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ABSTRACT
In this study, a laser light scattering method was used to measure size distribution of a desk-top
RMUTL MNB generator (KVM-10; 1 I/min at 200-270 kPa). For evolution of MNB size distribution, size
distribution of consecutively generated MNB water was evaluated when the MNB generator switch on and
switch off. The size distributions are measured from the initial micro bubble rich distributions into nano bubble
distributions by MNB analyzer Horiba LA-960A. The results show relatively short time (about 20 minutes) to

reach stable nano bubble distributions from the initial microbubble distributions. The oxygen is studied.

Keywords : micro/nano bubble size distribution, laser light scattering method.

E — Mai I: "nakhorn_th@hotmail.com



V. Thonglek and Team, Journal of Innovative Technology Research, Vol.2 No.2, Page 1-6, 2018

1. INTRODUCTION

The micro/nano bubble (MNB) technology is
rapidly emerging now in various fields as an
innovative advanced technology with outstanding and
versatile effects (Fig.1). The MNBs have huge surface
areas, high pressures inside, bubble surface
negatively charged, which can show amazing effects

for applications!"

trestment for
jonal  pollutant removal  Bathing related squicment;
fomation wearm &1 and ch

by i cleaniog efects
poter

by the micro bul

Fig.1. versatile applications of Micro/Nano Bubbles

(Courtesy Toshihiko EGUCHI)

Because of The properties of MNB like high

inertial pressure, high gas-liquid interfacial area,
negatively charged surface and high gas dissolution
rate makes them extremely suitable for various
applications®®®’ MNB has been used for a source of
high temperatures when activated by ultra-sonic in
chemical reactions and to increase oxygen delivery in
fermentation process*®" MNB is used to drive mixing
on a chip in microelectromechanical devices®® MNB
is being developed to also use as ultrasound contrast,
drug delivery agents’ When considering the
agriculture and aquaculture applications of MNB, it is
very important to evaluate based on scientific
principles, from an academic standpoint and to
compare MNB technology with existing technology
both in terms of its functional quality and
effectiveness. Thus it becomes very necessary to
examine clearly the superior physical characteristics

like size distribution, number concentration, residence

time and lifetime of MNB When MNB generator switch
on and after switch off.

However, since 2015, when Prof. Dr. Kiyoshi
Yoshikawa started as research advisor to the
President of Rajamangara University of Technology
Lanna (RMUTL), Chiang Mai, Thailand, and opened
"Center of Excellence of High Voltage, Plasma and
Micro/Nano Bubbles. Application for Advanced
Agricultural and Aquaculture, MNB technology was
found that is very innovative and promising with great
potential to the improvement of Thai society. For this
reason, from the beginning, RMUTL researcher
joined and doing research and development of MNB
generators, as well as applications of MNB
generators. The development is ongoing as shown in
Fig. 2. Mainly 2 kinds of MNB generators have been
developed, namely, KVM-10 is a desktop MNB
generator for academic research (flow rate; 1L/m),
and KVM-20 is a medium size MNB generator for
practical applications (flow rate; 20L/m) both for
almost 10% cost of Japanese equivalent MNB
generators. So far, we have already improved up to
version 10 in the past 1.5 years. Recently, Oxygen
MNB density as high as 5x10"" bubbles/ mL have
been succeeded, measured by Horiba LA- 960A
which was introduced last December to RMUTL.

Now the effects of MNB of such as air,
Oxygen, Nitrogen, and Ozone gases on the versatile
applications were evaluated. For examples, as in
Thai, due to its extremely high temperature and
humidity, illegal formalin is being used for fish
preservation, as well as fruits and vegetables, which
causes 10 times higher cancer-risk to kids under 2
years old compared with the adults, according to
United States Environmental Protection Agency, EPA
in 2010. To drastically ban formalin from food
preservation, Nitrogen MNB generators were
developed which can reduce the dissolved Oxygen

from 7mg/L down to 0.1 mg/L for 100L water in 15
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minutes, resulting in Oxygen-free MNB water(OFW).
In this water, live fishes immediately die, and also
aerobic bacteria cannot survive longer, which results
in long fish preservation. So far, RMUTL conducted
successful trial experiments in collaboration with
private sectors in Thailand, such as, long shelf fish
preservation by oxygen-free MNB water (OFW)
without formalin, coconut milk and boiled shrimp
sterilization by Ozone MNB water (OZW), fruits and
vegetable preservation by Oxygen rich MNBs water
(ORW), high DO MNB water injection into rearing
ponds, and so on. RMUTL has been developing MNB
technology since 2015 to present as shown in Fig. 3.\

