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ABSTRACT

The objective of this study is to examine the effect of operating conditions of the
drying process to the sound absorption coefficient and the noise reduction coefficient of
the oil palm board using the hot air and microwave of drying technologies. The oil palm
trees were of tenera cultivar. The trees were 26 years old, being cut into stumps of up to
2 m in height (length) as measured from the trunk base. The wood was soaked in hot
water at 85 °C. The oil palm boards (OPB) processed into dimensions of 200 mm x 200
mm x 20 mm (W x L x T) from the inner region of oil palm trunk (OPT). The hot-air
temperatures and microwave power outputs were varied between 50 °C, 60 °C, 80 °C, and
100 °C and 100 W, 400 W, 1200 W, and 4000 W, respectively. It was found that the hot air
drying had the desirable effect on sound absorption coefficient and the noise reduction
coefficient, while less effect was found with the microwave drying. Under the 100 ° C
condition of hot air drying, a sound absorption coefficient of 0.86 and a noise reduction
coefficient of 0.58 were obtained. With hot air drying the heat had transferred from outer
surface to the inner core of the board. It was hypothesized that the outer surface of the
board had experienced moisture loss and skin shrinkage to some extent due to support
of the inner core and had become a relatively solid structure. When moisture inside the
core fond its way out, it caused the spit of the inner layer due to pressure build-up and
inner shrinkage. Eventually, fissures and cavity had developed between the vascular
bundles and parenchyma cell of the oil palm board specimens. It can be concluded that
the hot air drying technology is operationally and economically suited for production of

the high-quality and high-performance acoustic oil palm board.
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2.1 deyafervesnuurugatuidedudagiu

nnmsfngmuIlulagdunsudnunugaduides iunainiandaasieiviedanan
a A = A A Ay e = % | 4
53TUYIF LieandeeTUNIU MIBLBTlINIUTITOUT 21915197 2.1-2.3 kantoyaunumie

Tanaaduides

a 1% | v o
M13719N 2.1 ‘?JEJ%@LLN‘U@"U‘UL&EN

(glasswool)

a190U UTENVTenUI8UIBvaUHUATULHYS ¥69) AN | AN
U1 | NRC
(u31.)
1 | wdnsdusigeduides ArtKUSTEG 3u ENZON veq whule 25 | 0.65
SCG Polyester

100%

2 | wHus A uanuEe Ecophon Focus A Inorganic 50 | 0.85
Wool

3 | uduihezpadn Cylence Ju ZofTone 84 SCG Wiy | 25 | 0.65
naaa




M13199 2.1 YoyausugtuLdes (fe)

19AATHULNAUNS

ABUNSA

a9y UTENvIaneuIdevasugaduLie ¢Gl AN | AN
1 | NRC
(33.)

4 | uwu Green insulation 489 GANFAI et | 25 | 075
WATLAY
N3EATY

5 | urwyntsandadnilne/anningrdenynsenans Fedmilne | 20 | 037
NEU

6 | WRUAATULAENNTUNE NS 1INANTLLIUG/ ANy muksn 25 | 0.40
- HANTIIUA

wialulagasuns
7 | Bgudenumiligaduidey/uviivendemnalulagsie auunsinal | 140 | 0.094

A15197 2.2 ArdulszavdgeduidssuazAndulsyavonisanasveaduesian

o

AduUsEASARdUIEs, 1AUD (H2)

& NRC
125 250 500 | 1000 | 2000 | 4000

93

« Brick unglazed, bare .03 .03 .03 .04 .05 .07 .05
« Brick unglazed, painted .01 .01 .02 .02 .02 .03 .00
WU

« Carpet, 1/8" Pile Height .05 .05 .01 .02 .03 .04 .15
« Carpet, 1/4" Pile Height .05 .10 .10 .30 .40 50 .25
« Carpet, 3/16" combined Pile&Foam .05 15 .30 .40 .50 .60 .35




A15197 2.2 ArdulszavBgeduidssuazandulsyavonisanasveaduwesan (de)

T ﬁﬂﬁuﬂﬁzﬁwégm%’ULﬁaq, 794D (Hz) | NRC
125 250 500 | 1000 | 2000 | 4000

&1

« Fabric, light velour, 10 0z/sqyd, hung straight in contact with wall .03 .04 .04 17 .24 35 .15
« Fabric, medium velour, 14 oz/sqyd, draped to half coverage .07 31 31 75 .70 .60 .55
« Fabric, heavy velour, 18 oz/sqyd, draped to half coverage 14 .35 .35 12 .70 .65 .60
L

+ Gypsum board, 1/2" nailed to 2x4's 16" o.c.painted .10 .08 .05 .03 .03 .03 .05
- nsudosiiusou vienszifonndeu Marble or Glazed Tile 01 01 .01 01 02 02 .00

ﬂ' o a U U a ! U a Q‘ =
f19199 2.3 ﬂ’ﬁ‘ﬂ’]LLUﬂ‘UUWU’eN’JﬁG]‘{jENﬂ‘uL’dEJ\‘iﬂ’Wﬂﬂ’]ﬁmﬂi%ﬁ‘ﬂﬁﬂ’]iaﬂaﬂ%@ﬂLﬁEN [19]

[ a

UsgAvEn1mnisaaniauldes NRC Tanilasig 9
1.0
09 | Tanylasumsesniuudivey Tl

ANUasalunsaadudesg

0.8
0.7
0.6 | fmanuiiinnungues

U

fUszanSamnisgaduidege

¥

0.5 | dumun Wweraig

0.4
fusyansnmlunisgaduides Uiy 0.3 | NuAuseu
nang 0.2 | WSUARUUUNUADUNTA

0.1 | wsuididvdnin aulsl dhuung

0 | wihenszan Yyunanawmes urududu
U93A ABUNIFRUSEY DgLARoUd W
881 NTELUBIRINI

ALVIOULAES

2.2 anyazNIgAINYBIuIaNuIuu

1. dwudndudngi

aduUanniudnihnidunnugiengsdindug Yreasautasandsnniuamsiuds
dausne anvagdruiduiduludidunes danse lidfueuadsusnmsanszuen e
ganegnsiUasanvesaududugaiiinvetly ddulsenevtunndetewdule ddauas
Udnefinuin arduvssiduinduisenda (bole) ndrazusingliiuniunian 2-3 U usn
naeanUan surduidulsiauimenuninlagdnuasvetedigulnlngu lusseel

o < 1a o ¥ 1 [ £4 3 S o o 1%

ardunaiunsluegindduiinnit 40 nslu wendeanauurduidiueny 3 Yould Udes
YIFUILEAFININTY ke lin1saSyiulanienun e luvseivesunn imselld
& A a 8 A o A I Y \ ! A o« =
Wewwasylussuuvinivisamnswudeiiuitludeuneily Tudiusniounaziinisge
(Y 1% < 14 14 4 g X A & dl' a =
mvesldondulumadiunitauinniidiugs eilillesanniiletataseyigiuvesgiuly
(primary thickening meristem) &aiin1suutiaagluiuiides (tangential phase) Lilpau1n




urhaudnansvesaduladiui 40-60 wufilums Aezdanueiadvlameuaiugauny
g9 ludne 35-75 wuRansred Sufuanmuindeuuasitugnssy Uduisudiaon
gdldiunndt 30 wes wardiorgBuuuinnnd 100 9 winisugninduthifuuntsén luens
fmnugaiu 15-18 wng Feilorgmaiuifiduyszaa 25 U

2. Snwarvedliunduigu

Urduisuiinsasayivlalumaumeniuiess msivlamedudiedivesuin
Snvazvsailoldaviidariedndos (Vascular bundle) asfiauudusauazazddndunia
msyuaqﬁuiﬁuaw%mmﬂizﬁiﬁ (Sapwood) %zﬁLﬁaL?jaa&Jmﬂﬂ wardnuulduloazAae 9
anasauludausnaldls Tneduirduidfuesisduiinsdifinsunniclsl wazlidanls

Funavuilelfazigndihnaniodsinssasegieguuinld dautsenoull et
esusduvesiuUduiuliiinuuiusetu Sond1 favedndes (Vascular bundle) 910
nsdanpduuiiedidlifiovuds gadtnadursdsndudmasd Wunsvsenisana
muLureiodndssemis Suannsavsvenlddwinlulivrduniuildd auantBivnang
wazyeneamiwandseenty mszilassadveslivind luvasniseudusziinns
JIUAINUYDY Vascular bundle tag Lf‘jaLga‘W’lLsdlﬂm(Parenchymatous tissues) 911N1T
A3IER NG I TOUL Iifzwasusululudnuaigsaqsu nsmasda msda Wusu vieuls!
Undnazudaldidu 3 daundng dsguil 2.1 fo lolsi@ulutinner region) iolddrunans
(central region) aziiloliiduseuuen (peripheral region)

NNIsAnEINUIIATII i taenddste st iU e e liduseu
uan(peripheral region) ludniudsfignvesioulsiuidy Tneunfiudadni asdsznaudae
Tnwessuunluguuuussuunasndideseivnsimuiuiy dadudiudfaiiasulin
Sduiufinnuudusannty luituild waendidssemsuazidodenusdlaun duazuau
niduBug vesdsduiufiteriinnumunUssana 10-15 fadwns. uasdaduniiudisug
VOIAIAUY

delffdunanalcentral region) luiuiid avUsedevassddssemsiniuaring
oedntios vnnlwnifiaaidefiutuuinaduioazannni 50 Weddudveaiold
e naeadndosesluiiuiit aweduuy nsvareiuseniy

