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ABSTRACT

The objective of this project was to study the effect of adhesive type on physical
properties of floating mats to support plants from coconut fiber that are total density,
weight bearing capacity, water absorption, total hardness, and fiber morphology.
Moreover, it was also studied the biodegradable properties of floating mats by using five
types of adhesives that are clear adhesive, latex adhesive, para rubber adhesive, Persea
kurzii rubber adhesive and powder adhesive. From the experimental results, it was found
that the floating mats prepared from five types of adhesives have less total density than
water meaning that floating mats preparing from all type of adhesive can float on water
surface. The floating mat could be bearing the weight of materials due to the
reinforcement effect of adhesive. Para rubber adhesive showed the strong structure on
coating between coconut fiber elucidated from SEM images. From the water adsorption
results, it was found that clear adhesive and latex adhesive have high percentage of the
water absorption due to the water solubility of adhesive can increased water absorption.
The max force and displacement results can to determine Vicker hardness (HV), it was
found that para rubber adhesive have the highest max force and the lowest
displacement. From the results, para rubber adhesive showed the optimum properties
for floating mat. The FTIR results showed the existence of chemical composition of para
rubber in floating mat. Moreover, it was found that of Persea kurzii rubber adhesive and
powder adhesive fallen out from fiber and floated on the water surface, resulting in fast
biodegradable of coconut rubber. Para fiber adhesive showed the good binding on
coconut fiber for maintained floating mat structure within 2 months. Therefore, in this
research, the floating mats to support plant from para rubber adhesive was the
optimized adhesive. Moreover, the compression pressure at 50-100 kg/cm? affected on

water absorption, weight bearing capacity, max force, and hardness of floating mat.
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Variable Water Depth
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TnssadwesszuuivndsUszneuioiaiviannviedidiieldiduiidnvuacy uazyjuase
dnfulgniivaseih figuil 24

Uil 2.3 03 [9]



5UN 2.4 lassaieszuutdnivinanviedid [10]

2.1.1.2 TagaUngnanain (Plastic Net Material)

aeewanainnananingAuifiaunwddunaugnsiamz iz i
omasoutulinseuuanldde numusenninufAsefuasiedvarnvaievia uazdony
nsldauennuy Fednuazaundienatadn Insundsinazldnaunumiisainivanuionn
Pweglifioudmiuiinaifoduiatuinony wieedlufidesdratiu warhifesnsnuuds
wunan wu mslitagaanenanafnngsfievgudnlunistidainde dsui 2.5 eeldvan
mUrewaadn (n) drglunswgsienguen () LLE’{’JUa'E)EJaQEjLL%éﬂﬁﬂLﬁ@ﬁﬂﬂﬂﬁéﬂLaﬂ (A)
Sanaaenarafnilaaauifidu fo wanafnaglifsesauisliifusunsorednidniiads
7l 2.6 [11]

aunsavinANazenlndie fasu

3UN 2.5 dnwaugnisliiagmidienanadin (n) Jageidienaain (v) Ugniwuuian
(n) Uapeasguvaan [12]

5UN 2.6 avngnanadin (Plastic Net) [13]
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2.1.1.3 Janmaeia

v
A a A

Tanwdens Ao Msldldlinmaeainnisneaiaynimaedalns wagiju

=

fuagldnimuadniliuduiolfsnfsuanasuludld fguil 2.7 (1a)

mathfagndeiunaaduuungsiiviuaunoaniinamssiiiniu
Fannsadauaiy uasdahnduuldusslonildeesduaunuiiazgniie uazuonandean
Uhinaszadldudndmigeyinddunnden [15]

@“’lﬁﬁmﬁaammsﬁaa@

d A ' v
@Nﬂmaamnmsnaasn ’

sUN 2.7 dulszneuvesuiungsivaniagmuieis [14]

2.1.1.4 Janlwy (Foam material)

Trludunanafinfiiunsiunssuaunstugulngldansigvenedads
i’aﬁlﬁiﬁiﬂummﬁmmmzL.L“U'aaamﬂu 3 yiln flo WedddlnTu (Polystyrene, PS) wady3iny
(Polyurethane, PU) uagwodiediau (Polyethylene, PE) ﬁﬁ@mauﬁ’amu A dlAudaneuas
Bt secdunssnszunnldd mumudeuseite funudeu wasdansanduanlday
#1lé [16]

2.1.1.4.1 wodadla3u (Polystyrene, PS)

woddlnIudutanfuvuilddusnigalunisussyiivie

Tnerhlufnduidonds amrumuudusiUssana 0.015 - 0.07 g/cm® funszunni Nunuse
ALl ﬁm'lmi@m%mﬁﬂﬁﬁ LAEIIAIGN Toudefiddy fie anumdeilifvsinuvesde
fvuelvigiornsensdnnis wasfedlssuiinanilogninlniannsaneliinuafivisuinden
FefuFafimssfnisldon [17) wandasivionnedaladu wu nvugussgems (18] fagu
28



[

JUN 2.8 wansueinvihainwedalssu (18]

2.1.1.4.2 wadgSmu (Polyurethane, PU)

a o

wodgSinuludanfianunsosuusinszunn nsduaziiiould

Y
I a

A drnudanguas Wuawuiuaudound Tatiesnmuegumall ANty wazAUAIUNIY
nsiaNseuia [17] wandunnldnedeimu wu wesiliaes weal [19] fsgun 2.9

5UN 2.9 HandueinvinwedeIimu [20]

2.1.1.4.3 wodte¥iau (Polyethylene, PE)
wadteauduszansamlunisdesduauiuduainuiou i
AULTITIENNTOATUVUR BN TG mﬁam%’mﬁwﬁ"w warflaudnuniunisiansoudia [17]
s nuiiiliwodleRAu 1y wiudouuesinnszay gananain vaathendndi [21) Fegud
2.10

JUN 2.10 nansdadimvinannedieiiau [21]



Aadudalainisdransusenaunediuesaenatunldau
UsELnneneg 11n118 LYY U UIIT o115 aunsalreuiames unesiiaes
Nuunzadn waznsUdadndslaeldlnugienesivy [16] fagui 2.11

sU 2.11 Sinindelagldlvlsmesiiv [22)

2.2 matdatnideuvufeuszang (Constructed Wetland)
nstinindeuuuussing 1WuszuuiiendonssuaunismasssunAiliussansam
as dandudumsneatiai Tasagldvnindndennnatsy was wu dndeangmamnssy
159919 wazyawy despuufsUszvgiauaunsalunisiiadled Biochemical oxygen
demand, BOD) Arvesud suvauasestanun (Total suspended solids, TSS) Tulasiau wag
seaneosa IiAlurnsAeafuiferuannsnan lavemin a1sBun3s uwasidelsald Tnsdnaln
n13U1UR 3 nsruaunIs Ae (1) nszuluMmInIenIenIn un mamnazneu 38n1stansn
Mdna1suvINaey a158unsy lulnsiau wasweanlasa (2) nszuiunismuall lawn n1sgadu
nMsuanidsulessuuuiivesiiv (3) nssuaunsmisdinin ledun msgesaatsansszney
uVSIlaeaUYSY wazinnIAuAUeeIRaUSIR1aT [23] seuuTeuseRuguumudnue
nslvavestinlfidu 2 Ussian 1dud szuufeussiuguuuiinogimiofafiu (Free water
surface, FWS) wazuuutlvaldiay (Subsurface flow system, SFS)
2.2.1 spuulessAnguuuiegmiefiofu
\duszuuilidenldlunis@nundedidnwauradiefuTsssued (Natural wetlands)
Tngldudnnisveanisiuavesinuidefiafu siusnieivgnlinieluseuy dednagiva
undnsznellnedsedvihiiiufiesdusznauiiddyey 4 du ldun drnid e dufialy
JaUsging uardruinoon fasuil 2.12 Tesdndidasduduiimativesied  Tasaun
$1uan wargUiwesUathAuiauddydmiunisesnuuy uennisUsesetuegify
AN upzvaULIRYesTiAy warnadentliavesiisfiasinuUgniuegfunmautiveninge
anmnegnnIne wazalginglunisaniiuey (3]
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druihesnvesdssshvsuuuinogmieinfu (FWS) agdesoanuuuliuiusedui
mugunslnavesildannsotaddnsnisivasenvesinld dmsnszaneindssuuiduly
ogashave uasitilvadnagnetng diuen uarfaiuvesfiefusinszarsogialulussuuas
vrlAnnsnaveshauiy (Plug flow) [3]

10-60 cm

U 2.12 szuufsuszAnguuu FWS [24]

2.2.2 wuuiinlvaldinfu

Huszuutrimindslasnisinavesiiiuunuiasuuafsiuuiuasimg ity
Fadutnninansldngsfivfitranmsaduuld wagsnfivegldAnivlfuafizedane
Tay SFS azuanaaifu FWS ludesasesAusenausiey Fsesdusenauiiugiuves SFS laud
doaeidngftunsesihssund Yagfnarmesii uazdesmaiionn Jesuuuuvasien
WUU SFS 9zAanefiukuy FWS win1seenuuuazuansnsiuluauaiuieuvesdsenuuy lu
nssfiumsfignites SFS azdeditinisivavesidiulvglununsiu wasriungianans Al
FasRarsanlunisesnuuu liun mavesfangdinarsauanunsalunislfiduniu wag
fudivindafisududwiulidhlnadissuy uae SFS aedesansasiusainindiuiiogn
nidutngianandluuszann 0.3 - 0.6 m InessuuSelssivguuuthldinmu (3] wsoonidu 2
szuusil

2.2.2.1 M3amuLuIsIu (Horizontal subsurface flow)
nslranuluIsIuUsy ﬂaué’wﬁqﬁﬂaﬂﬁwﬁﬂmﬁufﬂ LA NEINYA Y
LLmuaaamwmwsn uaﬂmﬂumumﬂmwmaLﬂumu N590 NI8NIY ml,amvaﬂﬂaaaaaﬂmﬂ
9981911 GHSHLL‘UTL!@‘LJN’WLLN‘L!@’E]EJH’]WENW“U Lazfnansaunseteimaineen Tusening
miiuammmmwmymmﬂiumumiﬂsaqaumﬂ N1359ATUa1501M15 wazn1suaUn
a13BuUNII A AunIETTnuA U UADE MY Y STUU SFS AagUTl 2.13 nsruunaNIg
180 WU N1sUapslinnAznaun LagNITUIUNITNNTININ L9U N1SUIURENSBUNS A

a

auN3e [3]
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Outlet Zone

Y&
=== UINITUBN

gﬂﬁ 2.13 SFS uuumsvanuuuisu [25]

Y e a A A & P ) | v W

TondlsvAvgilvanuwnsiu Ae Wussuuiiguashwideg Tdwdeanuly
AsUsEUUTeY wazlindnnenauiaesindaludussld uanaindszuudiaiunsasunise

a = 9 | P a ¢ H ' A a a a a a o w A

maaum&ﬂmmﬂmﬁzwwﬂiww@wumaqmuammu FWS waziivseavanmlunisundai
g0

Jodninvesdelszivgnulualddatunsedlunuiveu Ao tuunas

v & = N = v A | e a ¢ v

WU veiual uargsuanantlsruudeiianeasanginitlelseAuvgiuu FWS insnghas
ATaDTUNSaarszuUviaNaglgnelussuu [3]

2.2.2.2 M3lvanukwing (Vertical subsurface flow)

N15anINLUIRIUTENBUAIETUNTIANS o uavLBEAsiaR e iune1ulag

Ugnauiivuutufiuazideavsevudinans 1 uiuaseumegaiy liluaiui dndeayivaly
< = = a ¢ Sy o & o 2l ¥ g a a | &

wwIRsasgiuvessruudsedvg wasinudasdundninvindunsfivesndauludinuves
sruudaUsedug TN uiaeInNImagun NI TN uYe sl 0vin15g Ui AREYN
HanganINgNIUTeITuivilindengnudesidrssuulasulsunueendiauniiaudy [3]
Aagun 2.14

Yi9NsLeU Yi9NsEABU
1) / Y A Ay
/

- - a - >
HAuazidun HAuavidon
0.50 m 0.75m "5 50
0.55m
Auneu 0.1m { #uneu 0.1m
!
%{ Vs H_T/

viojuun

31]1‘7i 2.14 mslyamuuinia [26]
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Yofvosdausziusiiilnalifiadunsedlunune Ae uszuuiidesonis
muAuguA 11393091 uasnussuuivssansamlunsiidadsufnalddniinsldaunin
nznou Tneialdarudlunisinientunzneusaniinssuuasiiosniinisldaiuninaeneu
uenniidamuiniiiuesninandunsessannsny jizerfuedunisludunsosiil
Aaufiselussiedudamalvissuuiiussansamlunisidaveadsludiuiifuvenvadldd
anee [26]

Fostamastauszivsiihinaldidunsodunuiie Ao Jgymnisidien wee
salsevesiivluszoziiuduveanaiuszuulunsaiildssuulunstndn dsipadsnnadudu
g9 [26]

2.2.3 Wydmivszuudalseivg
N Aa =3 a s 1 (Y ) A o Y 4
funleudgnludalseavgarulvaidnasiduiivdinn gume go nn win wagyva)
nsanseiissmsziduienaansafseandiau (Oxygen) anduusseinalas Fsauaunse
lun1sfveandiauvrduey fuAIUNUIMUNYEINY LazUTuiaeendiaulufuniedunses
wenndfiwnldasluisiviududrfuanmiindenlds wagvunouaniemaiilags [3]

2.2.3.1 iygum©

Foanulne sume

FoImemans Typha angustifolia L.

el TYPHACEAE

%amﬂm Cat-tail, Elephant grass, Lesser reedmace

Narrow-leaved Cat-tail
o A o < o
YU nNYe NAgU UTe v aaiunais

2.2.3.1.1 MIveIeNUg
@ 1 ' a = v 6 Y

wandvugeuyy Uiiluauay doraunnisnszaneiugegnilanty
Wwaseu wazlunaugu d@msudssmalnenulanaldlunngdnie Yuniuiiufisieg a1uise
AIUANNTSVEETUS LALAgTSIUmNSTY (Cultural control) Mslansiu wisuAuy Wwisuiunugn
fluvauideniuiidunisidnteiivlundons fu nislansiumsnssyasinds afausndlela
WIIua? anuanialiliawrasguaBuiinne wiwdnazaunsasentuudnasamniald 3aans
WIUAUDNASIMs IieMdnwanfuisiivontuniluniends [27]

2.2.3.1.2 SNYENIUNGNWAERNT
sUmEduiisludsafeaidulifuan orguane? fdufidaluniy
glsU uareuin Sudidnunedimng fguil 2.15 Sanugelszanm 15 - 3 m syRulalds
Tufiufivanh veretusfenaviowsn (28] feguil 2.16
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Uil 2.16 fugum [28]

Tugum# luiluluies dnuluSesadulussuiudendu dnyaelu
Duguuau Ganunitedszann 1.2 - 1.8 cm waze1aUszana 50 - 120 cm [28] fagui 2.17

Ui 2.17 Tugua® [28)

nongUm® dnvailugunsenszuen YunenwailanueUssanm
8 - 40 cm HvwadusuaugnatalsEann 0.2 - 0.7 cm wagiludseauuszana 1 -3 Ty
drugnonunalilgazinue1UsERIn 5 - 30 cm druaduruaugnatsveste N
0.6 - 2 cm Lilfinduidss wagndunen inasmadduannudagl 3 Su Tuutudeusey funas
wafardy Sfusyenusznm 15 - 2 mm dunenivedeasilulssdugosfusuidudne &
Selaifugunsane Auvesssliley wazenUszana 5 mm duueny duiunasnadens
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gUsEaId 1- 1.5 mm ﬁmué’um’ﬁmmm%’ﬂﬂaaﬂLﬂasﬁé’ﬂwmmﬂugﬂme'%agﬂiwaﬂ
wazdsanusneannanlanaanal [28] AU 2.18

5U# 2.18 aangum e (28]
Naguen® wadvwimdnuin Wendazuanaiueny dnvasdugls fe

SU# 2.19

)m-
/i)
ot

14

SUT 2.19 Hagum® [28]

2.2.3.2 Nynmssnw

Foawilne Wnssnw

FoIneraans Canna indica, Linn

%Emﬁ Cannaceae

FoaiTy indian shot

Fodu WNsAs, ABNUNALN, @fNBRy, @AY [29]

2.2.3.2.1 M3veeug [30]
nsverenugwusoandu 2 381pedsi 1 verewuglagniswus
tuberous rhizome lnedidiufinaglinonisinitnisuuatuguginbiaunsovereiiuglauinnda
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waziuliu nsveneiuduuuieslianvasaswnuiuguosiows wazdsi 2 veneiuglagly
wanvenenwnssnuAnzdiluvanusnisveneiuguuuiasiidnvas lindeuvosriouw

2.2.3.2.2 dNWIZNIINUNGNYANENS [30]
wyssnunduisludsadsr ordnlifidels dnvusvesdu
ywns$nw faguil 2.20 WeugnlulwnieudivaziionguaneTuidUgnlulunouguvdeiunmu
agilonegiieaUiien (Annual plant)

U 2.20 Fuwnsinw [31)

310 (Root) vasnwsFnENTuUsTUULUY Fibrous root system 310
29NAMNEAIUVBIAL (Tuberous rhizome) wazlauvasadu lngsinuanasnuilndaziidnuus
97v lifiurusden warasddiduty iWesrgunduurusasunnoonivuindusingugnans
Uszanas 1/3 cm ﬁqgﬂﬁ 2.21

93 (Tuberous rhizome) YBINNTINWILUU Tuberous rhizome
deUgnumssnuidaiuda aazidavladuiuy Tuber nouudauanas (Tillen) 1fuuuy
Rhizome 33 Rhizome avunsoansutiswunulunuitupiu wasuumeenves Tiller ﬁagjﬂma
qmﬁ?ut,ﬂumﬁ Active fignagidulaviaLduiuu Tuber wazunstuilofiuAudioduusniiin
mﬂmaamaaﬁaﬁimmﬂﬁuﬁagﬂﬁwmw'%aaaﬂmﬂ mﬁagjﬁ’mmmﬁ%Lﬁuimﬁué’fu%uunmu
Tunansiein deaintiuis (Tiller) fisnaazunnoanndnatn Tuberous rhizome dagumysine
fagnanedunelvgulaed rhizome Ansofafunumdundus 31 Tuberous rhizome
Fuiluiaswarduduiiazaue mis Usenoausae Node, Internode, Bud uay Leaf scale @<
Bud azagiiie Node lnedl Leaf scale \uusudthamaily fagud 2.21
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scale

internodo
ew bud shoot

Ll— root
g‘dﬁ 2.21 @1Um199209 tuberous rhizome [30]

o v

819U (Pseudo-Stem) LHuuuUE ey (Pseudo-Stem) Tusgjuu
Tuberous rhizome a6 Ul & 10 83UsEnaUA38n1UU (Leaf sheath) ¥ (Node) Ud 3
(Internode) wagm1 (Bud) willauiu lnenagegmilede wazgnniuluriuenlissliunnesnun
\Dufafuanan fagud 2.22

Tu (Leaf) Usgnaumeuwsulu (Leaf blade) uaznulu (Leaf sheath)
wuluiEdey Yaneuvan sUlune (oblong and acute green) N319 4 - 7in 813 1 - 2 ft vau
Tu (Rim) o uazdeu fdvnladooiguinsudeuwdugima didunaidu (Vid rib) ng)
wulu (Vein) aunuiu wagyigudsyana 35 asa dudunalu wivluagians e (Cutin)

dvriadeuld dsgun 2.22

77— leaf blade
N

leaf sheath

pseudo stem

U 2.22 dnwauglu uazdrdiu [30]
Yonn (Inflorescence) Wuwuu Panicle Wna1nA8an (Terminal
bud) A1 1 - 2 ft Invdrulauvesiudoneniiunnuaus (Lateral axis) wazarulauvasfiny
Yanan (Main axis) %ﬁé’ﬂwmzﬂam:}umaﬁwmiamamﬁagjmauﬂmaazﬁé’ﬂwmxLﬁuLwﬁau uay
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ANWUEYRIDABNILTUBYAUAIILENIVBINTULNUNGN LASINUKVLIADATIUIUYBIA UL
fagun 2.23
Aunileq avldenantelfvl wazillesennonualazlusennendn

a

wilTInegdnvangifou nasIneenaanka’ N1UIUYeIRen (Floret) Wingnquaanazuulyl
w¥ouiu Tnsviuiias 1- 2 aen mdrsanstuandadrsuusaidosiuly Fsndurenuuaaves
Main axis azuuneu uda3adunguues Lateral axis i og dnasnudr3adunguaenves
Lateral axis fiogjansgnazuiuiindsan fsgud 2.23

fonileq Ussnausie (1) fMutenen (Peduncle) flununans was
AMulvLe Jsazuanesnaininunans (2) Bracts dnwasiduuiudidewiviii funiesesiu
dauinag veanondlildsudunste Bracts uusoonld 3 vlianudumisiiog wiafl 1 Bracts
sesiuiutonen wilnfl 2 Bracts Ses¥Unen agmuguvesAendesllodLYessIlIYRIneN
0l wiladl 3 Bracts sea¥udrnveInAUId Y uazndunen uaz (3) aen (Flort) iluuuy
Perfect complete flower maniiviansd Madi3eu 9a uou FuAnannisuauveuid 3 3 fo 3

wAs e wagdu1l dagun 2.23

-petal
e Stigma

anther
,—\

flort

style

bract
overy

bract Vs =z DrACHS

(n) YononiA1&IuIu (¥) @Ur199P0990N
5UN 2.23 dnwauzvesnen (n) Yanenfinasuiu (v) dausesuesnen [30]