However, in order to clear the various MNB
functions in the applications, the knowledge of
distribution and the number density of the MNB are
essential. The MNB is found to change its distribution
from microbubble rich water into nano bubble
dominant water in relatively short times, and the latter
becomes very stable with a slight temporal reduction
of the MNB number density measured by HORIBA
960-A, which can measure both micro and nano

bubble distributions and densities continuously

2. MATERIALS AND METHODS

Pure water was used to produce micro- and
nano-bubbles. This water was obtained using a water
purification system (ROM-250-100T, Treat Chemical
Co., Ltd., Thailand), which is equipped with a reverse
osmosis cartridge and modules of ion-exchange
resins and activated carbon. The main gas used to
produce MNB was oxygen (02, purity 99.999%, Mae
Ping oxygen, Ltd., Chiang Mai, Thailand).

The MNB generator (KVM-10, RMUTL,
Thailand) was used for the production of MNB.
Oxygen was introduced in the inlet part of the
diaphragm pump while the water was suctioned.
Then, the mixture of water and gas was subjected to

a high pressure in a pressurized tank to increase the

dissolution of gas in the water. When the water was
released at the atmospheric pressure, the de
pressurization of gas-supersaturated water led to
nucleation of the bubbles, which were expelled and
dispersed through a nozzle at the outlet.

The bubble size distributions were evaluated
by a laser scattering particle size distribution analyzer
(LA-960A, Horiba, Ltd., Japan). Which detects the
light intensity distribution pattern emitted from the

particles. The range of particle size which can be
detected is from 10 nm to 5000 lm. The refractive
index of material of the particle was set to 1.0003,

corresponding to the oxygen. The measurements

were performed at 25 °C.

Fig. 2. History of MNB Technology development by
RMUTL.

Horiba LA-960A

Bubble analyzer
Sampling
pump

Fig. 3. The experimental set up for evolution of MNB

distributions.
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In this study, the measured continuously the
evolution of MNB distributions and number densities
as condition in Table 1.

The experimental setup is shown in Fig.3.
The production of Oxygen MNB water, a MNB
generator (RMUTL KVM-10) and commercial oxygen
gas (purity 99.5%) were used. Flow rates of water
and oxygen gas were controlled and measured by
flow meter, the water was circulated in this system for
20 min at 25 °C. In this study, this procedure in
referred to as micro/nano bubble water, indicating the
water in which micro and nano bubbles were
introduced.

MNB measuring system, MNB water was
introduced in the inlet part of a sampling pump for 1
L/min while the MNB generator switch on. Then, the
consecutively generated MNB water was subjected to
HORIBA MNB analyser LA960-A, the water was
circulated to a water tank loaded, the size
distributions were measured every 5 minutes without
generator switch off until, 20 minutes, the sampling
pump and size distributions measurement still
proceed for 60 minutes. MNB water were kept in 2L
bottle at room

temperature for every day

measurements in 5 days continually.

Table 1. experimental condition.

5 liters, pure water from revers-osmosis filter system
Water temperature = 25 ~ 27 degree C

KVM-10 with nozzle
Operating condition

Water flow = 12 L/min
Gas flow = 005 L/min
Exit pressure = 200~270 kPa[G]

Generation time = 20 minutes

Oxygen

Laser Scattering Particle Size Distribution Analyzer HORIBA
LA-960 with sampling pump

3. RESULTS AND DISCUSSION

Measurement of consecutively generated
MNB water, in the initial microbubble dominant states
(for example, in Fig.4, t=5 min, mode size of bubble
is 5733

is 24 pm and number concentration

(bubble/ml), microbubbles are unstable and possible
to measure by a sampling system. According,
measurements must be performed by Horiba LA-
960A directly to MNB generator and water tank
loaded with microbubbles.