Y

1 (%

Waldanululinner region) WuAdl agfiifiss 20-25 Wesidunvesloldnivunlazay
5 o

Usgnaume aldenslaun waganuiuuiniign vasnaidesemsiuiitesNgniile
= = Y} & A =1
WiguiWeuiiv 2 wuineuning



JUM 2.1 amdinvinavesUduindiy

3. Aauantananen nuaalld
induthiulida Sedanututiugs (70% s 80% wasgruiden) Afldiunaes
lalawaglaa(holocellulose) 65% s 80% war andu(lignin) 18% 89 21% [20] laseasig
manednaveslsiuiduiisiuudy Yszneusedndidulsidowds(hardwood) 1wy 113
nunguuesdIAsuaziwadiiofosou uazdmiduliideseu(softwood) 1 iwadvoady
Ty, tracheids, @udenlududsnawazdlddndiutans [21]
Snwarlaseadrweaielfiunduingiu Tnedsuudavesndsadeusyanm
26 1o fo MsIURLng wazidulefivuinedsussana 30 lulaswasuasiianuen 1.24

(%
=1

HaaLuns [5] NS AUNHINALYINENUNAPUTLIUTENOUMBEIUAY Al
- 18l (Pith) egusunansdiy Sanuudeusedey
- nseiflsl (Sapwood) Wudmilwenradiidinwhaudwasazauewns
- Waenls! (Bark) \udniivieriudduld thluliidulsineadlails
U311mA213%u (Moisture Content) AU3unuaaudululiideoesidud
hiinvesiudeliideifieuandwiinvedliuisfioudhemey msouliflumeuldgamgd
105 ssmuaaifea uagldinau 24 $2las deldignyhliuiahiieglulnssweadeulias
szimpaenieu lurneiiiidieguiweadsulsidsnsey delsfnuihinlulnsaveadeuls
sunvoonlumuailundsondeulifinaduseg tsidonlfanmii Sanuduilaadeuls
B (Fiber Saturation Point) @efin1nuduuszunns 30% 1eifiunuldauasganienis
PWININUIIIINIATEUH Aunsettlifmnutuldaunatuautuluenia sdentily
an il Serudiuauna (Equilibrium Moisture Content)
dminuazauassmag (Weight and Specific Gravity) 1578 aidmidnann
wardiFnanudisdimeas asilisuussldganilifeddmiintosuazanumisumes

>

A
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NINAG (Shrinkage) lmvumsmmmaawLaamm%u iumamaﬂumﬂu
LLM\‘iﬁJ“iJﬂ’l‘i‘UEJ']EJG]’JLlJElLTJEJﬂ‘LJ’]‘WiE]G]ﬂﬂ’JWuéﬁuﬁ]’lﬂﬂ’iimmﬁ BT BT T APVRRT- ANFE
anfudsuliviesuniaarsunth daunsueiuuiudeuliviosueivesldaydl
ANoauIn NMsuadakazn1sreIefaiinalaenseseandidinavedld laznadailien
arudululsifaegseninguituaimiutuiigadeulsdui Sasnimmadavedliiazdy
Ufnelnensafudnanisgnydoautuls

JUN 2.2 lassadevemiaendidesenmsuandbiiiunisdndiveailode [5)

n3UN 2.2 1 Jun1snisdesndesganssaudidnasauluuakny (Scanning Electron
Microscopy : SEM) azuanslriiiiuillodonisslann viodides (Vessels) uay 1dulea(Fibers)
Feurayetsazvinasiivtniuananesiueu iWedonnsslaun axifuiledensgydalu @i
I3 ] & s 1 I o =~ % I3 | a 1= a
aziludunivemsuazuiinisluwasd diuvieandesasilassadianluioniaualvgdadl

o

muudausannrhuiiigrdecaiuarenmsluide e funardinaug vesdutdu way 1u
To (Fibers) auiduduiiassanuudusddiuiadulaeazinsindosududulednnetuds
Tudruvosliuesd avdaunduswssnaniudaiesniviodndeos Auiineiilngve
psvwelng 3 vietu 13end1 Triawea (Phloem cell) anlassadieiananasnuin iin
viaé"lLﬁm(Vascular Bundle) q¥ ﬂﬂﬁauiauﬁ’wL‘fgijaLQ‘IEJW’]Liﬂiﬂuﬁ(Parenchymatous) R
Snwaviuil a%uwu’tuiuwaﬂimamﬂ saﬂl,ﬂumuwwwmmmﬂ Secondary xylem uaz
Luaszasummumauimamiﬂavuaﬂwmv 3 WuUAe Wewdonsinay, edouvumdey uay

LuaLaaLLUUEm[ZZ]
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2.3 ideuazdoyaiiiiedos

Tul 2016 Changjie Chen, wazatdy [1] @nwa “Windmill palm fiber/polyvinyl
alcohol coated nonwoven mats with sound absorption characteristics” Taglg1dule
U1du wavidulenzansaes Windmill palm lagldiudendiidnvasidunitie iendedule
Uau Tumsviusiuezaain lngldianuasnaunse lelasiaueseanlyd laeulanselyd
uar Wi lrfla ueanesed lasme aumuiuaza v wluvesiui Taquazaadudiy
99 PVA Arduuszdvdnisganauveadesazgninde Inoukuergainaniduleundu uas
dlenzans Saduuszavdnisganduidsaindu 0,38 Wemnuiduduves PVA iy 1%
Tneniurtin.

Tud 2015 Shafizah Sa’adon, Anika Zafiah M. Rus [2] Anw1 “Utilization of oil
palm trunk (elaeis guineensis) as foam composite for sound absorption” TaalgdUu1au
hifuvimihidusfudmiunedmesliuneuindnléunisnrdeunasigaiiuding
arwasnsalunsgaduides lunsdnwilldanassiauuiiliinunise oedensauaziiu
n13desdiensniidedn UPS way TP5 iuansdiiiu nsfnwdldvinisfmuniuiiie
Wigulguauanunsalunisgaduidesnuesduszneuvesansiifulunediuesinuaauln
3 Tnenisidenuuin <500 um Eenarulesifunfiuanaeiuio 109%, 15% waz 20%
dmduisansdouly Megranarildfunimeaoumeardulssaninisgaduidodlagld
yadeULUUBLLALG AR ASTM E-1050 dmiumdulssansnisganduidssnisined
QL uazMsAwNUIENdesganssaudianaseu (SEM) LWEJG]’i’Jﬁ]ﬁEJUﬂ’J’]iJWiu?JENLLG}a ZeRl
miinfiaiaeives UPS 20% TiAnduUsravinisganduidesgeanii 0.97 7 4728 Hz vueii-
Y93 TP5 20% i1 0.99 71 3371 Hz WlawFeuifsumduussaninagandudes dmiuan
poslndnlndwosindies TP5 frdudseavdnisgaduidesgnin Tussfuanude (Ho)

1ud¥ 2000 A.Oloyede, P.Groombridge [23] Ain1 “The Influence of Microwave
Heating On The Mechanical Properties of Wood” TnenisAnuniezldldauasideouunly
Tun15puuis TABATOULYY 3 WUUAD BULIIMEBINTA BULIAILIINDUANTOU WaZBUWY
Felulasion nseuuisdsanmatiuasdousdonsogdlinnadutuggessan 1.5 wes
ndiu aedsdmiingn 24 $9lue aunseisldanny Fumelumudesnts mssuuisdewmey
audeu azeulwiiaudy 12- 20% lngldgaumad 50, 103 aemwalea wilnYIasEUe
pmadietaelunmslvaresoinauasdisssmeauiusananmeulnggumnniiiudues
WMBY 20 Bsriaiua niseuuisielulesianlazoulvilinutu 12- 20% Tagldlulasind
Hgpauuniinsou 2 Y89 im1auilindegegn 1.6 kW naasslagldniasluniseu 50% way
100% TasBulifaglviaufeudunat 30 Furit wagargnandlibu 3 unit figumgd ves
rowazgminlulfinrmioudn 30 Jurit suniesimdernuduiivioanis Tnsldifegreiiinn
nseukdazthluneassiulnanusafaiomamaniRivanadeuiiniseunsiselslasim
svoy DaTlun1seuIzduninseufeIsBuuavhlinruudussanas 60%

10T 2007 a3ny 1e3niumsna uax Suns udfauaay [24] Anwn “nsildiurdudhiu
sl#lunudmnssn” TemsAnwnsiliurdudifualdouimnssmiioduninild
UdntunldliAnuselowd lnevinsmeseuanautfidnaveslsl udihnanismagou
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uvhnsiessiiiemuuimslunsiilduiduitunneassesnuuuadradutueuiild
nldiurduingu annsAnwnuiniunduinduldumanefegiandulaseadandnues
onansuaiinnuduldlgfaviufudiudsenovvesonasilalslassadrandnidu fulsh
s12fUAN wATINAISNAABIEDNLUULAIES T u I TulAL lUsERU T wEeu wasuaiy
wutannsaaiaduiuauiifanuasn Semauafeuauifivesliunduiiuiinm
Womeianaevesisldasny Sauuduss ﬁ’mﬁﬂsﬁugﬂéjﬁﬂLﬂé@ﬂ’:ﬂjﬂilﬂ%aﬂﬁ@léj

