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PREFACE

Dear Distinguished Delegates, Colleagues and Guests,

The IAAST Organizing Committee warmly welcomes our distinguished delegates and guests at
International Conference on Biotechnology, Nanotechnology and Environmental Engineering
(ICBNE’15) scheduled on April 22-23, 2015 Bangkok (Thailand). The main themes and track of
ICBNE’15 are Biotechnology, Nanotechnology and Environmental.

These conferences are managed and sponsored by International Academy of Arts, Science &
Technology (IAAST) and assisted by University of Johannesburg and University of Quebec.
IAAST is striving hard to compile the research efforts of scientists, researchers and academicians
across the broad spectrum of Science, Engineering and Technology. These conferences are
aimed at discussing the wide range of problems encountered in present and future high
technologies among the research fraternity.

The conferences are organized to bring together the members of our international community at a
common platform, so that, the researchers from around the world can present their leading-edge
work. This will help in expansion of our community’s knowledge and provide an insight into the
significant challenges currently being addressed in that research. The conference Program
Committee is itself quite diverse and truly international, with membership from the America,
Australia, Europe, Asia and Africa.

The conference has solicited and gathered technical research submissions related to all aspects of
major conference themes and tracks. This proceeding records the fully refereed papers presented
at the conference.

All the submitted papers in the proceeding have been peer reviewed by the reviewers drawn from
the scientific committee, external reviewers and editorial board depending on the subject matter
of the paper. Reviewing and initial selection were undertaken electronically. After the rigorous
peer-review process, the submitted papers were selected on the basis of originality, significance,
and clarity for the purpose of the conference. The main goal of these events is to provide
international scientific forums for exchange of new ideas in a number of fields that interact in-
depth through discussions with their peers from around the world.

The program has been structured to favor interactions among attendees coming from many
diverse horizons, scientifically, geographically, from academia and from industry. We would like
to thank the program chairs, organization staff, and the members of the program committee for
their work. We like to thank and show gratitude to Editors from IAAST. We are grateful to all
those who have contributed to the success of IAAST April 22-23, 2015(Bangkok (Thailand))
Conference. We hope that all participants and other interested readers benefit scientifically from
the proceedings and also find it stimulating in the Process in their quest of achieving greater



heights. Finally, we would like to wish you success in your technical presentations and social

networking.

We hope you have a unique, rewarding and enjoyable week at [AAST Conferences at vibrant
Bangkok (Thailand).

With our warmest regards,

Organizing Committee

April 22-23, 2015
Bangkok (Thailand)
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Production of Organic Matter /n Situ for
Sustainability High Productivity on Cassava
Field

Suwarto

Abstract— Real productivity of cassava in Indonesia is 16.6-
21.4 tons/ha whereas the potential productivity is 24.8-30.4 tons/ha.
The low productivity has been a problem in developing cassava-
based industries. Fornation and enlargement of cassava tubers need
loose, fertile and high C-organic of soil. C-organic of the soil should
be not less than 2%. To increase C-organic of the soil at about 2-4%
will be needed organic fertilizers of 20-40 tons/ha. Organic matter
produced ‘in situ’ of the cassava field was 5.92-21.28 tons/ha (1.60-
5.28 tons/ha in dry weight) which contributed average at 0.5% in
increasing soil C-organic. Besides, the organic matter contains some
important nutrients such are N, P, K, Ca, Mg. All nutrients produced
‘in situ” were sufficient for Adira-1. All nutrients werealso sufficient
for Adira-4, except K. Nutrient of P and K were insufficient for
Malang-4 and UJ-5. Nutrient of P and Mg were only sufficient
Adira-1 and Adira4.

Keywords— organic matter, production, cassava, in situ,
sustainability.

[. INTRODUCTION

ASSAVA is one of the crops for food, feed and industry.

The harvested area of cassava Indonesia in 2012 was

1,129,688 ha with a production of 24,177 million tons and
productivity of 21.402 ton/ha (BPS 2013). Cassava is a plant
that still can grow well in poor soils when other plants are not
able to grow and produce. However, to obtain high yields and
sustainable, fertilizing should be done correctly. Fertilizers can
be provided either inorganic or organic.

Cassava plants require optimum growing medium to grow
and produce maximally. Fertile soil is the optimum growing
media and organic matter plays an important role in
determining the fertility of the soil. Observations made by [1],
cassava 'Ratim' (the local name in West Halmahera) produces
15 kg of tubers per plant when organic matter content reaches
3:17%, if the soil organic matter content below 2% only
produce tubers 5 kg per plant.

To increase soil organic C content of at least 2%, organic
material needs to be added is 20-40 tons/ha. The problem is
the supply of organic material and its application in cassava
cultivation is not easy. One alternative is to produce organic
materials ‘in situ”. According to [2] Production of organic

Suwarto is Lecturer, Department ot’ Agronomy and Agriculture. Faculty of’
Agriculture, Bogor Agricultural University, Indonesia

material ‘in situ’ would facilitate its application and cost-
saving and environmentally friendly. Organic material ‘in situ’
can be obtained from the leaves, stems and roots of major
crops and intercropped. Legumes such as yam bean
(Pachyrhizus erosus (L) Urban) can be intercropped with
cassava [3]. Yam can be a source of organic matter and have a
positive impact on the environment, which are (1) high
efficiency of nitrogen fixation and increase the vigor of the
plants in surrounding areas (especially in poor soil), (2)
tolerance to drought, (3) effectively control soil erosion [4].
This study has been conducted to determine the production of
organic matter of some varieties of cassava monoculture and
intercropping with yam.

II. MATERIALS AND METHODS

The experiment was conducted using a split plot design. The
main plots were four varieties of cassava (Adira-1, Adira-4,
Malang-4, and UJ-5). The subplots were monoculture
cropping systems and intercropping with yam bean. Each
treatment was repeated four times so that there were 32
experimental plots. The size of each experimental plot was 4 m
x 10 m with a population of 40 plants. In each plot were
determined five plants as a plant sample. Spacing of cassava is
1 m x 1 m. Cassava plants fertilized with a dose of 67.5 kg N,
54 kg P205 and 60 kg K20 per hectare [5]. At 3 months old
of cassava, yam bean grown between the cassava with a
spacing of 20 cm x 20 cm. The distance between the first yam
bean and cassava is 30 cm. There were 9 yam beans and 1
cassava in the area of one square meter in intercropping
systems. Yam bean fertilized with a dose of 59 kg N, 14 kg
P205, and 30 kg K20 per hectare. Weed control was done
once a month during the growing scason. Pest and disease
control was done as needed.

Variables measured were: (1) number of attached leaves at
2, 4, 5, 7 months after planting (MAP), (2) dry weight of
leaves fall a month at 3, 4, 5,6, 7 MAP, (3) total number and
dry weight of leaves fall, (4) fresh and dry weight of cassava
biomass at harvest, (5) dry weight biomass of yam bean, (6)
fresh weight of cassava tubers per plant, (7) tresh weight of
cassava tubers per plot, (8) weight of yam bean tubers per plot,
(9) weight of dry biomass of yam bean, and (10) soil
properties. The cassava and yam bean biomass mean all part of
the plant without tubers.
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cassava tubers per plot, (8) weight of yam bean tubers per plot,
(9) weight of dry biomass of yam bean, and (10) soil
propertics. The cassava and yam becan biomass mean all part of
the plant without tubers.

The collected data were analyzed using analysis of variance
(F-test). Then, continued using Duncan’s Multiple Range Test
at 5% level to determine significantly effect of the treatments.

I1l. RESULTS AND DISCUSSION

Organic Matter Production, Soil C-Organic, and Soil
Nutrient Supply

Sources of organic matter in situ on cassava field were
plant biomass. Production of organic matter differs between
varieties. Adira-1 produces the highest biomass, followed by
Adira-4, UJ-5, and Malang-4. The amount of biomass
produced will determine the amount of organic material that
can be restored to the land. Reference [6] explains that when
cassava stem is returned to the land, the total uptake of N that
can be returned to the ground will be a lot due to the
accumulation of nutrients in the stems reach 76% of the total
uptake of N. According [7] organic fertilizer is a slow-release
and can improve the availability of nutrients in the soil.

The biomass of the cassava field consisted of 60% of stem
and of all attached leaves on the stem at harvest and leaves fall
during the growing season. At harvest time, the weight of
fresh and dry biomass of Adira-l1 was the highest. In
monoculture were 2.23 kg/plant and 0.54 kg/plant and in
intercropping were 2.66 kg and 0.66 kg/plant (Table 1). In
contrast, the weight of fresh and dry biomass of Malang-4 was
the lowest; in monoculture were 0.74 kg/plant and 0.20 kg /
plant and in intercropping were 0.94 kg/plant and 0.26
kg/plant. The weight of fresh biomass that was resulted per

hectare was estimated to range between 5.92-21.28 tons.
TABLEI
BIOMASS PRODUCTION OF CASSAVA AT HARVEST

Biomass Weight
Variety Cropping Fresh ] Dry Fresh l Dry
System [ kg/plant.... ....ton/ha*).....
fa) (b)
Adira-1 Mnc 2.23a 0.54a 17.8a 4.32a
Intc 2.66a 0.66a 21.3a 5.28a
Adira4 Mnc 1.42b 0.34b 11.4b 2.72b
Intc 1.56b 0.44b 12.5b 3.52b
Malang-4 Mnc 0.74c 0.20c 5.92¢ 1.60c
Intc 0.94c 0.26¢ 7.52¢ 2.08c
uJ-5 Mnc 1.23b 0.34b 9.84b 2.72b
Intc 1.27b 0.36b 10.2b 2.86b

Note: figure in the same column followed by the same alphabet is not
significantly different at DMRT 5%; Mnc= monoculture,
Intc=intercropping. *) estimated by formula: b= 0.8*10000*a/1000

In addition to stem and leaf biomass at harvest, the organic
matter in the cassava ficld derived from fallen leaves during
the growing season. The fallen leaves were determined by the
number of attached leaves. The number of attached leaves at 2,

4, 5, and 7 MAP is showed in Table 2. There was a
relationship between the number of attached leaves and the
number of fallen leaves. The number and the weight of fallen
leaves during the age of 2-7 MAP can be seen in Table 3. The
number and dry weight of leaf fall was influenced by the
characteristics of the variety. According to the description of
variety [8], Adira-1 has branching and produce more leaves
than others.

TABLE Tl
NUMBER OF ATTACHED LEAVES OF CASSAVA

Varicties | CroPPing Attached Leaves/Plant |

Sys 2MAP 4 MaP 5MAP 7MAP
Adira-1 Mnc 54.8 118.2a 153.9a 243.0a

Intc 54.0 122.3a 153.3a 279.7a
Adira 4 Mnc 494 102.5b 78.0b 140.7b

Intc 454 102.6b 89.7b 145.9b
Malang-4 Mnc 46.2 90.4¢ 60.8c 80.7¢

Intc 50.6 99.8¢ 62.3c 82.7¢c
uJ-s Mnc 49.8 91.3c 76.0b 86.0c

Intc S50 92.7.c 77.4b 91.5¢

Note: figure in the same column followed by the same alphabet is not
significantly different at DMRT 5%; Mnc= monoculture,
Intc=intercropping. *) estimated by formula: b= 0.8*10000*a/1000

According to the description of varieties [8], Adira-1 has
branching and produce more leaves than others. As a result,
the number and dry weight of fallen leaves of Adira-1 was
higher than others.

TABLEIII
NUMBER AND WEIGHT OF FALLEN LEAVES OF CASSAVA
- Leaves Fall During 2-7 MAP
Varieties Cragﬁ g Number of Dry Weight
’ leaves ...kg/plant... ...tons/ha*)...

Adira-1 Mnc 401.10a 0.259a 2.072a
Intc 390.85a 0.237a 1.896a
Adira 4 Mnc 202.33b 0.212b 1.696b
Intc 204.20b 0.201b 1.608b
| Malang-4 Mnc 168.25¢ 0.162¢ 1.296¢
| Intc 179.48¢ 0.197¢ 1.576¢
uJ-5 Mnc 148.15d 0.175¢ 1.400c
Intc 148.18d 0.178¢ 1.424¢

Note: tigure in the same column followed by the same alphabet is not
significantly diffierentat DMRT 5%; Mnc= monoculture,
Intc=intercropping. *) estimated by formula: b= 0.8*10000*a/1000

C-organic of the soil showed increase at range of 0.00-
0.96% due to the organic matter ‘in situ’ of fallen leaves
(Table 4). The average C-organic of the soil increase was 0.50
% due to the average of fallen leaves of 1.62 tons/ha. If the all
of organic matter ‘in situ’ which average were 3.14 tons/ha
returned to the land, the soil C-organic is estimated will
increase about 0.94%. Finally, C-organic of the soil is
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predicted more than 2% and will be suitable for cassava tuber
formation and enlargement.

TABLEIV
CHANGE OF SOIL-C ORGANIC DUE TO FALLEN LEAVES OF
CASSAVA
Soil C-organic
Cassava
Age {(MAP) Adira | [ Adira 4 I Malang 4 I uJs I Average
....... %....
2 1.27 1.75 1.43 1.43 1.47
7 2.23 1.75 1.75 2.15 1.97
(+/-) +0.96 0 +0.32 +0.72 +0.5

The total of organic materials production and nutrient
content 'in situ' from the biomass at harvest and the biomass of
fallen leaves during the growing seasons is shown in Table 5.
The nutrient content is calculated based on the nutrient content
of cassava biomass [9]. N is the highest nutrient produced 'in
situ’, followed by Ca, K, P and Mg.

TABLE VI
TUBERS YIELD AND NUTRIENT UPTAKE OF CASSAVA
Tubers Yield and Nutrient Uptake
e Crepping Tubers Nutrient Uptake (kg hu'')
Vet | System | Yied | - -
(Ton N P K Ca Mg
ha-1)
Adiral Mnc 10.84° 59.3 11.2 723 289 1022
Intc 10.25° 56.0 10.6 68.3 273 10.6
Adira 4 Mnc 26.03" 142.3 269 173.5 69.4 269
Intc 27.2%8" 149.1 282 IRLY 727 282
Malang-4 Mnc 2178 118.9 225 145.0 58.0 225
Intc 25.38" 138.7 26.2 169.2 67.7 26.2
uJ-5 Mnc 28.35" 157.7 29.8 192.3 76.9 29.8
Intc 35.19* 192.4 36.4 234.6 938 36.4

Note: figure in the same column followed by the same alphabet is not
significantly different at DMRT 5%; Mnc= monoculture, Intc=intercropping.
*) estimated by formula: b= 0.8*10000*a/1000

If the amount of nutrients produced 'in situ' (Table 5) is
compared to the nutrient uptake (Table 6), there was varies in
nutrient sufficiency among the varieties (Table 7). All nutrients

TABLE V produced ‘in situ’ were sufficient for Adira-1. All nutrients
PRODUCTION OF ORGANIC MATTER AND ESTIMATED NUTRIENTS o 3 v .
CONTENT were also sufficient for Adira-4, except K. Nutrient of P and
Organic Matter and Nutrient Content K were insufficient for Malang-4 and UJ-5. Nutrient of P and
Viavicties C;;g/::x Organic Nutrient*) (kg/ha) Mg were only sufficient for the varieties of Adira-1 and Adira-
& Matter
e N P | K | Ca| Mg 4.
: = =3 T [0 TABLE VI
Adia:] ne 6 30a SO Jmds | 152 Hle ds TUBERS YIELD AND NUTRIENT 'INSITU’ SUFFICIENCY
Intc 7.18a 306 48 205 235 47 Tubers Yield and Nutrient Sufficiency
o Cropping Tubers Nutrient Sufficeincy (kg ha')
Adira 4 Mnc 4.42b 250 30 | 126 | 145 | 29 Marety System Yield
(Ton N P K Ca Mg
Intc 5.13b 290 34 | 146 | 168 | 33 ha-l)
Adira-| Mnc 1084 | 3017 | 318 | 1097 | 180.1 | 308
Malang-4 Mnc 2.90c 164 19 83 95 19
Intc 1025° | 3500 | 374 | 1367 | 2077 | 364
Intc 3.66¢ 207 24 | 104 | 120 | 24 :
Adira 4 Mnc 2603 | 107.7 31 475 756 28
uJ-s Mnc 4.12b 233 28 | 118 | 135 | 27
Intc 27.28° | 1409 5.8 359 953 43
Intc 4.28b 242 29 [ 122 | 140 | 28
Malang-4 Mnc 2075 | 45 -3.5 620 | 370 35
Note: figure in the same column followed by the same alphabet is not
significantly different at DMRT 5%; Mnc= monoculture, Intc 25.38" 68.3 2.2 -65.2 52.3 2.2
Intc=intercropping. *) counted base on nutrient content of [Puttacharoen R
etal. 1998] us-s Mnc 2885 5.3 -1k | 743 | SRa 2R
Intc sy | 496 74 | -1126 | 462 R4

IV. NUTRIENT SUFFICIENCY

Reference [10] estimated the amount of nutrients absorbed
by cassava plants to produce fresh tubers at about 30 tons/ha
were 200 kg of K, 164 kg of N, 80 kg of Ca, 31 kg of P, 31 kg
of Mg, 6 kg of S, 3.6 kg of Fe, 1.35 kg of Zn and 0.14 kg of
Cu. Because of the differences of tubers yields, nutrients
uptake among the varieties were different (Table 6). Adira-1
produced the lowest tubers and uptake the lowest nutrients.
UJ-5 was on the contrary.

High tuber production requires high nutrient uptake.
Nutrient of K was absorbed more than N, P, Ca, and Mg. The
nutrient of K that was produced 'in siti' was not enough for all
varieties, except Adira-1. Nutrients deficiency was suspected
to be fullfilled from the fertilizer applied and the nutrients
available in the soil. The fertilizer dose 60 kg of K per hectare
will fulfill almost all the need of K for all varieties, except UJ-
5. Although the nutrient of N and P produced "in situ” will be
sufticient for all varieties, fertilizing of the nutrient must still
be done in supporting the first growing of cassava plant.
Besides, the nutrient ot Mg needs to be given in planting of
cassava, especially for high yielding varieties such as Malang-
4 and UJ-5.
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V.INTERCROPPED Y AM BEAN

Ail the data of the biomass production and tuber yield of
cassava were not influenced by the yam bean intercropped.
The yam bean that has been planted on the 3 months old of the
cassava planting was not growing well. Light intensity needed
for the growth of yam bean was lack because of shading of the
cassava canopy. Analog to [11], light use efficiency of the
yam bean in the intercropping will be lower. As a result, the

produced biomass of yam bean was very little (Table 8).
TABLE VIl
TUBERS AND BIOMASS PRODUCTION OF YAM BEAN
INTERCROPPED WITHCASSAVA

WriayoTCsave Yam Bean Tubers and Biomass
Tubers (kg/ha) Biomass (kg/plot)
Adira-1 4.8b 0.7¢
Adira-4 163.4ab 11.1b
Malang-4 354.4a 22.2a
UJ-5 182.3b 9.1b

Note: figure in the same column followed by the same alphabet is not
significantly different at DMRT 5%

The variety of Adira-1 which has the most number of leaf
(Table 3) caused the growth of yam bean was the lowest. The
produced tuber and biomass of the yam bean were lower than
intercropped with other varieties.

According to [12] some nutrients are contained in the
biomass of yam bean. Those are 54.68% of C, 3.79% of N,
and 0.17% of P. Therefore, if the produced biomass of the yam
bean is increased, it will be important to contribute in
increasing the production of organic matter 'in situ' of the
cassava field.

One way to increase the biomass of yam bean 'in situ' is by
regulating planting time of the yam bean in intercropping with
cassava. Yam bean may be planted earlier or at the same time
with the time of cassava planting to give more light which is
needed by the yam bean.

V1. CONCLUSION

Organic matter “in situ’ could increase the C-soil organic
content at average of 0.5% due to the leaf fallen only. The
increasing estimated to be 0.94% if all of the biomass returned
to the soil and the soil C-organic content will be more than
2%.

