano Materials into Concrete

It is important to obtain good dispersion of thes@o materials to avoid agglomeration and to irsgea
the linkage of nano materials with the binding ghakconcrete. Large aggloromates and bundlesess se
in Fig 6(a) can be noticed when no dispersing agarég used (Konsta-Gdoutos et al., 2010). Adding an
effective superplasticiser, ultrasonification, hggeed mixing and chemically functionalizing thefaces

of the nano materials have shown to increase digpeof nano materials within the matrix phase and
enhance the bonding (Kowald and Trettin, 2009, Sitadl., 2009, Sobolev et al., 2009, Cwirzen et al.
20009).

BTN e —© & 500 nm |
Fig.6: SEM images of cement paste fracture surfacesforegd with undispersed and dispersed
MWCNTSs (a) and (b), respectively.(Konsta-Gdoutoalgt2010)

3. Thermal Insulation

Building insulation will be one of the main focuseshere the demand for more energy efficient bngdi

is expected to grow significantly in coming yeaffie presence of glass surfaces and the insulating
capacity of the outer cladding are the main reasongeat loss and gain within the building envelop
(Scalisi, 2009). Nanoscale materials provides dédter solution in building insulation due to thiigh
surface-to-volume ratio which enable them to trilb &r with in a thin layer of material. The cemt
product range on insulation varies among paintatiegs, thin films or rigid panels.

3.1.Nansulate

Nansulate® coating is a patented insulation teauythat incorporates a nanocomposite called Hydro-
NM-Oxide, a product of nanotechnology. It's an dbag insulator due to its low thermal conductivity
and the nanomaterial used. Test results for Nare®ilfrom independent laboratory shows that thermal
resistance (1/U) of the wall section coated witmdldate® was increased by 28.98% (Test Method:UNI
EN ISO 8990:1999) (www.nansulate.com).Nansulate ardirectly applied to the existing buildings
without incurring any post-construction additiohus$ creates tremendous energy saving with existing
buildings. Nansulate coating thickness on an ag@igface is around 200 microns DFT (approximately
3 coat coverage) with very high savings on spageation (hdustrial-nanotech, inc.2030.

R value comparison of Nansulate

15

10

Nansulate Polyurethane Fiberglass Cellulose
Foam

Fig.7: R value (Thermal Resistivity) comparison of Ndasw Shield, especially designed for the
construction industry with conventional insulatimgterials (Elvin, 2007).
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3.2. Aerogel

Nanoporous insulation materials like aerogels, l&ma-low density solid provides a superior solutfon
insulation. The aerogels for thermal insulationduseday are most often silica or carbon based with
approximately 96% of their volume being air. Sil@arogel is a promising nanocomposite material for
applications in buildings because of its high vistensmittance and its low thermal conductivitypakt
from their low thermal conductivity its load beaginapability makes it suitable for evacuated transpt
insulation applications

R value comparison of Aerogels
15
E .
5
0 , [ I == ==
Aerogel Polyisocyanurate Polystyrene Mineral wool Fiberglass batts
foam foam
Fig.8: Aercgel,
The  world’s Fig. 9: R value comparison of Aeroge(Elvin, 2007
lightest  solid
(Elvin, 2007)

4. Flame Retardant

Flame retardant effect can be results as a conitinaf several kinds of nanocomposites. Due tdoits
price, many research focused on the productionamfodlay containing composites to achieve these
properties but CNT is also heavily used in reseoctlame retardant materials. The newly developed
materials possess properties like reduced flamitbgliéss toxic gases release and less smoke pioduc
compared with the traditional flame retardant matei(Zhang, 2005).

4.1.Nanoclay

Research done on polyamide 66/organoclay(hano¢Régpb6/OMT) nanocomposites shows improved
flame retardant properties. The peak HRR (PHRR)dsmost important parameter to evaluate fire gafet
(Zhang, 2005). It shows that pure PA66 burns vast &fter ignition and reaches a sharp peak on the
HRR curve while the addition of OMT shows a greetlohe of HRR and the sharp peak tend to be a
platform (Songet al., 2008).
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Fig. 10: Comparison of heat Release rates, PA66 an®f@N6T nanocomposites (Somgal., 2008)
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4.2.Carbon Nano Tubes

Carbon nanotubes (CNTs) attracted much attenti@ntduheir excellent properties as a nanomaterial
used for making polymer nanocomposites in recerrsydReimet al., 2005). Research done on
improving flammability of Ethylene—vinyl acetate (&) based composites using Multi wall Carbon
Nanotubes shows that the possibility of delayingthbthe ignition time and reduce the flammability
(HRR) of a polymermatrix like EVA by adding a smathount of MWNTSs Peeterbroeckt al., 2007).

5. Thermal Energy Storage
5.1.Phase Change Materials

Phase Change Materials (PCMs) are often considereltent heat thermal energy storage (LHTES)
applications. Thermal storage can be part of thiglibg structure due to the advent of PCM implenaent

in gypsum board, plaster, concrete or other walledng materials (Castelléet al., 2007). The main
drawback that hinders the application of PCMs wirttow thermal conductivity (Zengt al., 2009).
Paraffin is commonly available PCM material wittomising benefits because it has a large latent heat
and low cost, and is stable, non-toxic and notazive. Research has done to overcome the low ttherma
conductivity problem of paraffin using exfoliatedchghite nanoplatelets (xGnP).

08

2
=}
L

2nd melted
Y=0.080X + 0.31
R2=

et
5
L

0.6

0.5 |

O st melted

0.4 - e Y=0.085X + 0.26
A R%=0.99
0.34 /é/

0.2

Thermal Conductivity (W/mK)

o 1 2 3 4 5 & 7

xGnP loading content (wi%)
Fig. 11: Thermal conductivity of paraffin/xGnP composit€Ns by melting times (Kim anDrzal,
2008.

6. Self Cleaning and Antimicrobial effect

Need for achieving a cleaner hygienic surface ghlli desired in current architectural practicesaln
building environment, the primary cleaning actiomsudes the removal of everyday dirt, dust, oreoth
things that naturally appear on windows or othefases in buildings (Ashbst al., 2009).

i o |
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Ssgnei A

Fig.12: This fabric membrane structure at -
Hyatt Regency in Osaka uses a photocatalytic  (aq) nanoparticles for antibacterial gowns and

clear coat based on TiO which creates '
antibacterial effeci(Ashby et al., 2009 ?Xg;]/ﬁ;?glacggosgl;ch as carpets and upholstery.

Fig.13: SEM image of nanofibers with silv
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Commercials products are available for self-clegngurfaces with the invention of photocatalytic
coatings containing titanium dioxide (TiO2) nandjmdes. These TiO2 particles degrade organic did a
stains when it is exposed to ultraviolet (UV) ligfWhen the surface is subjected to rain or simple
washing hydrophilic action of TiO2 carries out thesened dirt particles from the surface.

Surfaces which exhibit “antibacterial” propertigther kill or inhibit the development of bacteridnieh
causes deleterious effects such as discolorattamirsy, or odours (Ashbyt al., 2009). One such
approach is to use copper or silver nanopartides @ating on base materials or incorporated ttjirgc
the surfaces of the base materials. Apart fronptbgen history of antibacterial effect of these eniais,
much larger surface area of nanopatrticles helpsadgide a sound antibacterial effect.

7. Conclusion

Nanotechnology is a promising field in terms of ieonmental improvements including energy savings
and reduced reliance on non-renewable resourcesyetisas reduced waste, toxicity and carbon
emissions. It's applications in the building indysis expected to show a significant boom in theming
years due to international urge for “more greeneuild environment. When considering the built
environment, concrete is the main construction redteBetter understanding of the properties of
concrete at nanoscale can lead to improve theinadity of concrete. The influence of additionr@fno
particles such as Nano Silica ,nano@l nano TiQ and nano F€; in the correct proportions and
methods into concrete can increase the mechanaradl transport properties, rate of hydration,
durability and many other properties. Moreover ggaronservation and reducing green house emissions
in the building environment can be a reality duenamomaterials emerging as insulations and energy
storage materials. Enhanced insulation materiapleouwith thermal energy storage properties can
reduce the operational energy consumption in alkarivironment to a great deal. Other applicatides |
self cleaning and antimicrobial surfaces will regldice resource consumption and lengthen the ligdeecy

of material usage in the industry, thus will drieevards sustainable practices.

As markets are full of uncertainty especially whreaw technologies are introduced, the application of
nanotechnology will also face challenges in terrhsaterial cost, construction industry resistanod a
public awareness about nanotechnology. But withothtstanding benefits offered by nanotechnology, it
will outperform all the obstacles and it's expecthdt these exciting materials and products th#t wi
dramatically change the way future buildings arelenand the best is yet to come.
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Abstract: The past decade has seen unparalleled evolutitheifield of Materials engineering. Largely duethe
unique properties seen in materials in the naneseddtive to their macroscopic counterparts, naterals as an
example can be used to enhance tensile strengtiiation and are biomimicable. These propertieshined with
integrated structural monitoring and diagnosticsteaays are set to revolutionize the constructiomsitny. Current
research shows the inclusion of self healing prtiggerbringing these endeavors full cycle.

Structural integrity is a key facet of building minance which historically has been evaluatedhenbasis of
empirical studies stemming from lifecycle analysighe concerned structure. The associated cestd,times and
lost revenue due to these activities can be médyay using materials which are engineered to teperparameters
of concern to building monitoring systems. Thesg#eys can be the resultant of nanocomposite misterfach are
self organizing in nature, in turn forming interedign capable grids. Dielectric and complex impedan
measurements of these grids will be sampled thr@amanalog to digital conversion interface linkihg captured
data on to the building management system. Alentshe issued in real time when material boundaiesrossed,
indicating impeding structural changes. Constardgsoeiated with the nanocomposite materials will et
thresholds for the alerts. The captured raw dataldvbave the ability to monitor parameters suchviasation,
stress/stain (piezoelectric materials) and thegredients (temperature coefficient of complex imgresk).

Furthermore, materials such as TiO2 facilitate pbatalysis, where the free radicals can be usethéooxidization

of organic matter resulting in self cleaning suefcAnatase titanium dioxide can also be used enfahm of a

composite addition to cement for Bio mimicking stures to be used to offset our carbon footpritthdugh yields

of such activities remain low, the research tom i¢s infancy. By monitoring the redox reactiorfstlvese materials
in the form mentioned above, it will be possibleotiserve the conversion efficiency as live “heapmeesulting in

much needed empirical data. Reportedly, the use@2 has been used to control the growthbifiogical matter.
As deterioration of structures due to biologicaltterais immense, these properties will allow foe #tontrol and
monitoring of the design and environmental paransetdich facilitate their growth.

Macroscopically the construction industry is poistal benefit greatly by these immediate changes that
nanotechnology has brought to the materials engimgeResultant structuresould encompass the low carbon
footprint which is expected and sought after in terent climate as well as the economic and sdfetyefits
inherent of such activities.

This paper reviews a range of concepts and techieda@apable of harmonizing built environment dmel dtate of
the art in monitoring and energy capture.
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1. Introduction

Individual components of a building can be takemoirtonsideration due to their placement and ttais i
inherent potential. The Foundation, Frame, Bulkemal, Windows/doors, Floors, Roof and Skin can
contribute to 2 order activities while maintaining its core roledugh the use of intelligent materials.
The 29 order activities can be identified in two logiaad complimentary groups being sensing and
energy scavenging. Sensing and Energy scavengingjlirenvironment can be carried out either thioug
the use of intelligent materials which are symigiati nature or through the use of components added
to the structure.

2. Concepts and Technology

As an example, an intelligent foundation could iempénted either through the use of a ZnO
(piezoelectric) coating on the steel bars in thefoeced concrete which would sense the stresghsirad
sheer components, likewise these properties cdstdbee sensed through the integration of an almibst
the shelf optical fibre (Fibre Bragg Grating) sessahich can be mounted on the surface. Geothermal
electrical energy generation becomes feasible @abuiiding becomes taller, due to the requiremérmt o
deeper foundation. Further enhancement of the thlegradient is possible due to the colder enviramme
at higher altitudes enabling faster heat dissipatiBuildings of lower height can also benefit from
geothermal energy generation in the form of therenairgy for heating. These vary in terms of ecomomi
viability as a 2007 study indicates a break—evecepof 0.04-0.10 € per kW-hat a capital expenditure
of 2-5 million € per MW of electrical capacity. Expding on the concept, the ability to capture thath
energy through solar concentrators on the roof goce it for night time use is a further possililit
through the use of borehole thermal energy storagea system where an underground structursési u
for storing large quantities of solar heat colldcbe summer for use later in winter. A key concérn
power generation, regardless of the source of tleegy is providing a consistent output. Hence,ube

of an underground heat storage facility would pdeva future proof and cost effective mechanism for
medium to large scale energy storage.

The structure of a high rise building is predomihamade of steel. Piezoelectric materials mixed
composites would allow the building managementesysto monitor a life stress/straimap of the entire
metal structure. The taller the buildings are threstists a slight sway due to the wind factor atttyeof

the building. These intelligent frames are wellcgld to monitor the structuraigidity and health of a
building during the course of an earthquake, stornreven a manmade disaster such as an explosive
device detonating.

Thus situational awareness pertaining to the Ingldiould become instantly available to emergency or
rescue workers. These material based sensors aboid for early warning for such natural disastass
earthquakes much earlier due to the depth of fdiowatructure. Likewise costs associated withdod
maintenance can further be mitigated since reag tidata is always available. Standard steel based
structures can be monitored through the use of Miaguasistatic Sensing such as the Meandering
Winding Magnetometer. It is inductive sensing ugimagnetic fields to monitor changes in the properti

of magnetic and/or conducting materials such asalsiefA piezoelectric coating or the inclusion of a
piezoelectric compound in to the metal structureidallow for power generation due to the inherent
sway in larger buildings. This would further compknt the carbon footprint of the building.
Strategically constructed wind tunnels through ghhiise building have been demonstrated to generate
significant amounts of electricity. Such activitiage currently shifting from the conceptual stages
realization.
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Wind Turbine Concept
Fig. 1. Pearl River Tower Wind turbine concept (Skidmoreil@s and Merrill)

Bulk building material such as concrete can be fiedithrough conducive fiber compounds for a
sensing ability is associated with the reversitflange of the electrical resistance of the conanpten
deformatiof! in the elastic regime. It allows a further aspedhe monitoring of the structural rigidity of
the building. Loading due to machinery in large léhngs can be analyzed through such sensing
mechanism. Since stress is force per unit arezssstelates to force. Hence, the smart concretearae
as a scale for weighing.
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Fig. 2: Smart concrete
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Orifices such as doors and windows can be utilibedugh the use of nanotechnology based spray on
solar cells to generate electricity throughoutdhg. Such films are at the research stage curreittgre
proofs of concepts have been develdp@tie use of electrochromic material to automdiicaftenuate

the solar irradiance in to the building can helpigate air conditioning costs during the summer healt
loss during the winter period. Furthermore liquigstal displays can be built on to the surfacehef t
windows to allow them to be used as display for b@ding health data harnessed from the sensors
discussed thus far. Another interesting applicatsothe addition of an Organic LED on the surfate o
each of the outside facing windows of the buildiogreate large scale bill board like structurdse Tise

of transparent electroluminescent materials wowdvert the simple window in to a multifunctional
interface device.
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Fig. 3: Electro chromatic window

Floors are well suited for energy scavenging &eés continuous use throughout the day in the &rm
walking which results in vibration energy. Pieze#lie flooring has been demonstrated to be able to
harvest this form of enerfy Especially areas which see many visitors such@gntrance or the lounge
areas are very well suited to this technology. @otrated areas of high levels of lateral displacgme
such as staircases are yet another area wereathisdlogy can be implemented. It would also allow f
smart cleaning of the building taking in to consad®n the level of exposure it has seen to fafitr.
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The roofing area can be used for solar energy oamttia higher efficiency than the windows of the
building. It can be achieved through the use drfet lenses (solar concentrators) to greatly erehéme
cost effectiveness of solar cell based energy g¢iner Further maximizing the roof area, the skt
back plane can be cooled through a heat exchangehtself will be generating second order energy.
Air quality monitoring at gradual elevations woydtbvide valuable data with regards to smog levets a
their height above the city. Along with the ability detect contaminants such as ash from volcanic
activity and to map the propagation dynamics.