Tud 2010 HP.S. Abdul Khalil et al. [25] Anw®1 “Optimization of bioresource
material from oil palm trunk core drying using microwave radiation; a response surface
methodology application” Anwnisiiinuszansnmainniseuliunduiniulngldady
Tulasin Tnefidoulalumseuuislagldadulilasnniiiondndsanismn i uaznsvasy
Hnguszasdifiewmunnisevliunduingu gavesnismaasdléiunisesnuuulagldis
nMsAnwRuRInevaues WeUsulunanisadn dausaulslunssuiunissude nan (2-10
min), faegnsinvin (300-1000 ¢) wazW&IU (660-3300 W) Anwinneldideuleiifvua
LLaz”Léf%fumiaaﬂLLUUI@EJ;:IL%EnﬁuwﬁmmmaﬂLL‘U‘U%WLm% nan1sAnwInUUTEANSUOINIS
suwidlaoadululasinlunisannaiuasmsidnauiuiintuiefisuiunise usewm

auLIninsUasuLUaseg e lifidedAey

JUN 2.3 Tihdudiu aliaaneuesy b.ldlnindinseu clidauaznadindaniseu d.lil
WaNNANAINITOU

U 2009 Vongpradubchai, S. [26] finwn “nszuiruniseunsislddeadoslulasiam
wuuRaLles” Yesweaaniosaululasniidnvasiiy 4 wasy fauiaduinuing 94 x47
wufians wiadlulasiangnasamudlia 245 IngBm wasvhauilgamgfigean Ao 200
ssmwaidoa Adslulasianegd 11.2 Alafad Tumnud 2.45 Inzidsm wdsauiignieutn
U fo 800 ¥ns vauzniseuaemuazdeulidnlulumeumeanud 2 wesdeund uas
annsaUsuliiumemuny ﬂ15%"31%611@@ﬂﬁuluimanﬂﬂaqﬁ’ulmmsasﬁauﬂé’waaLLmé’h
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nseauaznsgedslasuaugadumaululasim Tlumadiuazesn nsiilvavedlalasianign
AruAuAEld DHHS (@vigelu3ninsy sundfolazaywduinie) 7 stadindremaaufiuns
wazldBumsalunisnsiaaeugamgll (Muusiugh 0.5 ssmwaldea) fogslsifident 4
WA 3X3X3 WwuAwng feutuFudy 80 Wedudmnnsguwis uazgumgidududl 28
pIALgagyan1SndeuANaLAIINavatlinauaulaen1sin wazBauInsgIun1L BSI ves
London Tunaudi 15 fegregnou Whnnduasgnisiminteusasndsou wdgnandeady
g msouwdlagldauounazadululasnvisiwiiluvasiiou adululasvazyhnsiaeyeg
diawfiunudeunarliinnsgaeiesnuigialdl anudulueinimazgngaesniauszuy
suction uazl¥indes infrared Tunsnsrvasugamaiveslilunaimagfifmual indsaney
Lﬁ%ﬂLLﬁaﬁwﬂﬂawu%uﬁgmLﬁﬂ wariegne 3 Julunndeunissn waz W¥isn 15 faeen
ndsannsdialuienatafiniud uazdialy 1 Yu udsniuihlusudumouiigumad 100
parLEAlALA N TAEULIIR Wit 15 Fegheues T 2 FunUSeuiisuty

¥ 2016 Daungvilailux, P. [27] finwn “n1sdnwilulasiniuaziadosauoudidneau vh
Benavesliunduiaiu” lulssnalnedilvadslaifinnsldusslosianlsiunduiiu e
muAteil Iivhmsfinuiniseuuegliunduiii Ineldfeseviifidoulansouuislagld
Lulasnvianoiniafeu esouwiedivuin 1000 x 1000 g4 500 fadwns nanauauLaa
316 Inglfineseululasiamidunu 4 f ansnuiusedundsny 100-4000 Jod nsisden
Iunduhifuilfnngduiinugdlaiiu 3 wes feng 25 U wussufiouin 5 x 250 w1
2.5 wuans Liuduaniiauduibudu 297 % winsgiuus shnnseuuialiundushiils
waeeuduaunavasliiundutindussning 8 1 12% wmsgiuudts nsdnwnduitnng
nAand 3 15e n1seusleaaululATINAUSUSERUNS U 1200, 1,600 way 2000 Yad
o1madeutiguvndl 65 uay 95 ssrwaLTYa warsTUUNALNALYBsTEFUNdslaTATI
Asl 1600 Yadt Saufuornadeuigumndl 65 uay 95 ssmiwaiea nan1souuvislslagial
1600 Yodsrmivaufouiiguvad 65 ssrwaioa Taaieuuis 1,200 uiil Tnsilguunli
Faavan 59.35 ssmwaidea faflautfivenavasnistusnuuudiudou Aeufuniuuss
WRou wswin(lundaunni(MOR) war luaaagangu(MOE)) fiAwiriu 17.01, 0.5437, 34.18
uay 3037.56 wnzUama suddy andeuluniseuurisdanan Tiudnduiiunson
dAnnslnuasvndtiosas aaandRldannsodunlddmivanudanieluvdoussinnes
wosiiaes

U 2015 Srivaro, S. wazame [28] Anvinmslawevasninuduasanundawssvosnuld
Unduhifuiiulszny Medeutuuiilisasrmnsngliangudnanimssn madimess
Tudsmumuutiuias iemnsnisnsesmslsluunulivrduiity amumunlignenamns
Lazdin199539aRUTEYEANENY INsUsEITiuNan1TnaesvesautRmanausdIuealdl
Unduiif waranudvesnisda uazaraudansvesnuiuuUsEny nguiaudanguuuy
Wumsagnihunldlunisaaanyszansamnnsldase wadwsilauanaliiuimguiaiu
Bomguuuuidunssenislingundunuvesdwegdavazanuudusivainisanlulitdy
thifu iy flefFuresarumuuiuiiianfnuid fanufissefuanud weremuuduse
vosmsdaluaunuudseny dlunulividuifufianumuiuuasannuudaussaety
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arudgmennianiififsesuanuazus adoundn SuunliufiasiAet uilunuvesliindy
thifuiifiaumuuiust wiuliSafifenumunduimsuaysszdu shldfamamaneans s
vosunuliiduiiu 1iudviwannaud wezanuudausadifisadndesvesuiuuszny
anviel muudusuezaudsmeveaunuliunduiduuiulseau dnnsuszndléi
aunsdmiunsldanlfasevessdnineii

U 2016 Kerdtongmee, P. WagAtdy [3] mimmawmﬁ@@%’mﬁmmmLLcJuéﬁéfuméaJ
ihifulaeldvaon Sufiunudadanislalasinu Taseudded IEvhmsAnwmduussansnng
pandudssrasdfulnduindugndisiade vaeadufiunud dreg1aUndugninmnain
dhunanswestdutingiy nedadduiiemnsiarunuuasdeanfugeviodides n1sgady
Foaldsunmsussidudmiuuuinduiiuiiininanzvarsruauaranuinsudieaty
wrizuazimzses Mlsuneifignsulussosmaiiuandnediu vinisianisgandudssnie
Tutemnnudl 300-2000 184504 uansliiiiuindduussansnisgandudsswosnsfnunaves
wrinlslgslan ~ 0.15 usvunuiiddosunnléei~ 0.10 fegrdisinnudnunnsistuvesan
Fuuszaninsgandudsafisuiuusiudauailivsgy fnsuvslesanesitvunn
Wurngudnans 5-iadims fieadn 10 uu. dAmnaniszana 25% Weieuiuaudni
5 311, dmFuunaiianznggifumsezsos farduussansnisgandu ~ 80% vosnsgn
Jurdesil 1750-2000 1F50d gaiieiunszgniangliidudeserniaiivuin 2, 4 uas 6
faduns Mntuinadudseaninisnandudswnnndt 80% lndaudisTsuundeudi
AwInlagliguiuunsnszats Helmholtz resonator

U 2017 Cristina C. Ferrandez-Garcia hagaqe [4] Anw1 “Acoustic and thermal
evaluation of palm panels as building material” lngniandRvoduaiazautfnisniy
Lou Tnevhanduuau Tnegeadulelvilauniiunnaneiu 3 929 (0.25 f9 1.00 U3, 1.00 &
2,00 3. uag 2.00 89 4.00u.) MnFuHANg e fnarledisiy 8% tagldurudnioudi
oaumgdl 120 ssmwaldea Wunan 6wl fienudy 1.6 MPa vuefuansisiy 3 939 Tag
fenedunsiinnudouresindu 0.062 W/ (km) wazlitusgifuruavesayna fimnud
125 way 250 Hz unanaasagnimduusiuezagafnsedu D lnedafladuussansnng
AANGWLERLIAU 0.14

NnMsEnweiteiAdesnuinamsananusiugatudsninssseald Tnem
Hafeiidmaronmautfsunsgadudes SeineninusiFestaginisfnuiadeiiiuade
msgadudseionsEuIuNMsEULTILUUANS s uIUS BB URUAN e UM UAAUuTASLOW
TngnuiilinuidevarsBesiindnurugaduidssnnddulidu Tassadresneluvosddu
Unduiimwsouyy Hidulegs Svieddsadudnvazgngu dshesmnzaulunsndnusi
anduidesan [2] Tnefinwdnvugnisamnisusnuasnelusuliunduisuasanns
yumusAdefiindomuindsldfinsfnvinavesniseunkausuliiannununarsurdy

o

uuninasiernsgaduidanaginduuseAnsnisanasveudes



%mﬁwuéwﬁ%ﬁ%auamwﬁﬁLﬁ'm%’mﬁumiwﬁ]ﬁﬂﬁﬁﬂNasiami@@%’mﬁmmﬂ
ununasduduTiuliivssavsamgs nmelddoulalumssidunisnssuaunisouus
WU nquiveadouaznisgaduides nqufinszuiunseuuisvesauouuazaaululasion
AantRvosll Wusiu

