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Friction Stir Welding of Butt Joint between 6063 Aluminum Alloy Rolled Plate
and As-cast Mg-Si Aluminum Alloy Plate
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Abstract

This paper aims to apply friction stir welding for a butt welded joint between a 6063 aluminum
alloy rolled plate and a Mg-Si alloy casted-plate using various parameters such as rotating speeds and
travelling speeds. The summarized results are as follows, variation of the rotating and travelling speeds
affected to imporve the weld quality. Higher rotating speed and higher travelling speed produced
the defects such as holes or uncompleted combination of metals in the weld metal that decreased
directly the joint tensile strength. When the sound weld metal that implied the high tensile strength
was produced, the failure of the tensile test specimen was located at the aluminum casted-plate.

The average tensile strength of the sound joint was about 10-15% higher than that of the tensile
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strength of the aluminum casted-plate. Microstructure investigation of the optimum welding

parameter specimen revealed that the combination of those aluminum alloy plates was completed

without any defect in the weld metal. Compressed force occurring by the welding tool produced

the small compacted grain in the weld metal and the small combined area band at the interface

of the aluminum plate and the weld metal.

Keywords: friction stir welding, butt joint, tensile strength, aluminum rolled-plate, aluminum casted-plate,
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Recovery of Lube Base Oil from Used Lubricant Oil by Mixed Solvent Extraction

algy sty

nattacha.p@en.rmutt.ac.th

unNAnEio
wadansatadefiarasdunszuiunsifiussdnsnmanniigauasiiunililuisndaldsedes
Tunmsfuanmefuiugiu Base oil) Mnihifuaiedduds muideilldinsinvnisiuanimisuiiug
ntnadedldudn Tnedsnsatndiofvinazaisnay fvinazats 3 siafdne ldun 2-Tnswiuea,
1-0wnuoa, way wifalefianlau wuinfidadiunan 40:30:30 Yesarlautvein ansoanusunadanswiin
I¢anniiarlnemdeman 38.96 un./nn. uaalen 1565.63 un/nn. warliflesgiiden ddufithdnudaaziily
wendlasnisnduanyainiafivasgaumgll 320-420 ssrmwadea finrwdu 40 faduns waldvosituiiugiu
finduld 87.30% waznuitlifindntvorgiidey uifnsduaai@enmieny 6.778 un/nn. ihiuaodu

AV va wa Y A A a ) 9]
Nladauaudfnuunsguddurdoiuinsugsiandsnudseniald
AdAey: Nsanameyviazaly, Uluasedltuad, dndunugiy, Taentn

Abstract

Solvent extraction technique is one of the most efficiently extraction processes and the cheapest
technique for recovering base oil from used lubricating oil. This research was to study recovery of
base oil from used lubricant oil by mixed solvent extraction method. The three solvents were studied:
2-propanol, 1-butanol, and methyl-ethyl-ketone. The result showed that the mixture ratio by weight
of solvents at 40:30:30 give the best performance of reducing the highest amount of heavy metals:
Iron was reduced to 38.96 mg/ke, calcium 1565.63me/kg and none aluminium. The color of the treated
oil was also improved color by using vacuum distillation process at temperature of 320 to 420 °C
with 40 mbar pressure. The distillated base oil yield was 87.34 %wt and there was no iron and aluminium
found only 6.778 mg/kg of calcium remains in it. The properties of base oil meet the requirements

of lubricant oil by the department of energy standard.

Keywords: solvent extraction, used lubricating oil, base oil, heavy metal.
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5 49.81 52.14 0.34 15 2074.32 2117.03
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Development of a Semiautomatic Peeled Taro Machine
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1) NNSOBNLUULAYASI9LATDINT neTAsaalanlaanianildiuusenoy 5 d@IUd 1Ay AB N. @IUVD9

o

% o

TasaATeadnsuunn 400x500x500 w1, ¥. Yadunalion, a. yaendendadululn, 9. yaduiids ueiwmes
0.5 w391 220 Tiad war 9. YM1AT0I5Y 2) nedeULazUsEfuanssausnIsTuTenaIes lneddedy
muay 3 Yade laun n. Wudiilen (wew) u. vwieveuien (An, nadg, lug) war A AUSITEUYAYEN
(8, 12, 14, 16, 20, 24 seu/ud) asdefiuszidiufe UszdnsamnisUen Weosdududenfinde waydng
11591914 09LA309 3) mﬁwmzﬁmwgmamﬁmmimmm%"awamﬂﬁamﬂaﬂ NANISNAADU NUI
amfgzmiﬁwmuﬁmmzamaqm'%"aqa§JJ' U ANUSITEU 8 TAU/UNT LansA1UsEANSATnAsUanuazensn
miﬁwmummm%qqqqm dmsuilenvuin 1an, nats, Tug Windu 74.18+5.72 %, 12.07+1.73 nn./a.,
76.30+5.92 %, 12.08+2.54 an./au. ag 77.08+5.53 %, 16.12+2.53 nn./%4l. ANUAIAU ﬁgﬂﬁméaﬂﬁﬁﬂﬁa
aulduinniussnuaulaeds 2 Wi Wssuauauisainauld 8.8+4.33 an/wu) Weliaasos