Organic matter “in situ’ could contribute to supply macro
nutrients needed by cassava especially Nitrogen, Phosphorous,
and Potassium at the various sufticient level. Nitrogen was
sufficient for the all varieties. Phosphorous was sufficient for
Adira-4 and Adira-4. Potassium was only sufficient for Adira-
4.

Yam bean still did not contribute signiticantly to the organic
matter production “in situ’.

SUGGESTION

Besides of applying chemical fertilizer, in the purpose to
maintain soil fertility and to reach high tubers yield, it is
suggested the biomass produced in situ” should be returned to

the soil. The biomass that is permitted to be removed from the
ficld is only the stem for planting material.
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Intestinal Controlled Delivery of Diclofenac
Sodium through pH- Sensitive Hydrogel Beads

Tapan Kumar Giri

Abstract—pH-sensitive  hydrogel beads of hydrolyzed
polyacrylamide (PAAm) grafted locust bean gum (LBG) and
carboxymethyl cellulose (CMC) were prepared by ionotropic gelation
and covalent cross-linking method for the controlled delivery of
diclofenac sodium. The developed hydrogel beads are to survive the
harsh acidity of stomach and preferably release drugs in intestine.
The results showed that hydrogel beads are pH responsive. The
release of diclofenac sodium (DS) from hydrogel beads was slower
for the pH 1.2 solution than that of the pH 6.8 buffer solution. It has
been observed that an increase in alluminium chloride (AICI3)
concentration causes a decrease in the drug release from the hydrogel
beads. Moreover, hydrogel beads developed showed a consistent
swelling pattern, high entrapment efficiency and promoting sustained
release profiles of the drug.

Keywords— pH sensitive, locust bean gum, hydrogel, graft
copolymer, in-vitro release, controlled delivery.

I. INTRODUCTION

ICLOFENAC sodium is a non-steroidal drug having a

effective anti-inflammatory, analgesic, and antipyretic
effect. It is used for the relief of pain and inflammation in
circumstances such as osteoarthritis, rheumatoid arthritis, acute
gout, ankylosing spondylitis, and subsequent surgical
procedures [1]. It has a short biological half-life of 1-2 h and
the most common side effects are gastritis and peptic
ulceration [2]. Controlled release drug delivery systems have
the prospective of solving these tribulations. Controlled release
systems are the methods that can attain therapeutically useful
concentration of drug in the systemic circulation over an
extensive period of time with improved patient conformity [3]-
[5]. Therefore, it is advantageous to develop diclofenac
sodium controlled release dosage forms to decrease the
unpleasant effects on upper gastrointestinal tract, to lengthen a
half-life and to improve patient conformity.

One method of formulating controlled release dosage forms
and releasing the drug in the lower gastrointestinal tract is by
the inclusion of the drug in a matrix containing pH-receptive
hydrogel. pH-receptive hydrogels are three dimensional cross-
linked hydrophilic polymers which swell exclusive of
dissolving with water or other biological fluids [6]-[7]. Both

Tapan Kumar Giri is with NSHM College of Pharmaceutical Technology,
NSHM Knowledge Campus, Kolkata Group of Institutions, 124 BL Saha
Road, Kolkata-700053, India. tapan_ju01@rediftinail.com

synthetic and natural polymers have been used in the
preparation of pH-responsive hydrogel [8]-[9]. However,
hydrogels based on natural polymers have been extensively
used for controlled release of drug.

In the present work, pH-sensitive hydrogel beads of
hydrolyzed PAAm grafted LBG and carboxymethyl cellulose
was prepared. The main purpose of grafting and hydrolysis of
graft copolymer was to increase the number of carboxylic
groups in the backbone matrix that is required for the
development of Al**cross-linked hydrogel beads. These
carboxylic groups are likely to take part in minimizing the
swelling at upper gastrointestinal tract (pH 1.2) and
maximizing the swelling at lower gastrointestinal tract (pH
6.8).

[I. MATERIALS AND METHODS

A. Materials

Diclofenac sodium was obtained as gift sample from Arti
Pharmaceutical Company, Orissa, India. LBG was purchased
from Victory Essence Mart, Bangalore, India. AAm and
methanol were purchased from Loba Chemie, Mumbai, India.
CAN was purchased from Universal Fine Chem, India.
Gluteraldehyde (GA) was purchased from SD Fine-Chem.
Ltd., Mumbai, India as 25 % v/v aqueous solution. All other
reagents were of analytical grades and used as received.

B. Methods

1. Synthesis of Graft Copolymer

Requisite quantity (175 mg) of LBG was dissolved in 25 ml
of distilled water. 700 mg of acrylamide was dissolved in 5 ml
of distilled water and mixed with LBG solution. The reaction
temperature was kept constant 70°C.At this stage 5 ml ceric
ammonium nitrate solution (lelO'3 mol/L) was added and the
reaction was continued to 60 min. The polymer was
precipitated by addition of excess of methanol at the end of the
reaction. It was then dried at 40°C to a constant weight.

2. Alkaline Hydrolysis of Graft Copolymer

500 mg of graft copolymer was dissolved in 25 ml of
sodium hydroxide solution (0.9M) and stirred at 70°C for 60
minutes. The solution was then cooled and poured in excess
methanol. The hydrolyzed product was separated by filtration
and washed repeatedly with methanol. Then the resultant
product was dried overnight at 40°C.
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3. Preparation of Hydrogel Beads

Weighed quantity of DS corresponding to 20% of dry mass
of the polymer was dispersed in an aqueous solution of
hydrolyzed LBG-grafted-AAm and CMC. Then dispersion was
added drop wise through 22-gauze niddle into slightly agitated
100 ml of AICI; solution. The beads were removed after 30
min and washed with distilled water and dried at 40°C till
constant weight.

Further the beads incubated in AICl; solution for 30
minutes, were transferred into 50 ml of pH 2 HCI containing
GA for 10 min at 50°C to introduce covalent cross-links. The
cross-linked beads were removed and washed with distilled
water repeatedly to remove nonreacted gluteraldehyde. Fig.1
shows the images of dry beads.

Fig.1 Images of dry beads

4. Fourier Transforms Infrared Spectroscopic Study

FT-IR spectra of pure drug and drug loaded beads were
recorded in a FT-IR spectrophotometer (Prestige-21 Shimatzu,
Japan) using KBr pellets. The spectra were recorded within
4000-400 cm™ wave number.

S. Differantial Scanning Colorimetry Study

The thermal analysis of drug and drug loaded beads were
carried out with thermal analyzer (Pyris diamond,
PerkinElmer, Singapore). Differential scanning calorimetry of
all the samples was performed up to a temperature of 400°C at
12°C/min.

6. Scanning Electron Microscopic Study

The shape and surface morphology of hydrogel beads were
investigated using scanning electron microscopy (JEOL, JSM-
6360, UK).

7. Determination of Drug Content

20 mg of beads were crushed with a mortar-pestle and
transferred into 200 ml of pH 6.8 phosphate buffer solution.
After 3 hours, the suspension was filtered and samples were
analyzed with a spectrophotometer (Shimadzu Model: 1800) at
273nm.  Entrapment efficiency (%) = (actual drug
content/theorctical drug content) x 100[10]

8. Swelling Study

The swelling of the beads was studied in 25ml of pH 1.2
buffer solutions and pH 6.8 USP phosphate buffer solution.
The beads were removed at different times by filtration and
blotted carefully to remove excess surface water. The swollen
beads were weighed. Swelling ratio = (Final weight-Initial
weight)/Initial weight [11]

9. In-vitro Drug Release Study

In-vitro drug release study was carried out in pH 1.2 buffer
solution and pH 6.8 phosphate buffer solution using USP 1I
dissolution rate test apparatus (Electro lab- TDT-08L). 20 mg
dried beads was placed in 500 ml acidic solution for 2 hr then
alkaline solution for remaining time maintained at 37+0.5°C.
The paddle was rotated at 50 rpm. Aliquot was withdrawn at
different times and were analyzed spectrophotometrically at
273nm for acidic solution and 276 nm for alkaline solution.

I11. RESULTS AND DISCUSSION

When a dispersion of drug and hydrolyzed PAAm-g-LBG
graft copolymer was extruded through the needle into the
solution containing Al*® cations, the beads were formed
instaneously. However, the bead exhibits very poor
mechanical strength. In order to improve the mechanical
strength, we prepare the beads of hydrolyzed PAAm-g-LBG
and CMC by ionotropic gelation process using AlCl; as a
common cross-linking agent for both polymers. As soon as the
Al are brought in contact with the polymer solution, they
form ionic cross-links between two polymer molecules and
different parts of the same polymer chain. The exchange of
Na” ions of both polymers occurs with A" These AI” are
ionically substituted at the caarboxylated site and a second
strand of CMC or hydrolyzed PAAm-g-LBG strands together
to form hydrogel beads. The prepared hydrogel beads were
spherical in shape having surface folding as evidenced by
SEM (Fig.2).

Fig.2 Sem micrograph of hydrogel bead (F5)

The IR spectra of DS (Fig.2) exhibited distinctive peaks at
3387 cm’ (NH stretching of the secondary amine), 1573.91
cm’ (-C=0 stretching of the carboxylate functional group),
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1305.80 (-C-N stretching) and at 746.45 cm™ (C-Cl stretching)
[12]. All the principal peaks of DS were present in drug loaded
hydrogel beads (Fig.3) with minor differences in frequencies
which confirms that there was no interaction between drug and
polymers and reflects the stability of DS in hydrogel beads.

Diclofenac sodium
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Fig.3 FTIR spectra of diclofenac sodium and diclofenac sodium
loaded hydrogel bead (F5)

The DSC thermogram of pure diclofenac sodium (Fig.4)
showed two endothermic peaks. The first small endothermic
peak at 60.99°C was due to water loss. The second sharp
endothermic peak at 288.76°C was due to its melting point.
Melting point of the drug was not appeared in drug loaded
hydrogel beads (Fig.4). This indicates that most of the drug
was uniformly dispersed at the molecular level in the beads.

Diclofenac sodium
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Fig. 4 Differential scanning colorimetry of diclofenac sodium and
diclofenac sodium loaded hydrogel bead (F5)

X-ray diftraction pattern of DS showed the important
crystallographic reflection at different scattering angle ranges
which was due to the crystalline nature of DS (Fig.5).
However, these drug pcaks werc disappeared in the X-ray

diffraction pattern of DS loaded hydrogel beads (Fig.5). It was
thought that the DS showed its specific crystal peaks when
existed in a crystalline form but after drug entrapped into the
beads, the drug can be cxisted as a molecular dispersion in the
beads.
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Fig.5 X-ray diffraction pattemns of diclofenac sodium and diclofenac
sodium loaded hydrogel bead(F5)

Particles were generally spherical in shape with sizes
ranging from 803.33-849.33 pum(Table 1). As the
concentration of AICl; was increased, smaller beads were
produced (849.33, 836.67, 823.67 and 803.33 uym for I, 2, 3
and 4% w/v of AICI; respectively). This suggests that during
cross-linking, the hydrogel might have undergone rapid
shrinkage leading to the formation of smaller and rigid matrix
at high cross-linking density [13]. The drug entrapment
efficiency of the beads decreased with increasing
concentration of AICl;. The drug entrapment efficiency of the
beads decreased from 96.78 to 90.90 with the increase in
AIClI; concentration from 1 to 4% w/v (Table 1). It is assumed
that as gelation proceeds water is expelled due to cross-
linking. There, the higher the degree cross-linking, the higher
is the water loss. The expulsion of water will cause loss of
drug from beads. The release of a drug from a polymeric
matrix is controlled by the swelling behavior of the polymer.
The swelling ratio of the hydrogel beads was very low in
acidic solution (pH 1.2), the same property increased
considerably in phosphate buffer solution (pH 6.8). The main
functional group present in both the polymers that undergoes
cross-linking with Al ions is -<COOH group. In acidic
solution, -COOH group remains protonated and exerts
insignificant electrostatic repulsive force. As a result, the
beads swell to very less extent. At higher pH value, -COOH
group undergoes ionization which exerts electrostatic
repulsion between the ionized groups, and the results in higher
swelling. It was observed that the swelling tendencies of the
beads decreased in either of the swelling medium with the
increase in AlCl; concentration. It was estimated that gradual
increase in AlCI; concentration to 4% reduced the swelling
ratio by 19.40%. Similarly, in alkaline medium gradual
increase in AICl;: concentration to 4% reduced the swelling
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ratio by 15.42%.

TaBLEIL:
ComrosiTiON OF HYDROGEL BEADS
Formulation | Particle size Drug Swelling Swelling
code (um) content ratio in pH ratio in pH
(1£SD, n=3) | (%)(u£SD, 1.2 after 1.5 6.8 after
n=3) hr (p£SD, 1.5hr
n=3) (n£SD,
n=3)
Fl 849.3316.11 96.78+0.4 0.670+0.020 | 2.865+0.03
F2 83667+2.52 94.6+0.4 0.647+0.021 2.665+0.01
F3 823.67+3.21 | 92.57£0.27 | 0.563+0.025 | 2.460+0.02
F4 803.33£2.08 | 90.90+0.67 | 0.540+0.010 | 2.423+0.02
1253 785.33+2.08 | 89.16+0.06 | 0.190+0.010 | 0.427+0.03

In vitro drug release profile of the beads has been illustrated
in (Fig. 6). The release of drug in pH 1.2 solutions was slower
compared with that in pH 6.8 buffer solution. This was due to
a higher swelling of beads in alkaline pH condition. It was
observed that release rate depend upon the amount of AICI;
used as a cross-linking agent during the preparation. Release
was slower for the beads in which higher amount of AICl; was
used as compared with those beads in which lower amount of
AICl; was present. In order to compare the drug release rate, a
time point approach was adopted. The values of tsg, were
12.93, 13.48, 13.65 and 13.93 min, respectively in the order of
their increasing AICl; concentration. This could be due to the
fact that at higher cross-linking free volume of the matrix will
decrease, thereby hindering the transport of drug molecules
through the matrix. This could also reduce the swelling as well
as release rate from the matrix. This is in agreement with the
previous results [14].

The GA treatment of the beads suppressed the drug release
in acidic as well as weakly basic dissolution medium. In
addition to ionic cross-links, GA brought about covalent
linkages and showed the retarded drug release in both
dissolution media than those having ionic linkages only. At
higher cross-linking free volume of the matrix will decrease,
thereby hindering the transport of drug molecules through the
matrix [15].
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Fig. 6 The release profile of diclofenac sodium from hydrogel beads

[V. CONCLUSION

Hydrogel beads of CMC and hydrolyzed PAAm-g-LBG
were prepared successtully by ionotropic gelation and covalent
cross-linking method. DSC and XRD studies confirmed the
presence of drug mostly in amorphous state and homogeneity
of drug dispersion in hydrogel beads. The hydrogel beads
showed extended release profile. The results of the study
indicate that drug loaded hydrogel beads could be used to
minimize the release of diclofenac sodium in stomach and to
modulate the drug release in intestine, which would help to
minimize the gastric side-eftects of diclofenac sodium.
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Thermal Treatment Processes for Increase
Lycorine Active ingredient in Crinum asiaticum
Leaves

Sineenat Laokam, Nattaya Ngamrojnavanich, Somsamai Wejsuthanon, and Nongnuj Muangsin

Abstract—Crinum asiaticum has long been used as a traditional
folk therapy for various disorders such as inflammation, allergic and
cancer. Indigenous people used heated leaves of Crinum asiaticum
for treatment of aches, arthritis pain, swelling and bruising. However,
there are no previously reported about the effect of heat treatment on
the ingredients and their activities. Therefore, in this work we focus
on the effect of different thermal processes such as steaming (95 °C
for 1 hour) and oven dry (160 °C for 10 minutes) processes on the
content of lycorine, which is the major active component. The
amount of lycorine was evaluated by high performance liquid
chromatography (HPLC). We found that thermal processes can
increase the lycorine contents.

Keywords—Crinum asiaticum, lycorine, thermal process.

I. INTRODUCTION

RiNUM asiaticum is distributed on Southeast Asia and has

long been used as various disease treatments such as

antiinflammation, antiallergic and anticancer [1]. The
major biological active alkaloid compounds of Crinum
asiaticum is lycorine (Fig. 1), which shows strong cytotoxicity
against cancer cells and anti-inflammatory activity. It has been
reported that lycorine can inhibit DNA synthesis and exert
cytotoxic activity against several tumor cell lines such as
various type of leukemia, lymphoma, carcinoma and
melanoma cell lines [2]. Furthermore, lycorine induces cancer
cells to undergo apoptosis such as EL-4 and MOLT-4 cells
[3].Moreover, previous study has been reported that lycorine
was used for treatment of in chronic and acute inflammatory
diseases for carragenan-induced hind paw oedema model and
evaluated their anti-inflammatory activity [4].
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Thermal processes can divide to many methodologies
including; (1) Boiling process, is well known that natural
nutrients could be significantly lost during the thermal
processing due to most of bioactive compounds are relatively
unstable to heat. Previous report, curcumin and piperine of
turmeric and red pepper were decomposed by the boiling
process [5]. (2) Roasting process, Xu and coworker suggest
that the content of benzoic acids and cinnamic acids of Citrus
Peel was significantly increased after the roasting process [6].
and also the oven dried process caused the loss of gingerol and
shogaol in ginger [7]. However, this process is difficultly
controlled the temperature and time. Moreover, some
biological active compound could be destroyed after roasting
process. (3) Steaming process, many researches have been
reported the steamed treatment of herbs can increase the active
ingredients and hence increase the biological or
pharmaceutical activities and new biological compounds in
plants such as ginseng (8, 9] to obtain ginsenoside (Rg3, Rh;)
that showed strong antiproliferation against cancer cells such
as HCT-116 and SW-480, but this process is difficultly
controlled the temperature and time. (4) Oven dried process is
a typical process for preserving herbs such as tea, bergamot
leaves. Some works have been reported that the oven dried
treatment reduced the amount of active ingredients because of
decomposition. In contrast, this treatment can increase of the
major active ingredients, for example increasing of flavonoids
in wheatgrass [10]. Moreover, there are many advantage of
this process such as prolonging storage time of products,
controlling the temperature and time. So, it is worth to
investigate the amount of lycorine after process the oven dried
treatment

There are many reported that the heated treatment leaves of
Crinum asiaticum have been used as traditional Thai folk
therapy for treatment of many kinds of inflammation. To date,
there are no reported about the effect of thermal processing on
the active ingredients of Crinum asiaticum. Subsequently, the
effect of thermal processes was categorized into 3 groups as
following:

1) Fresh leaves; as a un-treatment (group 1)

2) Steamed leaves (group 2), in order to investigate the
effect of the steamed treatment on the amount of the lycorine
as the major active ingredient, the same amount of leaves used
in group | was steamed using the following condition steaming
at 95 °C for Ih.
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3) Oven dried process (group 3) by heating at 160 °C for 10
on the compounds trom Crinum asiaticum. Morcover, we
studied the influence of heating temperature and time (50, 70,
100 and 120°C for 10, 30 and 60 minutes) on the lycorine
content in Crinum asiaticum leaves were operated using oven
dried process, since this process can increase the highest
lycorine content.

Fig. 1 Chemical structure of lycorine

II. MATERIALS AND METHODS

Heat treatment on Crinum asiaticum leaves: The leaves
of Crinum asiaticum were purchased from Pak Khlong Talat
(Bangkok, Thailand), and then were cleaned with water tap,
sliced and divided into three groups; in 1)fresh leaves,
2) steamed leaves, and 3) oven dried leaves. Each of group
was prepared from | kilogram of the fresh leaves. 1) The fresh
leaves (untreated) as untreated condition were used
immediately without drying. 2)Steamed leaves was performed
using steamer, the fresh leaves were steamed in a closed
container at temperature approximately 95 °C for 1 h, and then
the leaves were dried at room temperature. For 3) oven dried
leaves, was operated by oven at temperature 160 °C for 10
minutes. Moreover, heat-processed Crinum asiaticum leaves
was prepared by oven temperature at 50 °C, 70 °C, 100 °C and
120 °C for 10, 30 and 60 minutes (Each heat treatments were
prepared from 100 grams of fresh leaves), which these
conditions were chosen by using condition that comprehensive
with phase of steaming and oven dried process for searching
the optimum condition. Analysis was done in triplicate for
each treatments. All heat-processed leaves were grinded with a
blender and extracted in the next step.