3.1 #89(Sound)

paudsdurdunanuendaisnnnsduveunasinindodasnsindouiiveadss
nnsaretulindesiosodeinandunistielounduunsunnsnetuindeduluss
fisnan yueanywdausalddudesiifinnuiisening 20 -20,000 1B5ad AFuFETTIALARN
91 20 18509 1Fondn Bunsiledn (infrasonic) Adudesiidianaudgendn 20,000 1F5nd
Boni1 Sanaleiin (Ultrasonic) Fadesilfinuantafiddny Ao nisazdou nswnm nns
AUy uagmaunanaon vnzfirdudsudlulusngns wu emmiufesAauinnitng
89 (compression) FaagiANUMUIRLLLNWAY VL (expansion) Feasfiaununuyy
tfos Tuanaenmaduiulueganaunduuasissidounuiismanisusivesnauides

Tugdvesnnudiu vauzunAdlididss) dinashieeinielinuduinduaiy

fruusseImaUnR ennedanuvuuiy lusdudesdiianumunuiugaagen vilviinanad
Anusugsuaziaallufe adudsseriinufunuauns 3.1

Po = Py sin(@t + @ (3.1)

W Py ABANAUAINIVDIINIAUNR
Po  ABUBNWAIANANUGU (pressure amplitude)VoInauLEes
¢ AoAmAITIvIaNE FuAUNSISURANTAN AL

ARUTBININTLINLALATUVDIAUAUT AR 90 © w38 TU/2 \5ifieu tufsuey
wagansnszanvzlutnanusu dunsnszdnvziluneundganinusiu

Aaudsalupauanuiy AnusuimnefamuduitAunnimseesniAu sy
Uni flemauidsausilulusmeagilirusuueuuUaudluianavesormasinfulays
maaiaimaﬂaﬁﬁwﬁm ﬁﬂﬁﬂ,mLaﬂamaqmmﬂé{"ulﬂé"umw%fauﬁumaiauwéJQQWuiﬁﬁUImLaﬂa
Bu ammmuaqLLmﬂaUﬂuamLmuqmm adu (WAVE) iiuusingnisaimesssuavianils
GZNRLULﬂﬂsaulﬂﬁlEN?JLL‘V1§Nﬂ’1Lu&]ﬂaULLa’maBLLNﬂiuf\]’]EJﬂauE)EJﬂﬁ]’lﬂLLW@Qﬂ’]LMﬂ@@ﬂIULﬂU’Nﬂ’JN
TnaefivunnanatluSene ?memﬂmeml,ﬁmmmmmz@qLaﬂaﬂqumzmaw
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Audnuazlanzvoudss THuA mud ArmenYiendy uenUdgn uazanand des
wiazidesdimnuunnsiisiy 1desgaiuidesi, @osisiuidonun, vienumnuedssdnva
finen satituegfuunasndaidies uarsuiusousiuivesnsduaniiou

mudiEss puddudddriisanansasenuezldindesine Msldduduie
arlsuavinszmuva nvanevesnLaTAnt W WowsazkuuTeuldtuatstaiieves
AU Feaddnuazianizvesiuesiviiefe Hertz (H2) 3o souseund Jasedu
e (pitch) viaeds Feegs ot AeiivinliAssusiasiFoageiunnsnstutu Juagiv
A lunsduasifieuvesing desgainainnisauvesingiisiaiininingfidudi lnoay
v Taanunvesnisduaziiourodunil 1wy 60 seureIuTt, 2,000 soufeIui Wudu
wazuenan Smgidmudlunsduasifiousnnninesiidesiiganin

ANNENITIAAY (Wavelength) Munef szagn1aseningsonnduaaloniifniuds
AaTuseninensdadvesnduides (rd1eadfusenadulunzia) Binnuenagaenaud
1N avaid veades (seduldes) Baina

LouUaga (amplitude) muneils AugesEnInasennduLAYieInduveInduLdss 7
WEAPIDIAUTUVOILEBS (Intensity) 1TDAIIUAIVOLLES (Loudness) éauauﬂﬁgwﬁmmﬂ
anudurtenusweadesfuiiuiy

3.2 Jaanduides

[y 1Y

= v = v A4 a a YY) =
'Jﬁﬂ(ﬂ@"?jULﬁEJ\‘i aqﬂqﬁﬂ@]ﬂ%ULﬁﬂﬂlﬂLuaﬂﬂqﬂ LlJ@Laﬂ\‘illﬂ'ﬁ@]ﬂﬂigerﬂ‘UfJ(ﬂQIﬂs] BN

a v

drunilsasiinnisasviou Bndrunilaszgnaaniu wazdeinudiluluingii Tindinuanas
warazgnivdeuduguremdsuanuiou Finisidsuwlaafiietuazinnvietostuegiu
AENUR Laranvuzreingduly dwuandluguin 3.1 [29]

[

IneFanfianunsageduidesianasidutandwanidule (Fibrous) wasYanwsu (Porous)

[}
[ v

r-ﬂl = Y ! ! = A 14 Y gj A 4
LN@LﬁUQﬂi%WU?ﬁVﬂ@‘] Lammuwuwzgﬂ@@ﬂauLLazmmuwﬂﬂma@uumu%mﬂmauaEJ

¥ (%
o [

& [KY] wva [ [ [ o U ady Y& U 1 A a a
Tuagriuauautiuazauanvauzvasfaniuluddny [30] avdnldlumunalszdnsam

lunisaeduidssvesiaguiazviln Ae ArduUTEANSN1IAATULEEY (Sound Absorption

=) IS

Coefficients) AduLdanniruiiluludanuesidssnnnsenuazsiindsuanas 1eeain
wasuanisgnivdeuluidundinugldu wu ndsueudou lneadudseansnisge

FULdes (Sound Absorption Coefficients,Ql)


http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%96%E0%B8%B5%E0%B9%88
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A2%E0%B8%B2%E0%B8%A7%E0%B8%8A%E0%B9%88%E0%B8%A7%E0%B8%87%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B8%9B%E0%B8%A5%E0%B8%B4%E0%B8%88%E0%B8%B9%E0%B8%94
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B9%80%E0%B8%A3%E0%B9%87%E0%B8%A7
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%AB%E0%B8%A5%E0%B9%88%E0%B8%87%E0%B8%81%E0%B8%B3%E0%B9%80%E0%B8%99%E0%B8%B4%E0%B8%94%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B4%E0%B8%99%E0%B8%B2%E0%B8%97%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%96%E0%B8%B5%E0%B9%88
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A2%E0%B8%B2%E0%B8%A7%E0%B8%8A%E0%B9%88%E0%B8%A7%E0%B8%87%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%A2%E0%B8%AD%E0%B8%94%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%B0%E0%B9%80%E0%B8%A5
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A2%E0%B8%B2%E0%B8%A7%E0%B8%8A%E0%B9%88%E0%B8%A7%E0%B8%87%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B8%9B%E0%B8%A5%E0%B8%B4%E0%B8%88%E0%B8%B9%E0%B8%94
http://th.wikipedia.org/w/index.php?title=%E0%B8%A2%E0%B8%AD%E0%B8%94%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%97%E0%B9%89%E0%B8%AD%E0%B8%87%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B9%80%E0%B8%82%E0%B9%89%E0%B8%A1%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%94%E0%B8%B1%E0%B8%87%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B8%9B%E0%B8%A5%E0%B8%B4%E0%B8%88%E0%B8%B9%E0%B8%94
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w Partition
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P ) ‘ Afudeei1u
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y aadign
ARUANNIENU %ﬂnau

5UN 3.1 Usingnisalazviou gandu wardw1udearasing

Tnermnuanusalunisgaduides (Sound Absorption) anansafuialléian aunisil 3.2
(ASTM C423-09a)

A=0.9210 vd 3.2
C

Ao AANENNNTAUNSRATULEYS, WRT

'
a ¥ ¢

Ao Usumsvasieaniglunisnaass, m®

[y

A
\
d da snnsaansfvesdanudes (rate of decay), dB/sec

2 & o ° 1 N
C AB AIULIAYS, M/s a’]ll'ﬁﬂﬂ']u’)ml@'ﬂ']ﬂ d@unN1INn 3.3

€ =20.047v273.15 +t 33

Wie t Aa gaumgd, °C

Y

anunsamAduUsavanisanasueades (Noise Reduction Coefficient, NRC) 18w
Avesiiularivenisdaauamisalunsgaduidesuesing Jsirenadeves SAC
tfutes 1ilagnnsth Andudszansnisgaduidevesian finwd 250 500 1000 wag 2000
F50d wvihnsiade faaunisi 3.4