Paints used in the construction industry are predantly are based on a TiGiller. TiO2 facilitate
photocatalysis, where the free radicals can be fmetthe oxidization of organic matter resultingself
cleaning surfaces. anatase titanium dioxide cantasused in the form of a composite addition toemt
for Bio mimicking structures to be used to offset oarbon footprint.

3. Conclusion

Major breakthroughs in material sciences have abtbws to actively persue green applications int buil
environment. The benefits are twofold, resultanhdpeself aware and self sustaining buildings. The
concepts approached in this paper should be apgpedaat the inception of such projects as it is
essentially the bottom up nature which results siyreergy to the structure. Furthermore integrasibthe
scale discussed allow for higher efficiencies insa®g as well as energy generation and conversion.
Approaching each element of a building structure ddfowed the location and properties inherenhio t
Foundation, Frame, Bulk material, Windows/doorgof$, Roof and Skin to be taken in to consideration
for relevant enhancement of the overall goal of@gdhg a intelligent, self sustaining building.
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1. Introduction

The long-term vision of all nanotechnologists hasrbthe fabrication of a wider range of materiald a
products with atomic precision. However, expertshia field have had strong differences of opinion o
how rapidly this will occur. It is uncontroversitthat expanding the scope of atomic precision will
dramatically improve high-performance technologigall kinds, from medicine, sensors, and displays
materials and solar power. Applying Moore’s lawsitreasonable to assume all this will happen in the
next 15 years or less [1].

Nanotechnology is considered to be the fifth indaktevolution. Unlike any other industrial
revolution, its benefits are likely to reach a majportion of the inhabitants of the planet sincengna
nations share a common market driven capitalish@mic structure. Experts around the globe agrete tha
we have tipped the scale of population vs. resay@®bably for all time, and the balance of resesrr
and their use is no longer in our favor [2]. , iprih 2005, the Millennium Ecosystem Assessmentiedrr
out by the United Nations [1] indicated thatthe ability of ecosystems to sustain future generations can
no longer be taken for granted.” In spite of the pervasive economic notion thethinology will allow
further production gains, accessible global oilduction is estimated to have peaked. By 2020 the
Middle East will control 83% of global oil supplieand by 2070, there may be no more cost effective
supplies available [3,4]. About 75% of the existiprg@scription drugs in the United States are syitthe
[5], and for the remaining 25% derived from natuttegy too rely on organic solvents (made from
poetroleum) for their extraction and purificatidgfrom where will the medicinal agents of the futbee
derived as the living biomaterials are depleted @nedglobal competition for oil increases on a dail
basis? Therefore, we cannot be satisfied scierdiBcoveries based on non-renewable resources. It i
becoming increasingly important to know the outcarhthe products of a process at the end of tlifeir |
time. Today, we are more aware that the innovatitemgome up with must not destroy the fundamentals
that sustain the entire ecosystem including theansnm

2. Nanotechnology and sustainability

It is important to put nanotechnology side by sidtéh sustainability considering the seemingly
insurmountable challenges faced by the human ratteeicoming decades due to population increase and
resource depletion. For nanotechnology to makengpact on sustainability, it must come up with
solutions to the problems created by technologgeneral in the last two centuries. Such an analysis
makes it easier to understand how nanotechnologlddoeenefit mankind: Nano-scale manufacturing
platforms could make geography, raw materials, asl vas labour, irrelevant. By employing
nanotechnology to build from the bottom-up rathemt processing down, the quantity of raw materials
required could be sharply reduced. In short, naxabestechnologies are poised to become the steategi
platform for global control of materials, food, agidture and health in the immediate years aheaith W
respect to nanotechnology, emerging dictum fordngeloping world should benore from less for more.
Undoubtedly, efficient systems of production andtigg more from less is closely related to
sustainability.

Nanotechnology can become a sustainable technabody if there is societal acceptance,
minimal risk and maximum benefit. Nanotechnologydafinition is diverse, enabling, evolving, inter
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disciplinary and in general generic. Sustainableotechnology can be looked at in two ways: prodyicin
nanomaterials and products which are not toxicmducing nano-products that remedy environmental
problems. Such an enterprise should at transfoomatat low temperatures using less energy and
renewable inputs wherever possible, and usingylifiecthinking in all design and engineering stages.

In addition to making nanomaterials and productshwess impact to the environment,
sustainable nanotechnology should strive to makectimanufacturing processes for non-nano maserial
and products more environmentally friendly. Forragée, nanoscale membranes can help separate useful
chemicals from waste. Nanoscale catalysts can dheeical reactions more efficiently with less veast
Sensors at the nanoscale can be integrated integgocontrol systems, working with nano-enabled
information systems.

Secondly, Nanomaterials or products can offer saddity if they can clean hazardous waste
sites, desalinate water, treat pollutants, or semsk monitor environmental pollutants. Furthermore,
lightweight nanocomposites can offer fuel savingd aaterial reduction in the transportation sector.
Nanotechnology-enabled fuel cells and light-emittiiodes (LEDs) could lead to the conservation of
fossil fuels and lead to less environmental padlutiSelf-cleaning nanosurface coatings could reduce
eliminate the use of conventional cleaning agentsemhanced battery life could lead to less mdtesia
and less waste. Thus, sustainable nanotechnologyicsiiake a broad analysis of nanomaterials and
products, in order to ensure that unforeseen coes®gs are minimized and that impacts are antagpat
and controlled throughout their full life cycle.

Applications of nanotechnology are enabled by naatenals, which have novel optical, electric
or magnetic properties. The building blocks of nanbnology are semiconductors, metals, metal oxides
carbon materials and organics. The emerging comategrowth areas in nanotechnology are
nanomaterials and nanomaterials processing, natechimology, software, nanophotonics,
nanoelectronics and nanoinstrumentation. Nanonadderand nanomaterials processing companies
develop the materials and methods to manipulatenaaaufacture products based on nano materials.
Clearly, the raw materials for these industries theasne from renewable or non-renewable resources of
the planet. Therefore, if the raw materials arersptenished the nanotechnologies will perish kefor
can yield benefits to successive generations.

Sustainable development of nanotechnology coversrakareas. These include:
2.1. Development of "intelligent" materials and reduction of materials usein production;

With nanotechnology, a large set of materials angroved products rely on a change in the physical
properties when the feature sizes are shrunk. Natioles, for example, take advantage of their
dramatically increased surface area to volume.ra@tieir optical properties, e.g. fluorescence, beza@
function of the particle diameter. These nano-niateror nanocomposite materials made by
incorporating nanoparticles into polymers have iapfibns in faster computers, advanced
pharmaceuticals, controlled drug delivery, biocotiigha materials, nerve and tissue repair, craclopro
surface coatings, better skin care and protectimne efficient catalysts, better and smaller sensren
more efficient telecommunications [6.] Such nanariat products, in addition to using lesser raw
materials in their production will become an aliyasive technology in the decade to come.

2.2.Development of specific nanotechnologies and new materials for use in water treatment or for
energy and transport and agriculture applications;

Only 30% of all freshwater on the planet is notkled up in ice caps or glaciers (not for much longer
though). Of that, some 20% is in areas too renmtdiimans to access and of the remaining 80% about
three-quarters comes at the wrong time and placenonsoons and floods - and is not always captured
for use by people. The remainder is less than 686 of the total water on the planet. The problem
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that we don't manage this small quantity very wéllrrently, 600 million people face water scarcity.
Depending on future rates of population growthyeetn 2.7 billion and 3.2 billion people may bediyi

in either water-scarce or water-stressed conditlmon£025 [7]. Many areas, especially in developing
countries, are seriously contaminated or damagéu eansequent impoverishment of natural resources
and serious effects on human health. Remediatioconfaminated water — the process of removing,
reducing or neutralizing water contaminants thatdten human health and/or ecosystem productivity
and integrity — is a field of technology that h#tsaerted much interest recently.

Membrane processes are considered key componeradvahced water purification and desalina
technologies and nanomaterials such as carbonuts®mtnanoparticles, and dendrimers are contridputin
to the development of more efficient and cost-dffecwater filtration processes.

There are two types of nanotechnology membrandgscthdd be effective: nanostructured filters, wr
either carbon nanotubes or nanocapillary arrayvigeothe basis for nanofiltration; and nanoreactive
membranes, where functionalized nanoparticleshediltration process.

In the area of agriculture, in conventional ferlis the loss of the macronutrient nitrogen to the
environment during application is one of the majarblems which has not received much attentionsLos
of nitrogen exceeding 50 — 60% is due to conversiowater soluble nitrates, gaseous ammonia and
incorporation into the soil with the aid of soil aroorganisms [8]. Attempts to solve this loss, aays
direct and indirect environmental pollution have tnvath little success. However, application of
nanotechnology involving slow release fertilizen dacrease the nitrogen utilization efficiency. dn
attempt to address this problem, SLINTEC has comwith two slow release fertilizer compositions: In
the first solution [9], an inorganic inner nano€aonsisting hydroxyapatite nanoparticles whichtaion
the macronutrient phosphorus coated with nitrogertaining urea has been encapsulated within aalatur
cellulose based outer com@l[ricidia sepium (albesia) stem] containing micro/nano porous @itn the
second project, the fertilizer system is based rea umnodified hydroxy apatite nanoparticles inteateal

in montmorilonite [10].The nanocomposites prepared by this processes aygied to aqueous and
terrestrial environments releases the macronutenmtpound in a slow and sustained manner. The
nanocomposite acts as a reservoir for slow andisest release of nitrogen macronutrient through the
soil medium. The soil medium acts as a conduitpi@mviding the pH for release and transport of the
macronutrients such as urea to the roots of that.pBich solution, properly adapted can have aopraf
impact on energy, the economy and the environment.

2.3.Development of biosensorsfor environmental applications;

Various kinds of nanomaterials such as gold, cartmmotubes, magnetic nanoparticles and quantum dots
are increasingly used as biosensors because oihifjge physical, chemical, mechanical, magnetic and
optical properties which aid in the enhancemensalgctivity and sensitivity of detection [11]. One
dimensional nanostructures such as carbon nanotubestractive for bioelectronic sensing applmagi

Of particular importance are electrochemical sensdrich are capable of interfacing at the molecular
level, applications of enzyme electrodes wherectliggectron transfer from the enzyme to the eleletro
surface can open avenues for reagentless biosersuats bioaffinity biosensors such as DNA
hybridization biosensors [12].

2.4.Life Cycle Assessment of the potential benefits, health, safety, and environmental risks associated
with nanotechnology-based materials and their processing, and with chemicals processing;

Life cycle assessment (LCA) of nanoparticles andom@nabled products are important in finding
answers to issues such as [13]:

Inter national Conference on Sustainable Built Environment (I CSBE-2010) 37
Kandy, 13-14 December 2010



(@) How do life cycles of products/devices using nantmals compare to those made by
conventional materials particularly in the are@oérgy consumption;

(b) What particular phase in the life cycle use thgdat amount of energy;

(c) Identification of particular end-of-life managemeissues specific to nanomaterials such as
recovery, reuse and recycling;

(d) Identification eco-toxicity and human toxicity cAmomaterials;

Several types of nanoparticles have shown uninttndensequences. For example silver
nanoparticles, which are bacteriostatic, may dgdiemeficial bacteria which are important for biegk
down organic matter in waste treatment plants wn$g14]. Similar concerns have been expressedtabou
TiO, and carbonanotubes. Aerosols resulting from natiofgs and their manipulation, the resulting
agglomerates and their degradation aerosols amssions should be cleared of any potential harm to
humans and the ecosystem. If we rely only on exgosontrols, such attempts will fail in the lorgrh.
Therefore, research must strive for performancéhownit toxicity with the implicit assumption that
innovation is not attractive enough until we re#eét point [15]. While conventional technologiesyma
use a compartmentalized model where chemists dosyhthesis, epidemiologists and toxicologists
document the side effects and find mechanisms sfieg diseases and hygienists will recommend ways
to minimize risk. Because of nanotechnologies cemjpind emerging nature with high social cost, they
must employ a holistic model where risk based gulieation based research must be integrated thus
proactively minimizing health and eco risks.

In the area of using green solutions to nanotedyyobased research, SLINTEC has been successful
in inventing process for producing a nanocompositataining exfoliated organically modified
montmorillonite clay and maleic anhydride graftédseomer in a dispersion of natural rubber andtiner
filler which completely avoids the use of reinfargiand environmentally hazardous carbon black [16].

Public participation with nanotechnologies is oftigscribed as ‘upstream’ in nature, reflecting
its occurrence before commercialization in realldioapplications and before significant social
controversy [17]. Thus potential problems are beadgiressed while research on nanotechnology
continues so as not to embrace the controversesGM foods were subjected to. Risk perception
analysis indicates that technology’s acceptabiity depend upon people’s perceptions of both bignef
and risk, with the balance between the two dependjon the particular technology or the contexhimit
which judgments are formed. Nanotechnology suresgarch in the United States and United Kingdom
to date shows two clear findings. The first is thmbst people know little or nothing about
nanotechnologies. Second, notwithstanding this,ynfael that nanotechnology’'s future benefits will
outweigh its risks.

In April 2005, the Project on Emerging Nanoteclogigs (PEN) was established as a partnership
between the Woodrow Wilson International CenterSoholars and the Pew Charitable Trusts. The main
objective of the project is to ensure that as reafotologies continue, possible risks are minimized,
public and consumer engagement remains strongthanghotential benefits of these technologies are
recognized. One of the PEN reports, entitled “Nedonhology: A Research Strategy for Addressing
Risks”, was released in July 2006 [18]. It priad research area needs in order to evaluate risks
associated with nanotechnologies. Immediate reseaeds are sources of exposure, exposure roudes an
exposure measurement methods. This PEN reportedsonmends early investment in medium-term and
long term-research needs, including risk assessniéamtcycle analysis, computational toxicology,
nanomaterials release into the environment andgicoiogy.

In addition to the more direct human and environtaesind toxicology issues, some have also suggested
that nanotechnologies will raise wider social, @thand governance issues. These include conceens o
long-term unintended consequences, the means bghwgovernments and society might control the
technologies, social risks from covert surveillararésing from nano-based sensors and systems, and
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financial or other detrimental impacts upon theedeping world. In the health arena, in particulanger
term developments in nanotechnologies is poisadise a range of fundamental ethical issues reggrdi
the possibilities for human enhancement, to drawaugemarcating line between ‘enhancement’ and
‘therapy’, and the impacts of these ideas on thatity of individuals [19-21].

In the contet of sustainable nanotechnol, the research carried out by the Sri Lanka Inst

of Nanotechnology is noteworthy. The nanotechnolo@jative in Sri Lanka launched through
Nanotechnology Company (NANCO) and the Sri Lankatitute of Nanotechnology
(SLINTEC) is unique because the government andothate sector have invested equally in
the project. SLINTEC by definition provides platfor research solutions in sustainable
nanotechnology to the Sri Lankan industries. Inciisnmitment to the Triple Bottom Line in
business, all research projects undertaken by SEDI@re subjected to a sustainability screen
to ensure that research output is in conformityhwébcial sustainability, environmental
sustainability and economic sustainability.