Tus1A1 5 u/nn. TYeRuvu 404.54 nn./U uagseenaInsauu 4 lhou
AdNALY: LAseUaniUfen Wen n1svegeu

Abstract

This research was to develop and test the performance of a Semiautomatic Peeled Taro
Machine. As this methodology comprising about: 1) Design and fabrication of the machine,
that consisted of the 5 parts: A. a steel structure of 400x500x500 mm., B. peeled chuck unit,
C. peeled blade unit, D. a 0.5 HP, 220 V, electric motor, E. supporting unit. 2) Test and evaluation
of the machine performance for the controlling were taken. The 3 control factors were cultivar
(Hom), grade (small, medium, large) and peeling speed (8, 12, 16, 20, 24 rpm). The evaluated factors
were peeling efficiency, shell remain percentage, capacity. 3) Analysis of engineering economic.
Then the result indicated that suitable working condition at 8 rpm presented the maximum

efficiency and capacity for small, medium, large grade 74.18+5.72 %, 12.07+1.73 kg/h,

" InAnwnAIYIMmNIsunERs AMLIAINTIUAENT unietdemalulagsvuinasyys
? 9197156UT¥TINMATYIATAIANTONAMNTTY ANEATANANTRAMNTIY W Inendemalulagauuenasyys
® 919138U58IMATYIAINTTUNEAT AEIMINTINAIENS WnTInendemalulagsvusnadyys
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76.30+5.92 %, 12.08+2.54 kg/h and 77.08+5.53 %, 16.12+2.53 keg/h, respectively. Which higher

than operated by labor approximately 2 times. (Worker skilled 8.8+4.33 kg/h). Engineering economic

analysis revealed that renting the peeler at the rate of 5 baht/kg would give break event point

404.54 kg/year and payback in 4 month.

Keywords: Peeler Taro Testing
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AN LENANIIINANUSUNIANUTU dUnIST 2 [6]
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%MC,, = - 2)
(W +Ww)
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w = i (n.)
w = Umtnuie (n.)

d

2.3 PanuuULazad1uA3sslandanion
ihdoyadnuwarnanenmdiiun1sAnw
wldfeanuuunazimuiaisslonddonion wia
fldwUsznaundn Ao 1. Tasua3os Jvuinnuning
XAINNYIIXAINNGS LN 1U 400x500x500 w3l
delvifuuangvinga fliiaTesaunsatsufiRnuld
2. gadunaien Wuaunuaadafniuinaiuazain
aupuaaUanouvay 3 du Tngliwafidudiuu
fadadudl wazfuiideannyadainds dauiwan
WRUMugeaNsaUsulanuInInANeTIvBLien
3. gaven Usznoumigludavennalddmdugudagy
USusvozauinnietonniavan wazn1udaluila
a11150USUsreglanuuuInYRINalien NIuaUse
fidnideudadaduyaden iieviininiigayaven
lifaduiWlesazniy 4. yaduids lduamesiviii
WA 0.5 wsaih, 220 Tiad demdsdaia waganenu
HIufesne 1:40 derdeneludailosdudeiudng
fuiilesazniufidyaveniney 5.yna1as0sfu
TFunuannuaanulidauin A21UnI19 280 Uy,

AE1T 300 LY. WALAIINE 20 U3l A9FUR 2

17

21Sa1sIFIONSSUMENS S1BUVAASTYUS




JUN 2 wuuiasesleniudeniilennadnlud
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=

x 100 (3)

= =

x 100 (4)

s =

(5)

IVt (6)
= Uszansnimnisusn (%)

= dwmtndenieniivenla (n.)
YUTNLUADNHNBNaLA (A.)

- WesuAlAanfnee (%)

= dmunasnienfnang (n.)