Extraction of Crinum asiaticum leaves: All same weight
of the heated leaves of Crinum asiaticum (starting material)
were extracted and purified from Crinum asiaticum leaves
using the method modified from a standard procedure reported
by [11]. Heat processed leaves were immersed and extracted
with 500 mL of methanol for 24 hours and repeated extraction
until the solution was cleared, filtered and kept methanol
extract layer. Combined methanol extracts were evaporated in
a rotary evaporator under reduced pressure, to give a greenish-
brown oil of crude extracts. Then, the lycorine contents were
determined by high performance liquid chromatography
(HPLC).

Determination of lycorine in crude extracts by HPLC:
HPLC analysis was carried out using a liquid chromatographic
system (Spectra system), instated with a UV variable-
wavelength detector (spectra system UV 6000LP), a
quaternary pump system (spectra system P4000), vacuum
degasser (spectra system SN4000), a manua! injector with 100

"

pL loop (RESTEK SGE syringe 100R-GT-LC-SS), and a
chromatographic data processing software (windows 2001).
The chromatographic assay for lycorine and crude extracts
were operated on Pinnaclell C18 Column (250 mm x 4.6 mm,
5 pm particle size). Crude extracts (10 mg) were dissolved in
methanol (1 mL) and injected 20 pL to high performance
liquid chromatography (HPLC), eluted with 0.05M KH,POj:
CH3CN (96:4) at flow rate 0.7 mL/min and detected UV at 290
nm. Types of crude were investigated for three internal and
external replications. Quantitative determination was carried
out by the external standard method based on peak area [4].

Calibration curve of lycorine: A calibration curve was
generated to confirm the linear relationship between the peak
area (y) and the concentration of lycorine standard (x).
Standard lycorine was added to HPLC at concentrations of 0.5,
1.0, 2.0, 4.0 and 8.0 mg/mL. The sample with known amount
of lycorine was analyzed by HPLC. The resulting calibration
data were y = 7.4x10x — 4.4x10” and R*= 0.99.

Statistical Analysis: Statistical analysis was conducted
using one way ANOVA with SPSS.

,{ i. Fresh leaves 3 H E
1 (untreated) T (95 °C) g1 (160°C) ;
N o poion e e o i e N e i g et P SR —— ’
‘ Extraction with McOH
Crude (1-3)

‘ HPLC analysis

Chromatogram of cempaonents in crude
Major compound: tycorine

Fig. 2 Thermal treatments on Crinum asiaticum leaves; (1) fresh
leaves, (2) steamed leaves (95 °C) and (3) oven dried leaves (160
°G).

HI.

Effect of thermal process on the lycorine compositions:
In this work is to study effect of thermal processes, including
steaming at 95 °C for | hour and oven drying at 160 °C for 10
minutes on the compounds from Crinum asiaticum leaves.
From 1 kilogram of fresh leaves, to give the yields as crude
extract of fresh, steamed and oven dried leaves were 17.22 g
(1.72% wiw), 23.82 g (2.38% w/w) and 35.21 g (3.52% w/w),
respectively. Crude extract of heated leaves was more than the
fresh leaves especially oven dried leaves were highest crudes
content. Therefore, When Crinum asiaticum leaves were
heated process might be increased the kind of compounds that
can soluble in methanol. Lycorine content after various heating
treatments were analyzed by HPLC.

RESULT AND DISCUSSION
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The chromatograms of standard lycorine, fresh leaves,
stcamed leaves and oven dried leaves are shown in Fig 3. The
peaks trom chromatograms were contirmed by comparison of
retention time with lycorine standard. From the chromatogram
in Fig.3, the retention time of lycorine standard was 6.77
minutes which is similar to the peak b of fresh leaves, steamed
leaves and oven dried leaves were 6.79, 6.77 and 6.88,
respectively. This result indicated the peak b of all crudes was
lycorine and lycorine content was determined by comparison
peak area with standard curve of lycorine. Thus, amount of
lycorine that found in fresh, steamed and oven dried leaves
were 2.35+0.09, 3.69+0.04 and 4.48+0.02 mg/mL,
respectively (Table I).

(A} Lyconne standard

{13) Fresh leaves

(€) Steamed lcaves
(120°C for t h)

mAL

(D) Oven dried lcaves |
(160 € for 10 min)

20 40

Retention time (min)

30

Fig. 3 Representative chromatograms of (A) lycorine standard and
crude extracts of (B) fresh leaves (untreated), (C) steamed leaves (95
°C for 1 h) and (D) oven dried leaves (160 °C for 10 min).

For the preliminary, the effect of thermal process on the
change of lycorine composition was investigated by using
crude of heated leaves at 95 °C for | h (steaming) and 160 °C
for 10 min (oven dry) compared with untreated Crinum
asiaticum leaves (Table I). Lycorine content of fresh leaves
(untreated) was 23.55%. The steamed leaves at 95 °C for | h,
lycorine content was 36.94% which was greater than the fresh
leaves. While oven dried leaves at 160 °C for 10 min had the
highest lycorine content was 44.85%, which gave amount more
lycorine content than the fresh leave to 2-fold (based on weight
of fresh leaves).

TABLE 1.
THE CONTENT OF LYCORINE ON THE HEATED CRINUM ASIATICUM LEAVES OF
DIFFERENCE PROCESS: STEAMED AND OVEN DRIED LEAVES COMPARED WITH

THE FRESH LEAVES, DETERMINED FROM FIG. 4.
Type of leaves

Lycorine content (mg/ml)

Fresh leaves 2.35+0.09
Steamed leaves 3.69+0.04
Oven dried leaves 4.48+0.02

100

//.

aven dry

20

“ lycorine content (w/w)

fresh steaming

Type of heated leaves
Fig. 4 Percentage of compound a (unknown) and b (lycorine) contain
in Crinum asiaticum leaves with different heat process.

As we expected, thermal process had effect on constituents
of Crinum asiaticum leaves especially lycorine content.
Increasing temperature could be lycorine-1-0-f3-D-glucoside,
on further hydrolysis with methanol gave lycorine and D-
glucose was confirmed by Ghosal et al. [2]. Thus, the lycorine
contents was increased significantly that shown in Fig. S.

OH
ONS HO.,,
HO HO v . |\ %
0] RN -
¢ \ (10

Lycorine-1-0-3-D-glucoside Lycorine
Fig. 5 Proposed mechanism of lycorine was converted from lycorine-
1-0-B-D-glucoside.

Effects of temperature on the lycorine constituent: From
above preliminary experiment, the thermal process had effect
to the lycorine content on Crinum asiaticcum leaves. Thus, we
studied the influence of heating temperature on the lycorine
content in Crinum asiaticum leaves were operated by drying
oven at various temperature (50 °C, 70 °C, 100 °C and 120
°C) and various time (10, 30 and 60 minutes). From Fig. 6
showed lycorine content of all heated leaves higher than the
fresh leaves, which were significantly differences (p<0.05).
The lycorine content of heating condition such as heated
leaves of fixed time at 30 minutes for 50 °C, 70 °C, 100 °C
and 120 °C that found the highest lycorine content of heated
leaves at 50 °C and reduced at 70 °C, 100 °C and 120 °C,
respectively. However, all heated condition gave a proximate
amount of lycorine. From the result indicated the temperature
had eftect to the lycorine content on Crinum asiaticum leaves.
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Effects of time in thermal process on the lycorine
constituent: Effect of time hcating was shown in Fig. 6 such
as hcated Crinum asiaticum leaves at 50 °C for 10, 30 and 60
minutes. Compared with untreated leaves, the lycorine content
of hcated leaves at 50 °C was increased at 10 and 30 minutes,
respectively and reduced at 60 minutes, although it was more
than the fresh leaves. Moreover, the condition of heated leaves
at 50 °C for 30 minutes to give the highest lycorine content.
Thus, this is optimum condition of heated leaves at 50 °C for
30 minutes and it may be chosen highest lycorine content. This
study concluded that the therimal treatment on Crinum
asiaticum leaves extracted with methanol is effective for
increasing lycorine and other bioactive compound contents.

50

15

40

Lycorine content (mg/mi
B Bk W A S
© v o8 b B u

=
@

3
4

% 0 M e 36 3 & 10 30 6 6 36 60
ZEC] 120°C

Fype of compound

190°C

LTS

Fig. 6 Lycorine content of fresh Crinum asiaticum leaves (untreated)
and heated Crinum asiaticum leaves at temperature of 50 °C, 70 °C,
100 °C and 120 °C for 10, 30 and 60 minutes.
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V.CONCLUSION

We studied the effect of thermal process on Crinum
asiaticum leaves including heating temperature at 50, 70, 100
and 120 °C for 10, 30 and 60 minutes compared with fresh
leaves. This study concluded that thermal process on Crinum
asiaticum leaves is effective for change lycorine contents.
Especially, the heated Crinum asiaticum leaves at 50 °C for 30
minutes showed the highest lycorine, and this condition can
save time and energy of heat. Thus, thermal process can be
useful for increasing lycorine content in Crinum asiaticum
leaves.
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Nanocrystalline LaFeO; Perovskite Oxide
Prepared at Lower Temperature with Improved
Ethanol Gas Sensoring

Wankassama Haron, Anurat Wisitsoraat, Sumpun Wongnawa

Abstract—Nanocrystalline LaFeO; perovskite oxide were
synthesized by the co-precipitation method. The products were
characterized with X-ray spectrometer (XRD), an Scanning Electron
Microscope (SEM). The XRD patterns confirmed the formation of
perovskite phase. The SEM micrographs indicated that perovskite
samples were nanosized particles with morphology of likely high
concentration of inter particle porosity. The application as ethanol
gas sensor was investigated and found from the lower calcinations
temperature the LaFeO; showed great enhancement of sensitivity
toward ethanol giving results that were much better than many

sensors ever reported.

Keywords—Perovskite, LaFeQOj;, Co-Precipitation method and
Ethanol gas sensor.

[. INTRODUCTION

THANOL gas sensors may find application in many fields
such as the control of fermentation processes, safety
testing of food packaging, monitoring drunken drivers,
etc. Recently, plastic substrate based ethanol sensors have
attracted considerable attention, owing to their attractive
characteristics  including flexibility, lightness, shock
resistance, and softness. However, most plastics will deform
or melt at temperature of only 100 — 200 °C causing severe
limitations on sensor application as many gas sensors are
required to operate at high temperature (> 200 °C) [1].
Perovskite-type oxides (ABOs; A= a rare earth cation , B =
a transition metal cation) constitute an important class of
strategic materials due to their outstanding properties such as
electrical, mechanical, optical, magnetic, and catalytic
properties, hence these materials find numerous technological
uses. These oxides have been used in solid oxide fuel cells (as
electrode materials), chemical sensors, oxygen-permeating
membranes, thermoelectric devices, and as catalyst for
combustion of CO, hydrocarbons, and NO, decomposition .
For these applications, it is important to prepare high-quality
and homogeneous powders with controlled stoichiometry and
microstructure. In most cases, the presence of secondary
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phases may reduce the functional properties, so the single-
phase materials are preferred [2-4].

Many methods of synthesizing nanostructured materials are
available: reverse microemulsion nanoreactor method [5],
solid state reaction or thermal decomposition [6-7], sol-gel
method [8-9], combustion process [10-11], electrospinning
method [12-13], biotemplate method [14], glycine nitrate
method [15], nanocasting method [16], citrate method [17],
polymerizable complex method [18], and co-precipitation
method [19-20]. All methods are standout from the efficiency
and scale up perspectives.

These techniques, however, have some disadvantages with
the preparation of high specific surface area perovskites. The
temperature required to induce the perovskite structure in the
conventional ceramic methods is usually high. The high
temperature can be lowered slightly in the above mentioned
methods due to the finely dispersed oxides in the precursors.
Nevertheless, this “low” temperature is still high enough (>
600 °C) to enhance grain growth and, hence, to reduce the
specific surface area [3].

The aim of this work is to find a simple route to prepare
nano-LaFeOj; through low calcination temperature that yields
high purity perovskite phase and study for possible
application as ethanol gas sensing material. In the first stage,
the precursor for LaFeO; will be synthesized by co-
precipitation from metal nitrate and carbonate salts. The
precursor then will be calcined at high temperature
(conventional method) and at varied lower temperatures to
obtain the desired perovskites LaFeO;. The resulting
perovskites obtained from the lower temperature treatment
exhibited better perforinance as ethanol sensor than the ones
from high temperature. This route has several advantages
such as simplicity, low cost, no waste, and no environmental
pollution compared with other routes.

11. EXPERIMENTAL

A. Preparations of LaFeO; Powders by Conventional Method

LaFeO; perovskites were prepared based on the co-
precipitation method reported previously [21] with some
modifications. For LaFeO;

, La(NO3);-6H,0 and Fe(NO;);-9H,0 were used as starting
materials. A specific amount of each was dissolved in
distilled water to make I M solutions. Both solutions (equal
volume) were mixed together with vigorous stirring. Then
aqueous solution of K,CO;3'1.5H,0 (2 M) — same volume as
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one of nitrate solution — was rapidly added and followed by
equal volume of IM NaOH solution which led to
precipitation. After filtering, the precipitate was washed with
distilled water several times until the wash water was neutral
(pH =7). The product was then dried at 100 °C for 6 h to yield
the “precursor™ after which it was calcined at 900 °C for 2 h
to obtain the LaFeOs perovskite.

B. Preparations at Lower Calcination Temperatures
The same procedure as above was used to prepare the three

precursors then calcinedat other temperatures lower than 900
°C: for LaFeOj3 at 600, 700, and 800 °C.

C. Characterization of Products

The structural characterization was carried out by powder
X-ray diffraction (XRD) using Cu Ka (A = 0.154 nm)
radiation source in a X'Pert MPD, PHILIPS X-ray
diffractometer. The diffraction angle (26) ranged between 20

° and 80 °. The Debye-Scherrer equation was used to
calculate the average crystallite size (D),
. Q)
D= B cost

where D is the average crystallite size, K is a dimensionless
shape factor with a value close to unity. The shape factor has
a typical value of about 0.89, but varies with the actual shape
of the crystallite. . is the X-ray wavelength, B is the line
broadening at half the maximum intensity (FWHM) after
subtracting the instrumental line broadening in radians, 6 is
the Bragg angle.

The specific surface area and pore size distribution of
LaMOj; were determined by nitrogen sorption isotherm using
BET method (Coulter, model SA 3100, USA).

D. Sensors Fabrication and Gas Sensing Measurement

The powdered LaFeO; was mixed with organic binder
(mixture of a- terpineal and ethyl cellulose) to make a paste
which was dropped onto the alumina substrate (3x2 mm) -
with gold interdigitated electrodes - to form films. The
LaMO; film was then annealed at 450 °C for 2 h to remove
organic content.

In a gas testing chamber, the electrode of the LaMO;
sensor was connected with the probe on a heating state.
Voltage was applied to two Ni-Cr coils and the operating
temperature of 350 °C was monitored by thermo couple. For
the gas testing, the resistance of the film was measured in air
(Ra) then various concentrations of ethanol gas (50, 100, 200,
300, 500, and 1000 ppm) were continuously flowed into the
chamber using a mass flow controller and the gas sensor
resistance (Rg) was measured. The sensitivity of the LaMO3-
based sensor to ethanol gas was expressed in term of response
(R) defined as R= Rg/ Rx.

11l. RESULTS AND DISCUSSION

A. Preparations by Conventional Method and
characterization Of Products

The precursor first obtained was a mixture of Lax(CO;):
and Fey(COs); which later was subjected to calcination. As
the temperature rose the carbonates decomposed to the

corresponding oxides and subsequently merged to form the
corresponding perovskite at higher end of calcination
temperature. Phase analyses of all samples were studied by
powder X-ray diffraction (Fig 1). The XRD pattern of
LaFeO; matched with the JCPDS file number 37-1493 of
perovskite having orthorhombic structure.

Using the Debye-Scherrer equation and the XRD peak
informations yielded the average crystallite sizes of 79 nm.
The appearances of all three XRD patterns are sufficiently
clean from other unwanted peaks such that they can be
considered as high purity perovskites.

' o Synthesize LaFeQ,
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Fig. | XRD- Pattern of LaFeO3; Powder after Being Calcined
At 900 °C for 2h

B. Morphologies of Products

The scanning electron micrographs of the LaFeO; sample
was shown in Fig.2. The images of LaFeOs perovskites exhibit
distinct grain growth into large particles having and almost-
spherical shape for the latter.

10006X 30000X

{0

Fig. 2 SEM Image of LaFeO; Powder After Being Calcined At 900
°C for 2h

The sensitivities of LaFeOs3 film-based sensors were tested
against some common gases (CO,, SO,, H, and EtOH) at 350
°C with the gas concentration range 50 - 1000 ppm. All
sensors showed no response to CO,, SO,, and H, gases but
exhibited some positive signs with ethanol gas the results of
which are shown in Fig.3.The response increased with an
increase of ethanol gas concentration. The response exhibited
by LaFeO; film gas was low (response = 1.3 / 1000 ppm) and
immeasurable response (~ 0) with CO, gas. Wang and co-
worker prepared LaFeO3 and measured with CO, gas, their
result was also low (1.5 / 1000 ppm) but ethanol gas was not
mentioned in their report [4]. In other reports for LaFeO; as
ethanol sensor, for example, Sathitwitayakul et al. showed
that LaFeO; prepared from sclf-propagating high temperature
synthesis ( > 1000 °C ) cxhibited response toward cthanol
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about 2.6 with 20 ppm ethanol at 550 °C [13], and Chu et al.
with the response ~ 10 for 1000 ppm EtOH at 350 °C using
LaFeO; prepared from solid-state reaction [8].
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5 - Ri=-2.07
a”'"—_'_""/
] T + T v \
[ 200 400 600 800 1000
Ethanol Concentration (ppm)

Fig 3 Gas Senser Measurement of LaFeO; Films

C. Better Products from Lower Calcination Temperatures

C.1. Products Characterization

The desired properties of perovskites believed to exhibit
good performance as gas sensors should have high surface
area and smaller crystallite sizes compared with those
prepared from the conventional method. This is why the
lower calcination temperature comes into focus. The high
temperature tends to give good crystallinity and larger
crystallite sizes which reduces the surface area.

In this part, we attempted to vary the calcination
temperatures for the lowest possible temperature to obtain the
perovskite structures. The precursors were still prepared by
the same method these precursors were then subjected to
different calcination temperatures to locate the lowest
temperature that each precursor would transform to
perovskite phase.

The XRD pattems of LaFeOs at various temperatures are
shown in Fig.4., the product obtained from calcination at 800
°C was indeed LaFeO; perovskite (matched with JCPDS file
no. 37-1493) having orthorhombic structure with particle size
of 68 nm. If the calcination temperature was lower than 800
°C, sample powder existed only as mixture of La,O; and
Fe203.
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Fig. 4 XRD Patterns of LaFeO; Perovskites Obtained From Various
Temperatures

The SEM images of the two low temperature perovskites
revealed markedly different surface morphologies from those
obtained at higher temperature (900 °C) (Fig. 3). At higher
temperature, small particles developed into larger particles
accompanied by smoother surfaces. On the other hand, the
low temperature samples exhibit rougher and more irregular
surface morphologies which should give them distinct

advantage for gas adsorption.

$0000X 30000X
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Fig. 5 SEM Image
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of LaFeOj; Perovskites Obtained At Lower
Temperatures; 800 °C.