Ly oA a =~ ] & ~ |
Ha (Fruit) I1u1siinan ovary Wenageudzidudiden Wenaun
auaeuudn waznaqnilsarUszneumemdafiuiudiussanal 1 - 10 wéa feguil 2.24

Ul 2.24 wa (Fruits) [30]
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2.2.3.3 Nweziusaulunay

Fonwilne azaulunay (Echinodorus cordifolius)
YoaLiny Burhead, Texas Mud Baby
¥929A ALISMATACEAE

Huihdugniidergansd ddudumndug egldfu dvumiofudy
no g4 30 - 60 cm luiAgaumniiune lugulufsguila n19 8 - 20 cm 872 10 - 20 cm Tau
Tundnii1 vaneluunasan veuludeu A7s1 fulu wagfusenifumae 811 40 - 50 cm
Tneiuluwinineinusenuiull aendedun Audensnyny nengey duiuuneendug Jlu
UseiuAidensessu menauysalng uwiazdedend 5 - 15 aen ndudssdidenvuiaibn 3 ndu
naumentngiune 3 nau nasiaIwuIIndmvdesan inasadanieluisalddunguuy
§IUT0Y ARNLAEIAUNALIIFUNTINaY YUl szaIal 1 cm udazNageeiiindaiiies 1 wén
annsanaiadulaldffisedu 10 - 50 cm fiffuasadetu ity faddealdugnibuliisedy
Tumsdnaunseulunaieusewme [32]

2.2.3.3.1 aNuuUENaNgNEAas [32]
Juiludesnes Wifiieliluiivindugneny 1 -2 U unswia
p199ziionggunuvanel lnpaviidnyrordeTuluiulaaunTulasusiunuviugs
o v va 1< v . 1) Ya oY v <@ v
anulafudumni (thizome) agldduiidoudos uazansiula
Foau Aaguil 2.25 (n) 0193elilua (Stolon) LudAuwmileduiinesusuluniuiiu wazunn
wiensousntydiive fgun 2.25 ()

(M) E. tenellus (1) E. magdalenensis
Ul 2.25 Snuauzaduidumhléfiu (hizome) wazdnwaizddumiledudulua (stolon)
(M) E. tenellus (¥) E. magdalenensis [32]

luusiazyiinddnuuziany uaziinuiuiusganauslunay
V3e3UIIle AegUN 2.26 (n) JUT9T JULY AsgUR 2.26 (1) JUnen AsguN 2.26 (A) uazenIwuy
Suliu feguil 2.26 (3) AugeuiiduidnuIngaiies 5 - 8 cm auddinguin galddia 1 -4 m
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Tuvnawile whuluivanedunsvledlenseu UVINALEYeMIUNDUAUIDEUINIADULAT U4

giaduluussusdaddulununnn wazyududu lnemludulursidseunindly

wiseguiila

(n) @) SusesUla (m) vion (1) gAaesuTy
U

UTl 2.26 Snwauzvasiu (1) nauvsesuiila () Svseguly (n) vien (1) smednesulu [32]

anuanaunenilav1ddl 3 NAY Aauunuyenen Induldes
3 Ndu Feenavuueguuiuteneniiewuuutenseaelussezy AU 2.27 (n) Jadu

AonauysalinAdinasineIuiy 6 Sunieuinndl nasinAlleduIuiInsauduiuey vy
FIusInanNgUNTIy fagui 2.27 ()

(n) MBNEVII 3 NAUURNUTBABN

(%) penaNyYTAlNA

5UN 2.27 dnwagaan (n) AeNdv1I 3 NAULUNUYERBN (1) Aenauysalne [32]

e uaziudnazeennagesuuaian Wnenawnvzinaudnuoe
naw faguil 2.28 (n) Wlenaungusisveaudadasenadoviuny fagudl 2.28 (1) Weunasdnay
favenadiguinun fagufl 228 (a) waznadouasiidnuasdunauuungy faguil 2.28 ()
wiingUsnauviely faguil 2.28 (3) wazwdndneenadnetnnun faguil 2.28 ()
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(4) HALUUNANAY (@) waanauwsezuly (®) WinpgeUnun

JUN 2.28 dnuaizrakiuazibn () nadnvagnay (v) winadenuy (a) wanadielinun
[ ! < ' ] = 1 < A v
dnuaENABULAZINER (1) HALUUKANGY () JUsnawvsesuly () wandaad1euinun [32]
Trawgauiiszansamlunsuidaunde FeUsunauesneImis
Tulnsiau wazneanesaiinuduiusiudnsnisasyiulavesdioweeu s Wetiomyoull
nsiosgAulauulsnalulesau wazWeanesaluundeiinianas [33]

2.2.3.4 Nyngfeln

Fonwlne AN

%amﬂﬁg Vetiver grass, Khuskhus, Cuscus,Sevendara
orass

FoImemans Chrysopogon zizanioides (L.) Roberty

FoRosingrmans Vetiveria zizanioides (L.) Nash

InagludeAna (POACEAE %39 GRAMINEAE) [34]

NN Lﬁuﬁﬁﬂmgauﬁmmzqamﬁﬂ Wuaiutlng 919919 e
mﬁwLLNﬂﬁWUiuaﬂmassmwﬁﬁ?{uﬁ'}Lﬁﬂmuﬁuﬁimfjmfwhm Funueels wazluvn lneuagn
LLBJﬂ?i’lﬂJ'ﬁﬂL’i]%ﬂJLauimlmuﬁﬂ’w\mﬁﬂi”L‘V]ﬂﬁLﬂuﬁﬁ’miﬂﬁﬁmi”ﬁuﬁ’m 218 5&‘1’7';141'71':11,611'13@171'
596U 2,000 m 9nszRumea nioluiuiiauUsen Aude Auda Aufifinugauauysaiii

[
= d

st ufiUsinmudutios 200 mm Ssuifiduangn 3,900 f9 5,000 mm wagiiui
anmgiioniemuandu -9 °C fernaseudn 45 °C

Snvaznalnanmstiiavemgudn Ao vinzneuduarinauvznenendn
wiln Feguit 2.29 whnzneuRuarandsegdlonansulundulnasuanuiegetusnidudus
ihitlmaruluoghaing edivdnduasgiu Seniuaendnadnudluldnhadies 50 cm
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UMl 2.29  dnwazmausdn uaznalnanisnn [35)
(n) 5ﬁmﬂauﬁulwamﬂsmmw@LLﬂJﬂ
(v) AznaUAUANAIDY
(A) thlasinudng vdnuduasgiu
(1) nudsasdn winfrafies 50 cm

2.2.3.4.1 ENWULNINGNBAINS [35]

winvowgudndmsurgudnlulsenalneg nsuiruiau uag

wiguiiieiteslddisiaiiogeiiusema wuslalu 2 wia laun waun nngu wasng
= | a v X ~ A oA

wilnaaw Fadlauuandrdlumangnyeunsuisiw vegfudniTululsemelnedl 2 vila fie

LENA W 30 wlNvay WNTY en19TnenAIans 1 Vetiveria

. .. Ly a P (= %, - ~ AW :Jl d%’

zizanioides Ja30usuld¥almaitdu Chrysopogon zizanioides #aildnuazlug1ininsaliugs
nasluianwaglasuudamdsy wagludanuend 45 - 100 cm N9 0.6 - 12 cm laluAaudng
e Tluefouriilvigiu Asgun 2.30 (n)

wHnAeY LANTTENIINGIAIENSIT Vetiveria nemoralis UaqUuld
Folumlidu Chrysopogon nemoralis Tugna 35 - 80 cm n314 0.4 - 0.8 cm UangganluwnlA
asnanenanzlas enundsluiududuanumasy Wunadudunaladaau iWelunetundu la
waeul AIFUN 2.30 (1) wazlUTeumeuanyueyame HNAImITIen 2.1

(n) ulng (¥) uelnAou
5UN 2.30 wilnngu uazusnaeu [35]
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Snwaly MY NEY ne AN
- paunavvemIviely dullygiuin | - tellenziusendesld Ussmalne
agludszinaduiey Wuiuﬁyuﬁq'u i | a1 wus wazFeauy wulgvilulud
ﬂam%’qu%aﬁﬁﬁq ADUT LAY
2 e A - ﬁmiﬁwiﬂﬂgﬂwwﬁuﬁ:ﬁaw - NTEANUWUT LUANINLING DUATY
funiin . y o o .
- Wiy Tuemasmseduge sysuvAliinsiluUgnueneiug
- geUszanm 150 - 250 cm - Wunalugnvansasunlisas
- fimsunnAsuazunnuvusddild - geUszanay 100 - 150 cm
- Undlaifinsuanuausaau
- 172 45 - 100 cm 1118 0.6 - 1 cm - 17 35 - 80 cm 1979 0.4 - 0.8cm
- TudlWendy ndelulas viedlueend | - TudlWeida nadluwuiduiduuds
1 yiiseunuvane luieludesiuuns | anuwasuiesludifierfusundduus
v Wiudau Fanan
- flelureuinadoufiluedouinnviils | - 1ioluneu Slundoutes vilig
g n3uliindeusiu
, - 9omanga 150 — 250 cm - 9100 - 150 cm
Yonanuay . Sy oAb m a oA
- daulugfidensing - flavaned AsuaduInsy @109
nen - pondoediulunlifisensiuda - pongpeilsenaAnds
Wi - AunlanIME uRNAB AN TR - PUIMANN IR NAY
- farumombu Sihsuveuszse e | - liflanumey
180 1.4 - 1.6% Yosmidnuis - sanduninleevialdaynd @ ndszanm
o - Taglusnagndsanliuszana100- | 80-100 cm fiorguszanas 1 T
300 cm fio1gUsEIAL 1 T
. - sanldvinsinstumon @y wdesdsesu | - vauiuldluayih Tanuamdann us
nsla . NG /)7 % da 9 v
Jeslgny | T nsgiUn Wa ldwvawde ayulns | idundeslutagdu

[ [ -
LLa%LﬂUEJ’]ﬂULLlIa\‘iSLUQLﬁE]NW

2.3 Fanaaulndniulesssuvid (Composite material natural)
Tanpoulndndulesssumadanuddglunisldndniagnedwesaeulndnduans

esunsunuduledianeilasingavannsomldmlvlussmealng visdadulanmaely

NAMINsneRg Seiageeulndnd liezddnvuziu i eifiuanuudsusmumuliiy

wandn liduduneseindnwazuilnn Iaaaudfiluauiuiuaiuiou awsageyaaiy
LMenLETTUIIR [36]
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2.3.1 dnwnizvesianpeulndndulesssuvia [36]

o A

Yanndulesssunfdudndenddgngnihunldiduiagnedwesnoulnds

(Polymer composite) wussiinvasiannedwesreulndnililusuanaimnssudu 2 Ussnn
&
il

2e

2.3.1.1 peulndnanJansssuy
roulndnainiansssuyd b logenduda ledyws leves lednaun
lodudzan lendouay lousnin Jaafunansssumfansausmudnuaensldaudsd
1 dulegmihunldaulagase liun legaddda ledgyys lede le
neuY ledulesn vav
2. \Awaeiannielin1eesTuwd lauwn viudes W1ty vejuen 909
1lne lenenia “a
2.3.1.2 apulndnanndandunsen
roulnananiandansizi loun lowodwefidu wodlefidu wa= Fagn
Fuaszhiielrilaudinnunzaniunsldouamems

2.3.2 vdnmsvinianmeulndn
[y a ¥ <) o i A o v
Janmaulndn (Composite) Wunisdenlassasiamaaiivselasasiadule

Aandapinunnaeiuinad iy Inedaunsaneninnia (Phase) vadianusiazUssinnly
& o a % Y v v 9 v = o Yy o & | v A \
Weatanreulndald Inevidluudivzdsenaunie 2 Jandmdsiminidudunanniodiu

a ¢ . a =~ o v A & ~ o | . a &
wnsng (Matrix) taganaiuniamuuinidunannizateniog (Dispersed phase) Tulning
WUn3 0438n7164@31139 (Reinforcement) [4] Falinasinantfnoulndmdunisiiuaiiy
wdauss msdnseadudule mstafnduvesdulauazuming nnuddenuindnsdiuduly
sssurAdanudAylunisiunldudanedwesmeulndaiotduaisiasunsaunudule
dumsieid Wi Tanumaidegialuluussnalng vissliafmdensainiannianisinens
wenanildadunmsandunu \Wudaniivide siegn Wumsiinviununiswde wiiuaay
wlausanumuliiundndue Tanaeulndnazladuiminiun ldidudunsenedlduasiudn
ansaluauiuiuausou desaatsine dwudenesvesiandulosssuyf dudeaulidnu
ausou ANuudwsldaann nMIgaduiiun feieadinisusuussiabivnedunisida

& < V1 t% < v a a a a ¢ ‘zl' LY I a

[36] uonanflagiiulaiudaziluianmeulndaiiinanuming uwasiwannssanediegvin
Wty Milaududy YT uin JUN anyaen1sInEesi Lagn1snseangmiiuaneg
o [% 4 [ a ay va = waal 1 A [y [ d'
fuwdgavedanaeulndnilanaeiiandinlimilouiu [4] dagui 2.31
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oo (oone ) covee
ey

concentration size shape

) e
=T

distribution orientation

5UN 2.31 dnvurvewlannszaemegidmwaseauifanyievesianneulndn [37]

2.3.3 psAusznauvasianaaulndn (Composite component)
2.3.3.1 duvsng [4]
a ¢ & | U a v oA A Y = 9 Y a

wnsndiludrunandning fe Josduduleniosunialuliiinaiy

Heomeandwindey aemusansgyhanasuentugiduleviseunia wazdieimungusna
o a a s a ed & VA& [ & a

vasianaoulnds wedwesiunindnldlaenaliwuadu 2 Ussian laun weslunaiasin
(Thermoplastic) %39 Waslues (Thermoset)

1. masuawanedwes nquilazuasuiiluanizasusniilasuainuiou

a ~ Y i v % o & oA

waginnT1souled (Cross linking) seninsanelalutananiuausouniafiiauying (Cross
linking agent) ylwilimSonaidunuusisun (Network) Tassasnsves  wedmosavasaaly
aunsadsundadladnidlelasuniusou 1wy 8Wend1s3u (Epoxy resins) 1 UuLNINGN
anuudasadiulddtudulonnuila

2. wesuenadin aunsanasuduilisliniuiounaiudedudovinld
Hudaae nsrasuinlgnuseurlanatsasaudesainluinisdeulosiuszninsaiol
luana lifensidsuuasaudfmandl wazandfigang wu wodlefiau wedneau way
woddlnIu

2.3.3.2 AL@3ULSs (Reinforcement)

Y a = Y o A a I Yo v a ) v a1

AEsULsIvtg Ae Wiueuudaussliiuianaoulnds Naludnden
lugdagannnindrnunindidudrusuusmdnvesianaenlndniideinuunainuming lay
UszAnSamuaaiiasunssduegivann wazgusnsveaisasuusududiudfy arsild

a N v ] v ] 1 v [ A v [ N

Tun s dnwarUTlanatsuuy W wiu wdule aunIAvwInaEan wasiug Aeguil 2.32
[38] lnedulens vaynimdudasuuseiidouldlneialude idulowis (Glass fiber) 1dule
A5 UBY (Carbon fiber) LdUleozr31dn (Aramid fiber) waztdulosssuvid (Natural fiber) 1y Te
uzni TedUuzen Tolvu levs Jatiivoswiuadunse Ao emuanuudussbifuiaouay way
ielianunsasuusinsgyinanaeueninensavgnaenenlumudulevseeunia Inenanuaey
yoaduleMIuiuasuusifavdosidnuugal [4]
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- dulefdunugudnaadvunnidn
- duledimnulavse wavaudaveuga
- dulefiinuendavesdy uarAAuLDusIge

Continuous Fibers Discontinuous Fibers, Whiskers

Particles

JUN 2.32 dnwauy Lagn13InTEeiITeeiIETULse [38]

2.3.4 Ussinnvesianmaulngn
Yanpoulndndwunlindu 3 Usziavlvgq fe TamaSuusingaynia (Particle
- reinforced composite) faﬂmama%mmﬁamé’uia (Fiber - reinforced composite) way¥ae)
wanilaseada (Structural composite) uananiudr fasuauurazUssndsanansaduussiny
douqlddn fagui 2.33 [4]

[ Composites J

[ I

[ Particle-reinforced J [ Fibre-reinforced ] [ Structural ‘

—

Large- Dispersion- Continuous | | Discont. - Sandwich
[particleJ strengthened (aligned) J [ (short) ] [Lammates’ ‘ panelsJ
Randomly
[Allgned ’ oriented ’

5UN 2.33 unudanisuwisussiananmeulngn [4]

2.3.4.1 Jagmeulndniasuusemeaynia (Particle - reinforced composite) [4]
Jutagndeunavesianlng nszaredegluamsndiievhminaiuuws

) a = 1 1 [~ 1 &) . A & =1
FAVAALATULTINU JUT UL UU 11U LU U UUN (Flake) LUUaynANaw (Particle) niatUuiin
wuabug (Filler) wazdanaoulndnasuusnivoyninaunsowudlailu 2 Usziam fe Tan
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AoUINARLET LI BOYAIATWIALAN (Dispersion - strengthened composite) waz TanAaulnEs
La‘%mmé";aaqmﬂsuumimg (Large - particle composite)

L7annoulnd alas uusen1gauniaauiawa n fe (Dispersion -
strengthened composite) ayMATinszaefegazivnadnnineyniavalvgann Tagvialy
WA10UN1AAEILE WHUANE NA19UTEII 10-100 nm BURSATE1TENIBUAIARULUNT ND
(Particle-matrix interaction) axidusagifiummudusilussfuozaeinie luana

2. TanPoulndnaTuussigeunavinalve) (Larce - particle composite)
fo veadunmsuvesoynalilyneslussivesnouniolumanawindu womaaduusedd
Usdviamm vnaveseymalimstivuelngiiuly wazeynmamsiinsnszaesegisasiaue
Tuaving sUsweteumalulivaneuuuwinsiianvaeaungs

2.3.4.2 Janmoulndnasunsameidule (Fiber - reinforced composite) [4]

Lﬂui’aﬂﬁﬁmmu%ﬂLLiaqﬂLﬁaLﬁauﬁ’Uﬂéwﬁﬂ ANYULLANIZAINATD

annsalugvesAaLdusssumddamindiusnaiusenineanuduniulssiaiy

Ammss e uarluglvesegdadimeg Galldvindusnaduszritaegdanimdangy
fuarugssung TnefldwussnoutesTageeuindnaduussnoduloded

2.3.0.2.1 il Yaaldudule
1. 3aines fe WAnAENATANSTEILTEWINANNENAULEY
Anad uarliauudausegs $51Aumng

Y

Hugudnansgeng Saniweuauysalvenisidund
11N Wesnwseulaen wu unslid @nsueslun uagergim

I [ A 1 1

2. Tvwes fe dulovesiagiidnuusdueduguifiduiu
audnanvueian dnidunediwesuiewsin wu wiy msueu waveraiiun

3. aatan dvuraluainii Janesuarlviues wazdnay
winetdlane 1w wannan luaudty wagisany