£.° 5 5.7
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3.2 NANISANYIANEAZNINITATNYDILHDN
ITNNISANBIANWULNIINIYATNYBILH DN
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WanvUIALAN
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A spring-back reduction of advanced high strength steel grade
JIS-SPFC980Y in V-bending die
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Abstract

This research applied the finite element method (FEM) to simulate V-bending process in order
to investigates a spring-back reduction method in V-bending of advanced high strength steel (AHSS)
through bottoming technique. The material workpiece is AHSS JIS-SPFC980Y grade. The V-bending
experiment was used for checking an accuracy on FEM and the result has shown that, the bottoming
technique was able to reduce spring-back problem of workpiece after V-bending but it is required
high forming force and also the thickness of workpiece would be decreased as follow as the value
of bottoming distance. However to define the invalidate value of bottoming distance, moreover

not to solve spring-back problem. It maybe occur spring-go on workpiece after V-bending.

Keywords: Spring-back, Advanced high strength steel, V-bending
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Abstract

This research was to design and fabricate of a lotus seed peeling machine prototype
to minimize the peeling time and number of labor requirement in the fresh lotus seed shell removing.
The prototype consisting of main frame, cutting blade unit, Scotch Yoke mechanism, the power
transmission unit and 0.25 hp electric motor was used as a prime mover. In the operation,
the lotus seeds were fed manually into feeding chute at the top of machine. Then the lotus seeds
were conveyed to cutting blade unit by Scotch Yoke mechanism, and left through in outlet chute
of the machine after peeling. Results of testing at the average speed of blade 7.5, 8.5

and 9.5 m/min respectively, indicated that the optimal performance was achieved when
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the machine was operated at average speed of blade 7.5 m/min. The percentage of peeling

were 79.8%, no percentage of damaged seeds, working capacity was found to be 2+0.21 kg/hour

and consumed 0.8 kW-hour of energy. An engineering economic analysis showed that, at an annual

usage rate of 1,440 hours, the machine cost was on average THB 6.9 per kilogram, payback period

11.4 months and the break-even point of the machine was 185.3 hours per year.

Keywords: Lotus seed, Peeling Machine, Lotus
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Carbon Footprint for Production of Banana Crisps
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UnNAnEio
n1sUszLiiun1sUanUdesfinuisaunsEaNvewEn S ugina18NTBULAINIILIUIA 160 NTU WIBUUTIY
Augn1UNITUTEIUAISUDUNANTUVHEN T UTU098IANITUTUITIANTANBITOUNTEAN (UHU) TVeuUws
n1sUsziiunisvanvaesfiivieunsyannaeniginsuuuiAugusuy (Candle to Grave 138 Business
to Customer %59 B2C) fawATuNslINNTaIngAuLazUITAMN NT2UINNITHER N159RTnUe N9l
=2 5 o w ) = ! a (% el 1 1 [23 A - a U
uURTUNIIAMIAYeLEl 3INASANYINUIY KERdusdAINSUanUaseigisaunsyanminiy 0.35 Alansy
msuaulneanleniisui tinannsUanUdesineiseunssanvaanisiauiwaznsidussleviingiu wasanu
wazninenshalu 0.3¢ Alansuasusulasenledmifieuwin wazvenisvuasingiu wasu wasnsnens
a < a [ 3 ¢ ' v a < [ a o A ' J [23 !
Aty 0.01 Alansuarsveulaeenlediiieuwi ndrefuluingAundnidwasenisuanydesinvizounsyan
YoINAAAUILUTUNIS AU T TRgAULAZUIIRAMIINNTIan sosanlaua Uduitvuasdinng dmsunianssy
yzdmanon1slanlassingsounsyanvendndasiludunszuiunsndauinian wisgslsinundnsios
ninMsvandaesingisounseanlutunisiaundaingiuiasussadud Tunsannisvanuassfineseunsyan

YowWanAail Juanasiatunuiudeunseuiumndniieannisliuiauazindiududmasenisuanddes

NiTaUNTEANVBIHEN N
ANENARY: MBITEUNTEAN ANSUBUNANTUY NAILNTBULNY

Abstract

Carbon footprint for 160 g of sweet banana crisps including with packaging was investigated
according to the reference method of carbon footprint for product providing by Thailand Greenhouse
Gas Management Organization (Public Organization) (TGO). The scope of study focused on candle
to grave or business to customer (B2C). The data was beginning to collect from raw materials and
packaging stage, manufacturing processes stage, distribution stage, utilization stage and be finished
in disposal stage. Results indicated that the carbon footprint of this product was 0.35 kgCO eq
which was obtained from the procurement and utilization and from the transportation of raw material,

energy and resource approximately 0.34 and 0.01 kgCOZeq, respectively. Raw banana was significant
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for promoting a large number of the greenhouse gas emission in the first stage of scope followed

by vegetable oil and sugar. In the manufacturing processes stage, liquefied petroleum gas was

the main resource to emit the greenhouse gas a lot however be inferior to the previous one.

For reducing the greenhouse gas emission, the producer should be focused on the stage of manufacturing

process in term of depth frying.