When MNB generator switch off, bubble
generation processes stopped, MNB bigger than 24
pum floating up to the surface quickly for 5 min and
MNB 24 um remains in the water for 15 min, after
that MNB 0.223 pm has been detected as shown in
Fig. 5.

The measurement was continued for 35 and
45 min after the MNB generator switch off, MNB
about 1 um with 5.9181E+07 bubble/ml of number
concentration was detected as shown in Fig.6.

MNB
temperature(25°C). After 3 days, the bubble size

water was kept in  room
reduced from about 1 pm to 0.107 um whereas the
number concentration increased from 5.9181E+07
bubble/ml to 6.08961E+10 bubble/ml. In addition, the
size distribution of MNB water was measured after 4
and 5 days as shown in Fig.7.

In our experimental, MNB size distributions
were measured by a laser light scattering method, the
bubbles of diameter in the range from 10 to 100
bigger um were observed. Large bubbles (diameter
more than 24 ym and number concentration is around
5733 (bubble/ml)) stayed still during when MNB
generator switch on. Because of scattered light
intensity from large bubble higher than small bubble
then the distribution shows only large size and low
number concentration. Whereas, when the MNB
generator switch off, the production process stop,
large bubble floats to water surface quickly and they
disappeared in after 15 min. After that, MNB smaller
than 1 uym and high number concentration was
observed and stayed still in the last 3 days, because
of the floating speed of the small bubble is very low.

Even so, it disappeared within three days and then
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the bubble size about 100 nm (6.08961E+10

bubble/ml) was observed.

5733 (bubble/mi)
5204 (bubbla/mi)
6241 (bubble/ml)
um 6084 (bubble/mi)

E 800:

£ 600-

1 10.00 1000 1000 5000
Diameter (um)

Fig. 4. The size distribution of MNB for 5, 10, 15, 20

after MNB generator switch on.

1.00 1000 1000 1000 5000
)

Fig. 5. The size distribution of MNB for 5, 10,15,20

min after MNB generator switch off.

35 min 0223 um 6.35248E+07

—— 30 min
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Fig. 6. The size distribution of MNB for 35,40 min after

MNB generator switch off.
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Fig. 7. The size distribution of MNB for 4 and 5 days

after MNB generator switch off.
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Fig. 8. Evolution of Micro/Nano bubbles distributions

measured by Horiba LA-960A.

4. CONCLUSION

During the generation (MNB generator
switch on) of MNB in the water, the water showed a
white milky appearance. The bubble concentration
rapidly increased to values of approximately 5733 to
6084 bubble/ml. Micro bubbles of mode diameter of
22 to 37 um were detected through laser light
scattering method.

After stopping the bubble generation (MNB
generator switch off), the milky water gradually
disappeared, becoming to transparent. The micro
bubble bubbles were no logger detected after some
minutes after MNB generator switch off but bubble in
nano scale were detected.

The laser light scattering method detected
bubble approximately 200 nm diameter in number
distribution. The residence time of the nano bubbles
was evaluated by the measurements of bubble size
distribution along the time. In this study, the bubble
could be detected for 3 to 5 days.

In summary, Evolution of MNB bubble distributions
with the use of laser light scattering method, during
generation, the large bubble with low number
concentration was observed. After stopping the
bubble generation, the bigger bubble floats to water

surface quickly and the smaller bubble with high
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number concentration was observed, stayed still

more than 3 days.
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ABSTRACT
This research aims to develop and assess the online management system for the maintenance business
in Chiang Mai province as a case study. The research uses methodologies, namely 1) group discussions to
determine problem issues in business 2) setting team development 3) developing program 4) testing program
5) evaluating program. Research results show that the business has problems about management that using
manual and fundamental programs. Business required an application to manage in business by collaboration

with public private and partnership. The program reduces working time, analyze and plan the work.