[(cra50 + @500 + 000 + X2,000)]
4

NRC = 3.4
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Weo  NRC= adudszansnisanasuedidsd (Noise Reduction Coefficient, NRC)

v

a, = AduUsEANSNIRAdUIdEIYelEn, x Mueda ALAT 250 500 1000
WAz 2000 L3599

AnduUsranEnanaseadss NRC Luwesduaviivanefnrmausaluns
grduidesvesing dddunnnit 0.4 laeTangaduidediesduszneuiitinaieanuanansaly
n13eduldeuasTan Lawn AINNUET ATUNUILUY AINNTE AINAIUNIUNIT NG AN
Fuuszansaaudangu (Coefficient of elasticity) kagA1AMAIUNIULEDY (Acoustic
impedance) (Acoustic impedance) [31] ImammsmﬁLLuﬂﬂﬁzmwuaﬁa@mm%’mﬁmaaﬂlﬁ
\Ju 3 Uszamaunalnnisgaduides leun

1. Tanpaduidesuszinniusiusy (Membrane Absorber) laud wiulangus 108
wanadn nszany Buduvedn iy Inetanmandazifanisduifeamnuiiieatuanud
voadnsfinnnsgnuuaziiiosantaquariliaunsoaveuldosanysal faduiading
gy dendsnuuisduluidosnnsaemmdsnuanedudesluidundsnuaadouliun
fantuq Fe¥aquiadesiiuseaninmlunisgaduidesldffinuio fauandugui 3.2
ilosaniianudimdsudssesvilfiususuedeuiildfninfinnnuigs luvueiinau
mmE‘igaﬂngnasﬁauaanmmmL‘Uiu lniinsgeyidenaenuliiuiauiusulagunue
ognslsAny ynnih Sanfidusmiusuanldsiudutagwgu Aegildannsogandunaudod
fvrsmudniielddunty uam]WﬂummmmmmiumimmuLaaamamﬁuaqLummum
muaammmmmmiumimsmwawumﬂﬂaumsﬂﬂLUu‘waamummsawamamaﬂma
e f1auauisalunisdismndsauaiiuiouvestaniiangaduagsii len
Awannsalunsgeduidssgegnvoauiusuiiiianas wizasouaguInLRlaniaman
By

2. Yagoaduidssysziamilulnse/ge (Resonator or Cavity Absorber) 5o
Helmholtz Resonators LWuanaaduidssifidnuaeidutes/ nssivuiaunnssfulunis
vielassainsvosing lnodlnssemafidusingudnarsumdninndlodieuiiuauenives
aAuAssfinnnsznuuutenda isTeunes (Resonaton) fagusuliinnusumefuanudidy
yhlvinsdusvesUsmmsoinidlulnsseniadudangmunisindeuiidioonveseinie
rugdavedinssornia lasfanUssianiazdussansnnlunsgaduidesiidanuisn i
1,000 18399 Tngazanansagaduidesldgegalurisanud 100-300 B3ad wagdszavsnmay
amauﬁammﬁ'qﬁu [32] é’ﬂLLamﬂu'gUﬁ 3.2

v

3. Tanaaduidgsdszianidule (Fiber) n3edan®iigwiu (Porous or Dissipative
Absorber) FsTanuiaiiansamlandie simgnuaslegunlulssmelng 917w Jagwmde
lim1an15inens faeg1auu NuNens1e W1t dutalne [33] lneTanumantiagiiteding

nelu Favunadurugugnaatesndt 1 Tadwuns F9nIvuInALe1IVBIRRULEEN
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(%
(YY)

forifutanuindiadudnarsivldifanisgadendsnuldifusged lnsnalnns
WasuuUamdsuluTagngu e Waldewnnsznuuutanmand luianavaseinmazian
nsdusnneluresinwesiagmiu nefinnuivesnisdurinduaiuivendesfinnnsgny
nsduiedluanavesoniatiagyi WhAnnsanydondsmuiiosinnisdenmuuazai

y11a (Frictional and Viscous Loss) éﬁ’ﬂgﬂﬁ 3.2

9

JUN 3.2 nspeduidssesianninalnlunisaeduideuuusiingg [31]

3.3 VIQUANIZUIUNITIULIS

nseuLtis Ao nszuaumslanuiunieanautuvestag Tneldanufeuriemly
Haruturestandieslaituis Wy nnsth naswn nsussEuTertanuuuunanauiy
dielamuiusenlnensszveninoanainian

1. Myouwisliivuuausou

Annszurumstemeanufeunnenidludinutiuvesian tnevtiluniseuuiedild
omadusinanslunmsiemanuieufunuumaiuieu dalassairsnieluvesianms
mimwmdaﬂmﬂﬁé’ﬂwmzL"f]mWiu yliinszuaunmsouuiaiaiu 2 nszuiunisie 919
§n3IN150URTIAST (Constant rate drying perlod) LAZYIONTINITOULAIANAS (Fallmg
Rate Drying Period) lutasusniifagdianutuganiseuntisas LUuLLuuamwmiaULmamw
Tuthal] Bvesanazdtunzegifusuiunn nstemerudoulazinaisiintuansi
ﬁ's’s’aﬁgtﬁfhﬁy’u 9n31N138 Uz gNATUANIABATNSIBINTA qmwgﬁuazmm%ué’uﬁwémm
019l fanrveseNIERITiaslsaTmIsuuisdiaasiisae aunseituileTanflenuiy
anasnIauIuingaredlutisdasniseuuitanas thazedeufiananelutaneanin
fimesTanludnuazveanaviolediuazihfiin mndulsuveesnludsernia Snsins
'emLLﬁa%QﬂmmuImaé’mﬂmsmﬁ'auﬁmmﬁwmalui’a@mé’qﬁﬁwaﬂL'%‘smﬁmwﬁu el
ArTuANAA [34] Fetnssvearlunseuuraazuandusuil 3.3 drsguingiumneds 923 ()

[
¥

Jutgaunglivedingivazase ) LnTuanaumgin gy (aungiivies) aubsaumngl

augaiduegiudeulvniseu 5un1 Brsguingiu Tunsdinimgulisunmdeusnenism

a

Auseulasauiou aaumgliaunatl avdaniiiuamumvgiinsvilizuiavesauiouiy Y4ieeu
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JeneRntn F03dgean 1INldun Freeumednsnsianat TuredinIsssinezAny’)
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JUN 3.3 41909N150UMNN

gounod (Heater) ilugunsallimwdouuntusu tneldudnnisirensualilng
MuaIniadn (Fraudiuniu R) fedenaliaindiiniinnudouiniu Tnounasdngl
anunsaldlanuusadu 220VAC way 380VAC vinlvigldanunsaldaugnines (Heater) lodng
wazazan TngduUsenauvesdnned (Heater) fdell 1. andnmed (Heater) Sa30n97 aan
Nikrothal 80 %38 R80 Ineidrunauvesdiiia 80 wWosidus waslasidlon 20 1Wesidud @
aunsanugmiiasantais 1400 asrwaidea lnednnaudfimiled wasnuaiuseulag
fla 1400 psmwalda 2. auruuinilouenlasd (Mg0) AaiautRAsiAmm syl ud
thawfeuldfunn Seimthiidunansserinsandiiidnmes (Heater) fuvasnlans Lile
Jostulalvidnszuasa (Leak Current) :nandainesoanludaialany qaddgydeviudl
mm%ﬂu@mmﬁmmLf‘iawwmazﬁﬂﬁﬁmmmﬁﬂﬂﬁwgﬁu 3. wanuiad (Stainless)
thanldlunisudndames (Heater) Togvanewia FausasinasdnuauiRuandreiuly feil
- Stainless 304: 1luauiidiosnistuguifiensanudsliarssy anunsndesfuaduldify
D819
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- Stainless 316: gnesnwuulilesiuatuladuegnad anunsaldlunuenamnssunin uas
amuﬁiﬂé’mLaﬁﬁmmﬁluﬂsm-ﬁmqq

 Stainless 430: WWunanuiaadildlasidoududrutsznou 100 Wesidud wardlonaia
allutlasninues 300

AUNTTATUIVUIAVDIVARINANNTOU (Heater)
Q= m‘CpAT (3.5)

AUNITANUIUMTATING IaLTeua (m)

m = VA (3.6)

- Tt

5 5 (3.7)

= gR3INISaNEwmANNSaY (In)
= msnsivaldisina (Rlansureiunil)
T = HAR99UMANYD30INA (DA TaLTYa)
= AANUUIRINYeIoINIA (AlansudeanuiAniums)

Ny >3 P

= A1ANRANTEUT U (Alagasenlansy asriaidys)

i)

a A

T = gaumniiade (esrnaalfes)
T = QUMHITUAUYDIDINA (eFLVALTEA)
Ty = gaumninguen (esrivaldea)