Keywords: greenhouse gas, carbon footprint, banana crisps.
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Basic Properties of Pastes, Mortars and Concrete Containing
Strength Enhancing Mineral Admixture
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Abstract

This research was aimed to study the basic properties of concrete containing strength
enhancing mineral admixture (SA). The SA was used to add and partial replacement of 5.5, 6.5
and 7.5% by weight of Portland cement type 1 (OPC). The study found that the autoclave expansion
of paste containing SA was lesser than that of OPC paste. The autoclave expansion of paste
containing SA with partial replaced was lower than that of paste contained SA addition. Moreover,
the more SA was mixed, the more autoclave expansion occurred. Furthermore, mortar containing
SA having expanded in calcium hydroxide solution was more than OPC mortar. The expansion
in calcium hydroxide solution of mortar containing SA with partial replaced was lower than that
of mortar contained SA addition. In addition, the more SA was used, the more expansion
in calcium hydroxide solution occurred. Besides, slump and slump loss of concrete containing SA was
lower whereas its setting time was higher when compared to those of OPC concrete. Nevertheless,
whether the more or less using SA quantity, the result of slump, slump loss and setting time
of concrete would be the same. Finally, compressive strength of concrete contained SA addition
was higher than that of OPC concrete. Whereas the compressive strength of concrete containing
SA with partial replaced had the same tendency lower than or close to that of OPC concrete.
The different of using SA quantity, the compressive strength of concrete was no different. As well,

tensile strength of concrete containing SA had the same tendency to that of OPC concrete.

Keywords: strength enhancing mineral admixture, expansion, setting time, compressive strength,

tensile strength
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Properties of Borassus Fruit Fiber
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Abstract

Borassus fruit fiber is a waste material from Borassus flour production, which is popular in
Phetchaburi province, Thailand. Natural fiber developments for textile industry create value added
benefits of agricultural waste material and increase farmers’ income. This paper focused on Borassus
fruit fibers by studying their important properties such as physical, chemical, mechanical and structural
aspects when they were scoured and bleached. They were determined according to ASTM standard and
SEM, XRD and FTIR instruments were used. Highlight properties of fibers indicated that fibers consisted
of three main components namely, Ol-cellulose, hemicellulose and lignin. When they were scoured and
bleached, results showed that the percentage of Ol-cellulose was increased on scoured and bleached
fibers but the percentage of hemicellulose and lignin was decreased. The crystallinity of untreated fiber
was 67.16% and it was increased to 68.97% and 71.50% when the fibers were scoured and bleached
respectively. Fiber diameter, length and linear density after scouring and bleaching were reduced. Tensile
strength property was increased on scoured fiber but it was decreased on bleached fiber. For fiber
surface morphology, we found that scoured and bleached fibers were cleaner than untreated fiber and

numerous pores or pits were revealed on bleached fiber surface.

Keywords: Borassus fruit fiber, Cellulose fiber properties, FTIR, SEM and XRD
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1. Introduction

Thailand is an agricultural country. Thai
government has encouraged production of various
economic crops for exports such as rice, corn,
sugarcane, cassava, oil palm, and rubber tree [1].
Harvesting or transformation into instant products,
results in a large amount of crop residues/waste. This
issue has increased an awareness of the Thai textile
industry about environmental friendliness, valued
added textiles, and eco-innovative textiles, and led
to a greater focus on recycling and use of waste
as raw materials, eco-design, renewable material,
waste management, and novel technology. Many
textile companies have tried to develop upstream
production by using waste materials from such
crops as pineapple, banana, and coconut fibers to
serve the textile [2].

Borassus (Borassus flabellifer L.) is a plant
in the Arecaceae family. Other common names of
Borassus are Palmyrah or Toddy palm. Borassus is
one of the most important economic plants. It has a
range of utilization especially in Cambodia and India.
Its fruit is used to make food products. The ripe
fruit shell is used as a fiber source for textile fiber,
“cellulose fiber” [3-4]. In Thailand also, Borassus
is an economic crop in many provinces such as
Sukhothai, Suphan Buri, Phetchaburi and Songkhla.
Phetchaburi province has the largest quantity of
Borassus. There are about 336,027 rai of land used
for growing the Borassus trees. The harvesting
areas are about 296,125 rai and about 101,156
tonnes a year of Borassus product are produced
[5]. Our study of Borassus fruit fiber properties in
Thailand is a guideline for future development in
the textile industry. In addition, it is creating value