C.2. Better Gas Sensors

The efficiencies as gas sensors exhibited by LaFeO;
perovskites prepared at lower calcination temperatures (< 900
°C) to ethanol gas are displayed graphically in Fig.6.The
responses to EtOH at 2.26, 7.5, 45.50, 52.60, 56.10, 180, and
259 (units of Re/Ra).The experiment was carried out under
the same conditions. Comparing Fig. 3 and Fig. 6, one can see
that the efficiencies as gas sensors of LaFeO; were
dramatically increased several folds (199 folds for LaFeO; at
1000 ppm of EtOH) and varied linearly with increasing
ethanol concentrations.
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One interesting point is that LaFeO; prepared by this
method showed dramatic enhancement of response compared
with that prepared at 900 °C (Fig. 4). In all, the two
perovskites prepared at temperature below 900 °C in this
work are worth being considered as highly sensitive sensors.
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Fig. 6 The Sensor Sensitivity of LaFeQ; Based Sensor From This
Work

IV. CONCLUSION

LaFeOj; perovskite samples in powder form were prepared
using the co — precipitation method. XRD, and SEM
techniques revealed the significant difference in physical
properties of the samples. The responses of LaFeO; to various
concentrations of ethanol gas were measured at 350 °C. From
the Lower calcinations temperature the LaFeO; showed great
enhancement of sensitivity toward ethanol giving results that
were much better than many sensors ever reported.
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Chitosan Scaffold for Wound Healing
Application

Priyanka Chhabra, Gaurav Mittal, Aseem Bhatnagar, Amit Tyagi

Abstract:-Chitosan is natural polysaccharide resembles
with glycosaminoglycan of Extra Cellular matrix (ECM), which
makes it a promising candidate for wound healing application apart
from its excellent biocompatibility and biodegradability. In this study
we have formulated various types of chitosan gel by dissolving
different concentrations of chitosan powder in 100 ml of 2% acetic
acid separately. Electrolytes were also added during stirring which
was carried out for 5 0.5h at 50°C. Different types of chitosan gel
thus obtained were lyophilized for 48 h to remove water and chitosan
scaffold were obtained and characterized using Scanning electron
microscopy (SEM), FT-IR and swelling test. FT-IR confirms the
chemical identity of chitosan in scaffolds. SEM micrographs of
polymeric hydrogel scaffolds synthesized using 2% of chitosan was
found to be the best in various physiochemical properties. The
swelling capacity of 2% Chitosan scaffold was found to be better in
comparison to rest of the scaffolds.

Keywords— Chitosan, Histopathology, Wound Healing,
Scaffold.

[. INTRODUCTION

HitosaN is a partially de-acetylated polymer of

glucosamine (GIcN) and N-acetylglucosamine (GlcNAc)

residue with B-(1-4) linkage [1], [2]. It possesses many
properties like  hemostasis, biocompatibility and
biodegradability which make it attractive for applications for
skin tissue regeneration & wound healing (3], [4]. Chitosan is
natural polysaccharide resembles with glycosaminoglycan of
Extra Cellular matrix (ECM), which makes it a promising
candidate for wound healing application [5], [6]. Chitosan
provides a suitable microenvironment for cell activities by
behaving like an extra cellular matrix (ECM). [7].1t slowly
depolarize to release N-acetyl-B-D-glucosamine units which
start proliferation of fibroblast cells and stimulation of
collagen synthesis [8],[9]. Apart from wound healing it also
possess antimicrobial properties which initiates host cell
defense and prevent wound from infection which is
particularly useful for wound treatment [10],(11].

In present study, an attempt has been made to develop a
Chitosan scaffolds with different concentration of Chitosan
and hypothesized that Chitosan scaffold with porous surface
will provide better microenvironment for wound healing. The
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INMAS, DRDO,!India
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physiochemical characterizations of the developed Chitosan
scaffolds were evaluated by Scanning Electron Microscopy
(SEM), FT-IR and swelling index. The chitosan scaffold with
appropriate pore size and swelling index was further used for
wound healing application.

II. MATERIALS AND METHODS

Ethics Statement

All the procedures and care managed to the animals has
been approved as per the Committee for the Purpose of
Control and Supervision of Experiments on Animals
(CPCSEA) regulations and the study protocol was approved
by the Institutional Animal Ethics Committee of the Institute
(INM/IAEC/2012/05), INMAS, DRDO, and Delhi, India.

Chemicals

Chitosan low viscous was procured from Sigma- Aldrich,
(USA), Glacial acetic acid and Calcium chloride was procured
from Merck India Itd, Mumbai, All other chemicals used were
of analytical grade.

Preparation of Chitosan scaffolds.

Different concentration (0.5 -4%) of Chitosan powder was
dissolved separately in dilute acetic acid (1% W/Vg and the
reaction mixtures were kept for 5 #0.5h at 50 C under
continuous stirring of 250 rpm and 1% w/v of CaCl; was also

added in all the reactions mixtures. The solutions were then
poured separately in circular polypropylene pertridishes and
kept at 20°C for 24 hrs. The samples thus obtained were kept
overnight for lyophilization. Various types of Scaffolds thus
Obtained were stored at 4 C for further evaluation.

Physiochemical characterization

SEM Analysis

Surface morphology of chitosan scaffolds was observed
under scanning Electron Microscope Surface (SEM) (Leo,
VP-435, UK).The specimen were cut from the scaffolds and
dried overnight at SOOC and then dried samples were sputter
coated with gold particles before observation. In each cross
sectional image of the scaffold, the average pore size was
calculated.

FT-IR spectroscopy

FTIR analysis of vacuum dried samples of Chitosan and
various types of Chitosan scaffolds were recorded on a Perkin
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Elmer spectrum one spectrometer in the range of 4000cm—I to
650cm].

Swelling studies

The swelling characteristics of Chitosan scaffolds were
evaluated by weighing the scaffold before and after immersing
in distilled water for 3 days at 370C. At specific interval of
time, the scaffolds were taken from the water and excess

surface water was removed using filter paper. The swelling
ratio (SR) was calculated using the following equation.[9]

SR = (WW'Wd)/Wd
Where Wy is the swollen weight of Chitosan scaffold and
Wy is the dry weight of scaffold sample.

I11. STATISTICAL ANALYSIS

The statistical significance was determined by using one
way analysis of variance (ANOVA) by Graph pad prism 5.
Statistical significance value was set at p < 0.05.

IV.RESULT AND DISCUSSION

Chitosan scaffolds were synthesized for wound healing and
fasten blood clotting. Different concentration (0.5-4%) of
Chitosan was used in addition to calcium chloride as
electrolyte. Calcium chloride was added in the reaction
mixture in view of improved blood clotting efficacy of the
Chitosan scaffolds. Briefly, Chitosan scaffolds obtained using
0.5% of Chitosan was white color, poor mechanical strength
and found to be fragile. Scaffolds obtained using 2% of
Chitosan were white color, optimal mechanical properties and
surface appeared to be porous. Scaffolds obtained using 3.0 —
4.0 % of Chitosan were of pale white color and lot of cracks
were observed over the surface. The intensity of cracks over
the surface of scaffolds increases with increase in the
concentration of the Chitosan. On the other hand, scaffolds
having 0.5% of Chitosan were mechanically very poor
strength and cannot be used in wound healing. In view of that,
Chitosan scaffolds synthesized using 2% of Chitosan were
selected for further studies.

SEM analysis (Fig.1) revealed that chitosan scaffold
synthesized using 2% of chitosan showed pore size of 80um to
200um which was randomly distributed throughout the surface
of scaffold and found to be the best scaftold. As expected
porosity of the chitosan scaffold decreases with increase in
concentration of chitosan.

FT-IR measurements (Fig .2) confirmed the presence of
Chitosan in Chitosan scaffolds. Characteristic peaks of
Chitosan as found at 3253cm-1, 2873cm-I(O-H
Stretching), 1407cm™" 896 cm™,656 cm™ (C-H Bending)1633
cm-l,1547 cm'l,(C=C stretching) 1069 cm'1,1073 em™! (C-O
Stretching). Almost similar peaks were observed in all
Chitosan scaffolds formulation.

The propensity of scaffold to retain water is a key aspect to
evaluate its property for skin tissue engineering because it not
only affects its morphology and configuration but also affect
the in growing cells. Swelling characteristic of Chitosan

20

scaffolds of different concentration are shown in Fig.3. It was
found that the degree of swelling of Chitosan scaffold
increases with increase in concentration of Chitosan in first
2hrs. This rapid increase continues until 6hrs.then the swelling
ration of all the samples seemed to stabilize, and slight
increase could be observed with time. Chitosan scaffold with
0.5% of chitosan dissolves in water with in 30 min & it was
impossible to collect the sample for further readings. The
water absorption capacity of 2% Chitosan scaffold was found
to be highest which is suitable for skin tissue engineering and
wound healing. Swelling index decreases with increase in
chitosan concentration probably due to decrease in pore size
and complexity of chitosan scaffold.

Fig. 1 SEM Micrographs for cross section of the chitosan scaffolds
prepared using different concentration of chitosan (n=6).(a) .5% (b)
2% and (c) 4% chitosan

- iy
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Fig.2. Fourier transform infrared (FTIR) spectra of (a) 0.5%chitosan
(b) 2% chitosan scaffold (c) 4% chitosan scaffold
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Fig.3. Swelling ratio of chitosan scaffold in water distilled water at

37 C for 3 days. Values are reported as mean + Standard deviation
(SD) (n=3)
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Recycling Capability of Multilayer Ag Doped
Ti0,/PVA Nanofibers under UV and Solar
Irradiation

Norizan Mohammed Lot', Siti Nafisah Md RashidQ, Umi Sara Jais> , and Mohd Kamil Abd Rahman*

Abstract— Pure and Ag doped TiO, powder were fabricated to
immobilize on the PVA nanofibers and encapsulate in the layers
between nanofibers using sol gel and electrospinning technique to
form multilayer nanofibers. XRD and FTIR measurement were
carried out to confirm the presence of TiO, powder inside the PVA
nanofibers. The morphology of the multilayer Ag doped TiO,/PVA
nanofibers was observed using FESEM and the image showed that
the powder is aligned within the PVA nanofibers. Photocatalytic
activity of the multilayer nanofibers has been evaluated using
degradation of the MO solution under UV and solar irradiation.
Multilayer Ag doped TiO,/PVA nanofibers exhibited higher rate of
degradation where & are 33.4x10* min' under UV and 12.8x10™ min’
! solar irradiations. The multilayer nanofibers possessed high
photocatalytic activity even after 5 cycles of photo-degradation of
MO under UV light irradiation.

Keywords—TiO,, Ag doping, poly (vinyl) alcohol, nanofibers

I. INTRODUCTION

TiOz is widely known as a superior photocatalyst metal
oxide because of its physical and chemical stability, non-
toxicity, chemical corrosion, photostability and low cost [1].
Various method and effort have been performed to make TiO;
powder immobilizes on the substrate as it can be simply
detached from the treated water and able to be used for
multiple times. Numerous studies have been conducted to
immobilize TiO, powder on the polymeric nanofibers using
electrospinning techniques. Reference [2] used
polyacrylonitrile (PAN) to immobilize TiO,, [3] used a
chitosan PVAe nanofibers to immobilize Ag and Nitrogen
doped TiO, and [4] used Fully hydrolyzed (FH) PVA 99%+ to
immobilize TiO, and yet less report on the result of this
nanofibers for multi-cycle use has been discussed. Therefore,
in this study, we design multilayer Ag doped TiO/PVA
nanofibers to encapsulate the Ag doped TiO, powder for
multi-cycle usage.

This study provides higher opportunity for TiO, powder to
fully contact with aqueous organic pollutant [2] as well as
increased its surface area on the multilayer nanofibers. Noble
metal such as Ag was reported to be less expensive and is
capable to increase the efficiency of the photocatalytic activity
of TiO; by acting as electron trap and subsequently reduced
fast recombination rate.

Norizan Mohammed Lot. Universiti Teknologi MARA

Malaysia, norizan902 | @gmail.com
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PVA was chosen due to its economical and eco-friendly
aspects. However, FH PVA is found to have high surface
tension and thus makes them hardly electrospun [5]. By
adding surfactant, the surface tension of the FH PVA can be
reduced [6][7].

The higher surface tension of the polymer can influence the
form and yield of nanofibers. In this study, non-ionic
surfactant of diluted Triton X-100 has been added to reduce
the surface tension of the polymer and thus smoothing the
electrospinning process. Apart from UV light, solar irradiation
has also been used as the light source for photocatalytic
activity in this study.

A. Chemicals

Titanium (IV) Butoxide (TTIB), AgNO;, Triton X-100,
Polyvinyl Alcohol, PVA (Mw 77000-79000, 99-99.8% fully

hydrolysed), Methyl Orange (MO), Ethanol (EtOH),
Hydrochloric acid (HCI), deionized water (DI). These
chemicals were used without the need for further

purifications.

B. Pure and Ag doped TiO; powder

The preparation of TiO, precursor solution was similar
from our previous study. A mixture of 55 ml of EtOH and 5
ml of DI is added drop by drop into 26 ml of TTIB using
burette. The solution is left to stir for 4 hours at room
temperature. Next, 2.65 ml of 1M of HCI is added to the
solution to give pH of the solution is 3.2. Then, the solution is
left to stir for another I hour. For the solution with Ag doping,
appropriate amount of AgNO; was added into the precursor
solution to give concentration of 0.5wt% of Ag doped TiO,,
then the solution is left to stir overnight to dissolve AgNO;
particle completely. After that, the solution is allowed to be
peptized and washed with DI water to remove excess of
hydrolysis solution. Subsequently, the gel is dried at 120°C,
and its powder is pulverized and heated at 750°C at the rate of
5°C per minutes for 3 hours.

C.Pure and Ag doped TiO,/PVA solution

For the preparation of nanofibers solution, the powder was
dispersed in the DI water using ultrasonic bath for 5 minutes.
The sample is stirred and then heated to 90°C using hot plate
prior adding 10wt% of the PVA powder and stirring is
continued for 4 hours. The sample is then cooled at room
temperature before adding 10wt% of diluted non-ionic
surfactant of Triton X-100. After stir the solution for 15
minutes at room temperature, the solution is then ready for
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electrospinning process.

D.Electrospinning

Before electrospinning is carried out, several trials have
been done to obtain suitable parameters. The electrospinning
process was set to 0.2 ml/h of the flow rate, 10 cm distance
between needle tip and collector and 12 kV of applied voltage.
The encapsulation of powder within nanofibers layers were
made step by step for every half an hour of electrospinning
process. This process is repeated for 3 times, thus formed a
sample which contains 3 layers of powder and 4 layers of
nanofibers. The obtained sample is then heated to 140°C.

E. Characterization and Degradation of agqueous MO

Structural properties of the sample have been tested by
using XRD and FTIR to analyze the chemical bonding
between powder and PVA solution. The morphology of the
nanofibers and its average diameter has been observed and
measured using FESEM and Image J software. The ability of
nanofibers with layers of powder for degradation rate of MO
in an aqueous solution with concentration of 10mg/L is
evaluated based on pseudo-first-order reaction [8] and the
expressions of its kinetics as shown in (1)

Co

—) = 1
In( C )=kt (n

where k& is apparent rate constant, Co and C is the initial
concentration and concentration at time ¢ of aqueous MO,
respectively. The sample was tested under UV and solar
irradiation. The spectrum of solar was measured using HR-
4000 spectrometer as shown in Fig. 1. The experiments were
performed by using 0.1 g of multilayer pure and Ag doped
TiO,/PVA nanofibers immersed in 50 ml of MO (10g/ml)
solution. At regular interval, 2 ml of MO has been taken for
absorbance analysis using UV-Vis spectrometer. Fig. 2 shows
the samples before and after solar irradiation.
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Fig. 1 Spectrum of solar

(b) After
Fig. 2 Sample before and after solar irradiation
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[1.RESULTS AND DISCUSSION

A.  XRD result
The resulting graph of XRD is analyzed as shown in Fig. 3.
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The crystallite size can be calculated using Scherrer equation
[1] as shown in (2)
_ 094

[ cosb
where D is average particle size, 0.9 is constant, 4 is X-ray
wavelength (0.154 nm for Cu Ka), f is the full width at half
maximum (FWHM), and 6 is Bragg’s angle. The crystallite
size of pure and Ag doped TiO, powder was increased from
33.83 nm to 35.65 nm.

Pure and Ag doped TiO, powder exhibited mixed phase of
anatase and rutile. The percentage of different phase of TiO,
was calculated by using Spurr-Myers equation (3)

1 s 1

W, =
]+0.811—"‘
V4

(2)

3)

1+1.26—l~3;
7

A

Wy

R

where wy is the weight of anatase, wg is the weight of rutile, /4
and /g are the relative intensity at the anatase (101) and rutile
(110) peaks respectively. Percentage ratio of anatase to rutile
of pure TiO, was 55:45. For sample Ag doped TiO,, a small
amount of rutile diminished but the amount of anatase is
increased with the percentage ratio anatase to rutile is 75:35.
This shows the change of structural phase of TiO; due to Ag
doping. By referring [JCPDS-no 21-1271], the diffraction
peak of the anatase are observed at 20 at 25.3, 37.8, 48.1 and
54.0 correspond to the crystal plane of (101), (004), (200), and
(211) respectively. While the diffraction peak of rutile phase
are observed at 27.4, 36.1, 38.6 and 55.1 which represent to
crystal plane of (110), (101), (112), and (211), respectively
[JCPDS-no21-1675].
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Fig. 3 XRD pattems of Pure and Ag-TiO2 powder

Fig. 4 (a) shows the XRD diffraction peak of PVA
nanofibers and Ag doped TiO/PVA multilayer nanofibers.
The diffraction peak observed at 19.89" represents the superior
crystalline properties of PVA nanofibers [4]. From the
diffraction peak of multilayer Ag doped TiO./PVA
nanofibers, Ag doped TiO, powder remains their crystalline
structure even though high electrostatic force [7] is applied
during electrospinning process. The reasons for low doping of
Ag with 0.5wt% is used in this project, because as reported by
other researchers [9], they found that at clevated temperature
of Ag doped TiO,, the fower concentration of Ag is desired
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for higher efficiency of photocatalytic activity.
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Fig. 4 (a) XRD patterns of pure PVA and multilayer Ag doped
TiO2/PVA nanofibers (b) Schematic diagram of multilayer
nanofibers

B. FTIR result

Fig. 5 shows the FTIR spectra of PVA nanofibers, pure and
multilayer Ag doped TiO,/PVA nanofibers. The broad peak
between 3600 cm™ and 3000 cm™ with precise peak appear at
3470 cm™ assigned to the free O-H vibration in PVA. Sharp
peak observed at 1260 cm™ and 863 cm™ assigned to the C-C
stretching and C-H rocking of PVA. Besides that, the band
peak presence at 1474 cm™ belongs to C-H bend of CH; in
PVA [10],[11]. To observe pure and Ag doped TiO, powder
immobilize or encapsulated within the PVA nanofibers, peak
observed between 800 cm™ to 400 cm™ is presented in PVA
nanofibers while the other peaks remain constant [11]. This
peak is assigned to the asymmetric stretching and the bending
mode of Ti-O-Ti [12].