2. mseuunsliimelulasia

msusrdundgwlalasion fasi 3.4 eeunfazldtasannud 2.45 InziBsnd (GH:)
yi3e Aue eAu 12.24 lwuians dudlululs Bwanavesth uazthena fleglulsiasga
FunFanuveseduiiiudluussinduauioutu Tunssuiumsi Fond1 mafinaa
$ouluansladidnnin (dielectric heating) iflasnnTluanadiulnajdufuluanafifdalii
fUszquinuazlsegau dendulilasindaduauiliindiudld Imaqama'wﬁ flazgn
il
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JUN 3.4 wavanaiuvespdundmanting

pauwlmanlniludisswmnudlediansinuarlulasion fasud 3.4 asimuali
dnlanssiuldlaenisitanufeusisaduwsimanlliiluguvesladiannin (Dielectric
heating) ansnsavUszyndldlFAunngumudvesnduwsimanlnin dsegreesi gad
ATBUAGULATALUNATYBIYDIBUNTNIA (Infrared spectrum) TaBszuuauATanIdilY
mulé’aemﬂaﬂﬁafmmm?{qq (High Frequency; HF) @aflmudlugag 3MH-A3 30 MHZALE
szj'aamm?iqqmﬂ (Very High Frequency; VHF) &sflnanudlusing 30 MHz &3 300 MHzt3984
grunudfisensulunsvhanusouvedladiannine 1 81 100 MHAuvazilalasianly
gunud 300 MHfe 300 GH;

auilumsssmetineenaintag fivveuuiaiuagt uegfuamuuandsasnudy
sy wiornudumelutagflazeuuisiumeuen nanfedausuresiineluiangs
nanudumeuentan mssewmefiariuegunnda dewmillulasmdaduedundvin
i fifanufreutnegs wvzqremadiiluideYanferouuisludulianavoniioneguuss
shenudviiuanudlulason Weamsnduslunmuawiveseaulilasiiild 2450
wnzidsndluanagnduslursedulilasiontasuinidiun 2450 Sundsteiuiuasde
Psavvesadululasinidnn Tuanavendusdnadadiusiuau 2450 Suediioiund Feae
dwaliAninnsduasiitousdenaiivesluanavesiililésuanuseuiesnin ms
Fondvashnanavesi dwaliidonmaiuasanudugedu wandedamudugsniinisuan
HumgliAnmsssmevesiegnasng

USUaumNUSa U8l usaniangusuIng
Q=wge!E? =27 f - &, - & (tan 5)E? (3.8)

Q = Usmnaemudeunsluseniamiey3ung
E = awlnihdazilasundasmusumus

f = aanudvesadululasion

o= mmL%’JL%wmsuamﬁ'uluImnW
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&/ = relative dielectric constant 33uenfequandivesinglaqfiesuleia
Awanssalunsgatudsinu uazagieundssuandniiiuaunsliiiwesedulylasi
feilgauansinfundenildunn uwidiandouwvamugungiiuageutuesld

&, = the loss factor Lﬁuﬂ"]ﬁmemma']maaﬁuaqi’mqﬁ%ﬂﬁzmﬂwﬁqmu Tty
Hundanuanudou dranigauansiasfnarudouas i1 “loss” viegyAennefinis
Wasuuwamdnulsiidundanuaiuieu

&, = Dielectric Constant ¥838101A = 1

tan o = Dielectric Loss Tangent Coefficient Favondemmannsalunisuusiasy
nianuitaggaduiundsauaiuiou

dnwaizveseaululasimiieg 3 dnvai fio

- mMsaiiouvesnay (Reflection) Adulalasiiiledslulnulansazazviousonadulsl
anunsangaiulanglula

- MangqriuYesndu (Penetration) adululasiawazamnsanganiuianuisuiiai
Adenszandesntivfisenlinassssuande sl Tanfisinfuunsnarsvesnisngg
siuvesndu Aoufialy wimumiudou wiesnssdoundeu ideadae suiadounseay
waznanain WWudu dafudetfanmaiuhdutagussgens drfanesaylifouasion
ANz WS

- MIgAndureInaY (Absorption) AaululasiirlanuisagandulilngeimsudoTani
dunauvesihogiinliiidsuvesniuanadly Jesidsfigngandulfazivdsuanininli

e b

(% '
[ 4 = o al

TngSoutu Tngiiganaumdu wenatnaziluemsuazindasenaumeniniasesufumnd
Ladlaafaunianun Wasannumgitinasestuiumnilaldindeuasdgnguuinuievilviiand
ANUTUNTaNadndenis Aellazesiunsnidlueglugnumaituioununlglumn
LulpsandiazossunveSaudialnianTauluse
lulastvhiduauiuvondnuliii uasndsuuiwinegaiaiu 9dmduniu
' [ A a < = Ty = ra (Y 2/ ! d' = d'
wilwidnlnindiannusuas dnsudsdmilousasudiindsnutiasnit indountuguiuuniy
aedululasiandsagveuluungndmieganfulalasdudvaisilulasianinujisenie
wannsviulagendeln inszundulianaviadviviniivanssmunila luanaveauiluld
v a U ' 1 & ) dll a « [ Y a 2 H
sgdnseaiegaliilussdou Welawesesilninrdululasnluwieu luanaveunoe
= 4' o a o & o 1% I a =
annduaaululasi auuvesrdululasiavasifanisduludviudugasaly 1 3u19
vauziefulaanaveshduluniouiuilasudwisvedluanaludy iliianisdnisesdn
v = = It I3 =~ = = s @
voaluanaliilussdounintu msnluananisludussidouuniu nsiluanavesudu
1 dy o Yo b4 a é’
ag19un il hlvlianuSowinvu [35]
IS < Y o A d‘ a = a ¥ [ s =
wunfinseuduminuineaululasineiiavdsedldegluwlulasianuazisnns nsi
Andsenlulasinyndodonlduundasewduwasiliardululasviiesnnguaudava
vaneUsens Aeflvuadnudliszdvsnmgs Sadesnnlunisiauieudidenisd T
Tagtuenlulasimyngviediuuninsauazaiaanud 2450 + 50 wnzdsvndiilsluaniinig
Aanszuaguisefnssuamun Muundnsoudinsainauineudnngd wmuldinnisin
PAURANANIATBENN LWBLTgUAUAIUANNINENTNASNTUDIIHANAINLNES £ 50 NsFIng
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Wiy Fannsiianainvesmudiiiinatosunmanisueemis Jefveswuniinsou Aoasng
118 10190 Suilesangunsalngluesunn
n3UN 3.5 meluveswuninsou Wunisiuwansliiuneluresuniinsouwues
2M157 Fauuniinseudnuanevianeiues Tutlagiuiiilassadamieutuniondeiuiuesi
=~ = 1% v % Y = o Y a g
aelurasuninseuilassasiandrevasalalon Usyneulumeldvasndeviminmndu
wAlNAGIY WoNIINUGILalUALALEILLNINITEABATUNSENTT @goINTA

3.4 AuauUAvasldl

ideuds fio Wfidmmumunudunazdminann ANUNENTNIIEE HaudRvnanad
wazfienumuniugs edulngjazgnldifududfguosnulasiaig

ideseou fie WfTaumudusazdimiiniuanda aadisdimzdosni
AuanTAInaninit uag laifianuvunmu snduldfuniseivihen dafudsgnidenildny
Tuduiiliddey vedlasasne vielassadaiildnudagm

UM 3.5 aeluvesiuniinseu

AnaNTAN1HANG (Physical Properties) wosliifuquandiveailuifgafunsadian
nsgyi utieafununmuionmudnuvazvesield auantineiidndveald launaudou
$unny, Msianudeu, duUszandnisvened, avunuiwiy wazaudiunubid
uduy ANNNIONAADUAINUINIZIU ASTM D2395-14 (Standard Test Methods for Density
and Specific Gravity (Relative Density) of Wood and Wood-Based Materials) 751015
maauma’wﬁmamquﬁqmsﬁmummmumLLﬂuLLazmmﬁwﬁwmw (AR UUENANS)
voslsiag Yagivhannldl
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fhm'm%uﬁuaﬁam anunsamldsied %wm%’adaﬂmﬂﬁ%mm%uu7mmuuﬁﬁama
suaqﬂmmﬂu'gammamasmamaqLuai’ammq Tunse mumﬁauLmamamamammvLﬂaaumaa
AaBALIAN muum%mamanamLmqmummsmu‘lumsmmmmmmwmummmmma ALY
TugesgrudenazdialdifiuiosUasidud Toaldfiushlunienisinensuazaensauinnuty

wuunIasgIuwiieavsiiaivsesesidudladenldlun1simszinszuruniseuninlunig
i

M (%db) = Y4 100
Wy (3.9)
MR = M (3.10)
M ini
e M (%db)=ﬁamm%ummg’mLLﬁW@q%u@h@&iN (kd water / kg DM %)

W =piptwmitinian (nS)

W, =fedminiagvasaunns (nSu)

MR =dns1diumnuiu

M, =RoAuTwsuAY (kd water / kg DM %)
ARV TAAVAIB UL d1150maRail

0

Py = (3.11)

VO
W py =Aenuvnduaguaseuwia@dlanSusegnuiaiiums)
M, =ReumtinTannaseunia (Alansy)

V, =feusunsiannaiouwia (@nuiAfumg)

ANUSUIRTNITUA @150 beRaT

v, -V,
5,(%) =%~ >100 (3.12)

e S, =tUesifufAusunsNISUAsa (%)
V, =Usnmsvesiagiousuniis (n3u)

V, =USunsvesTannasauui (n$u)

AavandAniena (Mechanical Properties) 109ls 1upmantfieafulfisend
Anduvesian Wellussnaeusnunnseyinetas auautAnianalawneundause, Ay
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W, Aauansatunisind, audangu, anumies Wusu eglduimsgiu ASTM D143-
14 (Standard Test Methods for Small Clear Specimens of Timber )iuunliin1sagau
autRvadleiedl
ﬂ'nml,%mns'wiamsﬁa (Tensile strength)

mmjumaaumumm%m ASTM D143-09 mfdmwu‘v]maaumaaaﬁmwawumaau
wéasoananiu FBn1smadeuiu 1s1agiiiegitsnadeunfvegnedi q wdudin
voseuduLasAueEaTiiatuly whuwaemduidulds udnimmaranuudaunss
AMULTINIIRBNTTON (Compressive strength)

usafnszvhegludnunznisnadn (Compressive) waziuausadaaniuiuiivde

vosan vilianeenussiumuiiieliliiAnnisunniin vaznaaeuinaziin nslaasels
a38n71 Buckling wiatiamssiniiiosann finnudiude (Bending stress) ilasantunessy
fanugaiuly Weiflsuiuituiivings amnuduiussenindugaasiiufivindnuesiy
NAFOU AzABINSMTIEIUANINATULATIINaLRULTamaaey TuneUfURTdeuEenld
Funaaouiiiuunaaugs (h) Uszan dessimesduriuguinans (d)
ANULTNSIRBNNSIEEY (Shear strength)

ussisnszsiegludnuaiznisidou (Shear) wuussazauutuiiuiinthinvestan
yhlsiianeenusswinuiiiolsflignideusinesnandy
ANULTINSIREN15IA%9D (Flexural strength)