2.3.4.2.2 pnugidulefifiveauifvesnonlnds

Fulewdsnuanenliidu 2 Ussun Ao dules ol o
(Continuous fiber) uazdulelaiseiios (Discontinuous fiber) wonaniisterhidulelnauiuam
SndlimAndunedlndnas anunsadaSeadald 3 wuu fe (1) dulesewles waziSesivuiu
(Continuous fiber and aligned) fio (@ulefinaue1IvIRONINER LazISEIRIVUIUNY daNalA
fusgansamlunsiesuusdufinannsiiosiivonduiiafgui 234 (1) (2) WuleBosdall
fowfies uiSeaauunu (Discontinuous fiber and aliened) #e dulglienaongisrnue
osAulndn uadwasssiauIuiy dwalidssansnmlumsiasuussduiianisnisise s
voadulelsifvilunsdlusn faguil 2,34 (@) waz (3) Wlelsiseiiles wazBesilsiidussfou
(Discontinuous fiber and randomly oriented) #ie W@ulai3seialaiifussifoulavunuiuinls
fuszansnwnnaSuussiiign faguil 2.34 (a)
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Il

‘ \\T‘ /|
| A
H H f’i\ﬂ?_‘ll

(n) (2) (m)

sUi2.34 dnuaiznsinSesiveadiilelusvinduuusing [4)
(n) wilodeidles waniFesiamuuiu
() llelisiowles uazBownvumiu
(@) @lelideitios uaziFeailsiidusdeou
2.3.4.3 Taneeulndniasunslaseaina (Structural composite) [4]
fannoulndnlassadannsnlseneviuaintaniofion uaranso
wistanaeulndnlassadrsldidu 2 Ussnn fio Yageaeulndnuuudy (Laminar composite)
HAZHANAUNUNUUTZNOULUULEUATY (Sandwich panel)

1. YanaoulwAnuuutu (Laminar composite) Usznausoukudniii
anundaussgelufirmaiennniSosfoutu 1wy wivianeeulndniieduuswhodulodnsost
vy udrnhudazuiundeutusulfdutaguanuuuty Woussansninvesnaiaiunss
AT ERUAINL VA UTIAN1eaRduly

2. NARAUTLAUUTEABULUULEUAIY (Sandwich panel) diduusznau
Huwnunansviefiiendn Core Usenuiishuuy wagarsfeusiudniiduiauenuiofiienin
Face Tnefiusiunnviminiidesliusiu Core wag Face Anfu uagsinazifulassadiefiluse
viFedignsu sUnuulassaineves Core filouldfauuusiils (Honeycomb) Yaniildvuiu Core
laun wodiuesiny wazedaunsiey

2.3.5 Iassasnvesianaoulndaningoue [36]
nsviliEaingduseninndulesssueAniolunisd uguiduanuan st
anansavildvannvangisnasadl
2351 mafaudsiiuiavendule
nsfanlsiuivenduleannsadnusmaaiinagmsnisam fuav
TfannsnufulgimsBainszninadule wasumindld iesrnmaifiunurgussresituia
vouduly uazmaifinussishvesdulesenisiadou
2.3.5.2 MIfaLUsUNING
mMsdaudsiumindidunsirianssmmafidant@suanueudusa
pénnnauiielireundninnuudoussteavgusivy
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2.3.5.3 mMstaansie iy
Wunisivansiasuwsaiaiiyaut Rusandnduntiunzauiunisiy

nuliaunsetugUladie wu nsiuanueadios dWinauvdodu uAUWTILSS

2.3.6 nalnussindnseniraumsndiuduloneluianmeulnds [38]
auiRidananazauiidnavesiagaeulndnlilivuduanuudwsivesdiu

EsLL SIS Nde o1 fg AR uAUNsERRnf U ATE NI AT ILS IR UL VIS NG
wuiy Fedutladeiiddyegrmislunisivunnauaudfvesianaeulndndeausaunaln

nsgnfnngluresianpeulndnniuanvuzigg ladal

2.3.6.1 N30ARALGINA (Mechanical Bonding)
L‘flumi%ﬁm‘?ILﬁm1ﬂﬁyuﬁaﬁﬁmmmmmaadaum%uLm FaumIndd
nsgedeusevduaiuLtuaiausdamisndna (nterlocking) fudruadunssiulng
aruudauswesnsBamisuuuituegifunnuuguszvesiufinduaiuuse fguil 2.35

JUN 2.35 nalnnsgafindusenineiuianuudang [38]

'
=

29
i

2.3.6.2 M3afaneUseglnii (Electrostatic Bonding)
WuUN158aRaMAATUTIATIILDIINUNT NG LazvaIulaSULsITUs

e

wananaiuvin iiAnusafagaseninalseaiiuananeiy wazauudusavenisdnfawuy
FuAvUSuUTEU0LAREIUNT WAETEEEN1NTENIINURIIERIRBelogNN MINTURLENS

Uuleuazdaasieussansnmnisindnmeusealilin fsguin 2.36

\\\\\\\\\(\\\\\\\\\\\

|

I I I I I I l | I I I |
I | | L
| | |

///7’/////////////////

3UN 2.36 nalnmsdadniusenineiiuiiameyseglni [38]

2.3.6.3 N130aRANI9LAL (Chemical Bonding)
Junsdafaiiinduanuyilsiduuuiuivesdiuasunssiumming

Lﬁ@ﬁuﬁzLﬂﬁiz%j’mﬁu%uiﬂﬂizﬁijﬂ’ﬂmLL‘IIGLLN‘UENmigﬂaﬂﬁuﬁﬂsﬁﬁﬂﬂmﬁu% LA IUIUYD
WuseAady Insenaldarsiieinia (Coupllng agent) fagiinwusyAUdILES IS Las

LiWI'iﬂ%VI’IIMLﬂGIﬂ’I’iEJG]G]GWI’NLﬂﬂJﬁ”ﬁ’J’NﬂWUU ﬂ\‘ITIIVI 2.37
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I \R \n \R \R \R\R l\n|\n }R L

\:\IR\'R\'R\IRV \|RY \IR

TS T TS T

1
=

JUN 2.37 nalnnsBindniuserinsiuiiameiusyiall [38]

2.3.6.4 NIDARALUVLNINIU (Interdiffusion Bonding)
LﬂuﬂWigmﬁmﬁLﬁmﬁuLﬁaﬁmmws'suaﬂmaQawaﬁt,ua%sw’maaﬂﬁyuﬂa
Antuilianglsnedesnnduadunssiumindinmafsniuiuiu uazaruudusmos
nsBaRnuUUETuRUAmLEavEy (Flexibility) anuanansalunisiadeuiiuniiuuas s funs
Reniuuvesanelanediues fagui 2.38

MANN AN e

5
77

RN N

2

AN
LA

o
L1/ (kS

5UN 2.38 nalnmsdaauuulnskiu [38]

2.3.7 MminadevanUaiinavesianaaulndn

JumsneaeuduiiugruiiensiafrautRvestaglunissuusenseriludnuue
#199 telianunsnthaluldfasananuudaussesian lneisndedtlunmesevauta
WeanaduTanaeulnde [38] lawn nsveaaun1saalag (Flexural testing) NSNAABULTIAY
(Tensile test method) N1snAgaUAMNLTS (Hardness test) N1snagauLsInszwnn (Impact
test) NM1sNAEOUAIINAT (Fatigue test)

2.3.7.1 MINAEUNITANLAY (Flexural testing) [38]

Junsvegeuanuduniusewssialdsaiunsaldlunisussunamien

AT LTULSRses AR F NN nAaussRsB afluTuiuiaduanswestusegslaeiiily
wUsléifu 2 Usziam Teun msdinldawun 3 90 (3 point bending) fidnwazgusesiuanignds
oeiatuudliusanafigafsnansvestiufiogne feguil 239 wagnisdaldauuy 4 90 (@ point
bending) fifldnwauzg1usesivanigndegvinstundliusinaaegaiiissezvinsseninsyana
WUU 1/3 %38 1/4 asuubudiesng Iﬂamimaauﬁmmiaﬂwaﬂ@mauﬁ’a@i’N‘]éuaﬁaaléf WU
AAUAUMIURBNTARLAY (Flexural strength) Uaganlugaanisanlas (Flexural modulus)
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Load
Compressive forces Neutral axis

= Y ]

Tensile forces

SUT 2.39 WSINATAUSIUNURIAUULLAEL TR UTANURIPUASTUTUAIBE 1B LSS
VUENAFDU [38]

2.3.7.2 NSNAABUKSIAY (Tensile test method) [39]
nsneaeuusaindunstamuunuresanlonisliussiaiifiudu
ogsALLaNe (Static load) JunsefisTanuuiaainiu Junadeufiuans dnway faguil 2.40
Jutuiaomagou Mdutunnasy warruinueusildRs Tnsdunaaouaziinismmuagun
#199 Wduasgiliiasduraduingudnans armemdunaaey uazdalimnuldes
Uinahdeniileduis eSomaaeuuseis faguil 241

2 ]
U =3 v | BRI

i — @O

()

JUN 2.40 Funadauussis (n) Nunmihdnnaudeniiun (), (A) Nuliihdedmasudeafiul
wazg (1) Nunvthdanaulagldinden [39]
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Ul 2.41 1A3emMARDUNTIA [39)

2.3.7.3 M3VAdauAULTI (Hardness test) [39]

manegeumuudLdunisinanudiuniuvesiagrenisnaliduses
Y n3yansedn Widuses nisma1nuudedan ondenannis 3 9819 e (1) N15%1AN
Fumusendssunsiangy (Elastic Hardness) Taglianviiandannasnnssnudnaianils
wdrdunavignizaouiu Tanladaudeinaznseaeuldgs drutagiifannuudssiiag
nszaeuldn (2) maruiunusenisinusedatiu (Resistance to cutting or abrasion) 1
nseTansesinandeviegiu Jagladinnuudegaazannsadavieganiislnuudsale
Juseeld (3) wmanusumusenisnabidusesya (Types of hardness test) Wunisiien

a o a

SanwianilannaatuuinandnvdanisTanfiannsovlmansesyulduansiitagdudanm
wiei usdhsesnadnuienu wansintantudauudegs
2.3.7.3.1 FEMAd0UANULTIIUUAN
2.3.7.3.1.1 Mmyiapuudsuuuresanalsalay (Shore

scaleroscope hardness test)

naaeulasnsldfeuiines Usosandigainsan
Fununnany 10 in annsenufinfuny Funagaisnseasunduresdeuraingsingenion
nnuihimduveseies anfiudsazshliinsnseaeunduvesieuiinusgeinintanseu 1ades
vadeuLUUTesaInalsalay faguil 2.2
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Ul 2.42 \nFemnapuuvUvesainalsalay [39]

2.3.7.3.1.2 mytaanuslanuuanavedlud (Moh's)
fAnduadentsutseuudeoanidu 10 unu
viavosduns Smaanulnsioninerduusiia 10 lWiataniidesnsnsueuuds dunngin
Aundmunasgunnudduledatanfuses LLﬁmjﬁJaﬂﬂmﬂJLL%QQQJIH%H‘SH NSNAGBUNYI
vospmudsninannuazidudmeny ldmngiazihuldlumedemnssy waziedemadey
wuvanavadlyud (Moh's)
2.3.7.3.1.3 M3InAULTLUUUTLGS (Brinell hardness test,
BHN)
dunistalagldvminuinsgiunaiuiang
AIDIMPABULULUTUAAR U 2.43 Wanaasuutusmudunat 10 - 30 s 9ndulantmiin
wmsgIueen MnaagviliiAnsesnafiiadunu Mntduhiunuluisnunnnulnuessesna
shendeveny winhaiinldlumunmeiaiuuds BHN (Brinell hardness number) T#ain

AunsN 2.1
2P

TID (D\/D?-d?)

BHN = (2.1)

) P A® UmunAling
D A9 ANULAVDIAING
d A9 Anulpvessauna
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i

JUT 2.43 ASeamadeuLUUUIUAE [39]

2.3.7.3.1.4 N1SNAADUAINULT ILUUSaALIaa (Rockwell
hardness test, HR)
Heuldiuunnlugnavnssy mseneaauladny
@ 1 @ d' 1 ::4' v [ .:4'
5957 wazansansvaImulslalaensainesetlneniseuiivinde dsguil 2.44 uaz
a < & @ a
LASRINARDULUUTORLIAE AIFUT 2.45

o RIS BT 9
Rl PRI RO

Ul 2.44 wihilngudneuuds [39)



34

JUN 2.45 a3eavndeuRUUToALA] [39]

2.3.7.3.1.5 MsnaaauANLdwuuInines (Vicker hardness
test, HV)
grusavinlalaeliusainasening 1 - 200 kg N
Nunalluuimindununageudunan 10 - 30 s Mniulanusinneen wdhtuenuluse
YuAYeIseEnafundesansimi tethamldlumuameiauudsldnniiaunsi 2.2

1.854P
HV = (2.2)
DZ
5 P A9 L3931 mMTINNA

D fig A1LRAEAINEIIVDLAUNLENTBENA

2.3.7.3.1.6 msnaasuaNLLduvlalasinnes (Micro vicker

hardness, HMV)
AT UNAEUALLE 9T uaTUA duunEn
TGEATAN %umuﬁshuﬂ'm;w,%a %ummgumﬁauﬂa Snvaziesomagaunuululasinines gy
7 2.86 warmsvadeuAdIBAFITULLLANNGDS @unsavilalagldussnasening 15 - 3600 g
naRuFneluvLim s ununageuunan 5 - 45 s amnsafuamatauudslaann

aunsi 2.3
2P(sin 136 /2)
HMV= —— (2.3)
d2
) P A9 LSaVIUNNINAINaaaU

d 9 ANRAYAINLNIVDAHUNLIYUTONA
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JUN 2.46 iTomadauLULInINGS [39]

2.3.7.4 MS@auLkIInIEwnn (Impact test) [39]

\Junismeasuiiiemanuaninsalunisfuusefianduiandaeainy
599137 1T BIMAADULTINTEUNA RagUTl 247 Fsamanunsalunissuussnszunnvesian
ynefamsiiagannsaganduneiivasaumdssunszunnildnnteeidivdla 1¥agannsa
AuazaundanudomissuTunsnausiduduld Suusanseunnaunssiaunninlildge A
yneaiifagiuiienuvuniusionsuaningstiues

winmsnageuazlifeuisinsenutunnaeudsiduruiamesguly
dnwaigmsuiearldgnduuniinn fagui 2.48

5UN 2.47 1pSRana@euLsINTELNN [39]
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y: FumiaEudu
Vi Wsiau

Y

Funagay /

g (S

-

SUN 2.48 d1uUsEnaulATeInAaauLITINTELNN [39]

2.3.7.5 NMINA@BUAIILAN (Fatigue test) [39]

dunsmaseulaslnsanszyiiuTasludnuagdng anadaautanin
Arwd uazuandinluiian nsveaeuisudufesindniutagilashluldifutuduiidemy
\AnmsfinyEon1sdu 1 inandaria

Fununnaovazgnivdameuiatusomeiau KU 2.9 uas
Uanedndunisazusznouiuuuss wazaUnIalusouNIIUYY Mniulvusainseriiduiu
yaaouiinadl Insfunaaouasiidnuusliduilifduuusuusafeindudsiunssnaaniy
yuNBResIUNITUNAABURMANTN uazduiindiuauseuiifaguandinduauduiily iy
#5199 UAIANUFUNUS TENIN9AILAY (Stress) AUTIUWIUTOU (Number of cycles)

u3INIEM

gﬂﬁ 2.49 m%wmaaum’mé”l [39]
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2.4 nUseau (Adhesives)
nmfaUszanuduansilddmsvianiofmivestagaesiulidafntuldlnedaou
wdauswestagidondnfufivmesionisunluldamsingg ausoanis
2.4.1 d@ruisznauvesn1uszaiu [40]

1. wadiwe$ (Polymer) WuansiivilsiAnnsBafntanddefudensilfidudle
AmeauUsldmudvae (1) nasTsueR Wy srsznes s1ews (2) ndaesed T d@s
Wan Thermoplastic resin 11 Cellulose ester and ester, Alkyd and acrylic esters, Polyamide
ez (3) NMENEUATIZA 15U Neoprene, Nitrile

2. fnsgdiu (Activaton) WWuansiedififasuuiyian Wleessaoansanasiiun
desisnsuiwesnliisty

3. 3 9UFATeN (Catalysts/Accelerators) iuansindifildlusmnantenidususe
Wiglinruiansudsinaneduveuds

4. a15vilvinagy (Curing agent) Juasad Al ol naA ansud aiauasd
Tessasauudonlesanudf

5. g wu anstlestumsudsshiloatudon astlestumsinl wazd

6. answananlaes (Plasticizers) Wuanswiifidudiedostunsiuszuesnm n
vaneriinfianuudusigasimneyluanneladuusinegeinmilemafansusnlsinanadloiges
fagvilrmiinntuiioaneuzvesnm

7. dwhazany (Solvents) Wuveamaiiduasluifielinnnszaevieusnuaoser
TusUreavandfiofiaglinmilonuuiintanlddhetudsivhazansassveaonainnmnevdams
¥ viselurnegiinimiainmsdenlsdasadeuuuais

8. unAALWleas (Tackifier) Wdnlununsdssansindy aunsaufinenunilen
viaiuemuasalunsmzRnunedivless wssenidiu 3 vin fe

- Rosin resins iuansitlfiduumedluiessdmsvgnamnssunniley 3 wliadild
nueglutagiufiagum rosin, wood rosin ka tall ol rosin anansawiiuladfiunediues

- Hydrocarbon resins ﬁwﬁlﬂsﬂm’mq aanvnssunnUady 3 ¥ila Ae C5
aliphatic resins, C9 aromatic resins wag C5/C9 aliphatic/aromatic resins

- Terpene resin Wasnidauankel wagNsdmwInuzum
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2.4.2 sdwuunmsinniuszau (Type of joint) [40]
i ssazeuAnvestunuitarlian mannsuisguuuutesmsinusyan
mituanldidu 3 wouded
1. Lab/Overlap Joint &nwnusossofimetanaestusmiiuiu fagud 2.50

g‘tJ‘ﬁ 2.50 Lab/Overlap Joint [40]

2. Joggle Lab Joint 1 udnuaizuaisesnaiindneniu Overlab Joint wanm1ariumsad
Joggle Lab Joint {usesrausvindess daguin 2.51

I

sUT 2.51 Joggle Lab Joint [40]

3. Butt Joint \JudnuazvessesieNUanevemisaedian fgun 2.52

5Ufil 2.52 Butt Joint [40]
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4. Scarf Joint {usesrowuu Butt Joint Alasidmietos Aagui 2.53

Uil 2.53 Scarf Joint [40]

2.4.3 N1555UY% (Natural adhesives) Lagn1daas1git (Synthetic adhesives)
2.4.3.1 NI555U1A (Natural adhesives)

nsssurfdulnglaaniiv wu sramnilervesnuld wlsiudrusnas
wlladmalng wazudsturds vidondniunniindnduanmil uaznszgndnd dalagundntad
16 91nsssuRazdinauudauss [40]

auUANLATYeIEETIUYIR [41]

emﬁiimﬂﬁLﬁuwaﬁL@J@%ﬁﬁﬁmﬁfﬂimaqaqﬂ wazfinisnszaretnin
Lananine lnedlgasiassadaniand dsg 2.54

CH, H
™ >
C=C
/ 0N
Tt A\ Sy
- —n

gﬂﬁ 2.54 1AS3857199998719555U918 (Cis-1,4-polyisoprene)

presssurAilnanadulelasensuou Tifidn Sanmldiladndy
auay dslivudersiudlnnden wasihiuiiy Tnlugnslassadevesenssssurasiiiusee
ot] uazituszaluluanavhlianansofamludlddedusiu uenanidsdindiufiadsdidnason
\giuszd vilianunsatanludlfifininundnasiusea e ainu §izendsnaliliny
senseendindunazloley sisflarsleivefuiusygazdeuiauinninndvililuiana
wndoulmldieldnuldffigumaiin waziiieumgiiudendeui (Te) wiiu -72 °C
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2.4.3.1.1 MYV
audRLgana
I yAX Y v P vva & vw o o qw

graualuiuglindulaig uannuslad weldivunsdmsuld
lunsvinasestlawniedld diuldenavinluvingy uasnavansiuzduvieriugsla enslian
508599199107 [42] wavdrsueuadidnuaziluduinig Ay 2,55 (n) Tneiilon1angeneued
v < a5 ' ' o Y @ [ v o v S [ =
anwazilung nnageu neuihluldluiagussanudesiunauiviineu Aegun 2.55
(¥)

(n) SnwagadugNue (V) dnwaiziilennd
5UN 2.55 N1g19us (n). AnvazafRugIeue (V) dnwusiilentn [43]

2.4.3.1.2 NN
AudRLgena
fauBaveusgailefdiaudiaansonanduidiguidls
suiidlevdes eflrnududuuufivdudild [4a] fagu 2,56

) FNVULAIRUYIINIT (%) ANwauLLan1?