0.5wt% Ag TiO, PVA

Tio, PVA
N

Transmittance

Pure PVA

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm')

Fig. 5 FTIR spectra of Pure PV A nanofibers, Pure and multilayer Ag
-TiO2/PV A nanofibers

C. Morphology

Fig. 6a, 6b, 6¢c show morphology of Ag doped TiO,
powder, pure PVA nanofibers and multilayer Ag doped
TiO2/PVA nanofibers. Image of Ag doped TiO, powder
shows the agglomeration of particle shape and it was
dispersed and embedded along with PVA direction [2] due to
the polarization and orientation of high electric field
throughout electrospinning process [4] and hence, increasing
diameter of nanofiber. It can be seen from the average
diameter nanofibers as shown in Fig. 5a and Fig. 5b, with the
average diameter of pure PVA nanofibers and multilayer Ag
doped TiOy/PVA nanofibers is 300-400 nm and 600-700 nm.
In addition, irregular morphology with uneven surface is
clearly seen by the big agglomeration of the powder. This is
because of the aggregation of the powder and the powder also
stacking on the surface of the nanofibers [2]. The EDX result
also shows the Ag doped TiO, powder is well dispersed in the
nanofibers with the existence of element C and O from the
pure PVA while element Ti and O from the TiO, powder.
Element Ag cannot be traced due to the lower content in the
multilayer nanofibers

@
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Fig. 6 FESEM images a) Ag-TiO2 powder, b) PVA nanofibers, c)
multilayer Ag-TiO2/PV A nanofibers, d) EDX profiles of multilayer
Ag-TiO2/PV A nanofibers, Average diameter e) PVA nanofibers and
f) multilayer Ag-TiO2/PV A nanofibers

D. Band Gap

Band gap of the un-doped and Ag doped TiO, powder were
analyzed using Kubelka Munk's equation [13] as stated in (4)

(ahv) = A(hv—-E,)" 4)
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where A4 is constant, £, is the optical band gap which is
separation gap among the lowest conduction band and highest

110

100 —®— Pure TIO /PVA (UV)
valence band, /v is the photon energy and » is the probability i Sy "°$ZZ§31T§$ “)J"’ - : g
of the transition which is 2 and 2 is direct and indirect gap £ 6] v Audoped TiO/PVA (Sole - /,»‘/ %
transition, respectively. TiO; is indirect band gap [14]and Fig. g o . e - N
7a and 7b showed the relation between (ahv)'? against photon E, e - -
' . . 50 v
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irradiation. Table | shows the rate constant value. As can be o 200

seen, the degradation rate for sample doping with Ag show
better photocatalytic activity under both light source. The
percentage degradation of multilayers Ag doped TiO/PVA
nanofibers under solar and UV within 150 min is 86.52% and
99.62% respectively. It reveals that ability of Ag act as the
electron trapped even in the nanofibers/layer formed.

The degradation rate under solar is lower because of the
intensity of the UV in the solar region is smaller as shown in
Fig. 1. However, the light still be able to utilize for
degradation of the dye activity. The degradation activity
occurs when the aqueous MO is attached to the sample, the
sample absorbed the light and electron is excited from the
valence band to the conduction band and hence, the electron at
the conduction band was trapped by the Ag particle which
prevent fast recombination of the electron and subsequently
react with the O from the TiO; surface [15][16].

Besides for aiming high efficiency of photocatalyst under
UV and solar, because of the design that can be easily separate
from the treated water, the multilaver nanofibers was tested
again for other 5 cycles to test its performance. Fig. 9 shows
that the multilayer Ag doped TiO»/PVA nanofibers still

maintain its performance even though was used for several
times.

25

400

600 800

Time (min)
Fig. 9 MO concentration during 5 cycles in the presence of
multilayer Ag doped TiO2/PVA nanofibers at 150 min. per cycle
under UV irradiation

111 CONCLUSION

In present study, multilayer Ag doped TiO/PV A nanofibers

was successfully fabricated using sol gel and electrospinning
technique. XRD and FTIR results show that the Ag doped
TiO; powder is immobilized and encapsulated within the PVA
nanofibers. From the FESEM image, large fiber diameter with
irregular size and rougher surface is observed. Photocatalytic
behavior in degrading aqueous MO under UV and solar
showed the efficiency of Ag dopant is higher than pure TiO,
based on their high rate constant value. The sample also
shows its ability to recycle by observing its degradation
activity for 5 cycles. It can be concluded that Ag doped TiO»
powder still perform its photocatalytic activity even in
multilayer nanofibers form and acting electron trapping
besides can be recycled photocatalyst.
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Production of Biodiesel from Renewable
Biological Sources

D. Raghuveer], M.Vijayz, Dowluru Sreeraulu’, P.Suman®, and A.Satish Kumar’

Abstract—Biodiesel, an altemative diesel fuel, is made from
renewable biological sources such as vegetable oils and animal fats.
It is biodegradable and non-toxic has low emission profiles and so is
environmentally beneficial. Continued and increasing use of
petroleum will intensify local air pollution and magnify the global
warming problems caused by CO,. In a particular case, such as the
emission of pollutants in the closed environments of underground
mines, biodiesel fuel has the potential to reduce the level of
pollutants and the level of potential or probable carcinogens. Fats and
oils are primarily water-insoluble, hydrophobic substances in the
plant and animal kingdom that are made up of one mole of glycerol
and three moles of fatty acids and are commonly referred to as
triglycerides. Fatty acids vary in carbon chain length and in the
number of unsaturated bonds.

Natural vegetable oils and animal fats are extracted or pressed to
obtain crude oil or fat. These usually contain free fatty acids,
phospho-lipids, sterols, water, odorants and other impurities. Even
refined oils and fats contain small amounts of free fatty acids and
water. The free fatty acid and water contents have significant effects
on the transesterification of glycerides with alcohols using alkaline or
acid catalysts. They also interfere with the separation of fatty acid
esters and glycerol.

Keywords—Renewable biological sources, global warming,
alternative fuel, transesterification of vegetable oils.

[. INTRODUCTION

HE document is a template for Word (doc) versions. If

you are Biodiesel is defined as mono-alkyl esters of long
chain fattv acids derived from vegetable oils or animal fats
which conform to American Society for Testing & Materials.
It is the name of a clean buming alternative fuel, produced
from domestic, renewable resources and animal fats. Today’s
diesel engines require a clean —buming, stable fuel that
performs well under a variety of operation conditions. It is the
only alternative fuel that can be used directly in any existing,
unmodified diesel engine. Because it has similar properties to
petroleum diesel fuel, biodiesel can be blended in any ratio
with petroleum diesel fuel. It is simple to use, biodegradable,
nontoxic and essentially free of sulfur and aromatics. It is
made through a chemical process called transesterification
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where by the glycerin is separated from the fat or vegetable oil.
Fuel-grade biodiesel must be produced to strict industry
specifications in order to ensure proper performance. It is
better for the environment because it is made from, renewable
resources and has lower emissions compared to petroleum
diesel. India is rich in renewable resources such as Jatropha,
Pongamia etc, which decreases its foreign dependency. Some
of the Major and minor renewable biodegradable sources of
biodiesel oils such as soya bean, rapeseed, mustard, sunflower,
palm and its fractions, coconut, palm kernel, cottonseed,
tallow and minor renewable biodegradable sources such as (I)
tree-borne seed oils like karanja, mowrah, neem, undi, nahor
(2) plant seed oil jatropha (ratanjyot) (3) rice bran (4) water
mellon (5) tobacco seed (6) niger seed (7) tea seed (8) jute
seed (9) chilli seed oil.

II.MATERIALS AND METHODS

Out of the available sources palm kernel oil is taken for the
present study. The production of Biodiesel from palm kernel,
or alkyl esters palm kerel falls in to the below mentioned
methods for production of ester from oils.

e Base catalyzed transesterification of the oil with alcohol.

e Direct acid catalyzed esterification of the oil with methanol.

e Conversion of the oil to fatty acids, and then to alkyl esters
with acid catalysis.

The majority of the alkyl esters produced today is done with

the base catalyzed reaction because it is the most economic for

several reasons.

e Low temperature (15°F) and pressure (20psi) processing.

e High conversion (98%) with minimal side reactions and
reaction time.

e Direct conversion to methyl ester with no intenmediate steps

Fig. 1 Palm Kemel Seeds
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The productivity and yield of Jatropha and Pongamia was
compared with palm kernel in Table 1.

TABLE [
COMPARISON OF PALM KERNEL SEEDS WITH JATROPIHA AND PONGAMIA
S. parameter Jatropha Pongamia Palm
No Curcas Pinnate Kernel
Seeds
1 Planting 1,000 plants | 200 to 250 60 to 70
density per Acre plants per plants per
Acre Acre
[ ] Productivity Starts Starts Starts
yielding after | yielding afler | yielding
1¥ year 3" year from 8™
year.
3 Life Span 50 vears 100 years 30 years
4 Yield per 0.4t012 6t09 18.5
hectare / year | tonnes tonnes. tonnes
and 750
kg of
seed
kemels,

Each tree of Palm Kernel can yield 40 Liters of oil, 120 Kg

of fertilizer grade oil cake and 250 Kg of biomass as green
manure per year. The expected oil content on whole FFB basis
is 25 per cent, oil content in Mesocarp of fruits is 40 per cent,
and oil content in kemel (seed) is 10 per cent.
Sources of Vegetable Oils: Palm Kernel oil was obtained and
parameters like density, acid value, molecular weights and free
fatty acid compositions are determined. The palm kemel seeds
can be shown in fig. 1 and the Densities, Acid values and
Molecular weights of palm kernel oil are shown in Table-2.

TABLE 11
DENSITIES, ACID VALUES AND MOLECULAR WEIGHTS OF PALM KERNEL OIL
Acid Mol.
Name of the Oil Density
Value Weight
Palm Kemal oil 0.902 4.2 886
Jatropha biodiesel 0.88 3-38 870
. - 1.0 to
Pongamia Pinnate oil 0.88 886.61
38.2

II.

In the present investigation, experimental work was carried
out using different feed stocks of vegetable oils were
undertaken. The process development studies are divided into
three steps.
¢ Preconditioning of oil.

e Effect of catalyst concentration and mole ratio of oil to
alcohol in transesterification reaction.
¢ Purification of products and recovery of methanol.

The physical properties such as Kinematic Viscosity, Fire
Point, Carbon Residue, pH, Flash Point, Acid Value are
evaluated for the biodiesel samples obtained in the process
development work.

The transesterification of the Palm Kernel oil has been
carried out using sodium hydroxide as catalyst. These studies
include the effect of mole ratio (oil to alcohol) in the range of

EXPERIMENTAL WORK
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1:9 to 1:18 and the effect of catalyst concentrations in the
range of 0.5 to 1.0 wt%. The physical properties of the
biodicsel samples obtained from experimental analysis have
been evaluated for comparison [1].

A. Experimental Setup

The experimental setup was shown in fig. 2 & 3. Three
necked flat bottomed glass flask of 500ml capacity was used
for transesterification reaction. A double coiled reflux
condenser was fitted to a neck of the glass flask for condensing
methanol vapors during the reaction. lce cooled water was
circulated through coils of the condenser. A thermo-well was
fitted to the second neck of the flask. Thermo-well was filled
with a thermometric liquid (Ethylene Glycol). A glass
thermometer of 0-100°C range was placed in the thermo-well
to measure the temperature of the reaction mixture. A plate
heater with a magnetic stirrer was used for uniform heating of
the contents of the flask. Oil, methanol and other chemicals
were transferred through the third neck of the flask at the start
of each experimental run using glass funnel and was stoppered
during the reaction. A constant temperature bath was provided
to maintain the temperature of the contents in the flask in the
range 60-63°C.

Description of the experimental setup:

Apparatus: The important apparatus are Hot plate with
magnetic stirrer (220/230 V 50 ~ 1 ¢ AC Amperes 1.8),
Magnetic element, Three necked flat bottom flask with neck
size of 24/29 and 500 ml (made of Borosil glass), Reflux coil
condenser (Joint size 24/29), Thermo-well filled with
thermometric liquid (Ethylene Glycol), Thermometer of 0-
100°C range. Transesterification setup as shown in fig. 2 of
500 ml (made of Borosil glass) and separating funnels as
shown in fig. 3 below

Fig. 3 Separating funnel
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B. Experimental Procedure

Preconditioning of oil: Preconditioning of oil involved the
removal of the moisture and ncutralization of Frec Fatty Acids
(FFA).Usually refined oils consist less than 5% of FFA but
they need to be neutralized as they result in the formation of
soap.For determination of FFA present in the oil taken, we
titrated the oil sample with 0.IN KOH solution with
Phenolphthalein as indicator. Volume in ml of 0.IN KOH
required to neutralize one gram of oil is called acid value. And
with this we dctermined the amount of KOH needed to
neutralize the FFAs in the oil. Thus by adding calculated
amount of KOH, FFAs are removed in the form of soap.
Removal of moisture involved heating the oil sample uptol 05-
110 °C and maintaining it there for few minutes so that all
moisture gets evaporated if required vacuum pump
arrangement is used to remove the moisture present [2].
Transesterification Reaction: The most common derivatives
of agricultural oil for fuels are methyl esters. These are formed
by transesterification of the oil with methanol in the presence
of a catalyst (usually basic) to give methyl ester and glycerol.
Sodium hydroxide (NaOH) is the most common catalyst,
though others such as potassium hydroxide (KOH) can also be
used and is shown in fig. 4.

> CATALYST
MIXING
METHANOL > ﬁ)
\ ESTER
. l \\.//
VEG OILS \\) REACTION 2@\\
/ i il
SETTLING
TRANSESTERIFICATION TANK
PROCESS
Fig. 4 100 kg 0il+24 kg methanol+2.5 kg NaOH a 100 kg
biodiesel+26 kg glycerine

Calculated amount of oil sample is taken in thee necked
flat bottom flask and it is put over the flat plate heater and
heated to this methanol taken in 9:1 mole ratio (alcohol to oil)
is gently added such that no amount of methanol gets
evaporated. The condenscr is readily fitted to one of the neck
of the three necked flask. To the other neck, thermometric well
is fixed and the third neck is closed with a stopper. Now the
stirrer is put on, and the whole batch of oil and methanol are
thoroughly mixed to attain uniform reaction. The tempcrature
of the bath is maintained in the range of 60-63 °C and the
reaction is carried out for one hour. After the reaction time is
over, the batch is withdrawn from the heater and cooled to
room temperature on cooling formation of two layers are
observed. This whole batch is poured into a separating funnel
and allowed for at least 5 hour. To get clear separation of ester
and glycerine. Glycerine formed at the bottom is taken out as a
by-product. The obtained ester is subjected to further
purification. The Trans-Esterification process (Reaction) is
shown in fig. S.
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Fig.5. Trans-Esterification process (Reaction)

The methanol and NaOH are premixed and added to the oil,
mixed for a few hours, and allowed to gravity settle for about 8
hours. The glycerine settles to the bottom, leaving biodiesel on
the top. The physical and chemical properties of the resulting
biodiesel (Jatropha methyl esters) are presented in the
following Table alongside those for petroleum diesel and
European Union standards for biodiesel [1].

Purification of products and recovery of methanol: For
removing the catalyst present in the ester small amount of
glacial acetic acid is added to get a neutral ester and then it is
washed with hot distilled water to remove any traces of
catalyst present. Washing is done with distilled water at 50 °C,
65 °C and 80 °C to remove traces of methanol or catalyst. Thus
ester obtained is dehydrated to remove traces of moisture
present in it and it is heated to 60-1 10°C remove excess
methanol present in it. Thus obtained ester is almost 100%
pure. Yields of esters: The yields of methyl Palm Kernal ester
at 0.5, 0.75 and 1.0 wt% of sodium hydroxide catalyst were
taken

IV. RESULTS AND DISCUSSION

As observed from results, the yields of Palm Kemel ester,
ranged from 90% to 99.6%. Irrespective of different mole
ratios and catalyst concentrations, the yields were more or less
same with about 3-9% variation. In case of methyl Palm
Kernel ester, at 1:9mole ratio and 0.5, 0.75 &1 wt% of catalyst
(NaOH) the % yield was 98.5%, 98% & 87.5% respectively.



Int' Conference on Biotechnology, Nanotechnology & Environmental Engineering (ICBNE'15) April 22-23, 2015 Bangkok (Thailand)

4. Effect of Mole Ratio on pH

The values of pH are in increasing trend when the mole ratio
is increased trom a value of 1:9 to [:18 in Palm Kernel ester.
The variation of pH with mole ratios is shown in fig. 6.

2
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Fig. 6 Mole ratio Vs pH at various catalyst concentrations for methyl
palm kemal easter with NaOH catalyst

B. Effect of Mole Ratio on kinematic viscosity

The values of kinematic viscosity are also in decreasing
trend when the mole ratio is increased from a value of 1:9 to
1:18 in Palm Kemel ester. The variation of kinematic
viscosities with mole ratios was shown in fig. 7.
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Fig.7 Mole ratio Vs kinematic viscocity at various catalyst
concentrations for methyl palm kemal oil with NaOH catalyst

C. Effect of catalyst concentration on kinematic viscosity

The effect of catalyst concentration on kinematic viscosity is
shown in fig. 8. The values of kinematic viscosities decreased
when the catalyst concentration is raised from 0.5% to 1.0%. It
is clear from these results that the conversion of oil to ester is
low even the concentration of the catalyst at 0.5%. At the 1.0%
catalyst concentration, the values of kinematic viscosity of the
ester are significantly reduced indicating the fact that the
minimum catalyst concentration should be in the vicinity of
1.0%. Obviously higher values of density are recorded for the
Palm Kernel ester because of low conversion of oil to ester.
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Fig.8 Catalyst concentration Vs kinematic viscocity at various
catalyst concentrations for methyl palm kemal oil with NaOH
catalyst

D. Effect of mole ration on flash point

The values of flash points gradually decreased for Palm
Kernel ester as the mole ratio was increased. This sudden
decrease in the flash points may be because that the esters at
greater mole ratios become very volatile and because of which
it is producing sufficient vapors at its volatile temperature
which is very low compared to the esters which were less
volatile. The variation of flash points with change in mole
ratios is shown in fig. 9[3].
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Fig.9 Mole ratio Vs Flash poiny at various catalyst concentrations for
methyl palm kemal oil with NaOH catalyst

E. Effect of mole ratio on fire point

The values of Fire Points are also in decreasing trend when
the mole ratio is increased from a value of 1:9to 1:18 in Palm
Kernel ester. The variation of Fire Points with mole ratios is

shown fig. 10

(4].
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F. Performance of Biodiesel

Successful alternative fuels fulfill environmental and energy
security needs without sacrificing operating performance.
Operationally, biodiesel performs very similar to low sulfur
diesel in terms of power, torque, and fuel without major
modifications of engines or infrastructure. Biodiesel offers
similar power to diesel fuel. Biodiesel has a higher cetane
number than diesel fuel. In over 15 million Miles of in-field
demonstrations biodiesel showed similar fuel consumption,
horsepower, torque, and haulage rates as conventional diesel
fuel. Biodiesel provides significant lubricity improvement over
petroleum diesel fuel. Lubricity results of biodiesel and
petroleum diesel using industry test methods indicate that there
is a marked improvement in lubricity when added to
conventional diesel fuel [5,6].

Biodiesel contains no sulfur or aromatics, and use of
biodiesel in a conventional diesel engine results in substantial
reduction so unburmed hydrocarbons, carbon monoxide and
particulate matter. Biodiesel can be manufactured using
existing industrial production capacity and used with
conventional equipment, is provides substantial opportunity
for immediately addressing our energy security issues.
Increased utilization of renewable biofuels results in
significant microeconomic benefits to both the urban and rural
sectors.

V.CONCLUSIONS

Biodiesel is safe to handle because it is biodegradable and
non-toxic. Biodiesel reduces all the emission. Biodiesel can be
used alone or mixed in any amount with petroleum diesel fuel.
Biodiesel runs in any conventional, unmodified diesel engine.
No engine modifications are necessary to use biodiesel and
there is no “engine conversion”. Increased utilization of
renewable Dbiofuels results in significant microeconomic
benefits to both the urban and rural sectors, and the balance of
trade. It is clear that more can be done to utilize domestic
surpluses of vegetable oils while enhancing our energy
security. Because biodiesel can be manufactured using
existing industrial production capacity, and used with
conventional equipment, it provides substantial opportunity for
immediately addressing our energy security issues.