added function for waste material and increasing
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the farmers’ income.
2. Materials and methods
2.1 Materials
Materials used this study were matured
Borassus fruit fiber, collected from the Borassus
flour production in Phetchaburi province, Thailand,
and commercial grade chemicals such as detergent,
amylase enzyme, hydrogen peroxide, sodium
hydroxide, and sodium silicate.
2.2 Methods
2.2.1 Samples preparation
Borassus fruit fibers, were rinsed with water
to remove dirt, mud and other water-soluble
impurities until clean, and then dried in sunlight for
two days. Then they were scoured and bleached
[6].
2.2.1.1. Scouring
The 100 ¢ of dried Borassus fruit fibers
were scoured in a solution (1:20 fiber to liquor ratio)
containing 0.5% detergent, 2% sodium hydroxide
at 100 °C for 1 h. The fibers were rinsed in water
until clean.
2.2.1.2 Bleaching
Scoured fibers were bleached in
a solution (1:20 fiber to liquor ratio) containing 3%
hydrogen peroxide, 0.25% sodium hydroxide,
0.5% sodium silicate, 1% sodium carbonate
at 100 °C for 20 minutes. The fibers were
rinsed in water until clean.
2.2.2 Fiber properties testing
2.2.2.1 Fiber composition
The percentages of O-cellulose,
hemicellulose, and lignin were analyzed using the
Van Soest detergent procedure (acid detergent
fiber (ADF), neutral detergent fiber (NDF), and acid
detergent lignin (ADL)) [7-8].



2.2.2.2 Fiber length
Fiber length was tested according
to the ASTM D 5103 - 01 Standard test method
for length and length Distribution of Manufactured
Staple Fibers (Single-Fiber Test) [9]. Each sample
was taken for measurement by measuring scale
and an average length was reported.
2.2.2.3 Linear density
Linear density was measured
according to the ASTM D1577-01 Standard test
method for linear density of textile fiber [10] at
standard atmospheric conditions. Sample was
measured for weight (W) and length (L) and fiber

denier was calculated using equation (1).

Denier = (W x 9000)

(NxL)

(1)

Where N is number of fibers in each sample
2.2.2.4 Tensile properties
Tensile strength was determined
according to the ASTM D3822-01 Standard
test method for tensile properties of single
textile fibers [11] using Hounsfield Universal Testing
Machine-TX0121- Model H50KS at a cross head
speed of 5 mm/min, maintaining at a gauge length of
50 mm. An average of 10 test results was reported.
2.2.2.5 Scanning electron microscope (SEM)
Fiber diameter and surface
morphology were investigated using a Scanning
electron microscope (SEM). Samples were
coated with gold using a JEOL- model JFC-
1600 AUTO fine Coater. SEM images of the fiber
samples were recorded using a JEOL- model
JSM-6510 Scanning electron microscope

with accelerating voltage of 5 KV.

2.2.2.6 X-ray diffraction (XRD)

Fiber crystallinity was determined
using X-ray diffraction (XRD). The wide-angle X-ray
diffraction spectra of the fibers were recorded on
an X’ Pert Pro, PANalytical model. The system has
a rotating anode generator with a copper target
and wide-angle powder goniometer. The samples
were scanned between the angles (260) from 5 to
50° to obtain the equatorial reflections. Percentage
crystallinity was determined using the wide-angle
X-ray diffraction counts at 26 angle close to 22°
and 18°. Among these, the low angle reflection (18°)
is of low intensity, representing 118 of amorphous
region and the other reflection (22°) has higher
intensity, and it represented 122 of crystalline region
in cellulosic fiber [12]. Percentage of crystalline

(%crystalline) was calculated using equations (2).

|
%2 %100

% Crystalline =
(|22+|18)

2)

Where 122 and 118 are crystalline and amorphous

intensities at 260 scale close to 22° and 18°,

respectively.
2227 Fourier Transform Infrared
Spectroscopy (FT-IR)
Fourier Transform Infrared

Spectroscopy (FT-IR) spectra of all samples

run on Perkin Elmer, frontier model
spectrophotometer using KBr pellets. Samples
were powdered with KBr and pellets were
used for recording the spectra in transmission mode
in the 4000-500 cm-1 region with 32 scans in case

at a resolution of 4 cm-1.
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3. Results and Discussion
3.1 Fiber composition

Borassus fruit fiber is lignocellulosic fiber
containing three main components; O-cellulose,
hemicellulose and lignin. Table 1 shows that
untreated Borassus fruit fiber consists of 43.81%
O-cellulose, 35.36% hemicellulose and 13.54%
lignin. These results were slightly different to the
Borassus fruit fiber from India 45.67% O-cellulose,
32.76% hemicellulose and 21.53% lignin [13].
Before dyeing, fibers were scoured and bleached
for improving fiber properties, cleaning and
whitening. Scouring and bleaching changed the
fiber composition (O-cellulose, hemicellulose and
lignin). Scoured fiber contained 51.77% Ol-cellulose,
27.01% hemicellulose and 13.48% lignin and
bleached fiber contained 56.25% 0Ol-cellulose,
17.58% hemicellulose and 12.93% lignin. It was
noteworthy that the percentages of 0O-cellulose
increased because hemicellulose and lignin
decreased. It might be that the hemicellulose
and lignin were easily damaged by alkaline. The
O-cellulose component of raw Borassus fruit fiber
was similar to coir fiber that had 43.44% 0Ol-cellulose
[14], probably due to both of them being extracted

from husks that cover its seed.