5UN 2.56 N11819NNT1 () ANBaEEIRUEINITT () anwaeLilentd [45]

2.4.3.2 nM&uAsIER (Synthetic adhesives)
nvininanannedwesUssanmedluaniemeslunataing n
Uszinmmeslugnagliaiunsavinliesudivieazatalasnudsannlasuniseunlisaiusou
wEusnmUssvmaslunanadnanunsailvseuialdlnenislianuteusnawdededavin
a¥any [40]
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2.43.2.1 AManding
GHEINEGL
nmanfindfdnuusdomieadu fe diunauresveanan
viieTanfmounmilannsndeufavioUszautagasstunievasy winddeiu 196nTan
ﬁﬁé’ﬂwwmw%i’a@ﬁLLmﬂ@i’mﬁ’u drlngudnunan aslelasanduen MiSendn (Polyvinyl
acetate, PVAC) ailuansfildidd lidndu Unfavdusunamedlitasdmm asﬂuﬁw 50% lag
wiin ludnwareyniaumuassuagnsyasogluinludnwaedifady vlffuduindy
nmawindifuusslend inlugnamnssuiiuvie 1wy sindesnszams aiindsineg Wiy
aanUnees e wunszay Tl insgnazaudianumguiigs waeilassaddldudausain
Feanansaian1Ilade [46] fagu 2.57

[l HYGIENIC LATEX ADHESIVE

MafinsotnaoIuNUS:aDAAMIE

| NolLA-228 ot

\GENERAL PURPOSE

(n) anwaEHANS N (%) anwaLiion

JUN 2.57 naaniing (n) dnuaizndnde (V) dnyaeilleniawing [47]

auUAnIaLedl [48]

wodllaozdian PVAC w3suldainmatinnsdaunsizined
weswuuvan (Bulk polymerization), kuugnsazane (Solution polymerization), bUUUIUADY
(Suspension polymerization), kuudsati (Emulsion polymerization) Iﬂaﬁhuﬂalmmugﬂwmu
Aananeysadase neundudilumseavnssuasiiedldmeiamswiounedmesuuudiatuly
nsdanset PVAC Tnemadadazshlildwedweslusiuuurosmiiinddssaunsoiiddmiy
\Juanstafin audfifiddoyues PVAC Ao annsoazarglusviarvanesine vatevin wi wudu
Ingdu wnuea wilamaslsdesdlaunasieiinosian Aagy 2.58

CH, = CH —fCH, — CH l5—
i ——
l=0 l=o
(‘IH3 (lﬂs

Tilsestion ve#anasBin

UMl 258 UfSeImsdaas izt PVAC [48]



a2

24322 nhla
GHAEIRAGE
nsila Wunafidnesddnuazdudonlandredu
usaBaimetion iangdmiuhlldiutanmly Wy nsgauuasdn venandnmidsanunsn
thluiualas (48] iunnitbifasnaidunme Uasadvsogunm uaziduiinsdedaundon
[51] faguil 2.59

(N) SNWULHANNUN () anwaztiana

JUN 259 nmdila (n) dnuaisndndae (1) dnuaziilonid [51]

Y o 1Y 5 A A K Y  a !

JofvesnisidniuiAsidionnuwisainagliiduasiu
& R & o v & A o Y A v )P v ° o %
Wennulidnwuzidudla fadu Wednluly Wennuisazliisasiuld dununzdmsunisly
Tunuilfiodusgrann Tnefinnihaansaldauldegiseniuulifinguy

auUAnIaLAdl [48]

woalafliueanagea (Polyvinyl alcohol, PVA) w3 uuls
nufiselalnslada (hydrolysis) Mlalaen1sun PVAC Bsasangagluiumiueauvinujize
funsaunnsewawn aglsinulunisufiftenldivaundinan NaOH e ildldnsauwn
Heanniluniseniiasuenionsaiivasni eegluneduweseenluTsdmariidnldnsaunun
uisenssyilinedwesnladnsdenanimilosninnse dmsunistdivasniansazyinli
Wan1suuleuvedlaifsuerdinnlunediues g wduniseinfiazuenesnainnediues

A a Y ' aaa aa [ vaad o o A Y

WAty fe Whudsaufasendanmduuaadly audfand dgues PVA Ao azanglus
Viaganefdvigs 1w U1 asDimethyl Sulfoxide, DMSO uag @13Dimethylformamind, DMF
PVA T duansgnfnlusull U§Asennsdansieyt PVA dsguil 2.60
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+CH2—CH+ NaOH #CHZ— CH~]~
n —_— | n

methanol
] (|)
C—=0 H
CH
3
PVAc PVA

SUT 2.60 UfATeNMsdaATIEsA PVA [48]

2.4.3.2.3 NdTiend
audALgeng
Hunmuszauiidomautussviaden uagansdiviili
N1ud9 TRaaudRdafnuiy winsy Nudewsinszwnn n15YaTn @end NUNTA Lazluanu
anuseulas udlinudessded (UV) Juingnuszendldneluenais [52]
Uszlevuuazn1sinluld Ae anwnsaldiduniidseauln
AnriuanlsmannvangUszian 1w 1 widn Tiues wanadn [53] faguil 2.61

(N) ANWULHANNUN (1) ANwuLLUBNTY

JUN 2.61 n18Tion® (n) dnuaizndnde (v) dnvazilen

duUAnIaLedl [48]

§iendnsonaddionlys (Polyeoxide) 1iunediues
fmanmesueienfa (Thermosetting) AduaszyilénnmaAnufisesenindiinaelslaniu
(Epichlorohydrin) wazUaiusa-1e (Bisphenol-A) %ﬂ@fﬂﬂﬁﬁ%mﬁagﬂﬁ 2.62
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OH OH
+
CH;—CH—CH,—ClI
CH; CHs
NaOH - -
- dnnanlslaasu
fiagvlusa-
CH
/\ k
CH —CH—CH —O C })—CH —CH—CH —0O
2 2 | 2 2
CH OH "

DNONAHTHU

]
L2 =

UM 2.62 UfAsemsdauaszidnendistu (48]

€aN

lnssasnavesdiendisduaruutoanidu 2 diuladiui
[ ] aa 1 @ = |l A P <) ] a a 1 = . . a
wsnazludiuniivyBnend egnuarsvaenai 2 Wudwiisendn lnezdiu (Diamine) Unf

Y

@ = = =

P a = 1Al & v I3 1a & = a a s
LAIAT N VDIDNDNYALUANAIEAY 25 IUﬂimﬁiﬂﬂﬂaqUﬂﬂ 2 leq\TLUUﬂQQJJ@W@ﬂW\WL‘JEJﬂWQaLll@i

a & aa = . N = = va =~ a ada | I3 Y
¥inild1 ladfend (Diepoxy) Feazfiaud@iduarsdadnfianin agrelsfiniudian naes
lpdendlAvinfu 25 szdwalilananduendanvasuds o aamgiivios wasiloingnmgll

L o9y A o a o a A = < A A a aaa Y ac o
gl ladfen@iinnisviaeusiy @i 2 fis tnewilu iWudwnilleiaujisendu lndiend

o D R VI ' ANem \ S=0 (y=lPNe, oo\ i Yy a s o I3
gvihmthiduiieulesanslgvesladfiondidimeiudsdamalilanediesdnninmesiy

Wnda wazlassasiweslaesiiv wazuisenisiiniussdonles fsgun 2.63 (48]

(o} o)
AANACH —— CH, H H CH——CH/VVYWVW\
N—R—N
INANANCH ——CH, H H CH——CH/VVVWWA
\O / \o Vi
OH OH
ANNAACH —HZC\ CH; CH/MNVAAA
N—R—N
- N AAAAA
/\/\/VV\/\C’:H—HQC CHZ—TH
OH OH

3UN 2.63 lassasrwadlaaviiu wasUfiseimsiiniuseideules 48]
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2.4.3.2.4 nTalau

anupLeng [54]

DunmUszauidifiogiun uiass Tneundnnisuias
wanaefidnwaruds Trnudanguas amureanmeniawaysde (UV) laas

Uselowd wazn15ihlUld Ae aunsaldidun1iysyaiuda
Anfutan 1y sessoseninsergideutunszanuazdignlifslunugnaivnssy Jauvs
panidu 2 wuu Ao ndalaunuuiingm (Acetic Cure Silicone) wazn1dalaunuulad
n9m (Neutral Cure Silicone)

- alauluuinge (Acetic Cure Silicone)

fdnway Ao Tuvawldnuasdndumduus vanileu

ﬁgﬂé’uaw&g \fosananssemeiifudiunay deinavinlinnvdaiuiada wagdnuLTus g
uioafinfnnsoutaniinludald Weswinnafinrundunse Sadelunsiiluldfanszani
fanumumusisasiailgs

Falaunuuliinse (Neutral Cure Silicone)
ﬁﬁﬂwmu 3R] LLVNG]']GUr]ﬂ']'] JJMWLLG(NLLNUE]EJM’] LLW@J

mm%mjuqaﬂdﬁma%aiﬂuﬁLﬂuﬂim findumiiutioanin LLazlmmqm%ﬂﬂﬂsamaQ Feausa
wualondu 2 Ussnnges loun nidalausiineanley (Oxime-Based Silicone) wayn1i@alau
¥indalad (Alcoxy-Based Silicone)

auUAnIaedl [48]

Falausmdunedwesedunisineluasldiioznouy
Hussduszneuuenann asususzney Gmedmessimind wu dalau (Siicone) FalAuLsau
(silicone resin)

- FalAu

Falauvionedledoniwu (Polysiloxanes) Wunediesng
ansmluidu [R,S0], 1o R Ao vyjunuidy wila 1efia uaviida Wudy Fafudalaudady
Fanuseneusetuseseming -5i-0-Si- oefluanelendn uaziivgunuiniduansduniaadiuiu
AuTanoUsmol uanmmiﬁﬂumama‘jﬁﬁgLmuﬁ@uﬁéé’ammmLﬁmﬂ’uﬁzL%auimﬁ'umsﬂszi
VDITALAUVBDILARLEULUIN LA U %ﬁiﬂummmmé’qLm%ﬂﬁﬁé’ﬂwmuauﬁ’ﬁﬁLmﬂﬁmﬁ'ulﬂ
ﬁaﬁ%uﬂuamwmusuawmaumwwﬂu‘lﬂiqaﬁwmwawﬂﬁlmaiﬂu fanuzdausduvosman
L8 819 harnaNaRnLd mmuimqaiwmﬂsmqmawa“[m Toun wedlawialedoniauy
(polydimethyl siloxane) 138 PDMS waglasiadsiivguasiianududouldun dalausdu 3
aeillassasaduiouvug

e

Tnevnlugalauasdutaniludd lifindu nuniusieninuiy

a

NMUMUARAISLAN MUMUARURTe1e8NTIAtY NUABENIZEMNNEY WIIRIEINT Teaden

Y Y
@)

wdasi wazlav iy anaudEnnanuinlrdalauanuisarlunanduaisoafin arsrasdu
g

3 & v aa o ° o ¢ & ~ a
LLag‘Via@@bLWSUU']@Laﬂ u@ﬂ'ﬂqﬂuLLa"JsUaIﬂUENQﬂuqlﬂimu@ﬁu@’]UﬂﬁliLLWWEJVN‘L!LU@Q"U']ﬂll?"l’ﬂll
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Wuiwiies Falauaiunsaianusedonlaaldinious1ssssusd neldmsisuiduansainan
woseanlen lassasimwaluvesdalau fgui 2.64

Uil 2.64 Tasaasraviluvesdalau wedlvdeniau (Polysiloxanes) [48]

- FALAULITY

lunsgmamnssy ndnsihddlausdululdusslevdly
nawdn asnfin wazansinusslunedwes (Jusiu

galauisduineglungudalaudidiwsuseylulaseaiig
aeldfignsvinly fio RSix, Oy e R Ao myjunuiiiliteshdeuiisen dsundaziduny Me
Ph wag X (H OH Cl vi3e OR) lassadsvesdalausduazsiliulassasiwmntnevesmedlefonisy
Flaguit 2.65

Ui 2.65 Tnssasrevesialauisdu wedledeniau (Polysiloxanes) [48]

2.4.3.2.5 N"N9EAIAA
ANURALTNG
oxA3An fio NMEMWITERIEunITdes ddnUszney
wanilunedluesozaian ﬁ%@azﬂ%émi%uqmﬁﬁ lnganagniseniusgaunsvianeiulunaigg
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Yo 19U ufu (DAP) leuvs uazufsfazianuudauss udimnudavgusiiniinndalau i
anilUldlunumeluaasuaglununnusiasing

ovesdadvaden wastaidelunisldonu feffiduiiaaves
ovA3AN Ao ozAsAntuaNIIMATULY IetnozesanianuneiuAafidiu uasdeseni
gnn@alau wikemnuftoseianddutsznauiidugnsih shlvhanusofuriueraiaald
(Water Permeable) Fsliansnsoirluldlufiiidenvdonasld fasdunmesaidnazanunsoty
¢ venaniinnezasdeilasiasnsveanediesfiveruniidaleu Saiilviora3andnduuas
anUsnlddeniBalauiifidnuusiufafeusu uasndmnuisin nmera3aaasiinismad
wagonaaziinsuanlddminsesdednisududmn lesnnneseidadnudaneudia
agiiunmeyaianiumnzausuuimsldaunelu flddnmslauieu lifanudy wanes
nsnnusisianiely uazmeuendiinisdiu annsaldléfutandidsnguas meniezeianae
Livh AT uuuTanfifsnguegagunBalau 1wy vuAsun3A Uiy Precast iusTIuYR

85 warlsl [55] faguit 2.66

JUN 2.66 anwgndndnIIN1I0eATAA [56]

auUAnaall
aa a ¢ . a ¢
azA3anNedues (acrylic polymen) 1 unediuesi
duATIERu1INNITAREATAN (acrylicacid) wagauWUSURIOLASAN BEATANNRALNDTAINITO
o ¢ 5 1 -y, =
dunreiunnueuswesaslull degui 2.67



a8

H H H CHs H H
1 L
f om0 b f=0 N t=o
b B o
nsaszA3An wmerATan uaida pAmaSYavDTATAN
H CH; H H H H
A N
S TLO
(')—R NH,

admaTvavmarAsanuaia azailalulasa azaTalud

JUN 2.67 lassasiusueieinldlunmsdunsgiorasdnnediues (48]

dle R Alevyueafaainalsiiod19asnesiu axiuledn
svasanluAiveraslalulesd avdneglunquusteaidnnediues nandueivinunainesasan
loiun Ao wanafn 1usiu [48]

2.4.3.2.6 NN
AUUAING
a a a = =l 1
A JUsganSanluni1sganiesd @a1u150nun o
nszunnlel nzdmiuaumesines wazulinnyialdnandviibiduiloweduieli
\AnUszansaingegn [58] n1Insiun Musiaausau wazksinszunn nllanvasidung 14
NALU WIS ATEALNNZUR9NINANULTILTINUNIY aursavlungs la Audnldiiges

numusiedu uazansseme [59] AegUN 2.68

(n) dnwaznanN (1) anYaLLNT?

U 2.68 N4 (n) Anwaugndndun (v) dnvaziilents



49

audnaall [48]

arsaduiild Ao giied dnyileituosdlu 2 vylaowy
sxiluiasshuiiserturesdailes Tevidluaneiidunsandeiva Tneviluudraglaidew
Uiz luanmedl pH s 9 AmgBevestailed dnmsdmefuidludnvazvennan oy
Wune mawSeunmlaehnmnsauivanstslinniudei (hardener) asdelinnoudesi
¥ dunngselesiadledmadurinnsnseuning ilesanmnldnsaunazyinliia Tag
Aaufasenlelasladidunaliumnademenneiadnineziunldnlunsdiiszanns
Uasaouansiesiiadledannuaniamlaensdanszsilaglddn diuluanosiiadled: giiesm
Tasunfndrazlddadunesiiadled: gifoain 1.8:1 vie 2.0:1 Wit 1.6:1 vieluursnsdl
andndauaads 1.2:1 (Maanansvestailesveinmgde-vestarledlumsufifnuduannsn
yhlalneiduansifindu wu gise waniu wudulndeuladalnd waznsnodunidoou Wudu
Fesmslddnduluarmasazdeafiuszeznatlunsduneiistu nmilldesdeddsrozinaly
nsviludasiuuiuge Ssenmardmaludrunsdaiadailieuudusmonisiniad
wunltiusias mnuvuderutuanas uazszazamaiuing (ruaiios) anas ngide
wesifarled fautAnusonutuudlinu nvdaifeuldnsuanldida liwshaa 1 MoF
wrildldfpun uasdonldfunnlunslefnliunsuuunuaieadeould [60]

g13uMo5u1a7lasl 133U (urea formaldehyde resin) 1Ju
wesludndanidnvaslusuas duanedldanmeiugiseszuing gieduresinadled Tu
anngiduva dedrvaiiiudnlUlulfater wu weuluds waglniau (Hudu Unfud
gi3ovlefunanledaziinuudusuinnd fusarlefunaledisiu dwalisduriaildiinng
i lldviniansgnfin wiwuy v3suiiun Wudu dmsuugisenisdunssigse
vlosunadlaflstu fagui 2.69

R
1
0 NH
0
D G T
Toe 0o wrwmo —
NHz NH, H™ "H ] NH_ N N NH
R 0 0 R

JUN 2.69 UATemsdunsen gilenesunanlanisdy (48]

¥ .
2.5 1eulesssuynd (Natural fibers)

Wulosssurmduiannediwesainsssuy@ (Natural fiber) wusUszinnvesdulaniy
wiasnilla Wu 2 Yszande dulssssuvifuasiduleszivg lnadulesssuvifaiunse
[ VY & £ = v ¢ ! v a & a a6 v Ao o P
wisgeslmduduloanniy dnd wazus [35] laaidulesssuwd \Wudun3dianndday mladg
fnaudAnavatgysznsiasanizauduindel wagaununsuanianitnduledunsien
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Wulefilsnnnsssund Toud diloaniiy dd wazanseldunidvdonisig Inodulefiailen
sy wu duledyes Yo au udu duledildnnly wu dilesswseal nde du
Todldannua wu dilouewin dulefildunanuda wu dileihe Yu duduledldands
fun nunsuiivnanvuung Wudy (4] luidldndndaduleanis Tnedaduldfidule
e bR

2.5.1 Tasaasauandulesssusif [61]

Secondary wall S3 Lumen
Holically Sacondary wall 52
aranged _— Spiral angle
crystalline ~__
microfibrils Sacondary wall S1
of cellulose

Primary wall
-~

Amorphous /

region mainly " | \prem.
consisting of lignin_ RENMK,
and hemicellulose B B

Disorderly arranged
— crystaliine cellulose
microfibrils networks

Uil 2.70 Tassaisweadulesssunid [61]

dulesssudlasunsiansaninduianpeunednveudulelslawaglaa
(Hollow cellulose fiber) ds8adnirfefulaedandu wazieliwaglaavimiriiduwming
Tnendasadvendulelildfdnuundudoiusadiifudaiontu duandunmd 2.70
lowsaziduiianududeuduegrunnlaeniseadhuduled 2 3ila Ao
1. wifagadugund (Primary cell wall) sfidnuwasifutuus eguinaduuenga
vouwadlaoindulusrosiliwaduia Usznoudae waglaa Lefiwaglaa uasinaiu fagd
2.71

Middle | — Pectin
Lamella { .