31

There are several advantages of biodiesel produced trom Palm
Kernel oil. As biodiesel is more viscous, its lubricity is more.
Settling of two layers at separation stage is faster for Palm
Kernel oil, so scparation is easy and faster. The biodiesel
obtained from non-edible oils is cheaper than that from edible
oils. Finally it can be concluded that the biodiesel is a better
alternative fuel when compared to conventional diesel [7].
Waste/arid lands can be utilized for growing trees like
jatropha, mahua, castor etc. There will be substantial
employment generation mainly in the rural areas which will
help in the overall development of these areas. [8]
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Nanotechnology for Human Hematological
Malignancies Treatment

Marin Gustavo H., and Mansilla Eduardo

Abstract: The main problem of anti-neoplasic drugs is the
damage normal cells while controlling tumors. We used
biodegradable nanoparticles (BNP) as carriers for drugs. Materials
and Methods: We investigated the effect of BNP on B-chronic
lymphocytic leukemia (B-CLL) and normal cells in vitro. BNP
coated with monoclonal antibodies (mAbs) towards malignant cells
antigens in surface, encapsulated either hydroxylchloroquine
(HDQ), or chlorambucil (CLB) which are toxic drugs when used
alone. Viability and apoptosis were evaluated at 24-48h.

Results: mAbs BNP with HCQ or CLB resulted in significant
penetration of leukemia cells compare to controls or to BNP without
antibodies (p < 0.001). After 24h both HCQ/CLB-BNP induced
85% of apoptosis and 70% of mortality in malignant cells compared
to normal cells (17%-10% respectively, p<0.0001).

Conclusion: Our data indicate that nanoparticles are suitable for
selective drug delivery to leukemia cells and produce a strong
apoptotic effect when loaded with antineoplasic agents.

Keywords: Chronic Leukemia; nanoparticles; drug delivery,
monoclonal antibodies.

I. INTRODUCTION

LTHOUGH development anti-neoplasic drugs initiated

in the middle of the XX si¢cle. These drugs had all the
same problem: they were able to eliminate the malignant
cells but with severe damage to normal cells that could
compromised patients life a cause of their toxicity.

This new siecle brought the discovery of new molecules
that focused to specific tumours cell targets. This is the case
of some haematological malignancies like Chronic Myeloid
Leukaemia where Imatimib changed its prognosis.

Gustavo H. Marin. National University La Plata - CUCAIBA-CONICET
Argentina. in2 i
Eduardo Mansilla, National University La Plata — CUCAIBA, Argentina
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However, these benefits are limited to very few diseases and
today many the illnesses remain incurable. This is the case of
mature lymphoid malignancies like B-Chronic Lymphocytic
Leukemia (B-CLL) or Multiple Myeloma that continues to be
incurables progressive clonal diseases [1]. Developing new
therapeutic effective modalities are still difficult aims to be
attained [2]. Along these lines, old strategies like alkilant
agents (clorambucil, melphalan) are good alternatives,
capable to control the diseases at high doses but with the risk
of severe toxicity for the host. In general, the standard initial
therapy for B-CLL has been single-agent chemotherapy
typically employing the drug, Chlorambucil (CLB) at
limitated doses because of its toxics effects to normal cells
[3]. In the last decade, Fludarabine has been incorporated as
the frontline treatment for B-CLL [4]. Various monoclonal
antibodies such as anti-CD20, (Rituximab) [5], anti-CDS52,
(Alemtuzumab) [6], have shown promise for addressing B-
CLL treatment. At least 60% of the patients may transient
respond these therapies, but eventually all patients finally
become resistant to these agents4. Traditional, anti-CLL
agents such as CLB are transported by carrier-mediated
systems into cells and generally alkylate to DNA, RNA, and
proteins [6]. Ordinarily, CLB-resistant B-CLL lymphocytes
are 5 to 6 fold more resistant in vitro, using the MTT assay,
as compared to sensitive lymphocytes (IC50 CLB of < 61.0
umol/L can be considered sensitive) [7]. Other alternatives
like hydroxychloroquine (HCQ), original an anti-rheumatic
drug, were assay to treat on malignant B-cells with interesting
results related to apoptosis induction via activation of
Caspase-3. However, the level of drug concentration needed
to this induction is very difficult or impossible to reach in
vivo with common oral or parenteral administration [8].
Again toxicity limited the expectative of a good anti-neoplasic
agent. Unfortunately, for one cause of another, all patients
finally relapse from original disease and died a cause of it or
its complications.

Overcome these pharmacokinetic obstacles or specifically
deliver effective amounts of drugs straight into the targeted
B-CLL cells, may improve the overall survival and decrease
treatment-associated morbidity.

We report in this paper an innovative technology based on
biodegradable nanoparticles that could avoid these problems
and introduce a new way of treatment modality for cancer
diseases.

II. METHODS

Biodegradable Nanoparticles (BNPs): Seven different
types of BNPs made of polyethylene glycol were used for
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testing (Table 1). The drugs HCQ sulfate (ACROS, Geel
Belgium) and Chlorambucil (CLB) (SigmaAldrich, St Louis,
Mo) were encapsulated at a concentration of 165 pg per mg of
polymer inside BNPs. HCQ-BNPs or CLB-BNPs surface
were modified with monoclonal antibodies of either anti-

human CD19, or anti-human CD19 and anti-human CD20.
TABLE I
SUMMARY OF NANOPARTICLES PROPERTIES

Particle Monoclonal Flurophore Tag Encapsulated
Name Antibody | Tag Attachment Agent
BNP1 Anti-CDI9 FITC MoAb HCQ
BNP2 Anti- FITC/Alexa- MoAb HCQ

CDI19/anti- Fluor
CD20
BNP3 none FITC PLGA HCQ
BNP4 Anti-CDI9 FTIC MoAb CLB
BNP5 Anti- FITC/Alexa- MoAb CLB
CDI19/anti- Fluor
CD20
BNP6 none FITC PLGA CLB
BNP7 Anti- FITC/Alexa- MoAb none
CD19/anti- Fluor
CD20

The anti-CDI9 and anti-CD20 monoclonal antibody
concentration was 5.75 and 5.38 pg, respectively, per mg of
polymer. A fluorescent marker was attached to each
monoclonal  antibody; FITC conjugated anti-CD19
(fluorescein isothiocyanate exhibits excitation at 495 nm and
emission at 525 nm) and Alexa-Fluor conjugated anti-CD20
(excitation at 696 nm and emission at 719 nm). An additional
HCQ or CLB-BNPs system was produced with a fluorescent
polymer (PEG-FITC) and no antibody. Others BNPs were
coated with anti-CDI19/FITC or CD20/Alexa-Fluor
antibodies but without active drugs. All BNPs were
suspended in PBS with 10% Bovine Serum Albumin at a
final total mass concentration of 900 pg/ml. Aliquot of 0.5ul
from these solutions was used for all experiments.

B-CLL cells and Normal B lymphocytes: Two types of
heparinized blood were obtained after informed consent from
a healthy volunteer and from B-CLL patient Rai-IV B-CLL
patient. The primary tumour B cells were positive for CD5+,
CD19+, CD23+, CD20+, CD38+ and ZAP70+ and
unmutated for Ig genes and p53 mutations. The mononuclear
cell fractions were isolated by centrifugation on Ficoll-
Hypaque gradients. Cells were purified at 99%.

Cell Culture with BNPs: The freshly isolated cells were
incubated for all experiments at 37°C and 5% CO2. 4 x 10’
cells, both from the CLL patient and the healthy control,
were incubated in triplicate in 0.5 ml of AIM V medium. The
cells were cultured in plastic sterile tubes in the presence of
0.5ul of each BNPs solution.

BNPs cell penetration: 1n order to test if BNPs loaded with
HCQ or CLB penetrated either in normal or malignant cells
we used Confocal Microscopy and Fluorescence Correlation
Spectroscopy method. Confocal Imaging combined with
Fluorescence Correlation Spectroscopy (FCS) was performed
on all our BNPs after incubation with cells at 4 hours. All

33

Fluorescence Correlation Spectroscopy measurements were
acquired using a standard Alba FCS spectrometer (ISS,
Champaign, IL) and a Nikon microscope Model TE2000-E,
equipped with a water immersion, NA=1.2, 60X objective.
Acquisition of the fluorescence by filters allowed separation
of two bands: 500-550 nm (channel one) and 700-750 nm
(channel two). All cell samples were also observed with an
Olympus Laser Confocal Fluorescence Microscope,
evaluated for BNPs cell penetration and photographed with
an Olympus digital camera after 4 hours incubation period.
Images were analyzed with FluoView software, Version 3.3.
For the confocal observations, laser excitations were at 525
nm (green) and 719 nm (red), and the cross correlation was
also provided. DAPI (4°,6-diamidino-2-phenylindole) nuclear
staining of the cells cultured with the different BNPs was
done and observed in blue for laser excitation at 461 nm.

Cell Viability Testing: We analyzed the percentage of
living and dead cells in each sample at 0, 24 and 48 hours of
incubation with each of the BNPs systems using
Ethidium Bromide/Acridine Orange staining and immune-
fluorescence microscopy counting.

Apoptosis Analysis: Measurement of cell apoptosis using
annexin-V and propidium-iodide by FACS analysis, was
made at 0, 24 and 48 hours of incubation with each type of
the BNPs systems.

Statistical analysis: The statistical significance of
differences among groups was assessed using Student's t test
with a 5% limit for statistical significance. Correlation
analysis was performed using a regression test.

III.  RESULTS

FCS analysis provided the lifetimes of the anti-CD19 and
anti-CD20 markers coated on the BNPs. These markers had
distinguishable lifetimes which were monitored spatially and
temporally. The spatial characteristics of the anti-CDI19 and
anti-CD19/anti-CD20 BNPs demonstrated rapid cell
internalization for both systems after 4 hours of incubation
(Fig.1) with anti-CD19 having more rapid internalization than
the anti-CD20. BNPs formulated with monoclonal antibodies
resulted in significant penetration after 4 hours of incubation
in both normal lymphocytes and B-CLL cells compared to
BNPs without antibodies (p < 0.001).

S

BNP1 BNP2 BNP3 BNP3

BNPS

BNPE BNP

Norma!Celis  mB-CLL Cells

Fig. Icellular uptake of nanoparticle into normal and b-cil
Cellular uptake of nanoparticles into normal and B-CLL cells
atter 4 hours of incubation (p<0.001).
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All HCQ- and CLB loaded anti-CD19, and anti-CD19/anti-
CD20 coatcd BNPs cfticiently induced apoptosis of malignant
human B-CLL cells in vitro. At 0.5 pl concentration, both
HCQ and CLB -antiCD19-BNPs induced more apoptosis in
malignant B-CLL cells compared to normal lymphocytes (p <
0.001) (Fig 2). When HCQ and CLB-BNPs wecre
simultaneously coated with both antibodies and injected at the
same concentration (0.5 pL), the most eftective apoptotic
effect was over 4-fold more pronounced on B-CLL cells
compared to normal lymphocytes (Fig.2).

I I i I N;’
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BNPE BNP?

BNP1

NormalCells ®8-CLL Cells

Fig. 2 apoptosis induction in normal and leukemia cells according to
bnp used

Cellular apoptosis induced by BNP nanoparticles in normal and B-CLL
cells; (BNP at 0.5ul concentration; incubation time = 24 hrs).

Reductions of living B-CLL cells were observed in vitro at
24 and 48 hours for injections of all concentrations of
monoclonal antibodies coated nanoparticles loaded with HCQ
and CLB. Loss of viability in human CLL cells correlated
with early induction of apoptosis. HCQ- and CLB-BNPs with
monoclonal antibodies both induced a decrease in cell
viability in a dose and time-dependent manner (Fig.3). In
leukemic cells, the nanoparticles reduced cell viability in
doses and times significantly lower than in normal
lymphocytes. In vitro treatment of drug resistant B-CLL cells
with these HCQ-loaded BNPs (BNP1, BNP2, BNP3) or CLB-
BNPs (BNP4, BNP5, BNP6) showed to be significantly more
effective (p < 0.001) than BNPs without drug (BNP7)
indicating that treatment with empty BNPs had little impact
on cell viability. BNPs encapsulated with HCQ or CLB but
without monoclonal antibodies (BNP3 and BNP6) had
significantly less impact on in vitro cell viability (p < 0.001).

BNPS BN

WB-CLL Cells

a

BAPL exPl 8NP3 BNP4

=3 NP7

Normal Cedls

Fig. 3 cellular mortality of b-cll and nonnal cells induced by
nanoparticles after 48 hours of incubation
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FITC-conjugated anti-CD19 and Alexa-Fluor-conjugated
anti-CD20 antibodies suspended in PBS with 10% Bovine
Serum Albumin (BSA) in AIMV medium alone without
BNPs produced no significant apoptotic effect in B-CLL or
normal lymphocytes.

IV. DISCUSSION

Although during the last decades some In clinical
oncology, especially for the treatment of CLL, the
development of new anticancer agents with different modes of
action is of key importance for overcoming therapy resistance.
The hydroxychloroquine is defined as antiproliferative
compounds in the National Cancer Institute database [9] and
Clorambucil is the gold standard for classic CLL treatment
[10]. These drugs can stimulate cell differentiation at growth
inhibitory concentrations as well as inhibition of histone
deacetylase (HDAC) activity in vitro, and DNA damage and
apoptosis in tumour lines respectively [11]. Maximum HCQ
blood concentration in healthy volunteers receiving a 800 mg
dose of hydroxychloroquine sulphate orally ranged from 135-
422 ng ml-1 and time to maximum (tmax) was 1.5-7.0 h.
Higher serum levels are toxic for many tissues and for long
period of times since HCQ half-life and mean residence time
is long (around 40 days) and has large volumes of distribution
(5,522 L from blood, 44,257 L from plasma). Sequestration
into the tissues is an important feature of the disposition of
HCQ. However, concentrations on B--CLL lymphocytes high
enough to cause effective apoptosis as seen in vitro are
impossible to reach in the in vivo setting by oral
administration of HCQ [12]. Hence, BNP drug delivery could
be a solution to reach anti-neoplasic concentrations in tumour
cells avoiding toxic effect in other cells. Protein expression
values for CD19 and CD20 in leukemic B cells can differ
from those of normal blood B lymphocytes and provide
promising targets for attachment and intracellular entry into
B-CLL cells [13]. Analysis of HCQ-CLB loaded/antibody-
coated BNPs effects on B-CLL cells clearly showed that these
particles are potent inducers of tumour cell death for in vitro
applications.  Furthermore, HCQ-CLB loaded BNPs
efficiently induced CLL cell apoptosis with little effect on the
viability of normal B cells in vivo at the same concentrations.

The data presented here suggests that HCQ-CLB-BNPs
trigger a selective, apoptotic response in B-CLL cells at low
concentrations when specific monoclonal antibodies like anti-
CD19 and/or anti-CD20 are coated on their surface and that
apoptosis shifts to necrosis at higher concentrations. Our
system offers a new powerful and less toxic therapy for B-
CLL and other malignancies.

CONFLICT OF INTEREST: The authors of this paper have no
conflict of interest related to this paper.
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Preliminary Study in Seulimeum fault, Aceh
Besar (Indonesia) using Gravity and Magnetic
Methods

M.M. Nordiana, Rosli Saad, Muhammad Syukri, LN. Azwin and Andy Anderson Bery

Abstract—The study explores the use of the gravity and magnetic
method for Seulimeum fault detection conducted in Krueng Raya,
Banda Aceh (Indonesia). The spacing between stations for gravity
survey was 200-500 m randomly while for magnetic was 50-300 m
randomly. The gravity and magnetic data was processed by utilizing
Microsoft excels and Surfer8 software. The local gravity value covers
-33 to 21 mGal. The gravity results shows the trend pattemn of low
gravity value at northwest part and high gravity value at south-east
part of Krueng Raya which was indicated as fault system. The local
magnetic value covers -700 to 650 nT. The magnetic results showed
the trend pattern of low residual value at north part and a lot of
spotted high residual value surrounds Krueng Raya which was
indicated as fault zones. Gravity and magnetic results are well
correlated which indicated that the area is bounded by major faults.

Keywords— Aceh, fault, gravity, magnetic, Seulimeum,

I. INTRODUCTION

ANY geophysical methods had been constructed to
determine the faults distribution. In this study, gravity
and magnetic survey were chosen as preliminary study
and alternative measurement device for fault detection.
Located in Krueng Raya, Aceh Besar (Indonesia),
Seulimeum fault is one of the fault segment included in
Sumatra fault zone (SFZ). Furthermore, due to the gravity
density and magnetic susceptibilities contrast, this region
offers a unique pattern of gravity and magnetic surveys in
delineating shallow features.

Krueng Raya is located in Banda Aceh district which is one
of the areas affected by tsunami disaster and precisely at the
line of Sumatra fault system. The Sumatra fault zone (SFZ) is
the most active fault in Indonesia as a result of strike-slip
component of Indo-Australian oblique convergence. With the
length of 1900 km, Sumata fault was divided into 20 segments
starting from the southernmost Sumatra Island having small

SUMATRA FAULT ZONE
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slip rate and increasing to the north end of Sumatra Island as
shown in Fig. 1 [1].
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Fig. 1 The great Sumatra fault zone (SFZ) is; a trench parallel, right-
lateral strike-dip fault and divided into 20 fault segments [1]

[1I. THEORY

A. Gravity

Gravity measurements are used to detect geological
formations with different densities. The density contrasts leads
to a different gravitational force which is measured in mGal or
10? cm/s’. Density of the rocks mainly depends on the
composition and porosity, but partial saturation of the rocks
may also influence the values. Generally, sedimentary rocks
are lighter than crystalline rocks. The raw data needs to be
corrected for several factors. The results are usually presented
in Bouguer maps based on the Bouguer anomaly (Agg) where
corrections have been done on the measured value (gy) for
tidal effects, clevation, local topography, latitude and drift for
the gravimeter [2].

B. Magnetic

The magnetic method measures the intensity of the natural
magnetic field. This includes contribution from the earth’s
core and crust, as well as any secondary magnetic field
induced in magnetic geological bodies, which locally creates
positive and negative magnetic field anomalies. Those
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anomalies are the target of a magnetic survey for geological
purposes.

IV. GENERAL GEOLOGY

The regional geology of Banda Aceh Quadrangle has been
mapped by [3] (Fig. 2). The Krueng Raya lithology is
dominated by Lam Tuba volcanic, composed of andesitic to
dacitic volcanics, pumiceous breccia, tuffs, agglomerate and
ash flows which intruded of the Seulimeum formation
composed of tuffaceous and calcareous sandstones,
conglomerates and minor mudstones [3]. The prospect area is
near the Raya mount and le se uem hotspring. It forms a
topographic depression, occupied by alluvial flat and low, flat-
topped hills within the Barisan range; a rugged mountain
range that runs along the entire western edge of the Sumatera
Island. Following closely the crest of the Barisan range is a
continuous system of axial valleys, including the Kr. Tangse
valleys, which marks the outcrop of the main fault line of the
Sumatran fault system. This is essentially a right lateral
fracture system [4] and [S]. The area is controlled by two main
faults system, with orientation NW to SE. The topographic
morphology of the Krueng Raya is subdued because the rocks
are strongly fractured and altered.
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Fig. 2 Geology map of the study area

V. STUDY AREA

The study was carried out in the area of Krueng Raya,
Banda Aceh (Indonesia) with area of 6 km x 8 km (Fig. 3).
The gravity and magnetic survey was carried out with random
moving station. The distance for gravity station was set at 200-
500 m (Fig. 4) while for magnetic station was set at 50-300 m
to cover the survey area (Fig. 5).
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Fig. 3 The magnelicsurvey at Krueng Raya, Banda Aceh
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VI. METHODOLOGY

A. Gravity

The gravity measurement was applied at all moving station
scattered around the study area with station interval of 200-
500 m, in order to identify subsurface structure. A local base
station was located at one place where one repeats a gravity
reading in thc morning and in thc aftcrnoon after finishing
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survey line for each day. The repeated readings are performed
because cven the most stable gravity meter will have their
rcading drift with time due to elastic creep within the meter's
springs and also to help remove the gravitational eftects of the
earth tides. The instrument drift is usually linear and less than
0.0ImGal/hour under nommal operating conditions. The
gravity survey covered most of the area, except some locations
due to thick jungle.