Finally, sustainability of nanotechnology will deygeon valid questions being asked about the
new technology and coming up with scientific ansaehich will enable society at large shed
their confusions and embrace it with reserved daceg.
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APPLICATION OF NANO INSULATION MATERIALSIN THE SUSTAINABLE
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Abstract: Nanotechnology is widely being used in the baiitvironment for its advantages in many improved
engineering properties of the nano materials. Namsulating materials open up new possibilities for
ecologically oriented sustainable infrastructureveli@pment. The most widely used nano material ifit bu
environment is for the purpose of insulation to ioye the energy efficiency namely in the buildireysd
dwellings. Nanotechnology has now provided an ¢iffecand affordable means to increase energy effy in
pre-existing buildings as well as new constructipnincreasing thermal resistance. The major adgentd
nano insulation materials is its benefit of transiut coatings which increase the thermal enveldpebwilding
without reducing the square footage. The intrinmioperty of nano insulating material is it can Ippleed to
windows to reduce heat transfer from solar radmtoe it its thermal resistant property and thedhacent
property allows diffusing of day light. The nanitating material has significant advantage in caty the
operational energy aspects of buildings due teadtsable insulating properties.

This paper examines applicable nanotechnology bpesdlicts that can improve the sustainable devedopm
and overall competitiveness of the building industrhe areas of applying nano insulating matendbuilding
industry will be mainly focused on the building efape. The paper also examines the potential adgastof
using nanotechnology based insulating materiakfucing the life cycle energy, reduction of matesisage
and enhancing the useable life span. The paper ialsEstigates the operational energy by simulation
methodology and compares the reduction of operali@mergy consumption.

Keywords— Built Environment, Nano Material, Thermal ResistanOperational Energy, Green House Gas

1. Introduction

The construction and operation of buildings is oesible for significant environmental impacts,
predominately through resource consumption, wastelyction and greenhouse gas emissions.
Building insulation will be one of the main focuseghere the demand for more energy efficient
buildings is expected to grow significantly in comiyears. One of the main problems related to
energy consumption in buildings is created by wiieating and summer cooling. The presence of
glass surfaces and the insulating capacity of tiierccladding is the main reasons for heat loss and
gain within the building envelope (Scalisi, 200@)sulation is the most effective way to improve the
energy efficiency of a home. Insulation of the bty envelope helps keep heat in during the winter
and keep solar heat away during summer to improsental comfort while saving energy. Insulation
materials which are used for building insulatioaliie mineral wool, cellulose batting, foam plastic
and newly emerged materials like nonomaterial.

Numerous strategies have been adopted in an attennpiprove the operational energy efficiencies
with relates building maintenance and to reducesrgreouse gas emissions. Emerging fields like
nanotechnology delivers outstanding insulation nite for more efficient, less toxic and
environmental friendly insulation. Current applioas are in the forms of paints, coatings, thimél

or as solid materials. Nansulate® coating is a&nqtad insulation technology that incorporates a
nanocomposite called Hydro-NM-Oxide, a product ahatechnology. It's an excellent insulator due
to its low thermal conductivity and the nonomateused. It can be directly applied to the existing
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buildings without incurring any post-constructiotddéion with conventional insulating, thus creates
tremendous energy saving with existing buildingsstTresults for Nansulate® from independent
laboratory shows that thermal flow through the vgaittion coated with Nansulate® was reduced by
34.80% and thermal resistance (1/U) of the waltiseccoated with Nansulate® was increased by
28.98% (Test Method:UNI EN I1SO 8990:1999 - simtmASTM C236) (www.nansulate.com).

To reduce life cycle environmental impacts of bidgs, their service life should be extended as much
as possible (Ayet al. 2007). The durability of the structure plays amportant role. Application of
nanomaterials in to the building envelope will assn lengthening the service life of building
materials, thus reducing the carbon footprint. T$tisdy aims to study the impact on operational
energy consumption of the building with the apglma of Nansulate, an insulation product of
nanotechnology with compared to conventional cedlalinsulation.

2. Methodology

A multi-residential building has been used as aecatidy to assess the operational energy
performance of prefabricated steel constructions §action outlines the case study building thag wa

analysed and the methods used to assess the opatahergy requirements associated with both
conventional concrete and prefabricated steel naetgin approaches for this building.

2.1. Case study building

This study involved an assessment of the operdtienargy associated with a multi-residential
building, for two varying construction approachesprefabricated modular steel structure and a
conventional concrete structure, used for compargiurposes. The building modelled has a gross
floor area of 3,943 fwith a total of 63 apartments consisting of 58&kirstorey and five double-
storey apartments. The first six floors of the dmdj each consist of 9 single-storey apartments
(Figure 1) and the seventh floor consists of fangle-storey and five double-storey apartments. The
floor area of the single-storey and double-storpgrments is 63 and 118 nrespectively. The
ground floor consists of seven tenancies togethtr @ther utilities. The ground floor and the sub-
structure were not considered in this study. Thtailde of the external/internal walls and the
floor/ceiling panels are for each scenario by eletnggiven in Figure 2.

e T e B B | | i =

Fig. 1. Standard floor plan for single-storey apartméRrt§A 2009
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Fig. 2. Details of the main material used in the buildiogprefabricated steel and concrete structural
scenarios, by element

2.2 Operational energy analysis

The operational energy associated with the casdy dhwilding was calculated using TRNSYS
simulation software. Based on the characteristicthe building as well as assumed heating and
cooling schedules, TRNSYS was used to simulat¢hitrenal behaviour of the building.

International Conference on Sustainable Built Environment (I CSBE-2010)

Kandy, 13-14 December 2010

43



The simulation was performed using the most reaem@ther data for Melbourne, Australia published
by the Australian Bureau of Meteorology The simolatwas performed on an hourly basis for a
period of one year maintaining a steady temperatange of 20-26 degrees Celsius within the
building. The detailed occupational schedules aashgywere not considered in this study. The
simulation was carried out with and without the s.dlate application on the exterior wall, ceilinglan
floor of the building.

The COP (Coefficient of Performance) values of GQR,;= 3.0 and CORing= 2.2 Were used in
converting the heating and cooling load outputeiftbe TRNSYS simulation to energy requirements
in kKWh.

3. Results and Discussion

This section presents the results and discussigheobperational energy analysis of the case study
building for both prefabricated steel and concostestruction approaches.

3.1 Operational energy analysis

This section details the annual operational engmguirements associated with the case study
building for both concrete and prefabricated steelstruction types.

The TRNSYS simulation performed to determine therafional energy required for each Zone to
maintain a temperature between 2626 The TRNSYS simulation output on temperature rabris
illustrated in Figure 3.

b (. e

Solar Rcltion (Kb}

Temperatures ('C)

Fig. 3: TRANSYS out put on temperature control betwee&C vs ambient temperature of
Melbourne weather

The simulated monthly distribution patterns of h&ataind cooling loads for a period of one year is
given in Figure 4 and 5, without and with nansulagilation respectively. All the data was based on
Melbourne’s weather data. The heating and cooliragl Ipatterns behave similarly for both concrete
and prefabricated steel construction types.
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Fig. 5: Heating and cooling load distribution patterntioe case study building- with Nansulate

outside

The application of Nansulate in to the exterior tbé building shows a saving in the energy
consumption through reducing heating and coolirapléo As of figure 4, the heating and cooling
loads fluctuate between +100 to -200 without thpliagtion of Nansulate. With the application of
Nansulate this range reduces up to +80 to -130@srsin figure 5.

The annual operational energy for the building dyemdicates that for Melbourne the heating energy
requirements are much greater than energy requitsniier cooling (by at least 180 per cent). There
is also a significant difference in operational rggerequirements between the concrete and

prefabricated steel construction types.

Table 1: Annual operational energy requirements for steel and concrete structural scenarios by

square metre of floor area (NLA = 3943n1)

Structure

Annual operational energy

Annual operational energy

(KWh/n) (GJ/nt)
type
Heating Cooling Total Heating Cooling Total
Steel 40.0 12.5 52.5 0.14 0.05 0.19
Concrete 36.8 8.7 45.5 0.13 0.03 0.16
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The total operational energy for heating and caplialculated was 45.5 and 52.5 kWfm for
concrete and prefabricated steel respectivelydtapl The difference shown in operational energy du
to the difference in the thermal mass of the twostaiction materials selected. Steel having a high
heat storage capacity but it also has a very hitgh of thermal conductivity which means that heat i
absorbed and released too quickly for any meanirtgrmal mass efficiency. Concrete with their
high heat capacity and density but moderate thecmaductivity offers a good balance and therefore
concrete requires a lower operational energy.

3.2 Insulation with Nansulate

With the application of Nansulate, it is clearlyogls that the annual operational energy required for
the building is less compared to the cellulose laign. It is evident that presence of Nansulate
without cellulose gives the best energy consumpmillustrated in Table 2.

Table 2: Operational Energy consumed comparison with respect to different insulation options

Operational Energy over a year

Insulation Onti Steel Concrete
nsuiation ©ptions Heating Cooling Total Heating Cooling Total
(kWh/mzyr)
Base with 100mm Cellulose 40.0 12.5 52.5 36.8 8.7 455
Base w/o 100mm Cellulose 42.2 12.6 54.8 36.9 5.9 42.8
Nansulate Inside with cellulose 37.4 11.5 48.9 35.8 7.7 43.4
Nansulate Inside no cellulose 39.5 12.2 51.6 36.1 6.7 42.8
Nansulate Outside with cellulose 36.3 10.3 46.6 34.8 6.6 41.4
Nansulate Outside no cellulose 36.6 8.9 45.5 34.7 50 39.6
60
50
40 - B Steel without Ingulation

Steel with Insulation using Cellulose

30

Steel with Insulation using Cellulose
20 - andNansulate

B Steel with Insulation using
Nansulate

Operational Energy (KWh -"mzyl')

10 -

Heating Cooling Total

Fig. 6: Operational energy over one year for steel.
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Fig. 7: Operational energy over one year for concrete.

The results in Figure 6 & 7 indicate that the agadion of Nansulate in the exterior of the building
results a significant operational energy reducttompared to conventional insulation material like
cellulose resulting saving of 7.47% in operatioeakrgy consumption. The removal of cellulose
insulation result a saving of 5.9% of the totabfl@area of the building when Nansulate is applaed t
the building. The Nansulate insulation coating whpplied to the exterior of the walls, it will besk
hazardous to the occupants of the building.

4. Conclusion

The study has considered two forms of construct@na multi-residential building, conventional
concrete construction and prefabricated steel oactgin. The results have shown a significant
difference in the operational energy requiremesteaiated with the two construction types due to
their specific thermal masses. This study has éuréssessed an operational energy savings of 7.47%
with the application of insulation material Nandalaa product of nanotechnology. With the results
obtained from the operational energy analysis tino@RANSYS, it was shown that Nansulate
provides an effective insulation for both constiwct methods used against the conventional
insulation material cellulose. As the Nansulatetiogarequires a space of few mm’s the results show
a saving of 5.9% of the total floor area as a m@gteent for cellulose.

Further research need to be carried out to deterrttie impact of thermal mass of concrete on
cellulose insulation especially with regards toragienal energy required for cooling. The insulatio
properties of cellulose, high heat capacity and enaid thermal conductivity of concrete needs to be
further evaluated on its impact on energy requioeaooling of buildings.

As a super insulation product Nansulate providembzoed performance qualities of thermal
insulation and corrosion prevention which lead to environmentally safe, water-based coating
formulation. Nansulate is a product of nanotechgwyldhat reduces the operational energy
consumption of the buildings to a considerably. S htis quite evident that nanotechnology hold a
promising results in building insulation applicatsoand the products are yet to come.
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Abstract: Titanium dioxide is manufactured by processing naturally occurring titanium containing rutile (TiO,)
or ilmenite (FeTiO;) minerals. Sri Lanka has vast deposits of ilmenite which is the major raw material in TiO,
production. However, Sri Lanka currently does not produce any type of value added TiO, pigments. With the
growth of nanotechnology, nano-TiO, is now produced worldwide using different methods varying the particle
size from 1 nm to 100 nm. Nano-TiO, has the tightly controlled particle size that increases both the refractive
index and light scattering properties as a result of the uniform particle size distribution and additional surface
area. Nano-TiO; is particularly interesting in UV resistant surface coatings where it can act as a UV reflector.
Because of the higher photocatalytic activity nano-TiO, can be used for anti-fogging coatings where nano-TiO,
incorporated into outdoor building materials can substantially reduce concentrations of airborne pollutants such
as volatile organic compounds and nitrogen oxides and as photocatalyst coating which assist in deactivation of
bio-contaminants. In this investigation nano-TiO, and pigmentary TiO, were synthesized using titanyl sulfate
precursor, which can easily be produced by Sri Lankan ilmenite with sulfuric acid according to the sulfate
process. Synthesized nano-TiO, was characterized by X-ray diffraction (XRD), Raman spectroscopy, scanning
transmission electron microscopy (STEM) and scanning electron microscopy (SEM) methods. The
photocatalytic activity of nano-TiO, was assessed by the degradation of bromothymol blue in aqueous solution.
Nano-TiO, coated on glass showed a higher photocatalytic activity and self cleaning effect that can effectively
be used in building envelops.

Keywords: Ilmenite, Nano-TiO,, Photocatalytic effect, Self cleaning glass

1 Introduction

Titanium dioxide, also known as titanium (IV) oxide or titania, is the naturally occurring oxide of
titanium, chemical formula TiO,. Titanium dioxide has been extensively studied because of its unique
properties and wide verity of applications, for example semiconductor electrodes, gas sensors, self
cleaning materials and as pigments with enhanced photodegradation activity on visible light [1].
Titanium dioxide has been widely used as a photocatalyst for solar energy conversion and
environmental applications because of its low cost, non toxicity and excellent photoactivity. When
TiO, is irradiated by sunlight with a wavelength less than 387 nm (ultraviolet range), electrons is
passed across the band gap into the conduction band, leaving holes in the valence band. These holes
have high oxidation power, thus can easily react with adsorbed hydroxide ions to produce hydroxyl
radicals, the main oxidizing species which are responsible for the photooxidation of organic
compounds [2]. As a new material, nano-sized TiO, is of great interest of many scientists in the recent
years. Its small size and large specific surface area allow for certain unique unusual physio-chemical
properties [1, 2]. Nano- TiO, has the tightly controlled particle size that increases both the refractive
index and light scattering properties as a result of the uniform particle size distribution and additional
surface area. Because of the higher photocatalytic activity, nano-TiO, can be used for anti-fogging
coatings where nano-TiO, incorporated into outdoor building materials can substantially reduce
concentrations of airborne pollutants such as volatile organic compounds and nitrogen oxides and as
photocatalyst coating which assist in deactivation of bio-contaminants. Recently large number of
studies appeared based on the photocatalytic activity of TiO, for oxidation of organic chemicals,
obviously the most potential environmental friendly process. In general, two methods of application
of TiO, in photocatalysis have emerged, one as highly dispersed fine particle on porous support
materials and suspended fluids in liquid medium and another as their films [3]. However the
application of TiO, as a film is one of the easiest ways out of those two methods. TiO, thin films are
prepared by coating the substrate with TiO, sol by different techniques such as chemical vapor
deposition, chemical spray pyrolysis, electrodeposition and sol-gel methods [3]. Each method has its
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own advantages and disadvantages. In this present work, we have developed a very simple, efficient
and cost-effective method for deposition of thin films of TiO, on glass to be used in building
envelops. Main objectives of this work is to find the ways of producing nano-TiO, and pigmentary
TiO, by titanyl sulfate precursor which can easily be produced from Sri Lankan ilmenite with sulfuric
acid according to the sulfate process [4]. Photocatalytic activity and self cleaning effect of synthesized
nano-TiO, coated on glasses are also investigated.