; Cellulose
Microfibril
Primary
Cell Wall

Plasma { = Hemicellulose
Membrane

Soluble

Protein

a

JUN 2.71 dnvaizuazesauszneuiegnelundusadugundl [61]

U

2. uilsaavRenll (Secondary cell wall) Wunisduluaniasiatumdann venes
inINANSaraNYeasUTENBUNINGNTY giuaTu (Suberin) uananilds Usenaune
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waglaa efiwaglaa uasAafiu (Cutin) fegudl 2.72 mfseadddennumun wagannuudause
nnIeTugadugugil Tnsanunsautsgosifuduuon (51) Funans (52) wazdulu (53) s
nsdniFosiiveadulaimaglaavuinlulas (Cellulose microfibrils) fiuansineiu Tafinas
iduusaselilasluiadslneundazinigneda 5 & 30 °C MnuUMIUAIMLBINTITAE
%gﬂﬁmuﬂima%u’u S2

Secondary wall (S3) ]
Cellulose
Secondary wall (S2) Hemicellulose
Lignin
Secondary wall (S1)
1 Cellulose
Primary wall = Pectin
_| Hemicellulose

* Middle lamella

Plant Cell

5UN 2.72 dnwaziazesruseneunegneluniagadyiend [61]

2.5.2 asausznouuaiveudulesssuan [35]
W@ulesssuviAiinainnissinalvesesalsena umaaivatesiln 8nsnane
auUAEna uazautRsnaveudulyosnusynevresdulysssued
2.5.2.1 waglaa (Cellulose)
anwagidunrslulawnsn (Carbohydrate) Uszinnwodudnailse
(Polysaccharide) Uszinnealunadudnanlss (Homopolysaccharide) ﬁ‘lf’mﬁ'ﬂimaqaqa
Usgneudaeiimanglaa (Glucose) siafuseiusylnalalust (Glycosidic bond) susiaden
1,4 (3-1,4) \Juaeendsenuinnid 2,000 Tuana waglaalulassasandnveanigad iy
Ingegsiuiuieiiwaglaa wavmniiu waglaadaluduleems (Dietary fiber) siadiliavae
Tuth LLa“thamaaaalﬂmsLaulezm ELL!T"U‘UVINLﬂUEJ’]‘WI'i“UENﬁWJﬂi“LWW 287 LarURIL e

mgﬂw 2.73

Ul 2.73 dnwaizlassaisveswaglaa [35]

Y

2.5.2.2 1aflwaglad (Hemicellulose)
Lﬂmmm'sswmﬁuaﬂuLaﬂaﬁummmaﬁﬁ
Tuanaidunedudnanlsd (Polysaccharide) Afilasadiauuy

FIUIUANSUBU 5 - 6 BLADUAD
Ay ummﬂimaﬂamm']
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waglag wavUSunannuludulededesnineaglaa v Avanveseiliwaglaa As Waedn
lassadedrugaglaalineiu dulvggniunldlunisiiuanunialugnaivnssy fagud

e,

H
- Aylose - B 1.4 - Mannoss - B{1,4) - Glucose -
- dphia1,3) - Galactose
Hemlcallulose

sUil 2.74 Tassadaveeiivaglag [35]

2.5.2.3 @nilu (Lignin)

Wuaslulawnse (Carbohydrate) Useianleanms (Dietary fiber) lalls
wau Iassadrsluanaves@nduilunedudnailss (Polysaccharide) vuinlauanalng
Usgnausiganglslulanaveseandiiunmaidalnsinu (Oxygenated phenyl propane) &
sinlaanasgndng 1,000 - 4,500 Dolton Tassadsluianavesdniu uanadsguil 2.75
dupszrianneyiusveweanagadviinmieg laun aui3a (Coumaryl) latliwesa (Coniferyl)
uaz lguriia (Sinapy) laaelu nsm - Araun ﬁﬂﬁmﬁudauﬂizﬂauﬁﬁﬁﬁmmm‘fm%ﬁm WU
ludiuremidvgadvindvead Noudauss egsruduwaglaa wasiediwaglaa (Ju
drulsgnevasaien Lﬁaﬁsuﬁmqmmﬁ'ﬁw%mmﬁﬂﬁu%Lﬁ'mmﬂﬁu Fewusnlunalifgn

1nAINNALIRY
a a v 6 a a a o v 6 v Q’lj
anflukarowiusvesdniiuiinsuildusslovinainuaneasil
1. W Juansinfn (Adhesives) WU @a1sLBURA A1AUTY LavaISLAADY
lugnamnssunseny

2. Tlusnuailfnainens (Agricultural chemicals) wu iafiusudse fu
wildusiaunudu Jo snguaas wazidadvie Mduasfuwndugnamnssuermsdnd

3. il Ausidmiunaniliuians uasadlunstindude o
asuaniUAsuusq (lon exchange) Tvuaflsusidmsunantinliuians uasafliost

0. Mnanlufwudfiftofiunaaudd wu helinsudeivesdundity
WnAnaudause

5. lugpamnssuenaduasifiuuss a13i59UAsen arsvaelvinisia

(Elastomer)
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6. Iiduansvrenszane (Dispersing agent) fiuszlovdlugnainnssy

VAR LU N13ATANIINIUERAIMNTIUNTEATY NITYULATEU kaTaAAIMNTTUEMD LAl
n1sWandau

choH (‘JHA
H,COH
OH |
Hzclm HO (l:H
CH HCO—---

i H | CH

CH CH

\

HCOH
HOC— CH CH,0H | —(Carbohydrate) H}fOH@DCHJ
OCH
0 H700H cHo ”‘|3 0
CHO. © © OCH, O—— - CH

CH, OCH,

OCH,

sUT 2.75 Tnssadrevesdniu [35]

#naruvesesrlsynaumaitavdansauiivesdulyairusenaunig
wilvosdulesTTugRYTnM1ee HIRI599 2.2

AN5199 2.2 99AUTENOUNILAT USuuAnuay [5]

L34 - - - U3ueu . .
Y waalad andu Ny P AN
vule v aalad AU
(wt%) * (Wt%) (Wt%) (Wt%)
(Wt%) (Wt%)
Ue 71 186-206 2.2 2.3 8- 12 1.7
WQJ,?N 70-74 179-224 37-57 0.9 6.2-12 0.8
UYanszLan 61-715 136-204 12-13 0.2 12.5-13.7 0.5

Jawn a5 - 57 21.5 8-13 3-5 -
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nane 63-64 10 5 - 10- 12 -
AUl 65 - 19 - - -
Wasnaul1ay 60 - 11 - - -
the 85 - 90 5.7 - 0-1 7.85-85 0.6
UEN5T 3243  0.15-025 40-45 3-4 8 -
W9 38 - 45 15-31  12-20 8 - -

Tud a.@. 1838 Anselme ladnw11uilsgad vesnvlavdr1ulng
Uszneusieivadglaad adutanasuusinislundasad laoiiwaglaaidunediuesdiu
ieflwaglaaUsznousenguuesmedudnanlsdiderindniusenly ssduszneuiidsnuniont
fuiwaglaa fe Lefiiwaglaa Jsautilnemiluveasiivaglaa Ae Jwaluanaminiwaglaa
waziflosniudunedwedvoutin (Hydrophilic polymer) Fofusdmwareaudinisaaisi
PUSTIITIR N3gARINTL uazn1saaneialasaufou esdUszneuiiddyBnvianis Ae
andu Fevhmihiiduansdafnneluniaged famaiosmanudeugausiinanssvuiunis
dovaaelaessddanililowan (Ultraviolet) uazasdusznaugaving fe inniiu uanelsne
auwdnanlse (Heteropolysaccharides) Wuamsndaieluniiasag [5]

2.5.3 wuleygning
Tongwiridudulefldnnuiendulufiogseniima uasivdentunondodu
Fulodldaniudn (Seed fiber) ngn$rnduivduduoglunsenatidy uonaniiiie
Anemans fe Cocos nucifera L. Ugniludiwauinnludssinalng lnedsssuyfvesly
sgndrduiiinna faguit 276 Fudulousnimidnuaslasaioesssund fe Wudud
wiflen udauss nuniu nuseruty wasildd vusenisind fengnisldnueuiu wasdu
finssiedawinden [52] faguil 2.77

UM 2.76 legning
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Shell Copra

Husk Pith Husk Fiber

Ui 2.77 Tassadrevesuznin [62)

A15199 2.3 FuURTeNavanEulausns [35]

aulAlgena Usu
YSinauwaglaa 32 - 43 wt%
\eilwaglad 0.15 - 0.25 wt%
andiu 40 - 45 wt%
AU 1.2 g/cm’
Aspect ratio (L/D) 35
Spiral angle 45 °C
AUAUNIUADAIA 175 MPa

I@aﬂﬂaLé’uismzw%’nazﬂizﬂ%ﬁaaﬂ%uwmmmﬁﬂﬁuﬁqqmn Fam15197 2.2
Thndulefdnvasmdomasudvinnnindulosiaduifiuiunadniuiinit wazannsane
Snwarnaneinie nurndulousndaduduleiivssnousewadnatouuu laun wadidu
Ty waavieades (Phloem) wazigaanisslaua (Parenchyma) Ingainaindnuing ﬁqgﬂﬁl
2.89 (n), () awnuwadfdudule waziwadniselaun wenanidamuduiisenin LAY
(Lucana) A Unafidudesinmiogngy ?faé’ﬂwmzsuaﬂﬁuﬁamaﬁgwquﬁﬁﬂssia%u‘lumnﬁm
mMaRiudsnafinfuidesdudmiumanantaneounedn [61]

JUT 2.78 nwdnvnsveadulengning (n) AMdavenes dx way (v) A&svenege 20x [36]
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Tneviluduleynadaseffaunainvatevisauin 3Us1e uarlasiaiienes
niaead 4931nn1snsIaasuniadnvinaesdulougwinadae Transmission Electron
Microscope (TEM) vaadulonznd1indsannmsiithesis Urayl acetate way Lead citrate 7
fdauenean 3000x AagUfl 2.79 (1) wazamdnvnsendulongninngfdaveogs 1700x
wazidundngiud fuduliindulasafavenduloneninusznoudie niveadduusn
(Primary cell wall, P) Laznilat Ut o (Secondary cell wall, S) Fauvsgosoandu Tuuen
(51) Funans (52) Fulu (53) wardudnifaanuaan

(n) ndsanvin1sthese Uranyl acetate uag Lead citrate firndswenasi (3600x)
() nwdinrsvedulotgnsnfidavegas (17000x)
5U# 2.79 Transmission Electron Microscope (TEM) [36]

2.6 WS9RAIAD wazusIaaeni [63]
2.6.1 WSSASAD waganwataans
W39F9H7 (Surface tension) Ag Lmﬁl,ﬁm%uu'%nmsuaustuaqﬁyuﬁaﬁaajﬁzm'w
soumevavatbnansoszniveslnadurewds wsafitisatestunseiaiaussnauday
Adhesive force fie wseBawiloaszninsluanavesvesivatvvesudmiendenivuy uay
Cohesive force Ao wasBawilenszmidluanavesosivafefuasnsussisaossdmady
ns8aaAn LLazé’ﬂwngﬂ%wamaqmaQIuauuﬁuﬁaé’mﬂzﬁ"suiwdwLLiqﬁqﬁammmm’maqaa
vouvadturesraviaferiuliawvnduaue lnegnimualiidusuinvesusssoniae
A7 vithe N/m Fendn pwilsinveseauial (0,) ansnsaruindldnaunisi 2.4

F
©) =~ (2.4)
AUAIND (N/m)

O, A
F A9 h5999R7 (N)
& Aa LYV Y] =) <
L AD 5888NRUnLaldul@nuundnaInsavands (m)
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2.6.2 L399086N
wssaoefAnIInnRfinTuresauiunsE FuauEnluveslua Faguil 2.80
wHwSeuAuvw h suluveslradidanumunuiy o} NuiintdrvauruIouwindu A sves
muannivedlwaisituiiduunreruEsuwiniy S axlddn ussinseyfuRad L ULYes
gsA LLazLLSW‘T'ﬂivw"m”uﬁm”ma'ﬂwmLLm'uL%Uﬁﬂ'wm'wﬁ’U

1 a a0
W ULTgudl AN Ftop—pf

Foottom =P 8s(s+)A muummmiammmamWiaiuﬂWiaaasuaqamalé’ Yaid

X

PG +hA

sUTl 2.80 ussaeeiveawsuSsuianluveavan (63]

NYTUENNTUINSIAIINEUATITN 2.4

2 Fo = FoottomFrop= pfg(s+h)A— p,8sA= p_ghA= p.gV (2.5)

9INauN1suandbiAYIN 139aaeRa (Buoyancy force, Fb) Ao ussiingviriuing?
a

aewisowegluvadiva Wuusseningludwssassfmiiiawinduiminveseslvafignunui
Mg TnguunIumanYes 813ALRA (Archimedes's principle) 31naun1si 2.5

Fo=W=p.gV (2.6)

e (p,) fD A IMMLILLULYDIUBLYA
Vv Ae Uinnsvesluafignunud
W e thwiinvesing
MNauNSA 2.4 uay 2.5 LLamqiummﬂmumuﬂmammmﬂfmLmaaam’mmuw
warlunnssdnufussasssaiidmnninimdnuesing Sgiuaracs ndnnsussaesiaves
o1$AdAaagUlwsil
(n) dringanluveslvaionun uansitnisassflufoussividuiminveses
lwaﬁgﬂi’maummum
(1) lotmgassluvesiva asunuiiuiuasvesvasivatufissnisaugatutimin

Y84 IngLinTiy
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2.6.2.1 #UABYDIINYINLALINGADY

m’mLaﬁaimaﬁmqLﬂuﬁaﬁﬂwaﬂ'jﬁmqﬁwslmaqmmﬁ?ummsamuﬂé’ugj
fuwminRumdsniiBesluldviels Insanngvesauaiossdusgfudnumznisautes
"';’mq'j'mﬂmaﬂwaﬁgmmﬁaaumaahu IAEM AR gTNINAINANFURUTTENINE UL DS
nAudng (30 G) uazanguinaveLsIanes (30 B) figUfl 2.81 uay 2.82

2.6.2.1.1 ngau

fngiaulureslnanonun Wy Sedn Weoldsuusnserian

nszuaiudninnisideadntion fagiuarsandugsiumisaunald wansiringdu 3
\@fiosnw (Stable) sumtagudng wazguinanswesussassiiazasi diugn B egwilen G
faguil 281 EringBadniiesandumisangaussaesiafinssrilufiaty uasiminvesing
finsgyilufimas azviliiAnluudusagmuluiianssdmiuniseswesing Yngiandug
dundadals uidiumisguinatsvesussasedegiiniigagudais eingidssasiia
Tussdussgeuivhliinguanadn uazlianunsavunduludumiaduld 3a5endn liades
(Unstable) lunsdliigarudnansveussassiuazgarudiisogiuniaiontuazlsiiioussg
AU wagdngazdinsegiuniafuld 1Sendn aunaaziin (Neutrally stable)

weight

weight

(n) Stable (¥) Neutrally stable (m) Unstable

g'd‘ﬁ 2.81 1ahigsnmuesingau (n) Stable () Neutrally stable (A) Unstable [63]

2.6.2.1.2 00y

@I g5NINYBITANARYAINITANILA RN ALUANTULADS
(Metacenter: M) vi3eqaiiingisalaasvidevyuseuiiietnggniliieaduymdntios mlsan
PANYBIFULLILTIRREMIAULEULNUYDIING (Lé’uﬁmﬂ&%mﬂﬁui’mq violduUsziaguil 2.82)
finqassluannraunaiaios 30 M aveggeninga G Wletngides ynguinatsvensanesi
wdouanduniaiy Sudeuduuniwiuegudnaisosussassdiiidont (B) awin
Fuuunfufige M leustaosianssykugaaudnasueiussaseda wagminuesing
nszvRugRguidisaziAaluudgmulufimmanseianilfingndugmumiaduld fagud
2.82 (0 - 1) uid9n M aganingn G (Faguil 2.82 A) azlaifiussgaiusnnwnefiazyinliing

=

nauAugmuriLY Lansiringasetuliaies
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(n) Stable (¥) Neutrally stable (A) Unstable

gﬂ‘ffi 2.82 \afgsnmuesingasy (1) Stable (u) Neutrally stable () Unstable [63]

2.7 nAteiiisados

Momina et. al. (2021) Anwgaavnssuisinisldnstnnlanluuianamnn edanaliiin
UANTIYVRIANTANLIIAIAIT LI aUsvasd Aa Sodium dodecyl sulphate (SDS) ) wnlalasu
nMstinenedssaidededsdidialaoamedniin fsnsiaiidedessuuTesgRuguuud
WUy (Floating treatment wetland, FTWs) Fumadendmiumsirinindediduing
fudwanden Mddeiinumnisdesamelelnsniveuvesuuaiideiinnvesiivaessin 1iun
Brachiaria mutica wag Leptochloa fusca Imaﬁmﬁwgﬂﬂqﬂa@juuuwuaaaﬁwwqﬂﬁ% wieliisnn
ogldtindelunisviindids InendureswuafiSedisinfinidundy Acinetobacter sp. @
Wug BRSI56 Uazaneius CYRH21 wasuuaillse Acinetobacter junii @gWug TYRHAT gn
iluldifetvanszezinalunsdesaas nadnduandliidiuin FTw ﬁﬂqﬂé’wﬁmﬁgﬂaawﬁm
ansarda SDS senaniladSe egslsimunisiuuuailiSausadfiuUsyansamly
N131139 lagAaduduved SDS ANaNaIgn 97.5% AINUABINITOONTLIUNINLAL (COD)
92.0% AIUABINITOBNTLAUNNTININ (BOD) 94.2% uagmInuyu 99.4% wulglus sl
deite B. mutica FewuUSinauuafiBefisniindy wasnunsasyiulnvesnuazeenes
#u B. mutica snnindleFeuidiouitu L fusca m3Rnuiazudn FTws ddneammlunis
14 SDS senantde wariiusyavinmanntuldannsiivuaiiSeasunsdesaans [22]

Gustavo Stolzenberg Colares et. al. (2021) ﬁmsnmsszwmammuﬁﬂszﬂaué’mm
nsasInmuuulaildesndiau (Anaerobic biofilter, AF) wagszuudusyivguuuiinaune ity
(Floating treatment wetland, FTWs) iwﬁm%a&%&wﬁ%ﬁuw% (Microbial fuel cells, MFC)
Tunstdaideiinenanvesumiingde (University of Santa Cruz do Sul; UNISC) hay
Anwnsialiiidanm luduiniaindeusuins 1450 ammaammammm AF mwa
wanadn Mntulusuiigesindefiiunsnsesay wmmwnmmmm 200 AnsvhmthfiRninTiaz
\iguedrassszuudausRvguuuiiukumngsiy (FTW) vuia 1,000 das dsldyanesfizriain
wedgImudmiunysiiainnainvatewialiassdoglutediass Tnsdnsdeutandsin
Faiaz 700 Ans Tisnvesiivintanliidutauainsauasdifudsiauianstlnsisiuay 40
wisimelurenanadniidnfntuainanuaadudauelun vnmsiannusedndseninetana
@o9uuy Open circuit NnTuluan 6 §Uasi uazgavinednausesdngwuu Closed circuit
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Tnesiofudasuniu 1000 Tesin ndamsneassivasstiusassinfivgngnifuisaiet
UTunadiuiataznsasyAvle nan1smasesnuin ssuuiideiiuszandninlunisan BODs
(55.19%) COD (71.4%) A%y (90.9%) unzmadvladuvianun (99.9%) usllsiUszansamsinly
nsanlulasiauianun (8.4%) way Woaresanaun (11.4%) defiansausaiulaiiienn
Faunslanifsinfivuasdusronuhiiussiulihgegn uasemmmuuiuromdsnuiidgegaly
Suiinindes Tnedeade 225 mv uwaz 0.93 mW/m? audsu wazAananaen 7 Susieun
wennifmuihivdiinsaipiviavesninnlimanusmsdndganhifiedfszuunniuln
FouningeainanUsinaeendiauainsiniiy feunsTnsEuy FTW wae MFC saufiud
Fenwlunistidmiide waznsasandeanulndh [64]

Katy Chapman et. al. (2020) la@nwin1sundnneanesanioislaeld Floating mats
wetland plant \eanUsinameanesaiunniuldluidesinadosenisiia Eutrophication
Tnunisnaasufnunnlunisanweanesaneny 5 viafe 1. Pteris vittata 2. Lemna minor
3. Rumex orbiculatus 4. Rumex verticillatus 5. Typha x glauca ﬁgﬂuﬁmﬂﬁﬁami wazlu
voUrinasslagdnsiznusinuneanesaludidunaysinvesiivaintvetidnese uasilesidua
nsmdaveanesasnnismaaesliiesfifinis nan1smaaesanitaouna i
T. slauca mmaaﬁﬁmwaaWa%’alé’maﬁqm launaanUsunUnasenuINa1duLes T. glauca
fdaveanesaninin 3.7 n$u veavleda (PYa sy lurasiliedunazsinidnléts 12,67 n3u
Woanesa/fu drunaarniesufuinisnudndu 7. glauca mianeanasald 84% fu Rumex
orbiculatus iﬁmamiﬂﬂﬁ'@hﬂ%mmﬁqﬁmaqmﬁaﬁﬁml@f 0.46 n3u P/a19u 1.93 n3u P/Au
(snuazad) luvetunUinase wae mMinneanesala 90% lunisnaasslueslfUiainis wan1s
naaewansliiudnenmfifvesiufioius 7. elauca war R, orbiculatus TunisanuSunay
Woanloaluih [65]

vfingn (2555) IAnwUszdns amuesszuvaiuiivase lunstidaiidennnis
Wongau FIUTNITAULY WazN1708 TOAVRINAI KN Tuhdgannswendeudsilen pH 5.78
Tlof 317 me/l Flof 150.13 meg/l AUYY 27.16 1ufly USunauewdauwiuasy 55.67 mg/l
nnmaaeIn st At Lded1essuualukinaesy’ nuinegvemauindnase
JszAnsnmlunstrdadnde vgudniideny 3 1foursdvssdnsamiiafian lasd
Uszandanlunisusvanmaniiey ana10led dlof Anugu vewdsuvivass wazidndls
$ouaz 13, 77, 36, 37, 88 uag 43 Mua1RU uazllefnvinsasyAulavemaudnnunin
e usnfiony 3 Wweuiiaanugs 13 cm ANLENIIN 24.62 cm waxiisnIINnIeg sonvoIma
ulnSewaz 95.5 [10]