The observed gravity readings obtained from the gravity
survey reflect the gravitational field due to all masses in the
carth and the eftect of the earth’s rotation. To interpret gravity
data, one must remove all known gravitational effects not
related to the subsurface density changes. These include
latitudinal variations, elevation changes, topographic changes,
building effects and earth tides [7]. The field survey usually
removes the earth tidal effect during the drift curve
determination and use latitudinal correction. To take into
account, the vertical decrease of gravity with increase of
elevation from a predetennined datum plane (usually sea
level) and the gravitational field of the mass between the
datum plane and a gravity station, a free-air and Bouguer
corrections are applied to the observed gravity data. The
Bouguer correction requires an average density value
(Bouguer reduction density) of the mass, which is usually
assumed to be 2.67 gm/cm®. The final form of the processed
gravity data is called a complete Bouguer gravity anomaly.
Once corrections were done, the data were exported into a grid
file to the Surfer8 software to perform gravity contour map.

B. Magnetic

The magnetic survey was carried out with scattered moving
station with interval of 50 m to 300 m interval in order to
detect the subsurface structure. The used system is designed to
measure the total field and/or gradient field, and is essentially
proton precession devices. The measured independent grid
was later combined to form a single master grid. The master
grid provided a full magnetic map for easy display of the
anomalies and allows the data to be processed using Surfer8
software. A base station with magnetic homogeneity was
selected within the study area to recorded magnetic readings at
a time interval of 1 minute to correct the diurnal variation
eftects of the earth’s field from survey measurements. The
magnetic survey covered most of the area, except some
locations due steel fancies and thick jungle in the area. Base
station data was used to correct the moving data, and finally, a
total intensity magnetic anomaly map was produced, retlecting
the subsurface structure. Magnetic data alone gives a general
idea about the subsurface structures affecting the study area.
Processing the magnetic data enhances and sharpens the
anomalies and trends of the data and helps in the
interpretation. In this work, we will apply two techniques in
order to estimate the locations of the subsurface faults. First
step in magnetic processing was inspecting raw data for
spikes, gaps, instrument noise or any irregularities in the data.
The next step involved diurnal variation correction and IGRF
correction to produce magnetic residual. Once corrections
were done, the data were exported into a grid file to the
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Surfer8 software. After calculating a grid from xyz data in
Surfer8, magnetic residual was carried out to compare the
difference between a grid value and the new data at any
definite location of the site.

VII. RESULTS AND DISCUSSIONS

A. Gravity

Fig. 6 shows the bouguer anomaly contour map. It consists
of two gravity anomalies which may be related to the
Seulimeum fault where it is located at northwest part and
south-east part. The local gravity values cover -33 to 21 mGal.
The low values are distributed on the northwest part while the
high values are distributed on the south-east part. Fig. 6(b)
shows the lateral view of the faulting system which runs from
northwest to south-east in the study area. The bouguer
anomaly contour map shows the same trend as geological map
based upon [3] as it bends slightly to the west-east.
(B)

(A)

5585

558

9652 95525 9583 6 535
Fig. 6 Bouguer anomaly map of Krueng
fault system

w2 %55 %653 | 9553
Raya; a) local gravity b)

B. Magnetics

Ground magnetic data can more easily overemphasize
shallow features the data may suggest the presence of faults
when instead the anomaly is being produced due to variations
in magnetic susceptibility. Thus, it is important to evaluate the
results of these profiles in conjunction with other data types.
Whereas depth estimates cannot be generated from these data,
an analysis of these profiles can help determine the horizontal
location of possible magnetic contrast.

The data was plotted as a contour map using Surfer8
software and was displayed in nanoteslas (nT). Magnetic
results show lateral view of the faulting system in the study
area (Fig. 7). The local magnetic value covers -700 to 650 nT.
The total intensity magnetic anomaly map of Krueng Raya,
Banda Aceh (Indonesia) was characterized by low magnetic
anomalies over northern part and high magnetic anomalies
spotted surrounding of the area, which indicate the presence of
fault covering these parts. Potential faults location are depicted
as linear nortwest to southeast trending features due to the the
trend pattern of lower magnetic values than the surrounding
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(black dashed lines). From the magnetic maps, several of the
anomalies can be clearly correlated with geological map.

95525

9552

9552 95.525 95.53 95.535

Fig. 7 Magnetic anomaly in Krueng Raya a) local residual and b)
fault system

VIIl. CONCLUSION

Data collection, processing, contouring and interpretation of
the gravity and magnetic data provide increased understanding
of the shallow structures associated with the Seulimeum fault
system. The gravity and magnetic results supported with
geological map suggested the existence of several small faults
in the study arca. It is clear that the main trend of the
Seulimeum faults in Krueng raya is in the NW-SE direction.
The application of gravity and magnetic survey are well
correlated and can be easily determine the fault zones for
preliminary study at the study area. Detail investigation using
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other geophysical methods should be apply for further
investigation.
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Analysis of Biofilter and Microbial Community
Change under the Treatment of Ammonia and
Toluene

Beomsoo Kim, Jingyu Kim, Daekeun Kim, and Joonho Parkt

Abstract—There are many methods to treat Ammonia and
Toluene. BioFilter has many advantages. But Because of cytotoxicity
of ammonia and toluene, we need microorganisms suitable for
ammonia and toluene. Therefore, we study microbial community
change under the treatment of Ammonia and/or Toluene. The Genus
Pseudofulvimonas and Pusillimonas are increased under the treatment
of Ammonia and Toluene.

Keywords—Biofilter, Metagenomics, Pseodofulvimonas,

I. INTRODUCTION

MMONIA and Toluene and malodorous substance[ 1].There

are many methods to treat toluene and ammonia (Chilling,
Absorption, Adsorption, Combustion and ECT) [2], Biofilter
system using microorganisms is one of the potential solutions
for removal ammonia and toluene. Biofilter has many
advantages (Low cost, Low byproduct and ETC). To improve
Biofilter efficiency, it is important to find microorganism
suitable for ammonia and toluene [3] (or any other pollutants).
We need other microorganisms suitable for ammonia and
toluene .especially, because of cytotoxicity of ammonia and
toluene [4]-[5]. We studied change of microorganism
community under treatment of ammonia and toluene using
Metagenomics sequencing of 16s rRNA gene. Additionally, we
studied Biofilter efficiency.

II. METHOD

A. Bioreactor

We collect return sludge (namely, S) at sewage treatment
plant in Uijeongbu-si, Gyeonggi-do, Korea. The Sludge mixing
with nutriments was injected into Bioreactor [Fig 1] under
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aerobic control. Also, gas mixing with pure air was injected into
Bioreactor. There are Polyurethane foam (lcm X lem X lem)
in Bioreactor. The culture control was shown at [Table 1].
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Fig 1.Schematic of Biofilter

TABLE 1
CONDITION OF BIOFILTER
pH 8~8.3
Dissolved Oxygen(DO) 7 mg/L
Temperature 28~32°C

B. Analysis of Ammonia and Toluene

Ammonia gas (namely, A) or Ammonia + Toluene gas
(namely, AT) was respectively injected into bivreactor.
Ammonia and Toluene were injected at 100ppmv and
590.95ppmv. After 2 month, ammonia gas from Biofilter was
collected by indophenol method. After 1 hour, absorbance was
analyzed at 640nm using UV-Spectrophotometer. Toluene gas
was analyzed using gas chromatography equipped Flame
ionization detector (FID)

C. Analysis of Microorganisms

1. Extraction of DNA

We brought 3 Piece of Polyurethane foam adhere by
Microogranimsms from bioreactor after 30days. The
Polyurethane foam was put into Tris-Buffered saline (20mM
Tris, 150mM NaCl). After 25 minutes, the Tris-Butfered Saline
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C. Analysis of Microorganisms

1. Extraction of DNA

We brought 3 Piece of Polyurethane foam adhere by
Microogranimsms from bioreactor after 30days. The
Polyurethane foam was put into Tris-Buffered saline (20mM
Tris, 150mM NaCl). After 25 minutes, the Tris-Buffered Saline
was centrifuged at 11000rpm. After ISminutes, pellet was
collected. Using NucleoSpin Soil Kit (Macherey-Nagel GmbH
& Co. KG, Duren, Germany), we extracted DNA

2. Sequencing Analysis

DNA (extracted at C.1) was purified by PCR purification kit.
Using GS_FLX_454 Titatnium sequencer, we carried out
metagenomics.

III.  RESULT AND CONCLUSION

A.Ammonia and Toluene degradation

The performance of biofilter with respect to ammonia and
toluene removal is shown in Figure 1. During the experimental
runs up to 200 days, ammonia removal was observed with
consistentremoval efficiency up to 100%. For toluene removal,
the second operation, phase II, was recognized as a start-up
period, which demonstrates the acclimation period to remove
toluene. Phase Il was conducted under a toluene loading of 20
ppm, and Phase IV under a toluene of 50 ppm. The overall
toluene removal efficiency reached up to 95% level after a
certain period each experimental phase.

—8— inlet ammonia

—8— inlet toluene

—O— ammonia removal efficiency
—8— toluene removal efficiency

Ammonia and toluene, ppmv
&
(=
(=}
Removal efficicency, %

50 100
Sequentail time, days
Fig. 2 BioFilter performance with respect to ammonia and toluene
removals.

B. Metagenomics Analysis

The microbial populations in the media sample of the bio
filter were analyzed by Metagenomic analysis. [Fig 3].1.5% or
more percent microorganisms were only shown. Under the
treatment of Ammonia (A), Nitrosomonas (37.44%) and
Pseudo fulvimonas (27.30%) species were most abundant [Fig
4]. Nitrosomonas were well known species as an oxidation of
ammonia [6]. Under the treatment of Ammonia and Toluene
(AT), Pseudo fulvimonas(21.59%) and Pusillimonas (13.32 %)
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species were most dominant [Fig 3].
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Fig. 3 Sequence composition of the 16s rRNA gene is presented at
(A) phylum, (B) order, (C) family, (D) class and (E) genus.
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Activated Neem Bark as a Potential Low-Cost
adsorbent for the Removal of Cr(VI), Cu(Il) and
Zn(Il) from Wastewater

Utkarsh Maheshwari, and Suresh Gupta

Abstract—In the era of industrialization and urbanization, there
is a huge increase in the use of metals in the industries.The eftluents
from these industries contains heavy metals in their effluents which
leads to the deterioration of the water quality. This guide to a need
for finding efficient ways for its purification and treatment.Among all
the available methods, Adsorption proves to be an efficient and
effectual means to handle the industrial effluents when high
concentration, multiple pollutants are the main concem. The
adsorption process can be made more economical by utilizing a low
cost alternative to the commercial adsorbent.

In the present study, a low cost adsorption is developed using
neem bark as the raw material. The bark is chemically treated with
H2SO4 in a ratio of 1:1 on the weight basis while the physical
treatment is given by keeping it at S0°C for 24 hours. The
performance of the developed adsorbent in tested on the removal of
multiple metal ions i.e. Cr(VI), Cu(ll) and Zn(II) by performing
equilibrium experiments. The Langmuir isotherm model satisfactorily
describes the adsorption behavior and supports the monolayer
adsorption during the three processes. The maximum adsorption
capacity for the removal of Cr(VI), Cu(lI) and Zn(II) are found to be
18.52,19.23 and 11.49 mg g™’ respectively

Keywords— Activation, Adsorption, Heavy Metals, Multiple
Metal lons

I. INTRODUCTION

LEAN water is a primary concern in the present scenario

of pollution. Increase in industries using metals in their
processes are the primary factor of the pollution. The effluents
trom these industries are containing heavy metals which are
much above the permissible limits and too are really harmful.
This leads to a demand of finding new ways for the treatment
of the effluents. Among the various methods available,
adsorption is one of the methods proven to be more
economical and efficient at the multiple level of pollution.
Identifying a low cost material as an adsorbent for multiple
metal removal can be an added advantage to the process [1-5].
The ncem bark is taken as the raw material for the
of adsorbent the present study. The

development in
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performance of the developed adsorbent is evaluated by
performing equilibrium experiments for the removal of various
heavy metals (chromium (Cr(VI)), copper (Cu(Il)) and zinc
(Zn(I1))). Langmuir and Freundlich isotherm models are
utilized to study the adsorption behavior of the process.

II. EXPERIMENTAL METHODS

The neem bark collected from the Birla Institute of
Technology and Science (BITS)-Pilani, India locality are used
for the preparation of the adsorbent. The bark is further
crushed and sieved to obtain the required sized (=1.20 mm)
pieces. The bark particles are further chemically treated with
sulfuric acid in a proportion of 1:1 on the weight basis and
later physically treated at 50°C for 24 h. The activated bark is
further washed to get rid of the free acids available on the
surface before using it as an adsorbent. Initially, the 1000 mg
L of stock solutions of Cr(VI), Zn(Il) and Cu(II) are prepared
using Potassium dichromate, Copper sulfate and Zinc sulfate
respectively. The stock solution is further diluted to 5-200 mg
L™ of the initial concentration for the equilibrium experiments
on the removal of Cr(VI), Cu(ll) and Zn(Il). The other
parameters such as mass of adsorbent, pH and time of contact
are kept constant at 6 g L™, 2.70 and 48 h respectively. The
experiments are performed in the 100 ml conical flask and the
proper agitation is provided using rotary shaker.

The amount of the adsorbate left in the solution is
determined using Atomic Absorption Spectrophotometer
(AAS) (Model: AA-7000, Shimadzu). The solid phase
concentration of the metal is determined using (1) [5].
_G-CW "

w

where, g, is the amount of metal adsorbed by the adsorbent
(mg g™, C; represents the initial concentration of sample (mg
L"), C, is concentration of metal sample at equilibrium (mg L~
Y, V is the initial volume of the solution (L) and W is the
weight of the adsorbent (g).

e

[11. RESULTS

The effect of the initial concentration on the removal of
Cr(V1), Cu(Il) and Zn(II) is studied in the present work. The
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eftect of the initial concentration on the removal of Cr(VI),
Cu(ll) and Zn(II) is shown in Fig. 1, 2 and 3 respectively.
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Fig. 1 Effect of initial concentration on the removal of Cr(VI)
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Fig. 2 Effect of initial concentration on the removal of Cu(ll)
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Fig. 3 Effect of initial concentration on the removal of Zn(II)

From the Fig. I, it is seen that the removal percentage of
Cr(VI) decreases from 77 to 46%, while the solid phase
concentration increases from 0.5 to 15 mg g when the initial
concentration varies from 5 to 200 mg L™ respectively. Also,
from the Fig. 2, it can be inferred that the solid phase
concentration increases from 0.5 to 15 mg g'I while the
removal percentage of Cu(Il) decreases from 74 to 44% for the
increase in the initial concentration from 5 to 200 mg L'
respectively. Similarly from the Fig. 3, it is seen that the
removal percentage of Zn(Il) decreases tfrom 53 to 36%, while
the solid phase concentration increases from 0.5 to 11 mg g'l

for the increase in the initial concentration from 5 to 200 mg L”
" respectively.

The reduction in the percentage removal is due to the
availability of more amount of the adsorbate in comparison to
the same quantity of the adsorbent dosage available for
adsorption. This also leads to an increase in the adsorption
capacity.

IV. ISOTHERM STUDY

Isotherm models are an important mode of explaining the
adsorption behavior of the process, especially when the
adsorbents are new in the system. The isotherm models help in
understanding the relationship between the solid and liquid
phase concentrations. There are a number of adsorption
models available in the literature. In the present study,
Langmuir and Freundlich isotherm models are utilized for
understanding the behavior of the process.

A. Langmuir Isotherm Model

Langmuir isotherm is one of the simplest isotherm, which
is used by a number of researchers to explain the behavior of
their adsorption systems [1-5]. Langmuir isotherm is based on
the assumption of having monolayer adsorption of the
adsorbate on the adsorbent surface. The linear form of the
isotherm is presented below in (2).

c, 1 C

9. bg, 4. )
where g, is representing the maximum adsorption capacity
while b is the Langmuir isotherm coefticient.
The linear plot for the Langmuir isotherm model for the
removal of Cr(VI), Cu(ll) and Zn(Il) are presented in Fig. 4.
The parameters evaluated are given in Table I.
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Fig. 4 Langmuir isotherm plot for the removal of Cr(VI), Cu(Il)
and Zn(1I)

B. Freundlich Isotherm

The Freundlich isotherm model is another model used by a
number of researchers. It is assumed to follow heterogeneous
adsorption phenomena [1-3,7]. The linearized Freundlich
model is represented by (3).

Iogqt)zlog(KF)+Llog(Ce)
i 3)
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where ng and Ky are representing the Freundlich isotherm
constants. The linear plot of Freundlich isotherm for the
removal of Cr(VI), Cu(ll) and Zn(Il) is presented in Fig. 5.
The parameters are evaluated and tabulated in Table 1.
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Fig. 5 Freundlich isotherm plot for the removal of Cr(VI), Cu(II) and

Zn(Il)
TABLE [:
ISOTHERM CONSTANTS FOR THE REMOVAL OF CR(VI), Cu(II) AND ZN(II)
Cr(VI) Cu(ll) Zn(1)
gm 18.52 19.23 11.49
Langmuir b 0.024 0.022 0.016
R’ 0.990 0.995 0.996
K¢ 0.649 0.676 0.294
Freundlich "e 0.691 0.628 0.697
R’ 0.967 0.976 0.983

From the correlation coefficient, it is clear that the
adsorption removal of Cr(VI), Cu(ll) and Zn(Il) are best
described by the Langmuir isothenm model. This supports the
formation of monolayer on the surface of the adsorbent i.e.
activated neem bark during the adsorption process.

V. CONCLUSION

In the present work, neem bark is used for the development
of the adsorbent. The bark is further treated chemically and
physically to make it use for the removal of multiple metal
ions. The performance of the developed adsorbent is analyzed
for the removal of Cr(VI), Cu(ll) and Zn(Il) by performing
equilibrium experiments. The activated neem bark is found
suitable for the removal of the three metal ions. Also it is
found that the adsorption removal of all the three i.e. Cr(VI),
Cu(Il) and Zn(Il) is well defined by the Langmuir isotherm
model supporting the monolayer adsorption during the
process. The maximum adsorption capacity obtained for the
removal of Cr(VI), Cu(ll) and Zn(Il) using activated neem
bark is found to be 18.52, 19.23 and 11.49 mg g"' respectively.
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Removal of Organic Constituents from Treated
Wastewater using Nanotechnology and
Advanced Oxidation Processes

Mahad S. Baawain, Hajar Al-Balushi, Abdulsalam Al Zakwani

Abstract— Water is subjected to pollution with impurities
and contaminations as a result of increasing urbanization,
industrial activities and population growth. Consequently,
more technological treatments are needed to eliminate/reduce
the pollutants from water. In this study, photocatalytic
degradation (nanomaterials of Zinc Oxide (ZnO) and Titanium
Dioxide (TiO;) activated with ultraviolet radiation (UV)) and
advanced oxidation processes (O3 and O3/UV) were used to
degrade organics from water samples. A known amount of
Potassium  Hydrogen Phthalate with two different
concentrations (1,000 mg/L and 500 mg/L) were injected in
synthetic water samples. The synthetic water samples were
treated with ZnO/UV, TiO/UV, O; and Os/UV at different
loads. Optimum removal efficiency of TOC and COD was
found to be at 15 mg/mL of TiO; and 30 mg/mL of ZnO. It
was found that the removal efticiency of TOC using Oj; and
UV combination is higher than Oj; alone. Also, the TOC
removal efficiency increased as the ozonation time increased.
Treated wastewater sample, collected from a local wastewater
treatment plant, was treated with 15 mg/mL of TiO,. The
removal efficiency for TOC and COD were found to be 31 %
and 83%, respectively.