2 Material and methods

2.1 Preparation of TiO, precursor sol

In the preparation of titanium precursor sol, 25 mL of titaniyl sulfate (99.9%, Sigma-Aldrich) was
added drop wise to 50 mL of distilled water while stirring at room temperature. Then the pH of the
titanium solution was adjusted to pH=3 by adding 3 mol L' ammonia solution drop wise while
stirring to form a white precipitate. The precipitate formed was separated and washed several times to
remove NH*" and SO4” . The precipitate was then dispersed in distilled water. This dispersed solution
was added drop wise in to 100 mL of 30% H,0O, solution while stirring at room temperature. A yellow
colored solution with a yellow precipitate was formed indicating the formation of peroxo titanium
complex. This solution was stirred for 12 hours at 600 rpm. The precipitated gel was separated by
centrifugation at 9000 rpm and washed several times with distilled water. Then precipitated gel was
dispersed in 100 mL distilled water and refluxed for 5 hours at 100 °C to obtain TiO, sol to be coated
as thin film of TiO, on glass substrate.

2.2 Preparation of thin film of TiO,

Glass slides were used as substrates for the deposition of the TiO, film. Before the deposition, glass
substrates were ultrasonically cleaned using acetone and ethanol respectively. Finally they were
thoroughly washed with water and dried. TiO, thin film was deposited on substrate by a dip-coating
process at room temperature. Substrates were immersed in the TiO, sol prepared for 30 minutes and
dried at room temperature followed by the drying at 100 °C for 1 hour in an oven. In order to obtain
nano-TiO, powder, the TiO, sol prepared was oven dried at 105 °C and calcined at 800 °C for 1 hour.
For comparative study, pigmentary TiO, was synthesized using titanyl sulfate solution according to
the sulfate process used for the manufacturing of TiO, pigment from ilmenite (FeTiOs) [4].

2.3 Photocatalytic decomposition of bromothymol blue on nano-TiO, films

The photocatalytic activity of the prepared nano-TiO, particles and TiO, thin films were evaluated by
studying the degradation of bromothymol blue in an aqueous solution under diffused light. One piece
of 50 mm x 20 mm glass side having TiO, thin films on both sides were dipped in a Petri dish
containing the indicator (1.7 x 10” mol L™, 20.00 ml) and exposed to diffused light for 48 hours.
Same experiment was carried out by adding 0.5 g of nano-TO, powder in to a Petri dish instead of a
glass slide. The change in the concentration of bromothymol blue was estimated from the changes in
the absorbance in the range of 300 nm to 700 nm using UV-Visible spectrophotometer (SHIMADZU
UV-3600, UV-VIS-NIR Spectrophotometer). The maximum absorbance peaks of bromothymol blue
are at 428 nm and at 614 nm. The structure of bromothymol blue is shown below.

Bromothymol blue
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2.4 Characterization

The crystallinity of the synthesized TiO, powder samples were determined by X-ray diffraction
(XRD) technique using Brucker D8 Focus X-ray Diffractometer with Cu Ka radiation. The average
particle size was estimated by applying the Scherrer equation to the apparent full-width-at-half
maximum intensity (FWHM) of the (101) peak of anatase TiO, [2], as follows:

d= (k1) / (B cos ©),

where d denotes the average crystallite size, k = 0.9, A = 0.15405 nm is the X-ray wavelength of Cu-
Ka, B is the full-width of the peak measured at the half-maximum intensity (FWHM) and © is the
Bragg angle of the peak.

Synthesized TiO, powder samples were also studied by using UV-Vis absorption spectrum in a
wavelength range from 300 nm to 700 nm employing SHIMADZU UV-3600; UV-VIS-NIR
Spectrophotometer. FT-Raman spectra of the TiO, powder samples were studied using Bruker
Vertex80 coupled with Ram-FT module (RAM II) FT-IR Spectrophotometer. For the FT-Raman
experiment a CaF, beam splitter and InGaAs detector were used with sample illumination by a laser
operating at 1064 nm. Scanning Transmission electron microscopy (STEM) at an operating voltage of
30 kV and scanning electron microscopy (SEM) at an operating voltage of 20 kV using Hitachi SU
6600 FE-SEM were carried out to ascertain the particle size and the morphology of TiO, powder
samples synthesized.

3 Results and discussions
3.1 X-ray diffraction
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Figure 1: XRD patterns of the TiO, powders: (a) TiO, coated on glass, (b) commercial nano-TiO,,
(c) nano-TiO, synthesized at 800 °C, (d) pigmentary TiO,

The powder XRD patterns of TiO, powder samples are shown in Figure 1. The XRD pattern of
commercial nano-TiO, sample (< 30 nm, Degussa) is given in Figure 1 (b) and it mainly contains the
anatase form of TiO, with modest amount of rutile. Figure 1 (d) presents the XRD pattern of
pigmentary TiO, synthesized according to the sulfate process given. The only crystal type found in
this pigmentary TiO, sample was rutile crystal type. Figure 1 (a) and (c) are X-ray diffraction
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diagrams of TiO, coated on glass surface and nano-TiO, synthesized at 800 °C respectively. Higher
peak intensity of anatase in Figure 1 (c) shows the increase in the crystallinity due to use of higher
temperature in the synthesis process.

The X-ray diffraction pattern of anatase crystal type TiO, samples give three major distinctive peaks
at 25.3°, 37.9°, 48.0° corresponding to (101), (004) and, (200) crystal planes respectively, where as
rutile crystal type TiO, samples give three major distinctive peaks at 27.5°, 36.9°, 54.4°
corresponding to (110), (004) and, (200) crystal planes respectively.

In general, FWHM of XRD peak corresponds to the crystal size of the materials. When the width is
broader, the crystallites exhibit smaller size. The Scherrer equation was used to determine the average
particle size of the nano-TiO,. The average particle size of the nano-TiO, coated on the glass and
nano-Ti0, powder synthesized at 800 °C was found to be 10 nm and 60 nm diameters.

3.2 Raman spectroscopy
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Figure 2: Raman spectra of the TiO, powders: (a) nano-TiO, synthesized at 800 °C,
(b) pigmentary TiO,

Raman spectroscopy can be used to examine the crystal structure of TiO, samples as a more sensitive
technique compared to X-ray diffraction method for the identification of anatase and rutile crystals in
a variety of natural and synthetic materials over a wide range of concentrations [5, 6]. Raman spectra
of nano-TiO, synthesized at 800 °C and pigmentary TiO, synthesized are shown in Figure 2 (a) and
(b) respectively. Figure 2 (a) shows Raman shifts at 145, 396, 515, and 639 cm™' for nano-TiO,
synthesized at 800 °C indicating only anatase crystal phase is present without any impurities. Figure 2
(b) gives Raman shift at 449 and 611cm™ for pigmentary TiO, synthesized according to the sulfate
process. Pigmentary TiO, contained only rutile type crystal according to its Raman spectrum.

Figure 3 (a) and (b) show the Raman spectra of commercial nao-TiO, and the TiO, coated on glass.
Raman spectroscopy results revealed that the TiO, coated on the glass slide was only in the anatase
crystal form.

International Conference on Sustainable Built Environment (ICSBE-2010)
Kandy, 13-14 December 2010



0.016 -
0.014-
0.012- @)
0.010-
0.008—-

0.006

Intensity

0.004 -
0.002 - (b)

0.000

T T 1
100 200 300 400 500 600 700 800

Raman shift (cm™)
Figure 3: Raman spectra of the TiO, powders: (a) commercial nano-TiO,, (b) TiO, coated on glass

3.3 UV-visible diffuse reflectance spectroscopy

The UV-visible diffuse reflectance spectra of the TiO, samples are shown in Figure 4 (a) and (b).
Both commercial nano-TiO, and nano-TiO, synthesized at 800 °C gave the maximum absorption
band at 205 nm wavelength. The spectra show shoulders near 350 nm and bases which approach zero
at about 400 nm. The absorption quickly increased above 350 nm due to the absorption of light caused
by the excitation of electrons from the valence band to the conduction band of TiO,.

1.6 1

| jb)
1.4

1.2 4

@

1.0
0.8 H

0.6 H

Absorbance

0.4 -
0.2 H

0.0 H

-0.2 44 T T T T T T T T T T
200 300 400 500 600 700
Wavelength (nm)

Figure 4: UV-visible diffuse reflectance spectra of the TiO, powders: (a) commercial nano-TiO,
(b) nano-TiO, synthesized at 800 °C
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3.4 Surface Morphology

STEM and SEM images of nano-TiO, synthesized at 800 °C are shown in Figure 5. Experimental
results show the morphological homogeneity with grain size falling mostly in the rage of 20 nm to

60 nm, with soft agglomerates. These spheres consist of many small short rod shaped crystals of TiO,
crystals due to agglomerations. STEM and SEM images also reveal that particle sizes of nano-TiO,
synthesized at 800 °C were in agreement to the values determined by using XRD data. In order to
investigate nao-TiO2 powder, EDX analysis was also carried out. The EDX analysis shows that nao-
TiO, synthesized at 800 °C contains only titanium and oxygen elements and there is no impurity in the
sample.

SU6600 30.0kV 7.4mm x150k TE SUB600 20.0kV 6.4mm x200k SE 200nm

Figure 5: STEM and SEM images of the nano-TiO, synthesized at 800 °C
3.5 Photocatalytic activity
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Figure 6: UV-Vis spectra of reaction product of bromothymol blue solution: (a) with uncoated glass

(control), (b) with the TiO, coated on glass, (c) with nano-TiO, powder after exposing to diffused light
for 48 hrs.
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The photocatalytic activity of the thin film TiO, was determined by photo-oxidation of bromothymol
blue. Figure 6 (a) represents the UV- visible absorption spectrum of bromothymol blue in water (1.7 x
107) after exposing to diffused light for 48 hours with an uncoated glass slide dipped. Figure 6 (b) and
(c) are spectra of bromothymol blue in water (1.7 x 107) after exposing to diffused light for 48 hours
with a TiO,-coated glass slide dipped and with 0.5 g of nano-TiO, powder respectively.

Figure 6 (b) showed that the reduction of absorbance at 614 nm in bromothymol blue solution was
mainly due to the photocatalytic capabilities of TiO, thin film coated on glass. Figure 6 (c) shows the
significant decrease in absorbance both at 428 nm and 614 nm indicating that most of the
bromothymol blue has been photo-oxidized by nano-TiO, with diffused light. The maximum
percentage of photo-oxidation of bromothymol blue was 82.6% at 614 nm by nano-TiO, under
diffused light.

5 Conclusions

A simple and inexpensive technique has been established to prepare nanocrytalline TiO, powder and
thin films from aqueous solution at room temperature. According to XRD analysis the particle size of
the nano-TiO, particles increased up to 60 nm with an increase in the temperature. Nano-TiO,
synthesized is in pure anatase form where it shows a higher level of photocatalytic activity. The thin
TiO, film preparation process involved in research is quite simple and a low temperature route. The
photocatalytic activity of nano-TiO, was assessed by the degradation of bromothymol blue in aqueous
solution. Nano-TiO, coated on glass showed a higher photocatalytic activity and self cleaning effect
that can effectively be used in building envelops. This method can be implemented on a wide range of
applications, involving the deposition of photocatalytic TiO, films on low thermally resistant
materials, such as plastics. Therefore, value added nano-TiO, can easily be produced from Sri Lankan
ilmenite (FeTi0s). Nano-TiO, coated glass has potential for the effective and efficient photocatalytic
and self cleaning effect and in a commercial context may provide savings with respect to both time
and energy.
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Abstract: A metal catalyst free, low cost process of manui@aty carbon nanotubes (CNT) using Sri Lankan
graphite as anode and cathode, in the absencdeshakcooling, in an inert gas atmosphere is piteskin this
paper. The CNT yield has been analyzed using HiggoRition Transmission Electron Microscopy (HRTEM),
Scanning Electron Microscopy (SEM) and Raman spectpy.
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1 Introduction

Graphite is one of the allotropes of carbon ansl &n electrical conductor. Carbon nanotubes ean b
made starting from microcrystalline amorphous carbo highly crystalline flake graphite or vein
graphite. However, the end product depends orchibece of carbon type, the process followed and
the conditions applied during the process.

Vein graphite, also known as crystalline vein gisghSri Lankan graphite, or Ceylon graphite is a
naturally occurring form of solid carbon deposifedm a fluid phase, has the highest “degree of
crystalline” perfection of all conventional graphimaterials. As a result of its high degree of
crystallinity, vein graphite is utilized extensiyeh graphite based products that are used mamly i
the electrical applications. However, possibitief utilizing them in the construction industryear
also being looked at and one exciting opportunitythe space elevator concept discussed in
“Fountains of Paradise” by Arthur C. Clarke [1].

In the recent past, several methods, such as cakmapour deposition, arc discharge and laser
ablation have been explored to produce CNTs o&wdhfit characteristics. In the standard process of
making carbon nanotubes using electric arc disehargthod (Aternating Current or Direct Current),
a controlled pressure and inert environment arentaimied within the chamber [2]. The parameters
such as duration of the electric arc and the digh@ current are varied to produce multi walled
carbon nanotubes (MWCNT) of various characteriqt;4]. The process consists of an electric arc
generator whose positive terminal is connectech&é anode, which supplies the carbon source to
make the nanotubes and the negative terminal isezded to the cathode on which the nanotubes are
produced and deposited. In the standard arc digeharocess, the anode is composed of flake
graphite, either in rigid solid state or in powdstate whereas the cathode contains either flake
graphite or other carbon source. This process peslMWCNT while the cathode has to be modified
by adding a small quantity of a transition metatrsias iron, nickel or cobalt in order to result in
Single Walled Carbon Nanotubes (SWCNT). In thevemtional process cathode is water cooled
[5,6]. This adds complexity and cost to the procésaddition, it might become necessary to modify
the cathode to facilitate this cooling process. aAgsult, in the standard procedure the SWCNTSs are
always contaminated with metal particles which megaubsequent purification using a chemical or a
physical process. Attention must be paid to carefwification without damaging the nanotubes.
However, this is a practically difficult and timercsuming task.

As SWCNTSs are also more expensive to make (SWCNE$ @bout $ 500/g and MWCNTSs cost
about $ 5/g) and the economics of scale may natgehantil there is a large-scale market and a large
scale production capability for SWCNTs. For thesasons, MWCNTs are widely used in
applications such as composite materials tharMt€NT counterpart [7].

Hence, it is justified that there exists a growimaged for a simple, low-cost method of manufacturing
high-quality, CNTs that eliminates the need foreasive cleaning and purification of the CNT
product. The objective of this paper is to desc@dbcatalyst free low cost manufacturing process of
CNTs from vein graphite using electric arc discleamgethod, in the absence of external cooling.
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2 Experimental
2.1 Apparatus

For the purpose of DC electric arc dischargingp@ventional DC power supply working as a current
source together with sufficient cable ratings wesed. The arcing was done inside a chamber whose
interior was purged and filled with argon gas toyitle an inert environment, hence to avoid possible
firing and oxidation. Figure 1 shows the block d&g of the apparatus designed, fabricated and used
for the production of CNT.

16
(15) (16)

(5) @)

(12)

*
|

(13) (14) (17)

Fig. 1: Block diagram of the apparatus used in the laboydbr CNT production.

The setup shown in Figure 1 contains electrodespdsing a vein graphite cathode (1) and a vein
graphite anode (2). Attached to cathode and anadei@ular hollow clamps (3) and (4); and jumper
cables (5) and (6). Clamp (3) is connected to thstipe terminal and clamp (4) is connected to the
grounding terminal of a DC arc discharge power seufhis discharge power source which is not
shown in the diagram can supply 400 A at 100 V. ahede assembly ((2), (3) and (5)) and cathode
assembly ((1), (4) and (6)) are connected to theosimstainless steel guides ((7) and (8)). These
smooth stainless steel guides effectively providlethe cathode and anode assemblies to traverse
linearly. The two assemblies are connected to aidvale (9) which is traversed between the two
pullies ((10) and (12)). A DC servo motor (11) ceats the driving pully (12) and the other pully
(10). The anode and cathode assemblies, their guadd the driving mechanisms are mounted
securely to a steel frame (13), which is fasteridd (o the vessel (15) to avoid any undesired motio
The gas inlet valve (16) is used to supply Argon) (@as to the vessel, while the outlet valve (&7) i
used to remove air using a vacuum pump (not shawa)to purge the vessel with argon gas.