Lauren M. Garcia Chance et. al. (2019) la@nun Floating treatment wetlands (FTWs)
Aduneluladnsiiinthaniimiterdnaisorms uarlanzesnainiinneldanizsng i
fiugnlusyuy FTWs ansaazauwasinivasemsneluiede WAUTUIUNTARATY kA
mﬁmﬁuﬁuadﬁwﬁmﬁ% wazaLdduresems snddedidunsAnudvsnaveausua
5190 LLavmsmmmmmmﬂaqwsﬁ 2 mawuﬁ LLa”’iULLUUﬂ’liLLUWI’m’IEJIULU@LEJE]W‘U
(s1nuazean) Tussuu FTWs Lwamummmmwmmm mimmmﬂi neuRlETuRouT
(1) Yoululasiauanuidiudugs 15 me lulnsiau (N/L uazarsidudusii 5 mg N/ uted
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avanethl way duneud (2) Anwimstidaluanuadonsiinigldaniizauay 4 sUkuY
#un (2) wndsth (b) Sukungaiinilaiffivassuuind (© wivaoswegsiufis Pontederia
cordata L. waw (d) uiuaostimesdiufio Juncus effusus L. nannsviaaaswuin P. cordata i
8M31N15MIngeande N (0.31 mg'L day™) weanesa (P) (0.34 mg'Lday™) uaz dwmsuiy
J. effusus waneenIINI5UTRT At uvesaisemslaainistdafien fe N (0.03
mgL*day ') uag P (0.02 mgrL*day ') wunisazauves N fiu P luily J. effuses ungnluibiou
fugneu Ralusn (50 ¢ N taz 4.8 ¢ P) waziiedieveddy (98 ¢ N gz 12.5 ¢ P) d#unsgn
Fus1me1s N uaz P lufiy P. cordata gefigaililadesnludioudmau (307 ¢ N wag 30.5
¢ P) waziioidedduluiouiugnsu (1490 ¢ N uay 219.5 ¢ P) dsluilvideswininisavay
199 N Wag P fidrdusnnniniisn daalisnsdnvesmiusnindedduiirtesainyntas
Feuvasnisnnass Maiuiierfieiansaeiugann FTws asfstudeufiivagsilslugg
Tuliis2a Tnelddie P. cordata uay J. effusus 1uaeiuginedns Ssmnasslurianatsislans
waufugeuly USDA Hardiness Zone 8a menziuaanidadlavasanigowsng [66]

Joao Alexandre Saviolo Ostia et. al. (2020) l¢vnsnageuinzassiiien (Artificial
floating islands; AFI) dadusumsddunisanUsinalulasau wazweanesaainuavaiia
Lmzaaaﬁmiz%ﬁﬂugﬂLLuwﬁwmﬁJuﬁﬂuﬁ;’]ﬁa%ﬁu (Constructed wetlands; CWs) @il
UszAnsnmlunmsmdaindeinnismegidesdaiin ualdiudifies 10% vesiiufinsudn
MnauuRgIuiiin AR dfunusuasiivsganinmlunismdaansemiseonainyeidesand
nanle 39lAin1snageuUseandninees ARl SauAURRAULIN (Eichhornia crassipes) Tuns
frfmansemsluteifissafia mamasewiluledesdesguuuuAeinaylaid ARl Tuthsszes
nswsyivlvesuaniia Bonimilsounissdn mafufegauuuduiniiaeste Tagvihnms
ingrianganniiveain sendiauazats nisulidin pH Augu (NTU) avduduves
ulnsiaustonun (TN) lulnsiouedun3dsan (TIN) sleanasasan (TP) waveaslswoaln (-
POa) wostinduareanIINUaraInndunI mami‘wmam‘wudﬁqmmﬁ%ﬂﬁ%a?{a 98N
avanet Ml pH tag DO Lilunnshefussnineataridosuuy uiuSuna TN, TIN,
TP waz P-POs 91nVUaidsUaiill AFl #ndnainssuudilald AFls e1ananalddn ARsUSuUge
A mifsdusiuauinn sudufesssanunisiuidwindsiiudmiunini AR
Ufuusnun e Weifiuiinaunisihidnsmemslasanzeanada mimuam’amﬁﬁﬂag
meluvetareuldeseandeimuilifduiefinamelunsiiavesunasinoufivuazdy
HaRsan1sindnvleanesa [67]

Mark T. Brown et. al. (2018) fiUnmungu83u3TuABNITOBNLUY #4319 LagNAFaUTEUY
Srifmiuuilusiuaesmeaivluseduiinies (pilot) dwsunsiinveaefaiamn (Total
ohosphorus; TP) lungiaanuiiiitgmiieafuasemsluinnivulusaunassaneunans
Ussineansgeiini Inessuutndaldssuutndaniedanin wagssuutidanenenin-wail Tu
Funsniduns@nuszuutdalasismadanin uasnismenm-adauisatmngl il
YZLAAUANEIINYATITINIAIUANANTIZNTMAALY wagluiesUfURns Tunsveassily
WIAIIANNETINTIRA 13 ure danunatnvatsvesansemskariioun lnediasiey
UsednSninnisnidn TP n1sindneelnsedins (orthophosphate; PO,”) kazdnI1n1n1an
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L4 a =

soviefiudl drunismeaeuluiesufofnisléiedes Jar test wazaodu fifulinvesansnnd
uane1afy 7 wila samdunasiudn 3 via WoTinnwimnuglunmsgeduans wWenisvadeu
LUULENUAAENZIRATUIAT LA T 90NN 0DNLUVLAEIAABUTE VLT TR ULINZADELA
(Floating island treatment system; FITS) Tunzaanuniewaunatsvasnednduinan 8 hau
(BonimieseuUnmsasyiivlnvesiiv = a) kanisvaaesmuinszansamnismiareanssa
Tungiaanuianiade 40-50% fidnsgaduansiedslungiaauynuiainiu 5.0 nusensng
wnssoudite (gm?a?) lnsszuutivad fUseAns nngeandolussuud dialdn
(Submerged aquatic vegetation; SAV) wLag sEuUfififnsesamsie (Algae scrubber; AGS)
Feanunsordnansld 20 waz 50 fadnsusenmsaunsieiu (mem2dY) wazmiafunisidn
1988 5.5 Az 12.0 gmZa’ @MIUTTUU SAV Uaz AGS audiy d1viuansgaduainnig
naaedlurioslURNTNUI1Es alum residual (AR) lviuseanSamesanlaganmnaduduyes
PO.> Ieszanas 75% luiian 5 Wit daunsgaduselstudisidmineyilunuii 153uPhosx
Tinafidnigninsduriadu Tnafdameanasals 40% luan 30 undl waz 60% lunan 60
udi nwansnaaedlunnguiuvesmsthdanuiileldszuu FITS leuszansamnsmin
PO,> Uszanal 53% lneruiniainyadeyadl percentile 7 50 LAz 90 YBIAINNTANAIVDN
PO.> uagnuIszUUTITAaNIE FITS warszsuuthindild FITS Sauseliuszansnim 56%
WaE 86% MU uardsnstdareanesarehenuiisianszuing 8.9 89 16.5 gmZa’t
[68]



uni 3

ASn1saniiunisIagy

uniinanidsmawiouingiu gunsal anaiad wieafleldlunstusuiunuusiuasei
ngairandulousnin wardunounmaaeaiiofnu navesrlaflsvaiy Anwinaves
arwilumstusy soautRiBnaveusuasstmesiivainlouzninn wagAnwnsgosaans
NFINN

3.1 Janaunsal
3.1.1 Tmgiu
1. Tougnin
2. niinla
3. Aawing
4. APV
5. ATYNNIT
6. NN
3.1.2 13esile
1. Lﬂ%ﬂﬂu ?jﬁa Smart home
2. mmLL@JLLUUﬁW%’U?fTugUﬁw%’uﬁw’]amﬂ'&%mammm 71719 35 cm 817 25 cm
U1 2.5 cm
3. 3esdiazBuavatey 4 fums
4. yoiaTeaui laun
- dntnesaung 10, 50, 250, kag 500 ml
- NTIYNTOY
- NFTUBNANIUIN 100 ml
- vInglvuving 50, 250, 1,000 ml
- Volumetric Flask au1m 10, 50, 250, 500 wag 1,000 ml
- MAEALUALABSYUIA 100 wag 50 ml
- Glass bead
_ gpdgnfivhssuiiuelsdding
. é’au Hot Oven
Qﬂﬂﬁyﬂ
Woaih
lasilin
. A30ISauAY
10. 1394 Universal Testing machine fva TE Superior 3;” WDW-20

O W N O U
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11 fiuriy
12. laudndestidsvens 20 wih Be Chulasmartlens
13. TngeAn33u Desiccator
14. 1309 LV Visible Spectrophotometer St biochrom iq'u Libra S70
15. gansaseeyyInd Buchner
16. §anAu Fume hood
17. 13949 pH meter U Lap 845
18. n3gMwNTBY GF/C 9u1m 4.7 mm
19. fwegililley Wewd
20. Ynfu
3.1.3 @13LAil
1. Phenolphthalein (CyH1404)
2. Sulfuric acid (H,S04) 5 N
3 Sodium hydroxide (NaOH)
4. Ammonium molybdate
5. Potassium antimony tartrate hemihydrate (KSbO) C4H404.70.5.H,0) AR grade
6. Ascorbic Acid (C¢HsOg)
7. Potassium Dihydrogen phosphate (KH,PO,)
8. Hydrochloric acid
9. Potassium lodide (KI)
10. Zinc sulfate (ZnS0q4)
11. @13 EDTA
12. Ammonium chloride (NH,Cl)
13. Mercuric lodide (Hgl,)

3.2 MawSsuukuassiwgsivanluuznin
Anvnavesslianmivszany Tiun n1adila naadind n1ae19us Neten aEn1ang
3.2.1 mawisuusiuaestmgsiirainlousni
wisadule nUszany ydaukueuiulaglviauieu wisulongninidiang
grnadevadloyszana 0.4 fa nefikiunmsyhanuazenn wiewudontusuusuneulnanain
Tongwinfunmuszany sun nd9 10 17 12 7 12 Saguit 3.1 9nduwSeuniavszau 5
win Iiun nlanmandind n1ae19us nmenaw uag name fegui 3.2
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JUN 3.2 dnwaenitild N1IaWng 11387909 N1IEINNTT 4AT NN

3.2.2 nsvaneleusninedliiuiy sndudahminlouassuszay

3.2.3 Judendesdu naulousndnfunivszaulaeysunadouzndn 30 ¢ wasn1
Uszanu 30 ¢/ 11 200 ¢

3.2.4 Yrlonzndrnaniuniila nauasuunauinuuiiwdenl3suay 7 uwiudeninils
yiaiftetuguunuaestmesivanlousnd

3.2.5 indelougninliduwiu duihduiifueonudlignnasalintiZey

3.2.6 puWLTUNA 15 min igamgdl 120 °C udihususenaNaALILUURISUT 3.3
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N AN

5UN 3.3 auwisleuzninuagniusyany

32.7 vhdo 3.2.2 - 3.2.7 tilaiAsuanamussanudiowssuusuaosimedy

3.2.8 \fotugturiuasstngsiimasadousoailudadmeirosdnfeaudiu 50 kg/cm’
gaumfl 100 °C 19an 90 Iuniflunsiadu Tnedauiuisaesinu Mnduaglfusiuaostingadis
Dnleugndratonun 35 uiu fgUi 3.4

JUT 3.4 1A3030

3.2.9 ¥91919%UA a8l U A8 UNIALULUUFINSUNISANYINIST EDUAa18NIITINTNYUINNIN
35 cm 8713 25 cm 31U 6 UHW A93UR 3.5

5UN 3.5 aawlwuudmiuAnwnnisiidainde
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3.3 mafnwwavasslian1aUsraudeausAianavasukiuasstimgsiizainls
Uzwin

3.3.1 wdsnusiuaost mesiganlesendndsesunelude 3.2 $uau 7 wiu dennnds
Ui

3.3.2 ndszanuldldud nmrhla nmaadind naeneus Amenens way g

3.3.3 Wasudannilfiduiszasade 3.3.2 auasu 93 35 wiu Teglddndannio
Uszau 30 ¢/ 1 200 ¢ wilouriufunImnuin

3.3.4 Jusiusuaostmgsiinadafouiosiludadeinioadn foanudu 50 ke/cm?
gl 100 °C a1 90 Funiiluusiazdnu Tnevhmssauduiiaaesiy

3.35 11"1LLm'uaasJﬁﬁwqaﬁ%ﬁm%mmmaﬂszmuﬁ% 5 gllalunaaevaudRizanansesue
Tude 3.5

3.4 N1SANHINAYDIANUAUTIUNITOALNUADEUNIIN LINZWEIRDFNURALTINAVDY

wsinasstiwgsivanleuznin
3.4.1 Wwisuusuassumgsiignlenzndndseiuislude 3.2 Tngldniagranis,
(floaannyhmsmageusudmuinnnewnivalunstesaansLazansAidanandian)
3.4.2 19dndrunnenmnsn 30 ¢ deun 200 ¢ naufudulonsndnasuuaauiuuud
Ww3Bul 3T 16 i

a

3.4.3 ndsniukuaosimesiinluouuiatunm 15 min figungil 120 «c udninlusn
FeLAessaRIsALAY 50 70 90 uaw 100 kg/cm? Aigamgdl 100 °C iuan 90 Juniily
usiazdu Tnevhmssauduiaaasiy

3.4.4 Yusuaesi g sisiiesudasnudulunssauduria 4 dranudulunaaey

auUmgenansasuielute 3.5

3.5 mﬁ"?Lﬂ'i'l::ﬁauﬁ’aL"?NnasuaaLLNuaaﬂﬁﬂwqaﬁﬂimniﬂu::w%"n

mﬁmwﬁauﬂ’aL%aﬂasuaqLLr;Juaaaﬁwwqqﬁﬂmﬂiamw%’n Taua (1) ANPUILLUTI
(2) mi@m%’uﬁ’] (3) MsSuimiinveuiuasen (4) nstesizdiuin Yernadulosis SEM
(5) mwmaamnﬂﬂmLLamwzmﬁﬁu'ngé’mm?aa Universal Testing Machine (UTM)
(6) MTILATIZ9AN Vicker hardness test, HV 3ansTasemdusail

3.5.1 AATIRANUNUIUUTINVDHUABEU NN NI
3.5.1.1 dhBunuskuassdmgsivn g umduinuavesdmtn (m)
3.5.1.2 JavwaiverwinmiUiunns (v) lagldgnsnine x 11 x nun vesuiuaee

WngaNyanteneni
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3.5.1.3 fuImAUnLILLLT (p) Tennaunisi 3.1

p;(g/cm’) = T (3.1)

\

35.1.4 MAapE3n 2 A
35.1.5 ¥do 3.5.1.1 - 3.5.1.4 SrlasBsuusuassimysivainniiUszauyie
199
3.5.2 Jinrwi¥orarnisgaduinveausuaosimesiivanleusnin
3.5.2.1 Yusuassdmgsiganlongndndausadu 1/12 druvesuu Tasld
$1uam 3 wrlu faguil 3.6

JUN 3.6 uruaeetmesivluseiy

3.5.2.2 ihwiuaegiingsiwanleugninludnhuinnounsul (Wy,) nsrutimin
fuluoy Mntuudiieddluazeiafigungineaiuna 23 F9lus iielinsiuiwing
wuweu AIgUN 3.7

sUN 3.7 uwduruaseingsiivludiaze1niigamgiivies

U
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3.5.2.3 1108193 unntainvdnraawtinlae luaaatuin (Wyer)
3524 ﬁ'mmmﬂ"]%faaazﬂws@msﬁuﬁﬂé’mﬂaumsﬁ 3.2

v 8 WwermWq
% N1sgATUL1 = ——= X 100 (3.2)

3.5.2.5 1Aa@9E1dn 2 A
3.5.2.6 118 3.5.2.1 - 3.5.2.4 Gl UAUULK UaDEU NI YNNI ALY
#1499)
3.5.3 Ansginisiuivdnvedusuaesiingsiyainleugni
3.5.3.1 wuminfviibiivaes i ng g neAlaguiauaegun LU IR Iu L

v
v

MU uanaeiuInsEem g fu Asgun 3.8

5U# 3.8 nageunssutmtin

3.5.3.2 tuiinaniwilin (o) fluduaseimesiigaumod

3.5.3.3 IAR03813n 2 A

3.5.3.4 ¥i1de 35.3.1 - 3.5.3.3 GrlasiUAsuusuaostmysivainnmuszaiuvin
F99)

3.5.4 31AT1EWA URa Fo99193endnadule #ae1A3 09 Scanning electron microscope

(SEM) 34 WDW-20

3.5.4.1 thiufoghausuasstmgsfinsuuuriufogamouns

3.5.4.2 i unudenenieliit unulinsesifiedidnaseuainnisdeansi
Y991ATA

3.5.4.3 Jiasigiineg uunuaosinngaiisfinTonannmussauia 5 viin 1oy
Snvarduguingwesiui wesreshessriaduly

3.5.4.4 Juiinam SEM AldFemdsuens 50 wih 100 Wi wag 500 i
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[ o (%
= v

wenanldsinuanwasidulovesuruassiingsivlneldiaudndos dvunausiall
3.5.4.5 dnaudndesingsveny 20 i ufiadniundedmsdnnuiulmmungan A
U7 3.9

| e -zolsox ON S(REEN 20% ma
80-400x DIGITAL Z00M \

ol WAMAUNSNRAUA
"CHULASMARTLENS

5 Exp\uring the Micmscov'\c\Nm\a aY suv"mgwn'\ps
B ———TTIYT
5UN 3.9 laudiaseneamausnaud

3.5.0.6 Aopq guilnduniuassingafisrosneied 1 aunmdaauiulaenis
dnegusuaudnaednsdngd

3.5.4.7 uiNANaULALNEIN INAFBUNTEYAR1ENNTIN N

3.5.4.8 vhie 3.5.4.4 - 35.4.7 Silasidsuunuasstimegaiivainnuszaiuyie
#199)

3.5.5 1ATILNNTTULTINATBRUAREUINEIRYAINtEuEN1? TngldinTes Universal
Testing Machine (UTM) 51 WDW-20
3.5.5.1 ihguseguiuassimesitlaluinsomegeulaglvvinduduiaiuye

NAdOU

3.5.5.2 Wihwiinneasegnedng aunseiusuasetmgsiivanlouswinians
WANIAN

3.5.5.3 UuiinA1 Max force (kN) Wag Displacement (mm)

3.5.5.0 NAABEIEN 2 A

3.5.5.5 %199 3.5.5.1 - 3.5.5.4 GzigﬂmL‘tJﬁ'sJuLLr;Juaaaﬁwwqaﬁ%mﬂmaﬂizmmﬁm
#199)

3.5.6 141A1 Max force wag Displacement lUauwieumna (Vicker hardness test; HV) 210
aun1sn 3.3

1.854P

HV= (3.3)

D2

Wi P = wsenseuvunnm (Max force ; kN)
D = ANduAueIveRdunuesyusesna (Displacement; mm)
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3.6 NSANEBINAYIBUANIUSZTAUADANURANITHDYFAUNITINTNVDIUNUADY
dhngeiivanTlougnii
FAnwmarestiinniUszauvesukuasstmgsfivanlongninreautinstosaaiens
Fanmwesuiusosimgsiganlovsndn lnefnwszezinm 2 Weu
3.6.1 hiunuuiuaestmesiganleusndlutiiUiina 7,500 ml Ui 3.10

5UN 3.10 uruasgngsiyanteugniiugl

3.6.2 §unanan1siud sunUasvesusuassme s e udt uaziuFsuiisunanis
Wasuasiuwsuligin

3.6.3 ufinnanistevaanenisaniw (Furiuiy) dregudnuazmsivdsundas uazsns
nafndesiduna 2 Weu