Table 1 Borassus fruit fiber composition

) Lignin | Hemicellulose | O-cellulose
Fiber type
(%) (%) (%)
Raw fiber 13.54 35.36 43.81
Scoured fiber | 13.48 27.01 51.77
Bleached fiber | 12.93 17.58 56.25
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3.2 Fiber length

Table 2 shows that the average length of raw
Borassus fruit fiber was 12.50 cm for crude fiber and
6.20 cm for fine fiber. The fiber length after scouring
and bleaching, its average length was 11.06 cm
for crude fiber and 5.69 cm for fine fiber and the
bleached fiber was 10.60 cm for crude fiber and
5.14 cm for fine fiber. It was noticed that the fiber
lengths reduced after scouring and bleaching due to
losing the hemicellulose and lignin. Bleaching with
hydrogen peroxide decreased cellulose fiber length

and this method made the fiber more flexible [15].

Table 2 Fiber length

Max Min Average
Fiber Samples — SD
(cm) (cm) X)
Raw fiber
27 1 12.50 12.93
(Crude)
Raw fiber (Fine) 21 1 6.20 6.06
Scoured fiber
25 1 11.06 14.82
(Crude)
Scoured fiber
20 1 5.69 5.02
(Fine)
Bleached fiber
22 1 10.60 9.01
(Crude)
Bleached fiber
18 1 5.14 5.65
(Fine)




3.3 Linear density and tenacity properties of
Borassus fruit fiber

Borassus fruit contains 30-40% of crude fiber
and 60-70% of fine fiber. Linear density of Borassus
fruit fiber shows in Table 3 to be 337 and 85 denier
for raw crude and raw fine fibers, respectively. They
were reduced to 274 and 62 denier after scouring
and further reduced to 228 and 55 denier after
bleaching. It was observed that the size of scoured
and bleached fibers were smaller than raw fiber
because fiber linear density reduced after scouring
and bleaching. This is consistent with Boopathi’s
research result that alkali treatment decrease the
fiber diameter; fiber diameter was not uniform
throughout the length and fiber diameter was
getting reduced with respect to the increase in
alkali treatment percentage [16].

For tensile properties of fibers, data supported
that the tenacity at break of raw fiber were 223¢f/
den for crude fiber, and 6¢f/den for fine fiber. Their
strength increased on scouring treatment to 262¢f/
den for crude fiber and 7¢f/den for fine fiber, on
the other hand, after bleaching the fiber strength
was decreased to 204g¢f/den for crude fiber and
5¢f/den for fine fiber. The percentages of fiber
elongation were reduced when they were scoured
and bleached. Crude fibers elongation percentage
was reduced from 56 to 47 and 46 and fine fibers
elongation percentage was reduced from 42 to
40 and 39 respectively (Table 3). It is noticed
that the fiber strength increased with scouring
but decreased with bleaching. It might be due
to alkali concentration of bleaching was stronger
than scouring because of the higher concentration
percentage and the longer soaking time, the more

fiber strength reduced [17-18].

Table 3 Linear density and tenacity properties of the

Borassus fruit fiber

Linear
. ) Tenacity | Elongation
Fiber Samples density
) (gf/den) (%)
(denier)
Raw fiber
337 223 56
(Crude)
Raw fiber
85 6 42
(Fine)
Scoured fiber
274 262 47
(Crude)
Scoured fiber
62 7 40
(Fine)
Bleached fiber
228 204 46
(Crude)
Bleached fiber
55 5 29
(Fine)

3.4 Scanning electron microscope (SEM)

SEM technique was used to investigate
the cross section and surface morphology of
Burassus fruit fiber. Figure 1 shows SEM micrographs
for cross sections of (a) raw fiber, (c) scoured fiber
and (e) bleached fiber. The fiber cross section
outline reveals that most fibers have an oval
shape and they have small air cavities all over
their structure. When fibers were scoured and
bleached, their cross sectional structures were not
different in appearance. For fiber diameters, from
the SEM images it was noticed that the diameters
of raw, scoured and bleached fibers were almost
similar. The diameter range of crude fibers was
between 200-425 um and between 25-150 um for
fine fiber. It was noted that the dimensions started
much smaller than Borassus fruit fiber from India,
which has dimensions starting from 90 pm [19].
This difference in size and quality of fiber might be

due to the different research method and different
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species, whether, soil or planting of Borassus.