2.2 Manufacturing process

The production process of CNT by using DC elednic discharge method is described in steps as
follows:

1. Two vein graphite pieces as received from the mame,fixed firmly to the anode and the
cathode. A linear motion, to bring the electrodegether to initiate the arc and then to
separate, the anode and cathode is achieved ugjegrad mechanism driven by a belt. The
entire system is kept inside a 315 | vessel, whbere is a window to exchange the
electrodes.

The vessel window is then closed.
The 315 | closed system vessel, in which the manuifang is carried out, is purged (the
pressure inside the vessel drops to -100 @)hising a vacuum pump.

wnN
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Inert gas argon (Ar) is pumped in to the vessael thie dropped pressure reaches atmospheric
pressure.

The above two steps are repeated three times te swak that no active gas remains inside
the vessel.

The DC power supply is switched on and the eleesate moved such that the vein graphite
pieces connected as anode and cathode come chus&wwch each other. The electric arc is
initiated at this point.

Once the arc is established in two to three se¢cdhd<lectrodes have to be moved apart by
about 1 mm to 1.5 mm and the plasma is allowedréavg After about 10 s from the arc
initiation, the gap between the vein graphite mes®wy be further increased by 1 mm to 2
mm, so that sufficient room exists for the vapatizarbon from the anode to get deposited
on the vein graphite pieces of the cathode.

The electrodes are allowed cool naturally in theesénert gas vessel. The carbon nanotubes
formed from vein graphite by the arc discharge metls allowed to cool naturally by a
gradual temperature gradient towards ambient temyner. There is no rapid cooling like in
other arc discharge methods. Once the temperatops do room temperature, the carbon
nanotubes formed on the cathode, which will appsaa dark ash colored circle of about 5
mm diameter surrounded by a fully black coloredjrihave to be scratched and separated
from the electrode.

Fig. 22 CNT production by arc discharge — (a) prior tatigiy, (b) arc initiation, (c) stabilized
plasma.
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2.3 Characterization

The particle size and the morphology of the syn#leels samples were studied using a Sl
HITACHI SU6600 microscope at the Sri Lanka Insttatf Nanotechnology, Sri Lanka. Further,
internal structure of the carbon nanotubes werdied using HRTEM usindeol 2010F TEM/STEN
microscope, wherthe microscope was operated at 200 keV, correspgridian electron wavelenc
of 0.00251 nm. The objective lens had a spherigairation coefficient of 0.47+0.01 mm and hent
resolution atoptimum defocus of 0.19 nm in HRTEM. TEM samplegavprepared scratching t
surface of the substrate onto holey ca-coated copper grids.

The presence of SWCNT were confirmed using Ranpattsoscopy using Nd:YAG laser bei
excitation Bruker, Verte80 spectrometer, with a laser beam wavelength td&4at the Sri Lank
Institute of Nanotechnology, Sri Lan

3 Resultsand discussion
The characteristics of the CNTs produced by thevalgtiscussed arc discharge method, were sti
specifically using SHI, HRTEM and Raman spectrosco|

Figure 3a shows a SEM image taken on an as mivedem graphite, where the vein structure
be observed as opposed to the structure of flaghife as shown in the Figure .

SU6600 20.0kV 10.2mm x6.00k SE

Fig. 3: SEM images of (a) ¥ein graphite, (b— Flake graphite

Figure 4 is an SEM image of an as produced CNT kgmere nests of long straight nanotubes
be observed. As evidenced by the transmissiortretemicroscopic analysis shown in the Figur:
the carbon soot obtained by arc discharge methathics a mixture of high quality SWCNT wi
uniform diameter of about 5 nm, MWCNT of with a mheter of 10 nm and carbon nano parti
with an average diameter of 15 r
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Fig. 5: TEM images of the as produced soot: (a) SWCNT afmgiter about 5nm, (b) MWCNT
diameter about 10 nm and (c) Carbon nano oniowerfage diameter 15 n
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Raman spectroscopy is one of the most powerfulstdloht provide the information on unique
characteristics of CNTs such as the phonon andretéc structure and the defects. In 2-D vein
graphite the only first order Raman peak around21&8* corresponding to E2g vibrations of SP
carbons, is observed while the other transversefguiine modes are Raman inactive. Comparatively
the G-band of the CNTs with a split into many feesuaround 1580 cfis observed unambiguously
deciding the formation of a 1_D confinement of &legic and phonon states. Furthermore, in Raman
spectra of CNTs particularly SWCNTs radial breaghmodes (RBM) which are also corresponding
to the first order Raman scattering are observéxbs& characteristic Raman bands are observed
below 500 crif in the Figure 5. This RBM is a unique phonon matiaracteristic of CNTs thus
providing direct evidence for the presence of SWENilthe product obtained by our catalyst free arc
discharge method [8]. The RBM mode in our studypesps as multiple peaks suggesting the
possibility of forming SWCNTs with different dianset, which is typical for arch discharge process.
This RBM frequency is directly related to the dideneof SWCNTSs throughgew(cm*)= 248 cn/ d,
where wrpy IS the RBM frequency and; is the tube diameter in nanometers [9]. The SWCNT
calculated according to this formula varies betwdamm — 6 nm, which corroborate the diameters
observed in TEM images.

In addition, the peak observed around 1330"@urresponds to the Sghe local vibration mode of
the amorphous carbon. The ratio of the peak heigHt580 cnt to that at 1330 crreflects the
weight ratio of SWCNT to MWCNT in the soot.
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Fig. 6: Raman spectrum of the CNT sample produced byiacharge method
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Abstract: Safe drinking water is one of the prerequisitesadrealthy life. In Sri Lanka 70% of the population
satisfy their water needs from ground water and essult majority of them suffer from water relafgdblems.
One of the pertaining problems prevailing in thg done of Sri Lanka is the presence of elevatedlscof
fluoride ions in drinking water leading to many tleaelated problems. Many studies have been choig to
address the issue however little success has lmmrted up to date. This study focuses on suggestin
nanotechnology based solution to deflourinate dingpkwvater in the dry zone, Sri Lanka, for domestater
tanks or as a region water purification solutioayéred double hydroxides (LDHs) which readily uiggeanion
exchange reactions have been used as a suitald@atnfor deflourination. The study further corttates on
the regeneration of the material after removaludride ions without releasing flouride ions baoke the water
cycle.

Keywords: Deflourination, Layered double hydroxides

1 Introduction

An adequate supply of safe drinking water is on¢éhefmajor prerequisites for a healthy life. Ready
access to clean water resources has thereforembemoe of the key parameters ensuring that human
basic needs are mekbout 1 billion people in the world, mostly in déeping countries, have no
access to potable water while a further 2.6 billpople lacking access to adequate sanitation.[1]
Poverty and water are closely linked since it isdeminantly the poor who suffers from issues
related to waterAs a developing country Sri Lanka currently fagesiumber of water related
problems since 70 % of the Sri Lankan populatiaisfies their water needs from dug wells, deep
wells, reservoirs and rivers. [2, 3] One of thetgaing water related problem in the dry zone af Sr
Lanka is the presence of elevated levels fluorate doncentrations as high as 10 ppm in ground
water which is well above the WHO recommended keéll ppm. Although fluoride has beneficial
effects on teeth at low concentrations in drinkivater, excessive exposure to fluoride in drinking-
water, or in combination with exposure to fluorilem other sources, can give rise to a number of
adverse effects ranging from mild dental fluorasiscrippling skeletal fluorosis as the level and
period of exposure increases.[3] Further, it hasnbeeported that chronic kidney disease (CKD)
prevalent in the dry zone of Sri Lanka is diregtyated to the presence of fluoride ions in drigkin
water.[3] Although, several studies have been edrout to address the problem of excessive fluoride
ions in drinking water in dry zone, little succdsas been reported so far. Most of the reported
fluoride removing methods are based on adsorpgimgipitation or adsorption/ion-exchange, electro
dialysis and electrochemical processes. [4] Thezesaveral projects currently operating along with
the awareness programmes among the affected cortiesutti introduce different types of treatment
methodologies where safe drinking water scarcigvails due to high fluoride. The most common
approach to remove fluoride in the dry zone ofl@mka is the use of brick filters which has a low
efficiency. [2] In addition a combination of alunor(aluminium chloride) and lime (or sodium
aluminate), together with bleaching powder, areeadtb high-fluoride water, stirred and left to
settle. Fluoride is subsequently removed by floatiah, sedimentation and filtration.

Over the past few decades ‘nano’ a little word Vhittp potential has become rapidly insinuating into
the world consciousnesgCurrently, nanotechnology has not left any fieldawched and therefore,
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this new technology can be harnessed to providaisable solutions to water related problems
prevailing in Sri Lanka particularly to remove fhige ions from drinking water.

Layered double hydroxides (LDHSs) also known as btalcite like compounds are a class of ionic
lamella solids whose layers are positively charged requires the presence of anions in the inter
layer spacing in order to maintain the total chamgetrality. LDHs readily undergo ion-exchange
reactions with various anions. High anion exchaogeacity and the ability to be regenerated are
important factors governing the utility of LDHs asion exchangers. [5, 6] By utilizing their
characteristic ion selectivity, LDHs are expectedfind applications in the removal of anion
pollutants from liquids particularly for the remdwaf fluoride ions since the gallery region of an
LDH has a high affinity towards fluoride ions. Adtiagh, LDHs are rare in nature, they can be readily
synthesized by co-precipitating bivalent and tewel metal salts with a base under controlled
conditions in large scales at low cost. [7]

This current study is focused on use of layeredbbinydroxides as a sustainable method to
effectively remove fluoride ions from drinking wate the dry zone of Sri Lanka.

2 Objectivesand Methodology

The main objective is to develop a cost effectivethind of domestic or regional deflourination filter
using layered double hydroxides.
1. Layered double hydroxides, a synthetic clay maltér@as been successfully used to remove
fluoride ions from drinking water in the dry zorgrj Lanka.
2. A method for regeneration of the filter after sation has been proposed.
A cost study was performed to determine the cdettfeness of the system.

All reagents and chemicals used in this study wenehased from the Sigma Aldrich Company,
USA and were of analytical grade and used withatther purification. All solutions were prepared
using distilled water.

2.1 Characterization techniques

Powder X-ray Diffraction patterns (PXRD) of all shiesized samples were recorded using a Bruker
D8 Focus X-ray powder diffractometer, using Cu kadiation {= 0.154 nm) over atrange of 3-

65’ with a step size of 0.0and a step time of 1 s.

The chemical nature and molecular bonding of theth®sized samples were determined using
Fourier Transform Infra Red Spectroscopy (FTIRukK&r Vertex80, in a range from 600 to 4000 cm

! using Attenuated Total Reflectance (ATR) technique

2.2 Synthesis of Mg-Al-hydroxide LDH (Mg-Al-OH)

Hydroxides intercalated Mg-Al- LDH was prepared thg co-precipitation method. Typically, 100
ml of an aqueous solution containing Mg(BO.6H,O and AI(NQ); .9H,O, (Mg:Al = 2:1) was
prepared and added drop wise to a 50 ml solutiotaéting hydroxide anion (Al: hydroxide = 1:10)
under vigorous stirring conditions. During mixing the metal solutions, the pH of the reaction
mixture was maintained at 10 using 2 M NaOH sohutibhe solution temperature was maintained at
25 °C, and the reaction was carried out undeafhosphere. The resulting slurry was aged for 24
hours. The slurry was then filtered, washed thiraes with distilled water and dried at 18D.

2.3 Flouride removal from drinking water using Mg-Al-OH-LDH

To test the fluoride removal capability of LDH,water sample received from the dry zone, Sri
Lanka, which contained 8.2 ppm of fluoride ions wesed. First, 0.01 g of LDH was placed in a
conical flask. Water containing fluoride ion (100) was poured in to the flask and kept it for 24
hours on the magnetic stirrer. Final concentratbrihe fluoride solution was tested using an ion
selective electrode. Amount of fluoride ions intdated was calculated by the difference between the
initial and final fluoride ion concentrations aftgtirring for 24 hrs with the synthesized Mg-Al-OH-
LDH. Same procedure was carried out varying theyesf the Mg-Al-OH-LDH as 0.05 g, 0.1 g, 0.2
g,0.59,1gand 2.5 gin order to build the isoth for adsorbance.
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The efficiency of the LDH material was comparedhititat of the conventional method where brick
powder is used as the ion exchange medium.

2.4 Regeneration of the material
Exhausted LDH powder was calcined at 4Q0for three hours. Then the resulting mixed oxides w

characterized by PXRD and FTIR. Then it was expdsetl M NaOH solution for 24 hours with
mechanical stirring and the resulting product waaracterized using PXRD and FTIR. The fluoride
gas coming out was allowed to absorb into 1 M catchydroxide solution.

3 Resultsand Discussion

The parent LDH was characterized using PXRD andrRHrior to use as a material for removal of
fluoride ions from ground water. As depicted by XRD pattern of the material (Figure 1(a))
resulting from the co-precipitation reaction regrs a typical LDH, consisting of relatively sharp
and intense basal reflections at lobwalues.
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Fig. 1: PXRD patterns of (a) Mg-Al-OH LDH, (b) Mg-Al-F LB, (c) mixed oxide received after
calcination of the Mg-Al-F LDH at 458C, (d) regenerated mixed oxide in the presencetbfdds.

The main diffraction peaks appear at 11.65°, 2330%8° and 60.90° 2 theta are in agreement with
the previous reports [5] for hydroxyl intercalateldHs. According to the Fig 1(a) Mg-Al-OH-LDH
exhibits an inter layer spacing of 7.61 nm corresidag to thed o3 diffraction peak. The hydroxide
ions were selected as the guest ions for the stuthe they have minimum effect to the drinking
water after ion exchange reactions occur.

The parent LDH was further characterized using FEEhniques in order to understand the nature of
functional groups present before and after exposufleioride containing ground water. As shown in
FTIR spectra (Fig. 2) the main absorption bandshgdroxide stretching, layer hydroxyl bending
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motions and the metal-O vibrations of the layetse Very broad band observed around 3500"Gsn
due to the overlapping stretching modes of hydraxglups in the brucite layer and interlayer water
molecules. Due to the absorption of small amountasbonate ions into the interlayer space while
the synthesis of Mg-Al-OH LDH, a characteristic Has observed at around 1360 tmhich can be
assigned to the carbonate stretching vibrations.¥mnds below 1000 ¢hare due to M-O vibrations
(Mg-O, Al-O) in the brucite layer. [8]

1365 3445 (b)

Transmitance

T T T T T T T J T T T T
1000 1500 2000 2500 3000 3500 4000

Wave number (cm'1)

Fig. 2. FTIR spectra of (a) Mg-Al-OH LDH, (b)Mg-Al-F LDHc) mixed oxide received after
calcinations of the Mg-Al-F LDH at 45%C.

Then, the hydroxyl ion intercalated LDH was useddmove the fluoride ions from the drinking
water obtained from the dry zone, Sri Lanka. Theults after removal of fluoride ions are
summarized in table 1. As shown in the table areim®ed efficiency of removal of fluoride ions from
drinking water is observed when LDHs are used asattsorbant, compared with conventional brick
powder. The optimum results were obtained when @.0f LDH were used for 100 ml of
contaminated ground water.

Table 1: Flouride ion concentrations after filtering though LDHs and brick powder.