Keyword: Management, Information System, Online
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ABSTRACT

Due to the problem of water management for watering the trees (the garden at home, the small
vegetable plate, the large farm). The watering usually uses the timing and duration methods. It may use too
much or too little water. The moisture value in the soil determines the amount of water used to water. It can
help us to water the tree more efficiently. Moisture sensors are one of the engineering methods that can be
developed to automatically water the system. However, the installation of sensors in a wide area will have
problems with the distance of the wiring. Although the device connected to WIFI to solve this problem, it cannot
send the data over 20 meters. In this article, we propose the design and implementation of an Internet of things
for wireless water management. We have designed a wireless humidity sensor in the ground that capable of
remote data transmission and It has the power supply from the self-small solar panel at the top of the sensor.
The cost of producing is low because of the materials purchased locally. We use NETPIE as the loTs server
that can connect 100 devices for free if not developed for commercial purposes. The results of this research
show that the control of the water at each sensor can be controlled from the web browser. The sensor can
send the data to control center up to 500 meters and can automatically control the water by evaluating the

moisture in the soil.

Keyword : Internet of things, Microcontroller, Humidity sensor, wireless communication.
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ABSTRACT

The research of this study was to analyze for gamma-aminobutyric acid (GABA) in purple rice from
hmong native rice. We could collected 3 purple rice samples in Khe Noi village and Lao Lue village, Khao kho
District, Phetchabun. The one sample was Khow Chao Deang (R-1) and two sticky rice samples were Khow
Nia Dum Luem Pua (R-2) and Khow Nia Dum Mua Kram (R-3). The samples were analyzed for physical such
as average weight 100 seeds, width, length of paddy and brown rice and chemical analyzed for vitamin B1,
B2, niacin, Iron and GABA. The result for average weight 100 seeds was 3.24-3.70 g, width and length were
3.59-3.66 nm and 10.62-11.06 nm respectively. The color has wheat and wheat mix black for paddy and dark
red and black for brown rice. The chemical analyzed, Khow Chao Deang (R-1) has the highest vitamin B1 B2
niacin lron and GABA at 0.39 mg/100g, 0.14 mg/100g, 6.40 mg/100 g 1.84 mg/100g and 6.47 mg/100g

respectively.

Keyword : Y-aminobutyric acid (GABA) , purple rice , hmong native rice
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ABSTRACT

Development of fried crispy lotus seed ginger flavor was started from marketing survey at 4
supermarkets in Phitsanulok. It was found 3 products, namely crispy lotus seed, crispy lotus seed honey flavor
and crispy lotus seed with sea salt. Peanuts coated such as coconut cream flavor, milk flavor, coffee flavor,
wasabi flavor, nori wasabi flavor, honey flavor, etc. Focus group discussion used target consumers age 20-45
from 10 persons at Rajamangala University of Technology Lanna Phitsanulok. Result showed that the
consumers selected ginger flavor. The optimum formulation of fried crispy lotus seed ginger flavor consisted of
crispy lotus seed 45.45 %, sugar 13.64 %, wheat flour 22.72 %, ginger juice 13.64 % and ginger powder 4.55
%. All ingredients were mixed and deep fat frying at 160 OC for 7 min. Carbohydrate, protein, fat, ash, fiber,
moisture contents were 54.83, 11.85, 28.63, 1.20, 3.61 and 0.58 %, respectively. The microbial loads of total
count, yeast and mold were less than 1.0 x 102 cfu/g. The overall liking of fried crispy lotus seed ginger flavor

was rated as like moderately (7.91)

Keyword : Lotus Seed, Ginger flavor, Deep fat frying
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ABSTRACT

We are currently experiencing weed problems. On the field and in the garden The used weed sucker
is in poor condition. Make the work of collecting weeds. There is not enough performance. So we set up a
weed sucker project to solve the problem. There has been a survey of commonly used weed sacks. In my
village there is a damaged weed car. | was thinking of a solution to the problem. Weed sucker Came up to fix
the problem And weed sucker This is a cheaper price compared to a conventional weed collector. And the
efficiency is the same as a used weed sucker.

This project aims to design and construct a weed sucker truck. To study the efficiency of a weed
sucker. And to study satisfaction in use.