Fiber surface morphologies are shown in
Figure 1 as (b) raw fiber, (d) scoured fiber and (f)
bleached fiber. Figure 1(b) indicates impurities on
raw fiber. Scoured fiber’s surface seems to be
smooth in comparison with raw fiber (see Figure
1d). On the other hand, micrograph of bleached
fiber in Figure 1(f) reveals a lot of micro pores or
pits on its surface. Moreover bleached fiber surface
become rougher than raw and scoured fibers and
also showed some scrapes along the surface.

In this case, it was probably due to some
hemicellulose, lignin and impurities being removed
from fiber. Consequently, in this study, the results
of bleaching treatment were very important
for modification of fiber surface morphology to
enhance properties such as whiteness, flexibility,
heat transfer, sound absorption and composites

material.

Figure 1 Scanning electron micrographs of
(a) cross section of raw fiber,

(b) surface of raw fiber,

(c) cross section of scoured fiber,
(d) surface of scoured fiber,

(e) cross section of bleached fiber,

and (f) surface of bleached fiber
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3.5 X-ray diffraction (XRD)

Cellulose fiber contains crystalline and
amorphous regions in different quantities. In
this research X-ray diffraction (XRD) was used
to investigate the crystalline percentage and
crystalline index in Borassus fruit fiber. From Figure
2, results showed that peaks of around 22° and
16° 20 reflection were assigned to the crystalline
phase and peak of 18° 20 reflection was assigned
to amorphous phase. This information was used
to calculate for crystallinity percentage shown in
Table 4. Results indicated that the percentage of
crystalline of raw fiber was 67.16%, of scoured fiber
was 68.97% and of bleached fiber was 71.50%,
respectively. It was observed that the crystalline
percentage shown in scoured and bleached fibers
were higher than in raw fiber due to the removal
of hemicellulose and lignin from the amorphous

area in the fiber structure [20-21].

Intensity (Counts)
el gl gl R

 Af A F T g S

26 (degree)

Figure 2 XRD analysis
(a) Untreated fiber,
(b) Scoured fiber,

and (c) Bleached fiber



Table 4 Percentage crystallinity (% Crystalline) of raw fiber,

scoured fiber, and bleached fiber

At 20 (degree)
Samples % Crystalline
|22 |18
Raw fiber 450 220 67.16
Scoured fiber 600 270 68.97
Bleached fiber 680 270 71.50

3.6
(FT-IR)

Fourier transforms infrared spectroscopy

FT-IR analysis was done to identify chemical
structure of fiber. Figure 3 shows evidence
of structural modification of raw, scoured
and bleached Borassus fruit fibers. The peak
area within region 4000-2995 cm™ showed OH
stretching vibration of cellulose [22]. In this
case, the peaks were located at 3321 and 2995
cm™ for all samples, there are no differences
or changes. It indicated that the cellulose was
not decomposed from scouring and bleaching
treatments. The absorption bands around 1765-
1715 cm™ corresponded to C=0 stretch of
carbonyl group of hemicellulose of the fiber
[22]. In this research, results showed that the
peak at 1725 cm™ of raw and scoured fibers still
appeared but it disappeared in bleached fiber. This
phenomenon was an indication of the removal
of hemicellulose from Borassus fruit fibers during
bleaching treatment. The characteristic peak located
at about 1632 cm™ corresponded to C=C
stretch of benzene and the 1613 cm™ peak
corresponded to C=C stretch of Aromatic skeletal
of lignin [22]. These peaks were seen in raw
fiber but became weaker, or were reduced
with the scoured and bleached fibers. Lignin

was also seen at peak 1247 cm™ corresponding

to C-O stretching vibration of acetyl group [23].
This peak appeared in both raw and scoured
fiber but was reduced with the bleached fiber.
We can be observed that lignin was removed
by bleaching treatment. From the research results
we can be interpreted that the hemicellulose
and lignin components were the most damaged
with bleaching treatment. The scouring treatment
was able to eliminate just some hemicellulose,
lignin and impurities on the fiber surface because
this treatment involved a dilute alkaline solution.
These results were consistent with the composition
analysis and SEM results.