Weight of filter LDH Flouride Brick powder
material/ (g) | concentration (mg/l) Flouride
concentration
(mg/l)

0 8.04 8.04
0.01 7.80 7.25
0.05 7.57 6.75
0.1 6.63 6.65
0.2 6.54 6.55
0.5 4.57 6.5

1.0 1.80 5.48
2.0 1.05 5.08
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Materials after exposing into the fluoride contagidrinking water were characterized by PXRD.
According to the figure 1 (b)), théys basal spacing of the hydroxyl LDH has shifted t697nm
suggesting a successful absorption of fluoride ions the LDH galleries. Although both fluoride
ions and hydroxide ions have similar affinity foetLDH galleries reaction has occurred by replacing
the hydroxide ions possibly via a topotactic meaan

As shown in the FTIR spectrum (Figure 2(b)) theseai noticeable shift of the O-H stretching
vibrations band from 3445 to 3424 ¢mue to adsorption of fluoride ions into interlaggacing of
Mg-Al-OH-LDH (Figure 2 (b)). This characteristic ifhappears due to the formation of strong H-
bonds between intercalated fluoride ions with Oblugis present in the LDH.

The isotherm test with different weights of the LB&imples were carried out and compared with that
of conventional brick powder (Fig. 3). As giventime figure the fluoride removal capacity of the
LDH is much higher than that of the conventionaklorpowder. Additionally, multi component
adsorbance can be observed for the LDH suggestaigther anions impurities in water also can be
removed using LDH material. [9]

After saturation of the LDH galleries with fluoridens regeneration was carried out through
calcination process where fluoride removes as agas evolved fluoride ions were absorbed into a
Ca(OHy) solution where CaHs precipitated from the medium. Gafus precipitated can be used as
an ingredient in the tooth paste industry.

By calcination of Mg-Al-F- LDH, a spinnel like sdlisolution containing MgO and AD; is obtained

at 400°C and this solid has a strong Lewis basic charzamer large specific surface area. These
spinnels have the ability to recover into the ovailayered structure, a property known as ‘memory
effect’. Therefore, it was possible to recover hyelroxyl intercalated LDH by placing the spinnel
like mixed oxide with a solution containing hydrdgiions. The regeneration of the Mg-Al-OH LDH
was confirmed by comparing the PXRD pattern ofrégenerated LDH (Figure 1(d)) and the FTIR
spectrum (Figure 2(c)) with the parent material.
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Fig. 3: Adsorption isotherm for (a) Mg-Al-OH LDH and (bjick powder.
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4 Conclusions

Layered double hydroxides have displayed high iefficy in removing fluoride ions from drinking
water compared to the methods currently used. 4 [@Hn be used in either regional water
purification units or domestic house hold filtefs added advantage of using LDHs would be its
superior capability of removing other anions sushcarbonate, sulfate which leads to the water
hardness.
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Abstract: Polymeric hanocomposite materials with a nano tegnewadays moving into the market and are
beginning to compete with traditional composite enals in various applications. Nanocomposite nialer
based on a polymeric matrix and nano-scale pastitlave offered a great opportunity in sustainable
construction/green building applications since ptstential capability of addressing key componerftghe
sustainable construction: efficient materials andrenmental protection.

Natural rubber (NR)/layered silicate (NRLS) nanoposites have been prepared by melt mixing of NF wit
organically modified montmorillonite (OMMT) in theresence of functionalized polar additive and othging
chemicals. The resultant nanorubber vulcanizatetsires were characterised with X-ray diffracti®tRD) and
scanning electron microscopy (SEM). XRD analysswatd that NR molecules diffused into the OMMT galle
in the presence of functionalised polar additive,aes a result, intercalated/exfoliated rubber nangposite
was formed, the result further confirmed by thelgsia of SEM images. The mechanical performance$RIES
nanocomposite material prepared with increasingitmplevel of OMMT and 90 phr of inert filler (CaGp
were investigated to evaluate the reinforcing e¢fffcOMMT in the presence of inert filler. The meciical
properties of the NRLS vulcanisate were compardt adnventional NR vulcanizate containing carboachl
(CB) and CaCO3.

Keywords: Natural rubber, Layered silicate, intercalationfdtiation, Polar additive

Corresponding author: U N Ratnayakeulr@susnanotec.lk

1 Introduction

In the recent past, polymeric nhanocomposites henerged as one of the most promising alternative
to conventional polymeric composites for variougplagations such as automotive, packaging,
building construction, etc. They are bi-phase niatén which inorganic phase is dispersed at nano
scale within the range of 1-100 nm within the podyio matrix [1-2]. Polymeric nanocomposites
based on different nanoparticles have receiveceatgttention in the construction industry since it
has superior mechanical properties and able to ringifferent functional properties like flame
retardancy, thermal and electrical conductivitg@mparison to conventional microcomposites [3-4].

Polymeric nanocomposites based on layered silic@as montmorillonite clay: belongs to 2:1
layered silicates) have probably received the ratiention since it offers an enhanced reinforcement
and different functional properties at low loaditgvels. Generally, polymer-layered silicate
nanocomposites (PLSN) are divided into three idgpks: phase-separated conventional micro-
composites, intercalated nanocomposites (i.e. padynolecules intercalate into the clay gallery) and
exfoliated nanocomposites (clay particles are sdpdr into individual layers and dispersed
homogeneously in the polymeric matrix [5]. NylofAagered silicate nhanocomposite was the first
investigated polymeric nanocomposite by Toyota Rege Group, Japan and it was found that
mechanical and thermal properties were improvedkeatly, at low loading levels, in comparison to
unmodified polymer and conventional microcomposjég]. Since then different thermoplastics and
elastomer nanocomposites based on layered silicaggecially montmorillonite, have been
developed, as an alternative for conventional caites, for various applications [8-9].
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Thermoplastic and elastomer composites have inioglgs become important as engineering
materials and they are greatly used in building amdstruction applications. For example,
construction industry is the second largest usethHermoplastics and its composites [10]. Balanced
mechanical properties along with a lighter weigblhemical and thermal stability, and flame
retardancy and with ease of processing are felWweokey properties of polymeric composites that are
explored in structural applications [11]. Effictedesign and application of these polymeric malkeria
in built environment are important for sustainatx@struction.

Natural rubber (NR) is one of the interesting eegiting materials which are widely used in building
applications such as floorings, as shock absorhimgterial, gaskets, insulator and sealing
applications. However, most of the rubber compolprdgiucts used in building applications contain
carbon black (most common filler in rubber induktgs a reinforcing material since NR alone does
not provide the required properties. The use obeulproducts containing fossil based environmental
un-friendly carbon black in building environmentegonot support the rapidly growing concept of
green building/sustainable construction. Layeréidages, especially montmorillonite clay, couldde
promising alternative to conventional carbon bldglbber/layered silicate nanocomposites exhibit
not only outstanding mechanical properties, bub alsow functional properties such as barrier and
flame retardant properties, at very low loadingele\i.e. < 10 w/w %) of layered silicates [12].

The objective of this study reported here is toppre green natural rubber nanocomposites by
replacing conventional carbon black with organicatiodified montmorillonite (OMMT) and to
characterize the vulcanisation behaviour and namposite structure. Specific focus is given to
evaluate the mechanical and other functional pt@senf the rubber nanocomposites based on
OMMT and inert filler (CaCO3) in view of buildingpalications.

2 Materialsand experimental methods

Ribbed smoked sheet (RSS) grade of NR was seleasedhe rubber matrix in this study.
Montmorillonite clay (Cloisite 20A), modified witldimethyl dihydrogenated tallow quaternary
ammonium chloride, has been used to prepare natiyber/layered silicate nanocomposite and was
supplied Suthern Clay Products. Industrial gradeanizing chemicals such as sulphur, accelerator,
antioxidants are also used in the compound fornaulat

2.1 Preparation of natural rubber/layered silicate nanocomposite (NRLS) material

NRLS nanocomposites were prepared by the melt gixihNR and OMMT in the presence of
functionalized polar additive as an exfoliating mater and with other vulcanizing chemicals in a
laboratory scale Internal Mixer (Haake Rheomix 6@perating at 66C (set temperature) and with
a rotor speed of 80 rpm. Table 1 presents the daaoulations for each NRLS nanocomposite.
Vulcanization parameters of the nanocompounds wetermined using Moving Die Rheometer
(MDR: Ektron, EKT-2000S) at 156C for 30 min. NRLS nanocomposite vulcanizate shedéts
approximately 2 mm thickness were prepared in aphess at 150C for optimum cure time, t90,
derived from rheographs obtained from the analgElIDR. These vulcanized sheets of NRLS were
used to characterise the nanocomposite structarenachanical properties.

2.2 Characterization of natural rubber/layered silicate (NRLS) nanocomposite material

X-ray diffraction (XRD) analysis was performed with Bruker D8 diffractometer with Cu K
radiation to evaluate the nanocomposite structareims of intercalation/exfoliation behaviour of
OMMT in the NR. XRD diffraofctograms of NRLS nacomposite vulcanisate sheets by scanning
over a 20 range from 1 to 10 degrees, at a rate of 0.0Ms.cbnventional Bragg equatiori(a 2d

sin ) was used to determine the interlayer spacingdMJ in the nanocomposite material.

OMMT morphology (dispersion and distribution) withihe RLSN material was observed under
Scanning Electron Microscope (Hitachi SU 6000),rafed at 25 kV.
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Table 1: Compositions of NRLS nanocomposite vul canisates containing different concentration of
OMMT

NR NRL$A NRL S8 NRLS1I0 NRLS4/ NRLS10/ NRLS15/

GUM 90 90 90
NR 100 100 100 100 100 100 100
OMMT - 4 8 10 4 10 15
Polaradditive - 0.46 0.92 1.15 0.46 1.15 1.73
CACO; - - - - 90 90 90
ZNO 5 5 5 5 5 5 5
Stearic acid 1 1 1 1 1 1 1
IPPD 1 1 1 1 1 1 1
Sulpher 2.5 2.5 2.5 2.5 2.5 2.5 2.5
MBTS" 1 1 1 1 1 1 1

n-isopropyln-phenyln-phenylenediammine
b Mercaptobenzothiazole disulphide

2.3 Mechanical properties of NRLS nanocomposite vulcanisates

Mechanical properties including tensile propertibsrdness and rebound resilience of NRLS
vulcanisates were analysed to study the effect MM loading levels and CaCO3 on mechanical
property performances.

Tensile properties of NRLS vulcanisate preparethbgrporating OMMT and CaCO3 were analysed
according to I1ISO standard$SO 37: 2005 (E), using Instron 3365 Universal Tenster. The
extension of the samples was measured using atabptitensometer.

Shore A hardness of the NRLS nanocomposite vulatmiwas measured using ASTM standard, D
2240.

3 Resultsand discussion

Vulcanization curves of NRLS nanocompounds contgrdifferent loading levels of OMMT are
graphically presented in Figure 1. NRLS nanocompsuine. NRLS4, NRLS8 and NRLS10) have a
noticeable higher maximum torque (MH) comparedhat tof NR-gum compound. These results
indicate a higher degree of cross linking and cdktion/exfoliation of OMMT achieved in NRLS
nanocompounds. Vulcanisation studies of NRLS nampounds further revealed that, as shown in
Figure 1, OMMT accelerates the vulcanization prec@<s. increase the cure rate), resulting in
reduced the scorch {Jsand optimum cure 4§ times. This is attributed to the fact that organi
modifier (dimethyl dihrogenated tallow quaternamypraonium) in the OMMT acts as a catalyst
during the vulcanization process. However, NRLS480taining 4 phr of OMMT and 90 phr of
CaCO3 shows the maximum torque but curing rate duoas alter significantly due to the
incorporation of CaC@®

3.1 Characterization of NRLS nanocomposite structure

The NRLS nanocomposite vulcanisates prepared bymiging of NR with OMMT in the presence
of functionalized polar additive followed by vulaaation were analyzed with X-ray diffraction
technique to evaluate the formation of nanocompositucture. The exact composition of each
NRLS nanocomposite material is shown in Table jufg 2 presents the XRD spectra of pure
OMMT and NRLS vulcanisates containing differentdy levels of OMMT.
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Fig.1: Vulcanisation curves (rheographs) of NR- gum aRlL8 nanocompounds at 180

As shown in Figure 2, the characteristic diffraotjgeak (001) of OMMT is at 2.96of two theta and
hence interlayer spacing is 24.5 A (see Table Rwéver, when OMMT is melt mixed with NR in
the presence of functionalized polar additive, dh#&action peak of OMMT shifted towards a lower
Bragg angle. Table 2 presents the two theta positf the diffraction peaks and the interlayer
spacing for each nanocompound comprising differemtcentration of OMMT. This could be
explained by the polar additives intercalating itite OMMT galleries and, as a result, NR molecules
were also likely to diffuse into the OMMT gallerieslence, interlayer spacing of OMMT was
increased, resulting in intercalated NR/OMMT namoposite structure For example, interlayer
spacing of OMMT in NRLS4 nanocomposite increasedf23.6 A to 42.0 A (see table 2).

—OMMT
— NR-gum
—NRLS4
—NRLS8
—NRLS10
—NRLS4/90

Intensity a.u.

Two Theta (degree)

Fig.2: X-ray diffraction spectra of OMMT and NRLS nanoggosites
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However, more interestingly, when CaCQO3 is incoaped into the formulation (i.e. NRLS4/90) the
diffraction peak of OMMT further shifted towardsethower Bragg angle, indicating further
intercalation/exfoliation of OMMT during the meltiximg process.

Table 2: Diffraction peak positions and interlayer distances of OMMT in NRLS nanocomposite
vul canisates

NRLS nanocomposite Two theta Interlayer spacing
vulcanisate ©) (A)
OMMT 3.73 23.6
NRLS4 2.1 42.0
NRLS8 2.29 38.5
NRLS10 2.37 37.2
NRLS4/90 1.85 47.7

Since XRD data confirms the intercalation of NR ewmlles into the OMMT galleries, SEM
micrographs of NRLS nanocomposite materials werayard to evaluate the OMMT dispersion
within the nanocomposite material. Figure 3 showes NRLS nanocomposite material containing 4
phr. of OMMT (NRLS4) at a lower magnification (3-ajpd a higher magnification (3-b and c). As
shown in Figure 3 (@), particulate materials argpelised uniformly throughout the NR matrix,
indicating better compatibility is achieved betwe&@kIMT and NR through the functionalised polar
additive. On the other hand, high magnification ges show the nm size thickness of the OMMT
clay stack in the nanocomposite material. It cartlearly seen that these stacks are contained only
few individual clay platelets, implying that larg@MMT clay stacks exfoliate/delaminate into
smaller stacks during the compounding process.

SU8600 25.0kV 7.7mm x10.0k SE

Fig.3: SEM micrographs of NRLS4; (a) dispersability of ®W in NRLS material at low
magnification, 10,000. (b) & (c) thickness of thtMMIT stack at a higher magnification

From these X-ray diffraction data and SEM imagesverthe formation of intercalated/exfoliated
OMMT structure with in the NR matrix.
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3.2 Mechanical properties of NRLS nanocompoiste vulcanisates

The reinforcing effect of OMMT and the suitabilitpf this new green material (NRLS
nanocomposites), which does not contain carborkbfac building applications were evaluated by
analysing the mechanical properties of NRLS nangusite vulcanisates.

Figure 4 and 5 show the tensile properties (tensttength and tensile modulus) of NRLS
nanocomposite vulcanisates containing OMMT as thlg ceinforcing material and NRLS/CaGO
nanocomposite vulcanisates containing 90 phr of @&a@&s inert filler in addition to OMMT. All
NRLS nanocomposites (e.g. NRLS4, NRLS8) containimly OMMT showed a higher tensile
strength and modulus with compared to that of NRrgtompound. The improvement of tensile
properties of NRLS nanocomposites depends on OMBpEE ratio, OMMT mechanical properties
and the interaction between the NR matrix and tMMD. As explained in the characterisation of
NRLS nanocomposite structure, NR molecules intateahto the OMMT gallery in the presence of
polar additive and, as a result, significantly ioy® the OMMT exfoliation and subsequent
dispersion. Exfoliation of OMMT patrticles into timano-meter range, resulting in higher aspect ratio,
is the key to improve the tensile properties of MRhanocomposite material. However, the tensile
NRLS vulcanisates increased rapidly with increasdidMT content up to 10 phr and, when OMMT
content increased beyond 10 phr, the improvemenmerisile properties is gradually less. Reduced
improvement of tensile properties beyond 10 phiOMMT could be attributed to that of lower
degree of exfoliation at high concentration of OMMIhe lower degree of exfoliation results in a
higher number of individual OMMT layers (OMMT plédés) per clay stack and hence decreases the
effective length to diameter ratio (aspect ratio).