Here are the steps. Study and find project topics. Plan the project Design the shape of the project
Preparation of materials and equipment Make up work piece Study the engine control system. Design of
mechanism control mechanism Experiment and modify the system. Detailed Data collection, statistics and data
analysis. Presentation of data analysis results. The results of the project found that the design data. At the
highest level (_= 4.63, S.D. = 0.49) At the highest level (X = 4.66, S.D. = 0.47) and the results of the data
analysis on the implementation. At the highest level (f = 4.66, S.D. = 0.47)

the results of data analysis. This is the guideline of the work piece. Measure the threshold level of

work piece In order to bring the work to improve further.
Keyword : Weeds are the wrong place. Or plants that happen in the wrong place and its occurrence affects.

The agricultural production system is negative. The food is scrounged to death or growth is not complete. Can

be found On the lawn, on the road, in the ditch, in the farm, in the wild.
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ABSTRACT

The objective of this research was to develop the deep fried pumpkin crisps by investigating the effect
of the replacement of potato flour by pumpkin flour on the quality of pumpkin sheet for pumpkin fried chip. The
amount of replacement pumpkin flour used was 0, 25, 50, 75 and 100%. The replacement of potato flour by
pumpkin flour significantly affected (p<0.05) on moisture content and texture of the sheets. The sheets
containing pumpkin flour were higher moisture content. As the moisture content of pumpkin flour containing of
25-75% increased, the texture value or hardness were significantly decreased. However, the containing of
100% pumpkin flour increased the texture value. The desirable of replacement of potato flour by pumpkin flour

were 25-75%.

Keyword : pumpkin flour, potato fried chip flour, replacement of potato flour
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ABSTRACT

This research aims to study the use of by-products from the processing of tilapia meat and to increase
the value added by making alternative food products for calcium supplementation in daily life. The softening
process of fish bone was studied before making food products. Four levels of temperature and vapor pressure
are 105-110°C/ 5 Ib/in%, 111-115°C/ 10 Ib/in?, 116-120°C/ 15 Ib/in? and 121-125°C/ 20 Ib/in?, respectively
were used to softening of fish bone for a period of 1 hour. It was found that the temperature and vapor pressure
had a significant different effect on softening fish bone (P<0.05). The temperature/pressure range of 121-125/
20 Ib/in? gives the best results in fish bone softening, Average softening score 3.79. It was selected to use for
prepare fish bone-seasoned (FBS) of 4 products. The FBS products are FBS 4-flavour, FBS-sesame crack,
FSB perilla and FSB BBQ-sesoned. These products were evaluated to consumer’s preferences including color,
smell, flavor, crispness and overall liking. It was found that significantly different (p <0.05) between four FBS
product. FBS-sesame crack had the best color score while the FBS 4-flavour had the best for smell, flavor,
crispyness, and overall liking. It was different from FSB perilla and FSB BBQ-sesoned significantly (p <0.05).
FBS 4-Seasoned was selected as a prototype product to commercial production. In addition, the nutritional
value and calcium content were analyzed. Percentage of protein, fat, carbohydrate, moisture and ash are 27.35,
29.2, 15.33, 3.00 and 25.10 respectively. Concentration of calcium of the FBS 4-Seasoned is 8,876 mg per
100 g. So that, it is suitable for Calcium Supplement source to prevent calcium deficiency and reduce
osteoporosis in older people, pregnant women, breastfeeding women and menopause. The results of this
research can help to increase the value added to the residue from the processing of tilapia meat. it is also new

food products and more diverse for consumers.

Keywords: Value Added, Fish Bone, By Product, Alternative Food, Calcium Supplement
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ABSTRACT

Studies on mechanical properties from banana pseude-stem of Kluai Hom Thong mixed activated

carbon variety given a good quality of paper. The mixed ratio of banana pseude-stem and activated carbon

were 100:0, 85:15, 80:20, 75:25 and 70:30, respectively. We prepared hand sheet samples and checked their

properties following the TAPPI standard methods. The results were showed as the following; average weight

of banana pseudo-stem per plant was 14.21 kilogram which was getting 75.86 % and 24.14 % from barks and

core; the moisture content of total pseudo-stem was 78.32 %; dried weight of outer, middle and inner were