. e
0o B
| n 172530

ANk

1242

Absorbance

Wavenumber (em-1)

Figure 3 FTIR analysis
(a) Raw fiber,
(b) Scoured fiber,
and (c) Bleached fiber

4. Conclusions

Borassus fruit fibers used in this study were
waste material from Borassus flour production in
Phetchaburi province, Thailand. They were scoured
and bleached and their properties were investigated.
Results indicated that the fiber composition

contained three main components, which were
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O-cellulose, hemicellulose and lignin. After scouring
and bleaching, Ol-cellulose percentage increased
because the hemicellulose and lignin percentages
decreased. Fiber diameter, length and linear density
were reduced after treatments. Tensile strength of
scoured fiber increased from that of raw fiber but
it decreased after bleaching. For the fiber surface
morphology, we found that scoured and bleached
fibers were cleaner than raw fiber and numerous
pores or pits appeared on bleached fiber surface.
These results were supported by XRD, FT-IR and
SEM analysis of raw, scoured and bleached fibers.
From research results, Borassus fruit fibers properties
are good for products development for example;
textile products, green composite material, thermal
protection material and sound absorption material

etc.
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Abstract

Your manuscript will appear in Ad sized photocopy exactly the same as it is received. Please

follow the guideline explicitly. English papers should begin with the English abstracts. No Thai abstract

is required. The abstract should include a concise statement of objectives and a summary of important

results.

Keywords: submission procedure, manuscript format, font size, font style, blank line

1. General Introduction

Contributed papers are limited to 6 pages
including all figures and tables. Invited papers
have an 8 pages limit. Each manuscript typically
contains the following sections: Title, Authors
name (Nonacademic position is required., E-mail,
Address in details (Give phone and Fax. Numbers,
if available.), Abstract, Text, Acknowledgment

(If preferred ), References.

2. Style and format
2.1 General

Manuscripts are typed single space
except for headings. Font type should mimic
TH SarabunPSK #10 (shown here). Right — hand

justification is recommended.

Type your manuscripts on A4 (21 cm x
29.7 cm) sheets. The sheet should be divided
into a two - column width of 81 mm with
a space between columns of 6 mm (a total width
of 168 mm). This permits side margin of 21 mm

each. The top and bottom margins should be 29 mm.

2.2 Title Block

The title should appear in upper and lower
case without underlining, centered across both
columns. Type the author’s name and affiliation
also in upper and lower case letters centered
under the title. In case of multi-authorship, group
the authors and identify each author by superscript
numbers corresponding to the organization

which should de grouped below authors.

' Department of chemical and Materials Engineering Faulty of Engineering,

Rajamangala University of Technology Thanyaburi

* Department of Electrical Engineering Faculty of Engineering,

Rajamangala University of Technology Thanyaburi
® Department of Textile Engineering, Faculty of Engineering,

Rajamangala University of Technology Thanyaburi
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2.3 Headings and Subheadings

Heading and subheadings are in upper
and lower case bold letter without underlining,
if available. They should appear with sequential

numbers, left — hand justified in the column.

2.4 Equations

Equations are to be numbered consecutively
throughout the text. The equation number
should be placed in parenthesis and flushed
with the right - hand margin of the column.
Iltalic alphabets are recommended for equation
parameters.

a+b=c (1)

Leave a blank line before and after
equations. A long equation should appear across
the columns by interrupting the opposite column

with column-termination and column-initiation bars.

3. References

References are to be listed and numbered
at the end of the papers. Refer to them in the
text as [1].

4. IWlustrations

Figures, tables and line drawings should
be positioned within the text. They may conform
to either a one-column or two-column width
and must be black ink or high contrast black-
and-white reproductions. They must include

captions.

(Wl 01SeNSOAONSSUMERNS SIBUYAASTYUS

5. Submission of Your Manuscripts

Please submit the manuscripts on
the website of JOURNAL OF ENGINEERING,
RMUTT www.engineer.rmutt.ac.th/journal/
(Select Online Submission menu) or direct
way by the website of http://www.encm.rmutt.
ac.th/enjournal/. After that you have to register
to be a member of Journal of Engineering, RMUTT
and submit the manuscripts by “Word file”.
Moreover, you have to send the technical
article form for publishing on this journal
back to“enjournal@en.rmutt.ac.th” or by mail
to “Publication department of Journal
of Engineering, RMUTT, Rajamangala University
of Technology Thanyaburi, Rangsit — Nakhonnayok
Rd. Klong 6, Thanyaburi, Pathumthani, Thailand
121107, If no completed on 2 steps such
as submission online and send back the technical
article form to enjournal@en.rmutt.ac.th
or Publication department address, your articles

will be rejected and cannot be considered.

6. Conclusions

Your paper should be carefully checked.

7. Acknowledgment

Thank you for your good cooperation.
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