25
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Fig.4: Comparison of tensile strength of nanocompositeanisates of NRLS-OMMT and NRLS-
OMMT/CacCQ-90phr).

Generally, incorporation of inert fillers such asaQ@; deteriorates the reinforcement of rubber
compound vulcanisates. However, although the sthemdparacteristics (tensile strength) were
slightly reduced by mixing 90 phr of Caglnto the NRLS nanocomposites, NRLS/CaCO
nanocomposites vulcanisates maintained better leéepsoperties compared to that of NR-gum
compound. This would explain that improved reinfonent obtained due to the exfoliation of
OMMT does not significantly deteriorate by incorating CaCQ.
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Fig.5: Comparison of tensile modulus nanocomposite videdes of NRLS-OMMT and NRLS-
OMMT/CacCQ(90phr).

Table 3 shows the comparison of mechanical praggserbetween the new NR nanocomposite
vulcanisate material containing both OMMT and Cg@@d conventional NR vulcanisate containing
carbon black and CaGOAs shown in Table 3, in comparison to conventiarabon black rubber
compound (NRCB30/90), similar mechanical perfornesn@.e. tensile properties, tear strength and
hardness) are achieved in NRLS/CaQ@anocomposite vulcanisate containing no carbowckbla
Characterisation of mechanical properties cledriynged that environmental unfriendly carbon black
can be replaced with a lower loading level of OMMS$ a reinforcing material and this new
elastomeric nanocomposite material would be a pialematerial for applications in sustainable
buildings.

Table 3: Mechanical properties of NRLSCaCO; nanocomposite vulcanisate and conventional NR
vul canisate (NRCB30/90)

Compound Hardness Tensile Modulus- Tear Elongation
(Shore A) strength 300% strength

(MPa) (MPa) (KN/m) (%)
NR-gum 31.75 13.15 0.99 29.15 726
NRLS4/90 55.92 19.14 5.75 42.01 557
NRLS10/90 57.15 18.90 5.50 37.10 615
NRLS15/90 56.40 18.10 5.26 35.96 618
NRCB30/96G 59.50 15.56 5.95 33.35 521

& Conventional NR vulcanisate containing 30 phr aboa black and 90 phr of CaGO

4 Conclusion

A modified method of preparing natural rubber/l&gesilicates nanocomposites in the presence of
functionalised polar additives and its performancésiracteristics were presented, in view of
replacing conventional NR compound containing carltitack. XRD results revealed that polar
additives promote the intercalation on NR molecufgs the OMMT galleries whilst SEM images
showed the exfoliation of OMMT particles into nameter scale and subsequent uniform dispersion
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throughout the NR matrix. Vulcanisation procesN&LS is accelerated by the OMMT due to the
presence of amine type organic modifier.

NRLS nanocomposite prepared by incorporating botMI and the inert filler (CaCg¢) shows
good reinforcement and its mechanical performaramesas good as with the conventional NR
compound. Hence, this new natural rubber nanocoitepomterial is a potential candidate for green
building applications.
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Abstract: It has been forecast that there will be a seimpact on world economics and ecology in
future by energy consumption/production that raiytlee combustion of fossil fuels. Therefore more
sustainable and more environmentally friendly ali¢ive energy/power generation sources are
currently under serious consideration. One sucérradtive is electrochemical energy production.
Systems for electrochemical energy storage andersion include batteries, fuel cells and electric
double layer capacitors (EDLCs). Although the epestprage and the conversion mechanisms are
different, there are “electrochemical similaritiesf these three systems. Electric double layer
capacitors, also known as supercapacitors or alpa@wtors, have tremendous potential as high
energy high power sources for use in low weightritybystems. Commercial applications for such
devices include uninterruptible power applicatioledecommunication and transportation. The total
energy stored in a conventional capacitor is priopaal to both the number of charges stored and the
potential between the plates. Essentially the forsia function of the size of the electrode witile
later is determined by the breakdown of dielech@ween the plates. Different voltages, hence
energy stored, can be generated when differenéatied materials are used to separate the plates.
Materials can be optimized to produce high energysdies for a given size of a capacitor. In casitra
to conventional capacitors, supercapacitors ddhawe a conventional dielectric. Instead, two layers
of the same substrate and their electrical praggerdéire used in order to effectively separate the
charges despite vanishingly thin (on the orderasfameter) physical separation of the layers. Higher
energy storage density can be achieved in suparitagawhen nanomaterials or materials with
nanoporous structure are used because such matdfeal enormous surface to volume ratio.

Activated carbon is a material with unique promertespecially in relation to its nanoporosity aad c
therefore be used in supercapacitors. Sri Lankanis of the worlds’ best coconut shell based
activated carbon producer. Besides, carbon nand@ié&, either MWCNT or SWCNT) can also be
used in supercapacitors as electrode material wtlemege storage capacity can be increased to a
much higher value. Ceylon vein graphite is a gamgree for the production of CNT. Further, the use
of nano-TiQ in conjunction with light absorbing material in stoeffective solar cells is a well
established process. The charge carrier genenatomess in solar cells mimics natural photosynghesi
(green energy). At present such solar cells hafieiefcy nearly 11 %. Again Sri Lanka inherits a
vast naturally occurring TiDdeposit, the range of benefits of which is yetb#® explored and
harvested to produce nano-TiOTherefore nanomaterials in Sri Lanka has a wipecsum of
application and in this presentation, the oppotiesito develop smart energy systems using Sri
Lankan nanomaterials will be presented.

Keywords: Sustainable energy, Supercapacitors, Carbon namotitanium Dioxide, Dye-sensitized
Solar Cells, Activated Carbon, anatase-li€arbon nanotube, graphene.
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1. Introduction

“Clean” energy generation and storage is a fatioijaarea of research. It encompasses many
different disciplines varying from biology to phgsiposing scientifically challenging yet interegtin
issues. Clean energy generation reinforces the afle@@duction of carbon footprints and gathers
momentum to the search of a lasting solution towbed energy crisis. “BP Statistical Review of
World Energy” [1] predicts that the petroleum resemay sufficient to meet the consumption
requirements for just over four decades which ersigka the necessity of coherent research efforts
on alternative energy resources for energy gemerathmong the alternative energy resources for
“clean energy generation”, solar energy is far matiactive and important because of its low
environmental impact and the abundance. Therefeadsearch on solar cells has attracted a great
deal of interest within the scientific communitynarly, there is a growing interest to developwe
systems/devices for energy storage. In particulgnergy storage via capacitors, preciselg
supercapacitors, has stimulated research efforthidnarea of electrochemical energy production.
Systems for electrochemical energy storage andersion include batteries, fuel cells and electric
double layer capacitors (EDLCs). Although the epestprage and the conversion mechanisms are

different, there are “electrochemical similaritieg”these three systems [2].

Electric double layer capacitors, also known asestapacitors or ultracapacitors, have tremendous
potential as high energy high power sources forimisew weight hybrid systems [3-5]. Commercial
applications for such devices include uninterrdptibower applications, telecommunication and
transportation. The total energy stored in a cotiweal capacitor is proportional to both the number
of charges stored and the potential between thiegl&ssentially the former is a function of theesi

of the electrode while the later is determined bg breakdown of dielectric between the plates.
Different voltages, hence energy stored, can berg¢éed when different dielectric materials are used
to separate the plates. Materials can be optintizguloduce high energy densities for a given sfze o
a capacitor. In contrast to conventional capacitsigercapacitors do not have a conventional
dielectric. Instead, two layers of the same subesimad their electrical properties are used in rotole
effectively separate the charges despite vanighitigihn (on the order of nanometer) physical
separation of the layers. Higher energy storagsitjecan be achieved in supercapacitors when nano-
materials or materials with nanoporous structuee @wsed because such materials offer enormous

surface to volume ratio [6].

Undoubtedly the Si based p-n homojunction solasdelvented in 1941 [7] and developed later by
many workers [7, 8] are the most efficient phottaiol devices to date. Mostly benefiting from the
advances in the semiconductor industry, the Sidbphetovoltaic devices are currently fabricated and

have now reached efficiency as high as its thezailiimit [9]. However, the economically intractabl
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production cost of Si based photovoltaic devices featricted their application in large scale.Ha t
past three decades, a great deal of work has lzdaccout in the field of cost-effective alterwati
solar energy generation sources. In particulaisisead nanostructures based solar cells [10-12¢ ha
been the main focus area of research. Commonlyreefdo as “bulk” junctions or mesoscopic
injection or exitonic solar cells, they are forméat, example, from nanocrystalline inorganic oxides
ionic liquids, organic hole conductors or condugtpolymer devices. As a result of the use of cost-
effective routes and materials in their fabricatpyocess, they offer prospects of low cost fabidcat
without expensive and energy intensive high tempegahigh vacuum processes. They can credibly
be produced employing flexible substrates and arepatible with a variety of embodiments and
appearances to facilitate market entry, both fer insdomestic devices as well as in architectural o
decorative devices. The mesoscopic injection stBs operate in an entirely different fashion than
conventional Si based p-n homo-junction devicesnigking the principles of natural photosynthesis
that nature has used successfully over the padiilidn years in solar energy conversion [13],\the
achieve the separation of light harvesting and gwhacarrier transport. This unique feature
distinguishes them from conventional p-n junctioevides where both functions are assumed
simultaneously imposing stringent conditions forifguand entailing high materials and production

cost.

2. Principles, materials, methods and device fabrication.

In a typical sensitized nanostructures based saly a photo-stable high band gap semiconductor
(e.g., TiQ) is used as the electron harvesting componentfoBgwing a well established sol-gel
route, a colloidal solution of the semiconductoffifst prepared and subsequently deposited after
concentrating on a transparent conducting tin of@IEO) glass using “doctor blade” technique. Then
the film is sintered in an air at 480 in order to create a network of interconnectatbs&uctures on
the electrode. As such nanostructure network géeseeahigh surface/volume to ratio, the photoactive
surface area of the electrode become much higlar the geometrical surface area. Larger the
photoactive area higher the light absorption csextion and hence the photocurrent. As the high-
band gap materials are not sensitive to the visipéetrum, the spectral response of the high-bapd g
materials are extended to the visible region byaigither inorganic (e.g., quantum dots QDs) or
organo-metallic (metal-organic based dyes suchadI8 dye) dyes. Here it is essential that we selec
the dye materials whose light absorption propegresin line with the light emission propertiestioé
Sun. In practice, the dye is anchored to the serfaic the semiconductor via a solution based
deposition process after which the dye is electalyi coupled with the semiconductor. A thin layer
of electrolyte containing a redox couple (e.gls1redox couple) is sandwiched between the
semiconductor and a counter electrode. The couwltsmtrode is usually a conducting tin oxide

substrate deposited with Pt islets which is alaogparent. The Pt islets deposited on CTO substrat
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catalyze the electron transfer from the electradéhe one half of the redox couple completing the

charge cycle in a short circuit conditions.

However, the presence of a liquid electrolyte totdé charge carriers between the two electrodes in
this cell has disadvantage that the liquid elegteoVaporizes due to heat generated in the celhwhe
under constant illumination. In addition, it is rmssible to seal the two electrodes effectivelyaas
result of the presence of the liquid electrolytbe3e two problems were long standing problems in
the field of sensitized nanostructures based s@hs until a group of Sri Lankan scientists (offie o
the authors (ARK) in this paper involved in thisngowho were actively working in the field finds a
solution in 1995 [14]. A solid  p-type hole traost inorganic material was found to behave in a
manner similar to the liquid electrolyte used ie ttell paving the way of replacing the liquid ireth
cell. This was a significant finding in the field & contained all the necessary ingredients teldgv

a fully solid state dye-sensitized solar cell biyaducing a change to the state of the medium ptese
in the cell. In terms of practical application, w#@id form is the “only possible form” for a soleell.
The hole transport material, an inorganic metaidealCopper (1) iodide, Cul, is a high band gap p-
type semiconductor. One of the interesting featofedis material is being able to deposit it oe th
dye coated nanocrystalline surface at an elevag¢edperature without denaturing the delicate
monolyer of the dye. When the hole transport maleis deposited on n-TigZoated with Ru metal
based dye, a new type of structure is created wheneonolayer of light absorbing material is
sandwiched between n-type and p-type high bad gapcenductor materials. Technically, a hetero-
junction is formed consisting of n-Tdlye/p-Cul, the behavior of which is entirely diéat to that in

Si based p-n junction solar cells (i.e., in ternfiscloarge carrier generation and separation). The
fascinating feature of such hetero-junction integ&is the discontinuity of the local band strustatr
the interface which originates as a result of thieging of two dissimilar semiconductors with
different carrier concentrations in contact [15ksAciated to this intriguing feature, hetero-juncti
interfaces exhibit interesting and useful elecitopioperties which are functional in solar cells.
Similar to the liquid state solar cells, the orgametallic dye chemically bonded to the n-type
nanostructure via an electronic coupling absorbstgrts from the incident light and nanostructure
harvests the electrons in solid state dye-senditiodar cells. However it should be mentioned here
that the recent investigation carried out by on¢hefauthors (ARK) at this interface using highxflu
X-ray absorption techniques at ELETTRA, Synchrotrorieste, Italy is seemed to suggest that the
N3 dye not only bonds (via carboxylate ligands;GFC-) with n-type nanostructured Ti®ut also
with p-type Cul (via Cu-N bond). This envisages plossibility that the dye forms a molecular level
bridge between the n-TiGand the p-Cul which could possibly act as a canfduicharge transfer.
Nevertheless further studies are needed to evathatstrength of each bond in order to determine

whether the formation of —Cu-N- bond breaks the tmiogortant —Ti-O-C- bond as it has been
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speculated that the —Cu-N- may have an influenceherstability of the —Ti-O-C- bond which is the

primary charge transfer channel.

Following the injection of the carriers into thenda, the positive charge left behind in the ground
state of the dye is rapidly scavenged by the p-s@él hole transport (HTM) material creating a
photocurrent in the cell. The open circuit photéagé of the cell is determined by the difference in
work functions between n-TiCand p-Cul which is over 1eV according to the ifatee band energy
diagram [16]. The sensitized nanostructures bagid tate solar cells (i.e., n-semi/dye/p-semieha

shown a remarkable progress since its inventiohdd the progress continues [18].

Solar cells generate energy. Once the energy isrgtd, there should be a way to store it in otaler
use it later as required. An attractive way of isipenergy lies at the heart of electrochemicalgne
storage methods. Electrochemical energy storadades batteries, fuel cells and super-capacitors.
Out of these possible routes, supercapacitors «wshas surpassed other devices because they can
release burst of stored energy when the need akitaas/ electronic devices such as laptops, memory
backups, mobiles and communication systems recuitgirst of energy to start up. A German
physicist, Hermann von Helmholtz, first describbd toncept of EDLC in 1853 [19]. Well over 100
years later, in 1957 General Electric (GE) firstepéed [20] electrochemical capacitor based on the
double-layer capacitance structure. Since thenfighteof EDLCs has shown an enormous growth to

date. The operating principle of supercapacitosmple and easy to fabricate.