Alupdadaneu (Modulus of Elasticity, MOE)

Alugaaunni1 (Modulus of Rupture, MOR)

FATUNAADUAILNIATEIU ASTM D143-09 2193 unndsuasuuLiusesfuded
sz 25 Tadiuns Wusanaasuugeianatsvestunadey
AUKTINTIVBIRT (Hardness)

ALEINTaAIUNIUseNI1gnYntn vsenaliiluses tneuasnsinaziieuiumes
Fadutanfiudsiian nsmeasuisivhlaenisnagnuenminndivuiaiduriigudnais 10
fadiuns asuuirTaniivihnmeaeulildfnansgnueandneuAusigegn

M13197 3.4 AuaudRnInIsn kA ANELURN1Naveiann1an1sinyns [36]

o ~ | Density, | Tensile Stregth, Young ) Diameter,

@ ulysssuang ; Strain, %

g/cm MPa modulus, GPa um
Toldlls 0.6-0.8 200.5 10.2
Tougni 1.25 138.7 6 10.5 396.98
wdulednyass 1.48 550-900 73 1.6
wuleUaum 1.4 215.4 13-17 1.18-1.31
wduleve 1.18 393-773 26.5 1.8 200
N3¥LIN
wuledun 1.29 190.29 3.69 19.6 99-311
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neAnsINveanneliusInIna
N stress-strain asnTauUlETu 2 e fil
1. mn‘d?augﬂu‘uu Elastic Deformation u“ﬁJusumumuUﬁ'smgﬂquﬁwsju ﬁai’amﬁa
fusannsgsi Jagiinsidsundasazdeviova Tneidelousieon Yanayanuna
nauAusUlegluan mmule
2. msLﬂﬁlaugULLw Plastic Deformation L‘ﬂu%’mmimgﬁmgﬂLL‘U‘UO’]’J? ﬁafﬂmﬁaﬁ
wsnnsih SanfinmadeunassBarionn lneideiousieeniinnudsuidasia
ke 3UTIelUeg 105 auldonnvsndududanimay o 1a

Faovaneviawy 1 waradn ozglillon vewns wliuanignnsinedadnian u
& Aad o ° = = ° a v %
NI NgmlalagAmuaAUAIEAT 0.10 - 0.20% YBIANYIAMUALAL UAIAINEY
uuAuNT NI n luaudndun M AlAslUNaiIueIn AagU 3.6 AAuAuNYadniae
WnldunuAnueunnsInta anuduigetdurasasendt AnuAuigal (Proof Stress)
WIeAULAU 0.1 1138 0.2% offset

o A

]
i
o1
=N
@i
T
o
=y
i
H
'
i
i

1 H
Uniform : Non-uniform |
plastic ! plastic

i

>

0,2% i " Strain ¢

>l 001%

UM 3.6 1dUlAIANAL-ANASEALUUTIITIAATIN

3.5 ﬂﬁaﬂqaﬂiiﬂﬁﬁLﬁﬂmammudaaﬂﬂﬂ (Scanning Electron Microscope :

SEM)

SEM LweTesilefifiuslewiluns@nunlassadrsunadnszfugania wagiiu
gUnsaifildfuegauninatetialun1side uaznisnanningnaivnssy SEM ilundes
f\ga‘miﬂﬁ@Lé‘ﬂmauﬁﬁﬁﬁé’wmaqﬁ5&53&1@ 1,000,000 %1 ¥ilsanunsa@nwIlasIds9vuIn
dnsaulalasieunluld SEM fsanansaidensioriugunsaliiasgsisiniandsanu (Energy
Dispersive X-Ray Spectrometer ; EDS) Fagnelunsfine ¥ile USunas waen1snseaneves
asfUseneus et TaniidnuliBnia SEM deanunsaifouredugunsaivierinduqiield
AnwdinsevinnuingussasdfivneiusenluinudensefugunsaiinszsinsiSesihveawan
Tneldduarannmsideruuredidnasounszidandu (Electron Backscatter Diffraction;
EBSD) uanaintl SEM Ssamnsnussandlaeidewdetugngunsninmueuduasdidnaseuile
T Fouainarsvunadnasuuduany (Electron Beam Lithography) azudiulésn SEM 1y
in3esflefiimudndudonisdneiide dofdeeisiigs wazaansausegnaldauls
anManekarATEUARUNISANYITelusSEAUIanIA [37]
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1 ag
2UNIAULAZITNITNAADY

a a ¢ & ° ¢ aal P Y = o a v

Inerinusunilaziiauegunsaliiazisnimaass el lafstadendanalmduy
Tanaeduidesanununansd@ruiduliun lngrinismeaeiniseusituuuatsauLa iy
Tulasian lngagldnseslonlidvisnaziasosouldurdumenaululasiiniazansouvina
anenuaded iewseuwiulduduindudmnsunisveaes Iagldmuurduinduanaiugn

| Aa N oA Yo | o a A & a 1Y)
wesileny 26 U iielvlianvaeniameniniazanuvuikiuvesddssniduilemeny
afulduazgnamduvieulindaiuen 2 wes lnedvuadurigudnalsvuin 500-650
fa5uns 9INAINE1FAVREIAY LABTIAINTWSUAY 287% + 0.5% wits (db) Noudae
a < | o s aa ] a 1% 44'

wWasuduldunszau Tngdavisulauiiiniueiviouas 70 Wwuums 19LAT03UNLUY
13013 Wevin1sUeniuden euTnaaIuuanLazusudIunaI9vesiaulIaulnty

Y] a A v a [y 3 a a Y o
unseRandeusitioliuinaniuly Jvuaduiaudnais 250 Taduns wudrtuuusgy
[ 1 = a a o 1 14 % A a )
Wuwiunaudaaiunui 20 Zadiuns diwiunauunauiifoamll 85 seAiwaldusa
(NszUIUNISANMmIgTaud T varatsuinanglaan Winandnau g Alegludsu way
Jasfunisiasqivlaveadesilaglidesldasiadl) vdsantuiliiniudssy llvunning
200 fiadiuns 813 200 Jadwns wazwul 20 Jadwns netuniuviivesuy Noaumagll 28
D9ALTALTYE WardAuTL 350% + 2.7% (db) laedin1nunuluuessiegaukuliua
agflutae 900-1,100 Alansu / was® emPadendmaliluianaeduides neldeenuuy
aa o 1 4 3 ’c’ t% 1% a 14 14 = a
Bnsneaes Wnkulivrduidulyeumeinisseumeansounazaaululasianeiinaeniu
a1ldee Inglsnagyiinimaasseuanfeuwiuldu1dui gumgil 50 60 80 uag 100 94
waded Fududrsgamglinunanunsassmeeanuilan dildauseuiigamgligeasyiiliueu
THAan150nse wazeuwisaigaaululasian 200 400 1200 wagd000 Taa LHosainld
lulastaruuuaiuseusnuseneuiu 4 ww3es Jakiiludoulalunmaass aldseaundsu
paululasiavliy 4000 nd azviibinielulleldiinnisiuiila lnenng Qeuluvnisneasinis

v ' Yo 2 oAl v ' o ¢ ) ° 1

UKL aglgiuau 32 Ju seeuluniseuwis wiuldauazgnininalilusiumis
AUNINTVOIN0I0U LAsUAULINNIUNITOULAILAIAEABITANTY 10% + 2% db wHuld
Unduduisuniseuudssinly manaudainianienin nageuauaudRidang iefnw
AMuULTssvesuauldNmIun1seU waraginnsdesndes Scanning Electron Microscope
efAnwianwazvewHulimiuNTey wazihumegeumAduUsEAnsnsanduides uay
WAFEUUTEANTNTANABLEEY lagvinn1siuSeuiieukarasunanIsnAaeInunsEuIuNg

puleiaulanee)
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4.1 Jaauazaunsallunimaaag

1. iRoudeslifivio STIHL Ju MS 381 5.3 usash uanslugy 4.1

Ul 4.1 1nFeadesliiSTIHL MS 381

2. lduiudmuesiiieny 26 Yuaslinnuen 70 wudiwes wanslugy 4.2

JUT 4.2 Liduiuginiuest 91y 26 U

3. 1AspeUsuAIElsau HAITEC H-3400 3 1d 9u1n 5 wsasi $1u7U 2 1eses

JUN 4.3 1A3esUsuanusaseu
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'
[