3.6.0 ¥ARDIBN 2 A3

3.6.5 i 3.6.1 - 3.6.4 TlaeiAsuuriuaesiwgsiaNn 12U sTAUTEnsaY
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NANTSIVY LAaZITINA

uniifunsmenumanismeass wardiemsinansnaamuiiszylilugausvasdues
Tassns Toud (1) Wefnwinaveswdavewiuszanldud nmiila naadind naensus nm
1957 waz n1ans Tumswdsuusiuaosideautiidanaveusiuaosingsiivainlonsndm
(2) Lﬁaﬁﬂmmasuaqmmﬁuiumaé’mLLNuaaaﬁwwqaﬁm soauURBana wag (3) ileAnwiau
nsgasameveTanInesLHuAL T INETiTY

4.1 wamsﬁmsnﬂiﬁmmmfaﬂssmuﬁaauﬂ'ﬁL%qnammLLNuaaﬂﬁﬂwqeﬁ%mﬂﬂ
HEAL Ll

et usUusiuaestimgsiivanleusninlagldnnivszain 5 sialdud nadila nn
awing nMenaus N11ewT1 waznaee Mntutiuanlengnindunmdsraulaeuinadle
1gN$17 30 g Warn1IUTEAIL 30 /U1 200 g sAuaaluAIANYIN N, diluiasuuain
winuuiellfunaasg i iunausiudi leuwiadunan 15 min figuvndl 120 °c
SletuguiaudniwilusaiiieliuuinnuZeuinnty

4.1.1 navasviiannuszaudeanuaidule uazanuMzYawHUaREUINEINY
= i H - o 5 & & = o 1%
nNsnsenkEuassngsivlagldn1inla weasiludla feaunsadunale
Tvuziiedenazdsnsusenitadulonnn Insdanizdesviiviuiuianiueaus Tunis
assfutudleiloniindiniseussdignutiesiinisBanizunnduiinliwiudaanuudeds du
g ¢ & & = v &~ = 1 o & v v a
nawWindiloasiduduy millertu vasilalenazlgnguldinn Weillouisgnyuosas Lin
nsdansAnduandu wazilefiniunsdnazdunmiuinluunazgaazifidugouwnnsneiu
U nMmignsualidnwaziloon waskazuin danuvilaun Wellewiwaiianisganiziule
98197 wiuliAuudawn druneensddnvasilovasdenazdunniuldinigngu
Aoudneun WiailoFuuignguanad uiulanuudauss wasnmndidnvazgnguuin Weille
widgnsuanasiisadafied dunaiuldindnvasiloNNunssaudiasiiugngunIuge
A3 Teeenstniau Amnsei 4.1
= i H - 1% & o o v Y
Wesnukuasg g nlengnirnduianmeulnaninisdaisesdives
dulelisioles wazldiduszideu lnedululutanreulndnliaiunsaniugunisdndeiives
duleldauysal daluaudfluudazynenafimnuuanaaduiilidunavudnvasluuiged
Ao Y ! ! (Y I v a .
9190d 7Y wazdounugauanaanuly Inen1iussaiuazidudiiasuuse (Reinforcement)
Tifuamsng (Metrix) vadlouznin Hediuanuuduswhlidaninnstafaiu lnaazdadie
Ipannvisetesdusgivantivesyiiannivssau
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[

A15199 4.1 HaveiiannUsTauRe AN YUY NURI YR IR UABEUINE I

wlian12 sUn AN sUn AN sumwanuaiziile
Useanu Waien DRI MRIUNTTOAUED

Al

AANIANG

NIYNUY

17
YNNI

ATIN

4.1.2 Naﬂlﬂ\i?jﬁﬂﬂﬁﬁﬂizﬁﬁuﬁaﬂ?’mﬂuﬂLLﬁNﬂJ@QLLNﬂﬁEJEJS’]WQQﬁ?I

nMaadeUANIMIILLLTIvesLsuaesingsfiglagldnmusraiu 5 e ldun
nadla nmanding n1ae1eus Nae1enT wagaIke Tugtiduusurnaning 255 cm e
17.3 cm W1 0.4 cm YSuasvesukuiniu 178.5 cm® Insadnuvuiududuainuduius
sgianareUsinsisiesiinnsandulsiaesmugiu Tnsrainnisaaosnisduia
AN Fan5197t 9.1 Tuniaruan 1. Fausuassiingsfivanleusniniiannu
ywussninamuuiureni (Ussana 1 g/cm?) LLam'jwLwiuaasjf'lwqqﬁﬁuﬁm%'au
nmnvinanusosssildvdifosnnlonsnindiminudiviinasssniadulogs
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051 0.4699

0.45 A

04 1 0.3642
0.35 A

0.3 1

025 4 0.2219

0.2016 0.1978

0.2 4

0.15 A

0.1 4

0.05 A

0

AUl AmMaingd ATIENUL ATIBNNITT NN

AMURUMLLY (g/cm?)

JUANIIUSZAUY

JUN 4.1 Anuduiussenineanunuiiusnwasian1iuseau

9N3UN 4.1 wudinnersmnsagnnnsivminiiauantesnainsdauny
JuzU MeflenainanAanuvuwiuiwanesiureInIUsEaULAaiia

¥ [

4.1.3 wamawﬁmmqﬂszmuoﬁa%’aaaznqs@,ﬂﬁuﬁéﬁ?Jaal,l,siuaaaﬁgﬂwqqﬁ%mnla
UTWIN

msinsgianuannsaluntsgeduinvesusuasstwegaiy Taowdtndunm

23 $2l neadosazmagadimuIsiuaestmesitanlougnimaunsagaduinldinn

flan Ao nmila nnaaind 1281909 NI LAENIIHS AEIRY Fan13eT 2.3

sdnusiuaestutasy 23 9l Freshilenududunntusandiifuimsazaisves

800 1~
742.75

700 4

618.48
600 4

-
HG:
8 5 ]
&
&?
= ]
400
S
© | 285.39
= -0 256.87
2
v 199.79

200 -

N l

0
nadla mawding AL90 IRerat acal APt

gianuszau

UM 4.2 anuduiusseninamsgedulinassiinnilssanu
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nvsdau dwaliiAnanisarasvendule Tasgudnwasdeuntin wasvdaudundinisad
v.4 feudulougnimasdenuansalunisgaduinegudndeannngadulduszann 200%
vosfaduloiasusann 200% duluenaasifumuannsnvesianiiussauiiiiingaslunis
@m%’uﬁﬂ i nmthlafunianding ﬁﬁmmmmiﬂiumsqm%’uﬁw Tagfifiaanmnsazane
1 (Sloubility) we3n1aila 13e Polyvinyl alcohol ANNMsazanewinfu 89 % [71] waznia
annguse Polyvinyl acetate, PVAC fiA1n1sagaewiniu 67% [72] dqwaﬁlﬁmmim%’uﬁﬂ
voamilafidngeninafinddsaenndeatunanismaaesdasy 4.2 luruedinnieisus n
g19m131 HunmsssunAtaiiassadauuvanslenedimesvadlalasesvauiilifida fagui
254 denalimsavaetvesniadidtios wasnnsadumsUssingonesnailedistu T3
aruannsalunisazaneildosdsmalimgaduindiguiy

4.1.4 wavasviianuszausansutminvasukuasst g sivanleuzni

nsnadeunsuninveunuassmysielasldn1auszaiudt 5 vila 11
wiuluaselune awmﬁammﬂumwmuumu 2 v fi 10 ¢ waw 50 ¢ awmmuaaamwm
fivauusuasstihamed osnussassiivesiiunnnindmdnuesusuanen Tnenanisu
dminveusuanstmgaRranlougniIimTed 9.7 Suruassingsfivanlensniin
annsautmdnlduin Ae nmae1ens1 amaeasus nadila nmading uazniane mudy
21NN1TMAAEIYAT UH UADBUIANNeARN Ao ussassfivesiaugatuLTsveuny e
finsanfiviinsvosusuiiua NN 4.1

Fg= W = p,.gV (a.1)
e Fe - usvapEfTe
P, - prmwtiuveswedlva (1)
W - dwiinvesing
g = anusadosanussliudsedlan
Vv = Vsunmsveslvadignunud

wAnIIINIFULIesuEuasiiole Uz ks ndunamanlaseadng
vowusuaeei Mnanuduitusseninanaisiniinfaunefturiannlsray Fagui 4.3
nuinlassaieesnmernansnuusldfuniiaasiifosanmaedevitreaduls
yosnMmeneiasuLssliiuduly iosannadssanuduiiaiuuss (Reinforcement)
wlevlridulonzning (matrix) Uszaudafnitndedu itelvilassaiaiiudauss fagu SEM
7l 4.4 (n) Snvamdilogniadeusmennemnssihliduloegdafnfuinanuudauss Tuvae
fuileldnmmsdesuiminldosfiaanuinmamendunguiousonainduleusnddwmals
Tassaissuusalation fagu SEM 71 4.4 (1)
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300 A
276.67

250 4
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-

200 A

P

146.67

150 A

110

s

AndgUminNaunaf

100 A

50 A 46.67

nshla Amading A1E19UY ATIELTINIT NN

gian1Uszanu

UM 4.3 anuduiussenindedgimtnlaunefuasyilan1iussanu

() NIYNIFT () AN

JUN 4.4 2 SEM veausuasgtngsiiniioldn1iuseaiu (n) n1ieam1sn (v) Mg

4.1.5 navasyianiiUszausanuia Yasiraduleveuriuassuingsnyainley
% ¥ P2 . .
UEW3IND ABLATBY Scanning electron microscope (SEM)
ASANYYRAVDINNUTTEUARANTATINAVDILEUADNINERINEULULNS1?  WaNNS

a s [ a < [ 1 a [ v Y v ¥ P
AATIER LLammgU‘m 4.5 \JUSNWULUDILNUADUINAR VA INITO AN ILANUSDUNSDUNIN SEM SR
anwaszdilouaznsnssnedvenminduly sufimaneiiussnitnmidssanuiudule angd
dunaldinmymiiduiuludeuegsewinaduls viseuwdule Teaemznmme  nMgusiiiu
snwazvaseynnTwiiuduioudaauilifiivedureiindnlidnvasugase  dvesinesening
wule daue9amnsn waznMaing anwaiznmaziadsvuudulelasiteulssanudulylen ddutae
Anzarsuiy Tuvasinmiladunsimzdvesnilaasutnadaau
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JUN 4.5 wiveedlndnanleuenidislinuszasinsiaiu

nMsAnHaresrlnnIUsTaUABNSENYNE LAY YuneTesing deLeies Scanning electron
microscope (SEM) mﬂgﬂ'ﬁ' 4.5 Wuin1IUsEE U dneg lawn N1I819U9 LagN1IKG IAN5TINEN
voendunguriou wasfntesieszrinadulufoty dunmiduresvadulugnindeuin
wazlinYaaingserinaduleanas gm‘?‘i 4.6 LanINSeUTsINesErIadulonuIgesing
sewhadulousnnluniuneslndntissozsyning 145 - 220 Talaswes Jufunvszandy
Asideusyminadule Fsnmanding wazneewisiiiterneesiarinsidentesingszning
Eleled edawarionisuiminuosusiunesingn

£

ﬂqgﬁqlﬁ ,' <6 < ,~ ﬂ_']')ﬂ']dwqi']
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wanantinan1sfnuanwazvaduleveduruassungsilagliaudnaeni

Masveny 20 911 asuven1sanesy aegui 4.7 lneduiineansu wagnaenisgegaanenig

YININW AR5 4.2 Ly 4.3 LW@Q@ﬂ‘I‘&ﬂJSLﬁUIEJLLaSﬂ’]iﬂi%"ﬂﬂﬂ(ﬁ]’mﬁﬂﬂﬁﬁﬂizﬁﬂu A1NNIN

FUNAAUNIENUINBHUADEUN LATALAUNIIN BTN D UNDUNITNAZOUNISE DAY LASNEY

NAFBUNMIENUIMgReaNINKIveduluagudaal mniiarsandnuuyianaeulndnveady
louzndndunnvszau e19znanilainuduassimegsiivimieuliduwiunaulndnwuy

)}

fiber composite Usgtan Discontinuous kUU Randomly oriented

JUN 4.7 9adunidinsaeguaigaudnaeingareny 20 i

M13197 4.2 Snwauzidulevaawiuasgdingsitvaenigiaudingsveny 20 Wi neudeaany

NG
wilan12 sUdnwanautasaaenIsBInIm
Uszenu 09 1 09 2 09 3 09 4 09 5
nla
198N
3 4
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M19199 4.3 anvaizidulevauruasEdIneINgaIeMetaudAaIeny 20 Wi nasdogaaieni
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wiian12 sUdnwasnaedauaa1en19dInn

Udseau

N3
jIN

173
YNNI

ATIN

4.1.6 wavaswianiaUszarudanisiunsnauazszeznsugUvasusuaositngs
fiyanleuznd1n freeded Universal Testing Machine (UTM)
Tumsnaaeunsiuimintagldnaeinas 1 wiu aun 1/12 dau dewndes
Universal testmg machine (UTM) Model WDW - 20 I@mmmmqﬂmmmmmwﬂmLLiqmam
meLmuaaamwmwwmmmaﬂmwmmmmulmu,iqmamum Fauanafansneil 4.4 waziile
uriuaeetldsunsadafimadsugy insesyunielidadsauenudunuesuuessosn
szogmamInsEdaiiliianuasusunnsiuansitingianueiengs nansinAnadoniiu
SILAUNLENLNYDITOENAR NI 4.5 MIANYIHATETTANNIUSTATURENTVIAABULTINA
(Max Force) wazss8z3508na (Displacement) Wuin Anssuthminazuanseiuluidosann
A (Stress) Tidlefiusanisuaninnssifuiagudiasfaussnglutufifuus sBamien
serhadlefunguérdsualiiinauiaden (Strain) Aisefun1sudsusunienmsunnin Ty
svezseunavaduiunoulndnanlouyninideldnnemamuiliaszezsesnatosiian
fio 5 fadlAs uAtAaNNTaluMTSULTIMToAALAUT 0.023 KN wanddusuaLNTa3y
wsslfinnusiAnmsiasuulsguiios daduaudimenaiiuansanuasiivesianladnnis
ws Tuvaugfuduildnnilauussnalddosuasinmauasuuuassustmsedszoynage
wansdanulaiudausavadlaseesng
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M157991 4.4 #an15IRAT Max force YaduiuapgmesfivsanIUsEaULiazyin

Max force (kN)

Fan11Uszanu 73 7 5 73 Mean e
AN 1 AN 2 AN 3
ﬂ’]’J‘ﬁﬂﬁ 0.009 0.013 0.007 0.010 0.002
AANAND 0.021 0.046 0.018 0.036 0.017
RARPIERNIN 0.042 0.044 0.047 0.044 0.002
ANIYNNIF 0.019 0.02 0.03 0.023 0.005
RPN 0.019 0.014 0.013 0.015 0.003

M13197 4.5 Han15InA1 Displacement YaguHuAREUINEINYHON1IUTTAULsREYLA

Displacement (mm)

FUAN2 z 3 T3 Z 3 Mean sd
Asan 1 ASIn 2 AN 3
Atla
o e 16.81 deleslsl 19.69 19.737 2.409
AMAANG
11.54 8.41 4.83 9.320 3.001
APV
11.74 12.54 15.6 13.293 1.663
AP
a.41 6.17 5.55 5.377 0.729
ANIB
5.33 6.4 7.04 6.257 0.705

4.1.7 NaY29¥UAN1IUITZEI1UABN15AT Vicker hardness test, HV 89l UadgUn
wesivanleazniag
A15AUIAT Vicker hardness test, HV A1428491nA1 Max force; P (kN) wag

Displacement; D (mm) unuAtluannis (3.3) HY = NANIAUIALERSAINITNT 4.6

D2

mnnaesilfiedesiionnaeuununmeaeunusuvesusuaouinds oananunsnuanen
anuudausanazszogsenaduiunuresnaasusuid susiuld Sunsansgiuagid ovan
AWM AU IMUUINN DS IG]EJﬂ’YJVIﬂJﬂ’J’]@JL‘?NLLN%J’m‘V]a@ Ao NI AMaNG
126 NMIgsus Aaila fenne 4.6 Feudnuususiuaosingsfiefingauemsnuisina
Idnnluraefideugulites Geanmsadaunaliidauinmensusegidusnafiaunsanuls
LSSgeaANN UAnTANRAsALIIE UL syYRITREnaTiInAURY wilunsnseudunT
s ileussnafiannsanuliusgeaaunn uazliAnadsanueniduniesuvessesnaties
Tnewdowiudlasiaisfiudussiannsniuminlfunduiu fafuuiuaesifiuus wasd
nsAsusUTsldnnIzanidenuliuduse i uasstintu nmanismeaeswui N1
wila nmensus Mass wazn1rawiingd Sidusenedianunsonuussgeantden uayAadoaany
g1duNLELYeITeNAsTEzensEdnIn i lkideldSunsafisndniesfiAanisaey
U drunngsniimusanaiiansanuliissgsaann wazAadsanudunues
suvessesnatios Ssaanndasiunanisuimnveinnesmaiingliluide 4.1.4 eag
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ladunuraulndnlenznd i ldnaeranisidudivssaiudaianuudwssgegn fe
147.49%X10” kN/mm?

A15197 4.6 N13FWINANLLILSILUUININESTBIMLaBRINEI R ldn 1uRaz uile

AULTILTIUUINNDS

FUAN ) 5
(KN/mm*)(x10™)
nila 4.75
nIANAND 76.84
N894 46.17
AMYNNIT 147.49
AN 71.03

4.2 nan13AnyIaNU ANt va LU UINg SN YN TeNENT 1IN 8N ALlA

Fourier transform infrared spectroscopy (FTIR)

naINNsAnwaNtAnIInIsa e suuassngsisanlenznd 1 Tnglduiania
Usgaru Iéun ndila nawdind 11287908 112879W157 wazn1ame Tasdiasisviaana
sy Mssutmdn nsgaduin mstuussne warsudnwasdul Jeennuvuiuiiun
Uiza’mnﬂﬁa%ﬁmmumLuiuﬁas;m’jwﬁwﬁgwm mssudmdniulddaauiiniieamn
anusofuiminlfnniiaelurusuiumed nrnsaunsagaduildtosiian msfuusene
wiun e EIsaduLsnaldnlusagiianauasusUlUlsdes warsudnunsidule
dunaanamm SEM wileniussanuaninsansyatesldd

Fefuusuasstimegsfivanlengniniussautufonnenamsddauanifimngay
snfigaiiazdrongsiitlunisiundadainde esnnuiuiaumuududesniniaus
aoeild wiuanusauimiinldunn wiudinsgaduiilddes wiuansaiuusanaunlaed
AusInefanansanuLsslfgeanann AeABANNEILEUNLEIYeITIENATTIEMNININTE TR
for warlisudnunsidulsvesnmuszanuionnfinansyanedaia

nsfnuauiinaeiiviessdusznaumaeiivesniaUszaiutuusiuassiingsiia sauds
dilouzwi1a wefinnsanguivumsiinaeunednseninadulouaznivszaiuinduly
sUkuuNIsUsEAaIudInIen I visianussiadseninaniikazlougning visianis
Wasuulamisesdusenautesusuassingsivndsannmaniouusuassimgsiiv wans
AATIZUY FTIR Suaﬂ‘amw%'nuamﬁﬂgﬂﬁ 4.8 WU absorption bands broad peak 7 wave
number 3333 cm™ W@n9d stretching vibration Y84 hydroxyl group (OH-) %ﬁLﬂuw%ﬁﬁﬁu
Suaﬂmaqiaa (cellulose) wag absorption bands ﬁ1425, 1367, 1031 way 894 cm! wamana
Wuse stretching -CHs, Bending -CH,, -CH way C-0 lu cellulose [73] uanainiifi wave
number 897 cm™ fawansfsdruiiiduedng i (amorphous) veusaglaa
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wulouzwin

Bending-CH, amorphous region

m cellulose

g
g
8

Stretching O-H in
polysaccharides

CH,OH CH,OH
hydrogen bond o 0
- - . OH OH
vibrations in cellulose I
{ ° f 2
OH OH 8
g

. Stretching O-H

Glucose

T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

sUfl 4.8 FTIR spectra voaidulenznin

d1un1819m53 sl esdusyneundniduassinanwediues wasil polyisoprene 1y
psAUsznoundn elTeuifiuiudoyasisda [74] ves FTIR wu absorption band 7 wave
number 1375, 1311 cm™! awansdeiuse HaC 7idinsdunwuy Scissoring wazdi 1037 cm’?
Yoisy CHyC=C AinMsdUUUY Stretching faguit 4.9