28.77, 49.67 and 21.56 % respectively. The ratio of banana pseude-stem and activated carbon at 85:15 showed

the best of mechanical properties yielded in basis weight of 93.63 g/m2, folding endurance of 4,543 times,

tensile index of 34.98 N.m2/g, tear index of 49.76 mN.m2/g and burst index of 3.61 kPa.m2/g. This ratio can

be used for packaging

Keywords: Kluai Hom Thong, hand made paper, activated carbon
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Table 1 comparison of wet and dry weight from 3 parts of banana pseudo stem.

Pseudo-stem Wet weight. (%)

Dry weight. (%)

Dry weight/ Kappa number

period pseudo stem (%)

Inner 30.13 6.96 2414 22.80

Middle 42.79 7.53 43.75 22.59

Outer 29.02 7.68 30.64 22.74

Table 2 Comparison of mechanical properties from 3 parts of banana pseudo stem.
Paper sample Basis Folding Tensile Tear index, Burst index,
(banana pseudo-stem : weight, endurance, index, mN.m?/g kPa.m?/g
activated carbon) g/m’ Time N.m%g

Inner
100:0 88.10 2,876 11.09 47.87 3.09
85:15 88.70 2,987 12.98 49.06 3.76
80:20 88.45 2,970 12.91 48.76 3.70
75:25 88.00 2,564 12.89 47.54 3. 67
70:30 86.79 2,098 12.08 47.22 3. 43
Middle
100:0 92.46 3,223 28.98 48.98 3.56
85:15 93.63 4,543 34.98 49.76 3.61
80:20 92.76 4,098 31.23 48.56 3.54
75:25 92.33 3,765 30.75 48.59 3.29
70:30 91.45 3,544 30.87 49.06 3.09
Outer
100:0 89.97 2,765 15.89 48.45 3.65
85:15 90.98 3,091 21.06 48.87 3.88
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Paper sample Basis Folding Tensile Tear index, Burst index,
(banana pseudo-stem : weight, endurance, index, mN.m?g kPa.m?/g
activated carbon) g/m® Time N.m%g
80:20 89.54 2,346 19.98 48.40 3.61
75:25 89.43 2,985 19.87 47.98 3.49
70:30 89.03 3,043 18.56 47.65 3.12
Average 90.11 3,126 20.94 48.45 3.50
S.D. 1.73 472.04 6.96 0.54 0.20
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ABSTRACT

This study aimed to elaborate cost and return of Arabica coffee bean plantation by collecting the data
via questionnaire responses farmer who planted Arabica coffee and also serial interviews with a coffee
plantation farmer group at coffee Tur Ka Mhee Chae Son Sub-district. The data were examined and calculated
to explain the cost and return in a form of payback period analysis with the Net Present Value method (NPV)
and also ten-year internal rate of return. The results were obtained from respondent; their average plantation
cost from year 1 to year 10 was 10,501.13 baht/rai and the total revenue was 30,696.92 baht/rai. Thus, the
payback period was 3 years 8 months and 21 days; with 7% of discount payback, then, the value was
2,420,363.38 baht. Also, the investment rate of return was 23.75%. Obviously, the cost and return of parchment
coffee processing from year 1 to year10 showed that the investment cost was 78.13 baht per kilo; the average
cost of parchment coffee processing was 86.06 baht per kilo and the total revenue was 120.00 baht per kilo.
In other words, the payback period was 2 years and 17 days; with 5% of discount payback Loan rates, minimum
standards for good governance. Type MLR loan from Bank for Agriculture and Agricultural Cooperatives then,
the value was 8,539,647.26 baht. So, the investment rate of return was 24.90%. In addition, the instant coffee
processing investment cost was 207.13 baht per kilo; with the average cost of 269.40 baht per kilo; and the
total revenue was 600 baht per kilo. Therefore, the payback period was 5 months and 21 days; with 5% of

discount payback, then, the value was 11,711,328.76 baht and the investment rate of return was 25.01%.

Keywords: Costs, returns,Instant coffee Tur Ka Mhee.
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