3. Sri Lankan per spectives.

The electrical properties of a super capacitordatermined by the selection of electrode material.
Double-layer-charge-storage is a surface procedgrensurface characteristics greatly influence the
capacitance of the cell [21]. Various materials being used as electrode materials, for example
carbon, metal oxides, conducting polymers, hybnd aonducting polymers etc [21]. Carbon has
been utilized as high-surface area electrode nadtexier since the development of double layer
capacitor began. Today it is still an attractivetenal because of its low coat, availability ané th
long history of use (ref). Carbon electrode caretaknumber of manufactured forms such as foams,
fibers and nanotubes. The use of activated canb&DLCs is well established due to its high surface
area, e.g., up to 2000°fy. Capacitance up to 5000 F [3] has been repdrted commercially
available super capacitors produced in USA, Japdankarea. Research into further develop current
numbers using new materials, for example carborotoée, are continuing and gaining significant
momentum. Besides, dye-sensitized solar cellsubmahanocrystalline TiCas the electron harvesting
electrode have achieved a remarkable successitnoeeption. Efficiencies as high as 11.4 % [23]

has been achieved with newly developed, thermtdlyis dyes.
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From the point of view of the availability of maeds used in these devices, Sri Lanka shows a great
promise. The world best coconut shell based aefivatrbon is produced in SL which can with no
doubt go in to develop EDLCs. Vein graphite, oné¢hef naturally occurring forms of graphite which
is available only in Sri Lanka in commercial leveds very good source for making carbon nanotubes
to the best of the knowledge of the authors. Tha geaphite is also a good resource for making
graphite oxide which can be used in nanocompositesperhaps even to synthesis the “next
generation wonder material graphene” which is etqubto be revolutionized the entire electronic
industry as Si is reaching its fundamental limitsie significance of graphene has recently been
perceived by awarding the highest scientific acd®lahe Nobel Prize, for physicists who invented
the materials. Moreover, SL has naturally occurilnganite (FeTiQ) deposit which can be used to
extract titanium dioxide, Ti@ Credible methodologies have been developed biérkan scientists
who are working in SLINTEC science team at presemonvert ilmanite into TiQand then to nano-
TiO,. The use of nano-Tids multifaceted which includes solar cells, sédfaming windows, smart
clothing, paints, cosmetics, catalysis and manyemdherefore, building a sustainable environment
with smart energy systems developed using nanoiabstevailable in SL is a promising target that

has a long range benefits to the Sri Lankan economy

4. Conclusion

The building environment consumes huge fractioansrgy produced in any social system. Therefore
the significance of a sustainable built environmarterms of energy is invaluable and scientifid an
administrative efforts aimed at achieving such awirenment should be recognized as a priority
issue. The potential of nanotechnology to answeldigcurrent and future burning issues (energy
crisis one of them) is great and the scale thatcameuse the nanotechnology based products spans
across a wide a spectrum. When the materials wetjtir develop nanotechnology based devices are
liberally available/or the raw materials that cam used to extract such materials are available, the
journey to achieve the targets set out in a susbéénbuilt environment is becoming more quicker,
easier and also is cost effective. Therefore tddbaisustainable built environment, nanomaterials
available in Sri Lanka can contribute in a sub&éhrdand innovative way. Finally the inquisitive
nature of mankind has invented many novel thing8iouplogies devices in the world up to its

development and the quest continues.
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Abstract: Montmorillonite clay nano particle possess eleefrfiroperties, heat, chemical resistance and leas th
ability of blocking UV light. By reinforcing thislay nano particles to composite fibers will giveerito specific
properties such as UV blocking, flame retardant amii-corrosive behaviors. Electro spinning tecbggl has
the ability to produce nano fiber composites caritej Montmorillonite nano particles which can beedizo
produce non woven fabrics or yarns with propertédJV blocking and flame retardant. This nano scale
modification to the composite will give rise thelldap to extract the improved performance on thel gnoduct.
Fabrics or nonwovens developed from nano fiberswbontain the anti UV and flame retardant prapsrare
more durable and efficient than fabrics coated waith UV or flame retardant agents. This researah focused
on analyzing the UV blocking property of sodium-mtrorillonite from Southern Clay, USA and purifiethy
from Sri Lanka. Testing was carried out to corepand contrast the UV blocking property of Na-MMida
Sri Lankan clay (SL Clay) in powder and liquid fariiihis research study will also focus in futureeottruding
Nano fiber composite by mixing the Montmorillonitiy nano particle with polyacrylonitrile (PAN) poher
via electro spinning technology. With the develgms of extracting nano clay from Sri Lankan researmwill
lead to a more efficient and cost effective prodadie used in smart houses.

Key words: Electro spinning, Montmorillonite, clay, nanotactogy, nano fiber, Photo catalysis
1. Introduction
1.1 Clay nano particles and its applications on textiles.

Clay nano particles or nano flakes are composesewéral anhydrous aluminosilicates. Each type
differs in chemical composition and crystal struetuNano particles of Montmorillonite one of the
commonly used clay, have been applied as UV bloocké&tylon composite fibers. The mechanical
properties with a clay mass fraction of only 5% ibithe. 40% higher tensile strength, 68% greater
tensile modulus, 60% high flexural modulus. In &ddi the heat distortion temperature (HDT)
increased from 6& to 152C. Nano size clay flakes can be arranged denselykernately than the
therefore, the composite material has barrier perdnce to chemicals or other harmful species [1].

Another function of clay nano particles is to imtuee dye attracting sites and creating dye holding
space in polypropylene (PP) fibers known as noeable fibers due to its structural compactness and
lack of dye attracting sites. Nano particles of mmorillonite modified with quaternary ammonia salt
and then mixed with PP before it is extruded at@vaeight of fiber can lead the non dyeable fiber
colored by acid and disperse dye [2]. The improvenoé the UV barrier properties of textile fibers
with solid nano particles incorporated into the mmabf the PP fibers also requires them to be
environmentally durable in their processing antizatiion. Photo and thermal degradation, especially
of PP nano composites and composite fibers, hasdegery attractive area of research in recentsyear
[3-5]. Clay minerals are popular inorganic fillefsr the preparation of organic/inorganic nano
composites due to their high aspect ratio and guogsical properties. For instance, nylon-6/clay
nano composite containing just 4. % of montmorillonite (MMT) exhibited superior nignical
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and thermal properties in comparison with pristiyeon-6 [6]. It is also demonstrated that polymeric
nano composites containing relatively low amountlaly fillers may exhibit good performance in

thermal properties [7], gas permeability and medzrproperties [8]. However, dispersion of clays
in polymer matrix is always the key issue. Theidifities such as the hydrophilic features of clays,
high van der Waals force between clay lamellaeiaodmpatibility between clays and hydrophobic
polymers have to be solved in order to securefaat®y physical properties of nano composites.

1.2 Sodium Montmorillonite.

The clay known as montmorillonite consists of ditke with an inner octahedral layer sandwiched
between two silicate tetrahedral Iayerszig]illustrated in Fig. 1.

} Tetrahedral sheet

. JL Octahedral shest
0 ! | 0 ' } Tetrahedral sheet

Interlayer or gallery { .

Fig .1: Structure of sodium montmorillonite [10].

The octahedral layer may be thought of as an alumioxide sheet where some of the aluminum
atoms have been replaced with magnesium; the @iféer in valences of Al and Mg creates negative
charges distributed within the plane of the pldselthat are balanced by positive counter ions,
typically sodium ions, located between the plasetetin the galleries as shown in Fig. 1. In iteura
state, this clay exists as stacks of many platetétdration of the sodium ions causes the galldoes
expand and the clay to swell; indeed, these plateln be fully dispersed in water. The sodium ions
can be exchanged with organic cations, such ag thhos an ammonium salt, to form an organoclay
[11-14]. The ammonium cation may have hydrocarladls tind other groups attached and is referred
to as a “surfactant” owing to its amphiphilic nae. The extent of the negative charge of the iday
characterized by the cation exchange capacity, CEC. The X-ray d-spacing of completely dry
sodium montmorillonite is 0.96 nm while the platéteelf is about 0.94 nm thick [11-14]. When the
sodium is replaced with much larger organic sudatst, the gallery expands and the X-ray d-spacing
may increase by as much as 2 to 3-fold [11].

Ultraviolet rays constitute a very low fractiontime solar spectrum but influence all living orgamés
and their metabolisms. These radiations can causege of effects from simple tanning to highly
malignant skin cancers, if unprotected. Sunscregions, clothing and shade structures provide
protection from the deleterious effects of ultrd@ioradiations. Alterations in the construction
parameters of fabrics with appropriate light absostand suitable finishing methods can be employed
as UV protection fabrics [15].

1.3 Ultraviolet Protection Factor and textiles.

The Ultraviolet Protection Factor (UPF) rating &yst measures the UV protection provided by

textiles. It is very similar to the SPF (Sun Praitat Factor) rating system used for sunscreens. A
textile with a UPF of 50 only allows 1/50th of th®/ radiation falling on the surface of the garment

to pass through it. In other words, it blocks 48#500r 98% of the UV radiation [16].

The UV radiation of sunlight can be divided into 4©/(100 — 280 nm), UV-B (280 — 315 nm) and
UV-A (315-400 nm) components, which denote thecefba living organisms. The human skin has
to be protected against UV-B type radiation onlijlevthe most dangerous UV-C type is absorbed
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by the atmosphere. UV-A radiation is essentiallgslelangerous than the other two [17]. UV
transmittance by textiles consists of both contidms which are transmission through the space
between yarns and transmission through fibers. URE is affected mainly by the thickness and
density of textiles, as well as by dyes, pigmemis ather compounds in fibers and textiles, such as
pectin, wax, water, etc. [18]. Fabric constructisraffected by both the fineness and density of the
yarn in the warp and weft. Furthermore, the tragsioih of UV radiation through fibers can be
changed by the absorption and reflection of ulottibeams. The mass pigmentation of fibers with
suitable inorganic pigments, carbon black pigmemt,inorganic (nano) filler may provide a
permanent improvement of the UV protection of fibeith high fastness in washing [17].

In textiles, UPF is strongly dependent on the cleaistructure of the fibers. The nature of therBbe
influences the UPFs as they vary in UV transparga6y. Natural fibers like cotton, silk, and wool
have lower degree UVR absorption than synthetierfilsuch as PET. Cotton fabric in a grey state
provides a higher UPF because the natural pigmeetdin, and waxes act as UV absorbers, while
bleached fabrics yields poor UPF (high UV transpey® Raw natural fibers like linen and hemp
possess a UPF of 20 and 10 to 15 respectively,aamadiot perfect UV protectors even with high
lignin content. However, the strong absorptionuté jis due to the presence of lignin, which acta as
natural absorber. Protein fibers also have mixéstesf in allowing UV radiation. Dyed cotton fabrics
show higher UPF, and un-dyed, bleached cotton yiedsty poor UPF values. Wool absorbs strongly
in the region of 280 — 400 nm and even beyond 400Exposure to sunlight damages the quality of
silk’s color, strength and resiliency in both dimydawet conditions. Mulberry silk is deterioratedao
greater extent than muga silk. Polyester fibersodibsnore in the UV-A & UV-B regions than
aliphatic polyamide fibers. Bleached silk and breat PAN show very low UPFs of 9.4 and 3.9
respectively [19].

This research work focus on measuring the UV bloghroperty of two different types of clay. To
measure the UV blocking a simple test has been dathethe intension of carrying out a standard
UV blocking property measurement for textiles. AoBiothymol blue (BTB) solution was used as a
simple indicator with a standard color which afatiént acid, basic and neutral medium. Zinc Oxide
(Zn0O) was mixed in a known concentration of BTBusioin. Upon exposure to UV light it has been
observed that the color of the solution has beéallyoreduced due to the photo catalytic effect of
ZnO. The reduction of color in the BTB solution wiige to the degradation of color particles in the
solution. The same phenomenon has been used dhéarsgudy of UV blocking property of clay from
Sri Lankan resources and Na-MMT from USA. The BTiBZ¥Zsolution has been screened by the two
different types of clay nano particles and BTB/Zs@lution has been analyzed to measure the
reduction in the concentration of the color to cangpand contrast the UV blocking property of Na-
MMT and SL Clay.

2. Materials and sample preparation method:

Na- MMT from southern clay, USA and purified clagm Sri Lanka have been used as the 2 types
of main filler materialsand commercially available UV blocker which usestémtile applications
have been characterized to examine and compatd\thdocking properties of each. Na- MMT and
clay from Sri Lankan resources have been dissdlvetistilled water to get a uniform dispersion of
the clay solution. For the solution preparations thay samples were mixed with distilled water at a
concentration of 1g/1000ml stirred at a rate of 3pM under room temperature of°@6for 30
minutes to get a uniform dispersion in the solutidhe two clay solution and the commercially
available UV blocker samples have been tested udiryIS-NIR Spectrophotometer to analyze the
absorbance. Results obtained for this experimegdisisussed using figure 3 in results and discussion
section.

To analyze the UV blocking property of clay filleefore applying to nano fiber composite a simple
experiment has been carried out. A solution of 2500 of BTB was prepared, 10ml of 0.0025M BTB
has been mixed with 0.2g of ZnO. The samples haea Iprepared as shown in figure 2 and Table 1.
A controlled sample of BTB and ZnO has been mameizi without exposure to UV light for
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comparison purpose. After the exposure to UV lightD in each solution was removed using
centrifuge method. Absorbance of each samples weareasured using UV-VIS-NIR
spectrophotometer to compare the UV blocking prtypefrclay. Results obtained for this experiment
is discussed using figure 4.

UV light source

LU e

0.0025M BTB/ 0.2g ZnO

Fig.2: Sample setup for testing

Table 1:Sample description

Sample name A B
Sample 1 No No
Sample 2 Na-MMT 1g/1000ml in liquid form to UV on for 20 minutes
cover the BTB/ZnO solution
Sample 3 Na-MMT in solid form to cover the UV on for 20 minutes
BTB/ZnO solution
Sample 4 SL Clay 1g/1000ml in liquid form tp UV on for 20 minutes
cover the BTB/ZnO solution
Sample 5 SL clay in solid form to cover the UV on for 20 minutes
BTB/ZnO solution
Sample 6 No UV on for 20 minutes

3. Results and discussion:

25

T
Commercial UV absorber (sam 1)
Sodium-MMT (sam 2)

— 3ri Lankan Clay (sam 3)

Absorbency

R | | | | 1
100 200 300 400 500 G500 700
Wave Length {nrm)

Fig .3: Absorbance behavior of MMT, SL Clay and commerdié blocker

International Conference on Sustainable Built Environment (I CSBE-2010) 87
Kandy, 13-14 December 2010



The benchmark commercial sample shows a very goddldcking where the absorbance is at the
highest level within wavelength range of 272-356 (V- B & UV- A). Commercial UV blocker,
Na-MMT, and SL clay shows 2.245, 1.638 and 1.43oddzsce values at 290 nm wave length
respectively. Hence compared to Commercial UV odka-MMT showed 27% less UV absorbency
while SL clay showed only 36% less.

6

smaple 1
sample B
sample 2
........ sample 4
sample &
sample 3

w
T

Ahsorbency

‘12 : : f
| | 1 1 |

. -8
100 200 300 400 500 500 700
Wave Length (nm)

Fig .4: UV blocking behavior of Na-MMT and SL Clay in pder and liquid form

Sample 1 which has been fully exposed to UV showesl minimum absorbance due to the

degradation of color concentration due to photalgat effect of ZnO. In contrast sample 6 which

have not been exposed to UV and were under coedralbndition showed the highest absorbency.
Compared to control sample 6, samples 2&3 showeast l@bsorbance (less concentration of color)
while samples 4&5 showed a better absorbance valwas samples 2&3, which lead to the

conclusion of SL clay either in powder form or igquid form has a comparatively higher capability of

UV blocking than Na-MMT. Also the results imply thelay particles in solid form shows a good UV

blocking compared to clay particles in liquid form.

4. Conclusion:

Purified Sri Lankan Clay particles shows a bett®fr hlocking compared to Na-MMT from southern
clay USA. Also this research work will be extendedspin PAN/Clay nano fiber composite to study
the UV blocking property of Sri Lankan clay whenedsin fiber nano composites. Also standard
testing for UPF (ultra violet protection factor)IMoe done for these fiber nano composite to measur
the UV blocking property of these.
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