:

2518.70 —

181NN

>
=
=
2726.14 —

2853.88

296067 — —
2515

N

V

|

| e . =
\,’ Scissoring HsC- e
Fd

/ 8
© |
g \
e
\ [ F /
3
&
3
| =
2 H+C cH,
=
5
B C—C
|
—+—CH, H g 9
@
= . g g
Natural rubber (polyisoprene)
. - - T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

gﬂﬁ 4.9 FTIR spectra U8IN18 NN

HAN1T3LATIEN FTIR Spectra Y0duHuaneu ngsiganlangninwseuls wuiiaf 874
way 711 cm™” Fauansdeiusy C=0 Tuwaglaa uaznuiialutil 1419 cm’ Aiuansaduniy
HANvawaglad wenndilalfivy FTIR spectra ¥840178191197 AULHUABEUINUNTUEY
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vasiiALdntiae wave number 2960, 2913, 2725, 1795, 1375 (Scissoring HsC-), 1123, 1089,
565 uay 488 cm! fiegUN 4.10 nN1sUTEUEUAINE1101ana17 1A 18195189
29AUTENAUNMATLTULALLAE YUY SEaUTEnINLdUlaUE NI

WHUBBIUINEYINY

251006 —

[2r25:24 ]

80 85
I !
2680.10

Transmittance [%]

75

70
!
424 49

65

crystalline structure| &
of cellulose

T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

5UN 4.10 FTIR spectra YasuHuangdIneg iy

4.3 nansAneravesausulunisaukuassinanleuznide sudidna
vosusiuavEmgsiranlongwia

MnuamnaneaiieAnwanthidnavesunuasstimgsigannlugninitussausudae
nmenamnfinaautiunzaslunislingsiindetitadide Tneldnneramnsudunn
Uszanilaeiiumudunissnain 50 ke/cm? Wu 70 90 uay 100 ke/cm? ﬁqmmﬁ 100 °C
Junan 90 Tunfluusiardiu Ssdnvaswiudeundensdaiuinseiaudfidna deldua
nsnnaessaiderelud

4.3.1 NamiﬁnmNamaaﬂ':nmé’u’lumié'ﬂLl,ciueiaﬂ'a']wu'ltmmjmLLNuaaaﬁﬂwqa

Wy nleuzning

INAABUATITUILLTINTB L UADE T N fitlagdn 118N Fiaaudy
TuNEAUNY 50-100 kg/cm? RANITNARBIAIAILNLILUILLAAIFIN1517 2.2 Tun1ArwIn 2.
Wud'm’nwmLLu'uiawuaqLLNuaaaﬁwﬁmagisWiN 0.25-0.27 g/cm’® uanaITuHuABEL g
flwanusaaeinldvisidesnnlougniniiminuiuidvimesserindulegs Wotwa
9NAN3197 1.2 3naF1anTviaardag Ui 4.11 wudndeuanudulunissausuaw
wLduiAanauaniioy
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0.3000 -+
0.2731
0.2579 0.2613 0.2566
0.2500 4
&
E
‘E‘n 0.2000 4
g
5
=2 0.1500 4
=
=
2
E: 0.1000 +
(e
0.0500 4
0.0000 T T T ]
50 70 90 100

AMUAUNNSDA (kg/cm?)

JUN 4.11 ANUFNTUSTENINANENIIMIUTINLAEAIUAUNTIRLKY

4.3.2 wan1sfnenavaInuaulun1sdaukurafasazn1saadultvauHuaagll
ey leuzning
ﬁ]’mmamiwmaaﬂumi@W?J’UﬁwaqLwiuaaaﬁwwudﬁﬂaé’aﬁﬁwaﬁams@mﬁuLﬁm
NANAULULNS 1AL YBII195EUINBEULY wagANAINNTalUNNTaYAaNgUIYRINIUTEEY
%qfmEJwwq5n1ﬁmamw3amsﬁuﬁwﬁaaﬁqmLﬁaqmﬂLﬂuﬂnﬁiiumas‘ﬁqﬁimqa%’wLLuumEJIszj'
a & & M oad o VNN = 1y} oAl o
neawasvadbalasansvauluies TuiidetilunsAnwINa9ANUNTITOALKNUNANUAY 50
70 90 uag 100 kg/cm? HANISVAEDUNNTAIUIM WaEAN¥UENISLYUIYB LN UanULandly
A15199 0.5-.6 LLazﬁwmamaﬁwmmmLLammmé’mﬁuﬁ‘ﬁqgﬂﬁ 4.12 wunMsgatudLALNIn
" o o o\ x o o S .
FuiilanuAuluNTSawNLEITun 90 - 100 kg/cm” Tumsiiiuadudulunisdalidwanonis
aANY997195eIN ULy FalNadDAARRINUAIANUNUILUUNTAIaNAY LTLBI9INUSUINTVDY
| < < v v o 1y} | 2 & | v a a a
wiugeduianey faduaudulugag 50 - 70 kg/cm? WWugrennuauiiiiiesnelunisiniey
WHUADEUINYINY

450 A

397.39
400 A

350 A
310.38

v
°

DYATNIIANYUUN

300 o

o

250 1 224.33

200 A
150 A
100 ~
50 1
0
50

JUT 4.12 anuduiussznineiegaznisgaduiiuazauiun soausuY

209.92

70

AMUAUNTIEN (kg/cm?)

¥

90 100
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4.3.3 wansAnwwavasanuiulunssaususantsfutminvesusuaositngs
nyanleuzni
PnmsnagauN st minvesukuaosifivliusuaestaneg ety
Hadeditnalumssuihminielasiadvesnsindouinvedulovesnenmnsgaeasunse
T fuidule iesnnnnivszarududiasuuss (Reinforcement) i avinlwidulouznin
(matrix) Uszanuiaandndneiy welrilasiasnefiudouse anmsmegeuiiofuimindiay
AuFeTY ”Léfmamimaaqmi%’ufmﬁ’ﬂsuaqLwiuaaaﬁwwqaﬁ%ﬁmmﬁuiumsé’mLLsJuTuﬁiaq
50-100 kg/cm? wanslun1s1af 2.8 (nARwIN ©.) wazihAeasnsTuthingildunueans

400 A

350 o

380
337
300
300 7 263
250 +
200 -
150 -
100 A
50 o
0 - T T T T T T T 1
50 70 90 100

ANUAUA1TDA (kg/cm?)

(g)

'
= =

ANLRAYUILNTIRUNWDR

'
=

JUN 4.13 Anuduiusseninadeininiaunefiayaufun1sonuLEy

PNALTUSFISUT 4.13 wuhurusosimgsiafinnuansalunisfudminantudenia
ausulunsoawy wansdamanuudswedlaswaseseninanmuszauidusiasuuss
U matrix veudulouzndn nsfi uausueIadmason1sEan1zuaslAsias1909n0 1
195U matrix vesdulonzndn tabnavesruiulunssnusuelATIEs LT AL
YouHLADEINgsTiTaINIaANIINMTTULIINA wagmuudusauuinnesluidedely

4.3.4 NaN13ANYINAYRIANUAUTUNTIALLUABNITTULTINALATTEEEN1TAUIUYDY
winaesmgsivanleuzni1a daeiedas Universal Testing Machine (UTM)
NINAABULIINA (Max Force) uagsreysasna (Displacement) \un1snageu
autinisnaiuansanuudaussveslassaianonlndslonzninuaznnvszaiu dea1nssu
dwinazuanssfuluiosaineuidu (Stress) idefiussnmeusninnssyhiuinguénasiin
wssnelutuiifuussdamienssaiaiosuinudrdmalfiAnanuaien (Strain) Aidediu
mMsasusuniensuaniin ansanismeasslaglinneremnsnduiauusslinalunisdu
us9g9an usiilszeysesnatieniian uansiusuaIsaiuLsslFAuAAnnsUAs UL sgUTTos
Tumsnaaadluideiideldnnenmnsndunmussauuiivdsunudulunssausiulugag
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50-100 ke/cm? mamsmaamammmswm 4.7 ‘W‘U’J’]Naﬂ’]ﬁ‘uLLiﬂﬂﬂﬂaﬂﬂaﬁl\‘]ﬂ‘UNaﬂ’]ﬁU
dhweinvosusiuassin ﬂmfmaLquaaammmamULmﬂmlmawumamum’mm Feal Huayu
auyAguiianudulumssausuinanaudusivedlasiainaseninnneamnsas matrix
Toygning

dl L2 1 ! %2’ =) ! U U 1
A1919N 4.7 Han15INAT Max force SUENLLNua’eJHuWWQQWSUWBﬂQWM®u1UﬂW§@®LLN‘U

AUAU Max force (kN) Mean sd
(Ke/em?)  asefi 1 aSsfi2 adsd 3
50 0.05 0.05 0.03 0.045 0.010
70 0.05 0.06 0.04 0.051 0.007
90 0.07 0.06 0.08 0.070 0.007
100 0.07 0.08 0.08 0.077 0.005

' a I3 a ' A . =
druniviAsizrnisidasuluasglinamieussezna (Displacement) Langng
Anundsivedlasasladuiunanfemninglasuusinauasiissernsdeugutosuans
IilassasiaeiinliuasunuseuienEansin s iiiuaegingaisnauaulunsen
o o = i 1 S a a oA A A Y
WHLAGN9Y F9919797 4.8 nuduruaesidssegnsiudeusUliudsunUaadiaiiuanuduly
NFOAUNY LARIRIAIINAIAITBINTIENMITIIULATIATINVDILHLABEUINEINY

M13197 4.8 HaN15InA1 Displacement YBILHLAREUINGINYHOAIUAULUNTOAUAY

ANNAU Displacement (mm) Mean sd
(Kg/cm?) ASell 1 ASeli 2 ASed 3
50 5.021 5.507 5.632 5.387 0.264
70 5.208 5.523 5.301 5.344 0.132
90 5113 5.892 4.978 5.328 0.403
100 5.879 5.663 5.351 5.631 0.217

4.3.5 nan13AneINavaInuAUluN1ITIALKUABNISAT Vicker hardness test, HV
vasusiumvEmgsRiTanleuEwd?

N1334A31ERAIAULTILIIMUUININGS (Vicker hardness; HV) 1T un15AuIY
ANFNNUTIZNI9AT Max force (kN) azAn Displacement (mm) Faaun1sil 3.3 NNANTS
mmaaqma’tﬁumamquammmmuiumaammummu Famnsnad 4. 9 wudAn L dansaia
sndudenuiulunssauduiniu fsaenndosiunanissutmin wagen Max force
annsaasulFienufilunsdawsiuiivaudusivedassairsnenlndnlougnindinn
g sndusuaiuuss Tnsliangegaileldnrusulunissn 100 ke/cm? Wiy 271.25X10°
kN/mm?



88

A15197 4.9 NIAUINANLLISILUUINNDIVBIMNUABEIN NN N AIUAUN SRR

AMUAY (Kg/cm?) ANALTTIUUINNGS (KN/mm?)(x107)
50 141.92
70 175.74
90 245.11
100 271.25

MnuamsAnauTAnsneesukuassimysitanleuznim Tngldn
fulun1sdausulutiag 50-100 ke/cm? TneTiAsizsiausuiuiiy mssutmin n1sgaduth
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nsesEULHUaREUINgINYIN laUENID

n.1 Unanduledidne (Wsinaleuzndn 30 ¢ uaz nauszanu 30 ¢/ 200 o)

40 ¢

gﬂﬁ n.1 Usinauduledi@ne (n) 30 ¢ (v) 40 ¢ (A) 50 ¢

1.1.1 ANSUIANUVUVUYDINNEIUSUNAADUALURALTINA

C; = longni 30 ¢ YA CoVy
Vs, = 11USunae 200 mt 30 x 100 C, x 200
30 x100
C
200
G, 15 %
1.1.2 MAnudduresn g vsunageunstIs i LaY
C; = lougninn 200 g CiVy CoVs
V, = 11dsunad 1,000 ml 200 x 100 C, x 1,000
200x100
G
1,000
C, 15 %



AMMARNUIN U

N1SNAFDUNIINIYAINAIAT ﬂQﬂuwuﬂuﬂuiaal%aﬂaznqi@ﬂiﬁn}1nﬂi§uﬁqwﬁh
ﬂQﬂuu%eusauuuﬁrnnaémaauﬁuaaaﬁﬂwqaﬁ%aqnlauzw%qq

.1 NIATINIANUUHUUTINVDIHUAREUINEI NN bz n3NY Lngnan1sATLIR
M151991 U.1-0.2

3 m
M p;(gcm’) =—
Vv
¥ y . ¥
We m = ihniinvesunuasging iy
V = USUnsuiuanedInesiy ndng 25.5 cm x 813 17.5 cm x g4 0.4 cm = 178.5 cm’
FD819N1TANUIUANUNUILUUIIUVBILHUABEUIFLANIULE HANITATUIULEAIAINITIIN

Y1-2
L , 351210
WHUN 1 p;(g/cm’) =———¢g/cm® = 0.1968 g/cm’
178.5
L . 37.0921
WHUA 2 p; (g/cm’) = g/cm® = 0.2078 g/cm’
178.5
35.7301

WWUT 3 p; (g/cm’) = ——— g¢/em® = 0.2002 g/cm’
1785

0.1968 + 0.2078 + 0.2002

ANRAEAUIUIRLLTIY (g/cm®) = = 0.2016 g¢/cm’
3

M19199 V.1 HAAUVUILUUTINLAR TN VR LA R NN T LN 1 usia Y iln

Aade AUWUILLLTIU (P) Aadenlny
¥ian7 it (g) 1vitin M7y (g/cm?) NUIMLUUTIN
Useau (g) (g/cm?)

WAL 1 uWu?l 2 weiudl 3 AU 1 wWufl 2 weiudl 3
A ba 35.1210 37.0921 357301 359811 0.1968 0.2078 0.2002 0.2016
AN
g 38.2731 40.9302 39.6643  39.6225 0.2144 0.2293 0.2222 0.2219
NIYNUY 36.6328 34.7144 34.6001  35.3158 0.2052 0.1945 0.1938 0.1978
e
195 61.9922 635427 69.4802 65.0050 0.3473 0.3560 0.3892 0.3642

NI 94.2101 824134 749811 83.8682 0.5278 0.4617 0.4201 0.4699
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M19197 U.2 NAAUVUILULTIURAUIMTNAANA A1 Tunsdawiuaosine sy

Aade
o Anade , , AU
ANNAU ¥ . ¥ . AUWUILLUTIYU (P) Wide .
) umun (g) UINUN 5 AURUY
(Kg/cm®) © (g/cm”) 211
(g/cm’)
wiufl 1 welufi 2 uwwdi 3 WLl w2 uwis
50 46.90 58.96 40.41 48.7567  0.2627 0.3303 0.2264 0.2731
70 43.59 42.95 51.56 46.0333  0.2442 0.2406 0.2889 0.2579
90 45.94 46.33 47.66 46.6433  0.2574 0.2596 0.2670 0.2613
100 48.33 43.92 45.17 45.8067  0.2708 0.2461 0.2531 0.2566

9.2M3AIUNIagarn1IgatuIve AR NgINYANlENE NS TngNan1TAUINAS
AN V.3 LAY 9.5 WIBNNWENYEN1TUYUIYRLH AR NY Y

— g W t_Wi
M % NMIPAtuLl = —— X 100
Wdry
Wi Wy AB UN0TINUHLA DU NN NOULY

Wier A8 tinuiuaoeine iy

é‘haai'mmiﬁmmm%faaazmi@msﬁ'uﬁwmLwiuaaaﬁwﬁmmaﬁﬂa

Do =1 25.00 x 2.93
WNUN 1 % N3INAYUUN

X 100 = 753.24%

2.93
o \ 2. \\5.25-580
WHUT 2 % Nsgaduil = X 100 = 788.38%
2.84
L oy 2352x299
WHUT 3 % N1sgaduL = X 100 = 686.62%
2.99

M1519% .3 Hasegarn1sgadulvesNuasngsieldnusazuin

YIRUNADULYUN UNNUNRAILYUN o ¥
- o % % N3AduLn
YUANT? (Wary) Toelaguun (Waer)
Uszau WHUT  WRUT WWUT WRUT WU wWu? weu ueufl weud
1 2 3 1 2 3 1 2 3

Athla 293 284 299 2500 2523 2352 75324 78838 686.62
AMaNAng 1.44 211 204 1405 1249 1193 87569 49194 484.80
AIYIUS 498 399 302 1454 19.83 11.09 19197 396.99 267.22
ANIYNNIF 5.41 5.12 450 16.61 1515 1334 207.02 19590 196.44
NN 5.98 6.48 6.58 23.81 2377 20.11 298.16 266.82 205.62
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M19199 V.4 dnwagnouwdll WAzt lun1sveaeuTauarnNIINATUINTDILHLABEUINES
fynldn1iusazuiin

FUANI2 o , , o 4 . o v . ANwalZYZLY
ANWUSNDULY  SNWUSVUSNILY  ANWUSHANLLY c »
Uszau LESALAD

M la

N13EN

1N

n1

EMNNIT

NI3HN

M13°99 0.5 Kasearn1snAtuINANRUA119Y TunsoauruaBg Ny iy

UIRUNARILYUN

AT\ % N1SAATUUT
Tnelsiguur (Wiyep) ¥

. vwiinnsuutin (Wgpy)
AUAL

(Kg/cm?)  uwduil  wWuil  wiudl WHUT  wHufl weud

BHUA 1 BHUA 2 wHuR 3

1 2 3 1 2 3
50 52473 42005 5.1377 153663 17.7610 13.2200 192.84 322.83 157.31
70 3.4594  3.4184  3.0745 9.1750 10.8799 10.6461 165.22  218.27  246.27
90 26031 32932 26813 10.8368 9.7164 13.9369 31630 195.04 419.78

100 29587 29486 29738 14.0875 14.7266 153625 376.14 399.44  416.59
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M19199 .6 anwagnouwdll wagvawttilunisegeuasarnsgagdunAuRuAeieg Tu
N5BALHUABEUINY WY

ANYUSVUS WY
< v
LESALEN

AUAY . , , ANwaIZUE
) AnwaIzNDULY ;
(Kg/cm?)

ANWUSNAILLY

70

90

100

.3 NIANIAUINITUTNTe LB NN leuEnE 1 TnuRanSAIWIN
AINS199N U.7-9.8

F9819NTANUIUUINITSUUINTNVR K UaR U Y RAN1 U

L v Y 130 +120+110
ANRAAYNTIVUNUN = — = 120 ¢
3

M13197 ¥.7 NansSudmTinvesuiuassneansnlgn1udas viin

FUANT? UMUNAUUILY (g) ¥ o g o Anadetwiindiay
NasmuuLnNaunen (g) -

Useau 50 10 wan (g)
ATaula

WHUT 1 19n 8 gn 130

wslui 2 1gn 7an 120 120
wsluf 3 1gn 6 an 110

3 4

naNANg

Wiy 1 1gn 12 gn 120

wslu? 2 1gn 10 gn 100 110

wsidi 3 19n 11 gn 110
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NNV
Wiy 1 1n 9 an 140
Wiy 2 14n 10 gn 150 146.67
wiluf 3 1gn 10 gn 150
NNIYNNIT
Wiy 1 14n 21 gn 260
WHU 2 1gn 23 gn 280 276.67
iU 3 1gn 4an 290
NI
Wiy 1 14n an 50
Wiy 2 1gn 4 qn 40 46.67
Wwiluf 3 1gn 5gn 50
A5197 9.8 nansFuthmiindienududneingg lumssausiuaosime ity
ANUAY UninAuUILU (g) ¥ o o - Aadsiminiian
) NaTWUINUNTNIINNDA (g) o
(Kg/cm®) 50 10 wan (g)
1gn 21 an 260
50 1gn 21 gn 260 263.33
1 gn 22 gn 270
1gn 25 gn 300
70 1gn 64n 310 300.00
1gn 4gn 290
1gn 27 an 320
90 1gn 30 gn 350 336.67
1gn 29 gn 340
1an 33 an 380
100 ? v
1an 33 gn 370 380.00
1gn 4 an 390
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9.4 NFAWINMANLLIILTMUUININDSTaNUass U s ivanlauzni laeldinIes
Universal Testing Machine (UTM) 51 WDW-20)

F9819N1TAIUIUNIAI LTI IINNBI VDI UARE Y TANT L LA

1.854 x 0.019

Vicker Hardness = = = 4.75x10” KN/nm?
(19.737)
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