Keywords—  Organic  constituents, treated
nanotechnology, advanced oxidation.

wastewater,

. INTRODUCTION

T is important to keep the water fresh, clean and free from

contaminants for human uses [1]. The pollution due to
organic contaminants is very risky due to their hazardous and
toxic nature [2]. The organics in water are indicated by
Chemical Oxygen Demand (COD), Biological Oxygen
Demand(BOD), and Total Organic Carbon (TOC). Some
methods in removing organics from water are advanced
oxidation processes, electrolysis, reverse osmosis, electro-
dialysis, ion exchange, membranes, adsorption,
electrochemical and nanotechnology [1-6].

Nanotechnology is described by the use of materials lesser
than 100 nm which are called nanoparticles or nanomaterials
[1, 7]. This technology has general applications in industrial,

Mahad S. Baawain, Hajar Al-Balushi, Abdulsalam Al Zakwani, Department
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Oman. msab@squ.edu.om
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agricultural and environmental sectors [8]. Therefore, it has
the future to become a major industry over the next 10-15
years [5]. The advances in nanotechnology applications
provide opportunities to overcome the different problems and
challenges in water system.

Moreover, advance oxidation processes (AOPs) are among
the best alternatives to degrade the organic pollutants. AOPs
are chemical oxidation processes with hydroxyl radicals,
which are very reactive and short-lived oxidants. The radicals
need to be produced on site, in a reactor where the radicals can
react with the organics in the water or wastewater. Hydroxyl
radicals may be produced in systems using: Ozonation (O;),
Ultraviolet Light (UV), Hydrogen Peroxide (H,0,),
Photocatalysis, and Ozone in combination with UV (UV/O;),
ozone plus hydrogen peroxide (O3/H;0,), and Hydrogen
Peroxide and Ultraviolet Light (H,0,/UV) [9].

This paper discussed the importance of nanotechnology and
AOPs applications in wastewater treatment. It aims at
evaluating the removal of organic constitutes from treated
wastewater by using nanotechnology and AOPs. The removal
efficiency will be evaluated by measuring chemical oxygen
demand (COD), and total organic carbon (TOC).

I1. BACKGROUND

A. Applications of Nanotechnology in Wastewater Treatment

Nanomaterials have a great scope to improve wastewater
treatment, due to their features concourse with present
treatment technologies such as ultraviolet (UV) disinfection. In
future, nanotechnology will bring a broad change in
wastewater technologies [1, 6, 8]. For a material to be used for
water disinfection, it must show a strong antimicrobial activity
whereas lasting harmless to humans. There are factors to be
considered for suspended nanoparticles that affect its
capability as a disinfectant. These factors are; the existence of
salts that encourage precipitation and coagulation, conflicting
species that consume Reactive oxygen species (ROS), and
natural organic matter that coats on nanoparticles and shrinks
their bioavailability [6].

The unique properties of nanomaterials can be exploited to

yield enhanced adsorbents, reactive or photocatalytic
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materials, and improved membranes. The present cost of
nanomaterials is excessively high except for nano-TiO,,
nanoscale iron oxide, and polymeric nanofibers. This can be
solved by using low purity nanomaterials. However the cost-
effectiveness can be enhanced by retaining and reusing
nanomaterials [1].

B. Applications of AOPs in Wastewater Treatment

Ozone has long been used for disinfection, taste and odor
management, and color removal in water treatment facilitics.
Ozone reacts with natural organic matter (NOM) by an
electrophilic addition to double bonds. This reaction is very
selective. In addition to direct reaction of ozone with NOM,
non-selective and fast reaction occurs with OH radicals that
are formed when ozone decomposes in water. Compared to
AOPs, the OH radical fonnation potential is much lower. The
oxidation potentials for ozone and OH radical are 2.42 and
2.86 eV, respectively. There are several solutions to promote
the OH radical production in ozonation process. The easiest
and cheapest solution to convert a conventional ozonation
process into AOP is the addition of H;0,. Another alternative
is the combination of ozone with UV irradiation or the
combination of all three [10].

The experiments of nanotechnology and AOPs were
conducted on a batch mode. In order to evaluate the
performance of the treatment systems to degrade the organic
content, influents and effluents from each system were
analyzed for chemical oxygen demand (COD) and total
organic carbon (TOC). The conducted tests were based on
Standard Methods for Examination of Water and Wastewater

[y.

METHODOLOGY

IV. RESULTS AND DISCUSSION

A. Nanotechnology Results

Table | shows that the maximum removal efficiencies in
TOC and COD were 10.5 % and 24.69%, respectively when
using 10 mg/mL of TiO; load. The minimum removal in TOC
and COD was 3.61% and 13.2 %, respectively, were obtained
when 300 mg/mL of TiO, was used. Therefore, 10 mg/mL of
TiO, is the best among the different loads.

Table [l shows that the maximum TOC removal (35.2%)
accorded with the lowest amount of Potassium Hydrogen
Phthalate (5 mL).The removal kept decreasing with the
increase of Potassium Hydrogen Phthalate amount. It reached
the lowest percentage (4.04%) at 20 mL of Potassium
Hydrogen Phthalate. Furthermore, the maximum COD removal
(45.21%) was obtained at 10 mL of Potassium Hydrogen
Phthalate and the minimum removal percentage (6.99%) was
at 25 mL of Potassium Hydrogen Phthalate. It can be
conciuded that, with the increase in Potassium Hydrogen
Phthalate (concentration = 1,000 mg/L) amount; the removal
efficiency of Titanium Dioxide decreases. This may be due to
the high concentration of Potassium Hydrogen Phthalate that
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coat the nanomaterial and thus lower its removal efticiency.

TOC AND COD REMOVAI. FOR FIXTE?)BéIj,'I{jKOA (1,000 MG/L) WITH VARIED
T10; L.OADS
TiO; (mg/mL) TOC Removal (%) | COD Removal (%)
10 10.50 24.69
50 9.92 20.45
100 5.71 15.01
200 6.30 21.13
300 3.61 13.20
TABLEII

TOC AND COD REMOVAL FOR 10 MG/MLTIO; WITH VARIED C3HsKO4

CsHsKO4(mL) | TOC Removal (%) | COD Removal (%)
5 35.20 36.94
10 15.96 45.21
15 14.41 32.47
20 4.04 15.77
25 0 6.99
Table [l shows that the maximum removal in TOC and

COD (7.89 % and 16.46%, respectively) when using 30
mg/mL of ZnO load. The COD results were quit consistent
with TOC results and the maximum was at 30 mg/mL of ZnO.
Therefore, 30mg/mL of ZnO is the best among the different
loads.

TABLE 111
TOC AND COD REMOVAL FOR FIXED C3gHsKOy4 (1,000 MG/L) WITH VARIED
ZNO LOADS
ZnO (mg/mlL) TOC Removal (%) | COD Removal (%)
10 5.55 6.85
20 2.41 9.76
30 7.89 16.46
40 243 10.97
50 4.63 16.05

Table [V shows that thc maximum removal of TOC and
COD, 7.62 % and 53.97 %, respectively, corresponding to [0
ml of Potassium Hydrogen Phthalate (concentration = 1,000
mg/L). It can be observed that thc removal decreases
continuously when Potassium Hydrogen Phthalate amount
increases.

TABLE IV
TOC AND COD REMOVAL FOR 30 MG/MLTNO WITH VARIED CygHsKOy4

CsHsKOs(mL) | TOC Removal (%) | COD Removal (%)
5 - 23.03
10 7.62 53.97
15 4.32 26.62
20 5.03 7.28
25 2.07 1.40
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B. AOPs Results

Two samples of distilled water and tap water mixed with
Phenol were tested using O; and O3/UV at different ozonation
times (5, 10, 15, 20 and 30 min) separately. Table V shows the
TOC removal efficiency for distilled water and tap water
mixed with phenol. It was found that the combination of O;

and UV has higher removal efficiency than O;. However, the
TABLE V
TOC REMOVAL FOR DISTAL WATER AND TAP WATER MIXED WITH PHENOL

Sample Ozonation TOC (mg/l.) TOC Removal
Time (%)
(min.) 03 03+LV | 03 03+l'V
Distilled 0 117 117 0 0
water + 10 105 102 10.2 12.6
phenol 20 102 87.0 12.6 25.4
30 99 96.0 15.2 17.5
0 97.89 97.9 0 0
S 83.18 71.4 15.0 27.0
Tap 10 78.01 66.2 20.3 324
Water + 15 77.44 65.5 20.9 33.1
phenol 20 75.58 66.5 22.8 32.0
30 62.1 67.0 36.6 30.8

The ozonation time that achieved the best removal (20 min)
was fixed against variable amounts of phenol initial
concentrations in water samples (Table 1V). It can be seen that
the removal efticiency decreases as the organic content (i.e.
TOC) in the sample increases.

TABLE VI
TOC REMOVAL EFFICIENCY WITH FIXED OZONATION TIME FOR DIFFERENT
PHENOL CONCENTRATIONS

Sample | Ozonation TOC (mg/L) TOC
Time Before | O3;+UV Removal (%)
(min.)

Tap 20 60.1 38.13 36.5
water + 20 110 78.8 28.1
phenol 20 168 130 22.7

20 219 153 30.4

V. CONCLUSIONS

Zinc Oxide and Titanium Dioxide were used to remove
organic matter in treated wastewater and their removal
efficiency was evaluated. Known amounts of Potassium
Hydrogen Phthalate were injected in synthetic water samples
and were treated with different loads of Zinc Oxide and
Titanium Dioxide. TOC and COD were performed for samples
before and after treatment. Optimal removal efficiency of TOC
and COD were found to be at 30 mg/mL of ZnO and 15
mg/mL of TiO.

Furthermore, the AOPs experiments were conducted by
using O3 and a combination of O3 and UV. It was found that
the removal efticiency of TOC using the combination of O,
and UV combination is higher than O3 alone. Also, the TOC
removal efficiency increased as the ozonation time increased.
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Eco-Friend Flame Retarding High Temperature
Poly(Cyclohexylene Dimethyl Terephthalate)
For Led Packaging Application

Jinhwan Kim, H.Y. An

Abstract— Partly aromatic polyesters such as poly(ethylene
terephthalate) (PET) or poly(1,4-butylene terephthalate) (PBT) are
made by reacting terephthalic acid with aliphatic diol and widely used
as engineering plastics in electric and electronic applications.
Recently, lots of attention have been paid to another type of partly
aromatic polyester, poly(cyclohexylene dimethylene terephthalate)
(PCT), having higher heat resistance and hygrothermal stability
compared to PET and PBT. The structural formula of PCT is shown in
Fig. 1. When the thermal properties of three polymers are determined
by a differential scanning calorimetry (DSC), the crystalline melting
temperature (T,,) of PBT, PET, and PCT are 227, 243, and 289 °C,
respectively. PCT possesses the highest T, and is suitable for high
temperature electric and electronic applications. PCT’s high T, and
good hygrothennal stability coming from its inherent cycloaliphatic
structural unit find its application as an adequate material for the
“reflector”, the molded part of LED devices such as high power
lightenings. Since PCT is used in electric and electronic applications,
the impartment of flame retardancy is essential and the development of
effective halogen-free system is very demanding. However, no
publication has been reported on this subject. In this study, the
pyrolysis and flame behavior of PCT are investigated by employing
the metal (Aluminum) complex of alkyl phosphinate as a main FR.
Moreover, Melamin cyanurate(MC) and Melamin Polyphophate
(MPP) are used as synergists to understand the combustion mechanism.
The results are compared with the flame retardancy behavior of PBT
system. The flame retarding perfonnances of various formulations are
studied by Underwriters Laboratories test (UL-94) and
thermogravimetric analysis (TGA). The charred residues are
investigated by FT-IR (ATR) spectrophotometry and scanning
microscope (SEM). A decomposition mechanism is also postulated on
the basis of experimental results.

Keywords— Poly(cyclohexylene dimethylene terephthalate), LED
devices, Flame retardancy, Decomposition mechanism
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Highly-Efficient Semitransparent Solar Cells
with Good Transparency, Color Perception, and
Rendering Properties

Chih-Yu Chang*

Abstract—Polymer solar cells are of great interest as an
alternative renewable energy source to typical silicon-based
photovoltaic cells due to their potential for cost-effective large-area
manufacturing,  light-weight, and  mechanical flexibility.
Semitransparent (ST) solar cells, in particular, have great potential
for power-generating window applications, which permits daylight to
pass through while generating electricity. In this study, we
demonstrate highly-efficient ST solar cells through the development
of innovative materials and device structures. Two polymers are used
in this study, including a novel fluoro-containing low bandgap
polymer  poly[2,6-(4,4-bis(2-ethylhexyl)-4H-cyclopenta[2,1-b;3,4-
b’]dithiophene)-alt-4,7-(5-fluoro-2,1,3-benzothia-diazole)]
(PCPDTFBT) and a medium bandgap polymer
poly(indacenodithiophene-co-phananthrene-quinoxaline) (PIDT-
phanQ). Considering the major absorption of PCPDTFBT locates at
the near infrared region and most of the visible light is unutilized, the
semitransparent cell based on PCPDTFBT exhibits a PCE of 5.0%
and an average visible transmittance (AVT) of 47.3%, which
represents the highest value reported for ST cells with similar
transparency. In addition, we also employed a novel tandem structure
to improve the light absorption for better energy conversion in a ST
cell. The resulting ST cell based on PIDT-phanQ exhibits a high PCE
of 7.4%, which is the highest value reported so far for a ST solar cell.
The nearly identical current density between the measured value and
the predicted value from optical simulation indicates that there is no
significant electrical loss in the device. More importantly, this ST cell
also possesses a desirable AVT (~40%) and an excellent color
rendering index (~100), which enables its use for power generating
window applications.

Keywords—  polymer solar cell, tandem solar cell,
semitransparent cell, organic electronics, efficiency.
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Preparation and Characterization of
Photoluminescent Electrospun Nanofiber of
Carbon Quantum Dots and Polyacrylonitrile

Cho-Hye Lee, Al-Mahmnur Alam, Mira Park, and Hak-Yong Kim

Abstract—In this study, novel photoluminescence (PL) nanofibers
consist of carbon quantum dots (CQDs) and polyacrylonitrile (PAN)
were fabricated by the electrospining process. The CQDs containing
nanofibers were characterized by field-emission scanning electron
microscopy (FESEM), transmission electron microscopy (TEM),
fourier transform infrared spectroscopy (FTIR), X-ray photoelectron
spectroscopy (XPS) and confocal microscopy. CQDs are familiar to
emit blue, green and red color depending on the excitation. The
PAN/CQDs nanofibers were found to be exhibited PL properties
similar to CQDs. Therefore, blue, green and red color was observed
under confocal microscope from the nanofibers membrane while the
sample was excited by 405 nm, 488 nm and 543 nm lasers.

Keywords—Electrospinning, Carbon quantum dots,
Polyacrylonitrile
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Polyacrylonitrile Composite Nanofibers
. Encapsulated with Ag,CO; Nanoparticles: A
Study on the Effect of Photocatalytic
Performances of Composite Nanofibers
Electrospun at Different Applied Electric
Voltages

Tae-Hee An, Gopal Panthi, Mira Park, Soo-Jin Park, and Hak-Yong Kim

Abstract—polyacrylonitrile (PAN)/Ag,CO; composite nanofibers
were fabricated via simple and versatile technique: electrospinning of
colloidal solution of PAN and Ag,CO; nanoparticles at different
applied electric voltages. Synthesis of Ag,CO; nanoparticles was
carried out by ion exchange reaction between Ag(NH3)," and NaHCO,
in aqueous solution. FESEM and TEM analysis revealed that Ag,COs
nanoparticles were completely encapsulated within PAN nanofibers in
all formulations, which can be helpful to avoid the photocorrosion and
separation difficulty of photocatalyst in large scale application.

. Photocatlytic efficiency of the introduced composite nanofibers was
evaluated by photodegradation of methylene blue (MB) and
rhodamine B (RhB) under visible light irradiation. On the basis of
experimental results composite nanofibers obtained at applied electric
voltage of 18 kV (PAN/Ag,COs-18) was found to be more superior
towards the photodegradation of organic contaminants. Overall, this
sort of composite material may represent a new promising alternative
with wide range of potential application in the field of water treatment.

Keywords— Electrospinning; Photocatalyst; Visible light; Silver
carbonate; Organic contaminants
[
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Preparation of Pt Impregnated Boron Doped
Graphene Catalyst for High-Temperature Proton
Exchange Membrane Fuel Cells

H.N. Yang, K.W. Park, and W.J. Kim"

Abstract—Graphene is composed by one-atom thick sheet of
hexagonal arrangement of carbonatoms and is the base of all graphitic
forms of carbon materials, which has high mechanical strength,
feasible electro conductivity and high surface area. Recently, many
researches have focused on the enhancement of electrochemical
properties of graphene through heteroatom doping such as boron and
nitrogen. Especially, boron doped graphene (B-Gr) shows lower
electron transfer resistance toward redox probe and higher carrier
concentration than graphene.

Graphene or modified graphene has been gradually used as a catalyst
supporting materials while Nafion has been most widely used as a
membrane in polymer electrolyte membrane fuel cell (PEMFC) under
low temperature condition. Nafion membrane, however, has some
problems such as high fuel crossover, low conductivity at low
humidity, difficult water and heat management. In order to overcome
these problems, a high temperature PEMFC (HT-PEMFC) to be
operated above at 100 °C has been studicd. As the part of developing
HT-PEMEFC, cost effective and thermally stable membranes have been
developed. Poly [2, 2-(m-phenylene)-5,5-bibenzimidazole](PBI) is
considered to be the best candidate high temperature membrane due to
its excellent thermal, oxidative, chemical and hydrolytic stability
under operation conditions. As of now, however, Pt-B-Gr has not been
reported as a catalyst in HT-PEMFC.

In this study, B-Gr was prepared by pyrolytic synthesis of boric acid
and graphene oxide (GO) with different doping levels (from | to 5
times). GO was synthesized by modified hummers method from
graphite. Pt nanoparticles were then impregnated using microwave
method. As-prepared Pt-B-Gr was characterized by XRD, SEM and
FT-IR, TGA, TEM, and XPS. Electrochemical properties of Pt-B-Gr
with various doping levels was confirmed by CV, the single cell test of
membrane electrode assembly(MEA) using PBI membrane was
conducted with 0.5 mg/ cm? of Pt loading both at anode and cathode,
respectively. Finally, the effects of boron doping levels of catalyst
layer fabricated on the cell performance were studied at 150 °C.

Keywords—Graphene, doping level, PBI, High-temperature
PEMFC.
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Electrochemical Properties of Cathode Catalyst
with Dual Pore Structures Based On Pt-CB and
Mesoporous CMK-3 as a Supporting Layer in
Polymer Electrolyte Membrane Fuel Cell

K.W. Park, H.N. Yang, W.H Lee, B.S Choi, and W.J. Kim

Abstract— Mesoporous carbon molecular sieve, CMK-3 is
synthesized from silicate template (SBA-15) and sucrose as the carbon
source. CMK-3 is a carbon molecular sieve with mesoporous structure.
In this study, the electrochemical properties of cathode catalyst based
on Pt-CB and mesoporous CMK-3 as a supporting layer are evaluated
and the MEA using this dual layer at cathode was tested in polymer
electrolyte membrane fuel cell. In addition, the effect of thickness of
supporting layer on the cell performance is investigated. The cell
performance of dual layer catalyst shows the enhancement, depending
on the thickness of mesoporous supporting layer. It is attributed to the
facilitation of mass transfer due to the facile water removal from the
cathode due to capillary force exerted from mesoporous supporting
layer by CMK-3 as well as the prevention of Pt loss into the gas
diftusion layer (GDL).

Keywords— PEMFC, capillary force, mesoporous carbon, cell
performance.
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