4. \wiestsAIneanatioy 3 duvis vuin 10 Alansu wanslugy 4.4

UM 4.4 1p3eadenidnea

5. 1A3093AA21315999U DIGCON DT-235T 61un1339 0.5 — 19,999 SoUROUT

wanslugy 4.5

Ul 4.5 1A3esInA15158U DIGCON DT-235T

6. LATDIATIZINAINNTU SARTORIUS-MA37 1 JULASOIIATISHAMUTUSUAY LAz

Fuauaaiuvtnlaiiy 15 n3u wansugy 4.6

Ul 4.6 dosTiaTziimnnu SARTORIUS-MA37

7. wRewhlifunsdmiuduudinigu

wisadenlifunsdmiufuunduiniy Ideenuuuiniesenuuulsni Tngasild
Unduthifufifiauenaviouas 70 lwuRiuns Jendeanuiiiseuyaiia 0.26 wnsdound
ansavauldredos indesenlivisdmuindnituiidmusznevie Taswads aa

o A § v e = I o w 1d v
ANYNIUAAYY UBLABDIVU annas Tudln YRAIUAU aﬂgaqmm wunu LLﬂﬂﬂi‘ug‘U a.7
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[ 191995 5 k59N
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[ UDLMBS 10 W39 ] EGIREH gnnas
AENIUE WAL

Tudlm
YARIUAN

Wes 3 9 ansaaniag . Y yaSutimen
g 18imas 1 usash ;

JUN 4.7 Budunsesenliividmiuduuiduniiiv

MM390NWUULATaUaNlTuNed S UALU AT
1. gnnas fiAues 90 wuFwes vugnnasvziiangiioUserodlilaliliay
wawadly gnndsiudieazmyuniuduwindeiieuldivyuiu uazgnnasinunvzmyuy

muduuinienaldidmilue fgun 4.8

UM 4.8 gnnasdmiunyudszassliivrqungiy

[

2. angarinds daridslaewasuainnsmyulunisden fnsinisveves

a o w

Wo9a9u1nLilo991nde 9k uns v n luN15L AR UNIIUIULIN TALANTEINIAI9LINNUNT

Y Y

IS ¥ |

Wougadainmould Asgun 4.9

q
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JUN 4.9 angadsmasdeuldinduningu

3. Tufladmiuvenldundu fauend 107 wuRwns T9Tanuinndnd
< ~ A vy & vy o v a ° v
ANNLTILTY wae yUlasdleuielvdanuusadoulan Ingavdarliiides 2 aem vilndne

fon1sUan G‘fﬂgﬂﬁ 4.10

Ui 4.10 Tufiadw$udenlsiungy

4. wiudulle sanuuulviianinseguuwiuniivesiinavegluLuiseuiy

wazazidaluduiuniaaduselusiu Asgun 4.11

UM 4.11 wiududla

5. UBMBSIAYSUUIA 10 K931 1,440 SBUABUIT 9R51NA 1 : 9.64 NTIF

dwiuangdarings fagui 4.12
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JUT 4.12 weawesifgsvunn 10 uswh

6. UDMBSLNYSIUIA 5 k590N 1,440 SBUADUN DA MA 1:9.64 31U 2

mdmIuduya Rolling Aegud 4.13

JUT 4.13 wawesifesuun 5 usah

& s 2/ ! o U o a v
7. UBLRINYIVUIN 1 W91 1,440 9UFABUIN d1UTUAIEWIUALEEN GNE“LJ

fia1a

JUN 4.14 weawesifesuun 1 usah

8. Taiues 60 $1uu 3 U faguil 4.15
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sUl 4.15 Tgiwes 60

9. \igs 3 M dnsma 1 : 1 iieldeuyniln dagunl 4.16

Ul 4.16 1Avs 3 ma

10. grruauATaeinbiune sanuuuliduniuauaunsaIuALiIeeIn

AATedld fdagun 4.17

JUN 4.17 gauruasewiliun

11, fsulddnuau 4 i azeeesuliildlvinduainieaseslen fagui 4.18
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sU 4.18 dn3ulsl

12. 0 Brass Boost Housing 91u3u 2 9a dmsudagalulin waza1ud

mei AagUN 4.19

gﬂﬁ 4.19 %n Brass Boost Housing

13. anuSudmnyaluliauazyngnnasuseadld Asgua 4.20

5UM 4.20 musuiwiin

14. aenwudwmsuandeslduie Jvwn 80x130 wuhwns Tanuasaeniy

st PVC asiimnumilenaviilivenldegewoiies fegun 4.21
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JUN 4.21 angnnuandesliunila PVC

8. w3e9aUkHLlU AN UMaNsauLareaululAsNYaa1enIua LAY
w389 ULNU LI UL TumMerdululAs LA aLS PUTLAA BN IUALAYY DBNLUU
TanunsaauskulsUdundumeansau 50-100 asrwadiod wazaaululasyan 100-4,000

Td uag anunsavinuldetisiaiiies IngaTeseulidiuusenoundnfe laseasna, 4n

anenuandes, lulasin, auseu AgUN 4.22 TnganunsamuasiBuniaiui [27]

‘ 4 P
viothmdu [ LASDIYARNNTY ]
Tulastan
d@18N1U
annas
3

greulna [ giiundululasioni ]

JUN 4.22 Fudnueisseulivaumendululasiviazauiousiinaneniudiies

1. voseululasia 1Husesdinasy vu1m 1000x1000x500 anulAn

fadwes 197an awauaayiia 316L Aunun 1 1a5u05 lngaglanzyeddmasuvuin
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2.45 3nneidsn 91WIU 4 1A389 1ATIAY 1000 T4 MlASLINALQNARAIATLTIN 2 1ATDY uAg
AU 2 1a3es lnsvziivethrdululasinidigviotey AU 4.24

JUN 4.24 wedlulasinuazdesindululasianidigvietey

3. gavansouldainvisamuvuin 5,000 Jad fadsluviavuin 2.5 17 sio
fuiasanUnandiulaeviednlsszdenuvieMdunsaiselndvdsuyinannurualauaayila
316L U9 1 TaaLUnS Lﬁaiﬁﬂizmam’m%’amﬁwé’auﬁwmmL%ﬁ 2 1A3 sip U9 AegUN
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5UN 4.25 yaauiounseudnimes

4. agwudndes wduamenundndesnulivduihiudilulugeu Tng
o

Tanlgasilumudou (Telflon Belts) flaun 80x7.5 wng a1unsaundreuglulasivla

Wesnnnuanuioulad lneyagnnaaduaneniuianvievuin 4 47 fegun 4.26

gﬂﬁ 4.26 e UNUABUYWIN 80XT7.5 LIRS

5. ynduipdeumentu luelnes 3 wla 3 usash, 2.2 Alatad, 50 1B5W waz
flanuisa 1,420 seusowndt Tdaevinusesitundou vetnesisnsva 1:60 Wgileafies
naseu 1:1 Iagldladuiduinden dsannsamuanliaeniudideandouilumade
warvlagly Magnetic Contactor ABYANTIANIYDIAENTY

6. Fo3srurBamTulasriuiugnn s suadindalinssmesszuis
arwduiielilindululasinii uaslfiadoadnaugreutunisludiiledaelfinisssuns

ARSI AaguT 4.27
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7. gunsaldesiunisiiluavesadululasian suluesnuuulildgnszan
YA 100x35x20 tuiuns lngayldurlulugnszaniiielmigandueiululasim duu
mMadvensesaudzliunuaunuaasiin 316L awnsala/Ualallofin1sdndesuwniulyd

Undufiuiniesesau fagui 4.28

JUN 4.28 dnszanigardulilasinisilvaseniiniieseu

4.2 vdnmsiheauvesaseseuwiuliunduduausounasadululasiow
L nausilsindy $1uau 4 wiu pssmadhveseies
2.neafdndglangnnuaifesusuliviaudiniglugeu
3 sagumpfvFesssyiundanureshilasmilfevuazinafidesnseuwsiulsl fogu
#4.29

- MypumgaNeu USuseruaumiindesniseuuugaiuay lWasindaunuina

U

wWenaa
- nsaumelulasin Ysuszaundanululasniasiianifeini1saunasng

Lulaskan 9ndunady STARTWelulAsnvihnuasasvdude o
4.\ Jlpvhnseuladaud neadeadlianeniuaidesurulioanaingeu
5.auuduliiaundnvglaliniianuuegseving 8-12 %
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JUN 4.29 griuanaeniuafes uanes yahausou uarveuansAgamginiglugeu

4.3 35115NNa09
431  TumeuvesnszurumsUsnuaztiiliaTesauwsis fanandlusy 4.30-4.35

Dansudunienguinnit 26 U ldaulaungeaniiulaiiu 2 wns

U 4.30 daduthduiiieony 26 ¥

2)dnaulduduriouvunmINeiauas 70 URLLAT

5UN 4.31 dudrdundanuen 70 wuRlung

3ildaundaudiasesUanliiung lngaziignndams 2 d1eUseasdeg umde
YUIALFEUEIAUENA1N 250 Tadluns
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JUN 4.32 nsthliiidasesden

AiadulduysiunUenuad wndaduliunay %uwmﬁum@uéﬂma 250 1adLuns

nilanamun 20 faduns gy 4.34

JUN 4.33 ununauivinvieuldndungdiu ewnidusingudnate 250 ws. vun 20 L.

SNNLAUNANNUIALN 85 DIALYALTYE 1387 20 WY

a

eniurunanu w3y Iduwsudinden auna 200 x 200 wun 20 fadwns fagy
4.34

JUT 4.34 wiuliiurduidfuanileldanily uiudvden vuin 200x 2001w 20 Hadlns
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ArAuduLazgungiiadenigluield lneideuarsniududeseenuiuldassutuaen

nauIvii Lavhnisindgaumgiiuasdedmdnuaisuldndudily lneusulidn aeuny
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feglugou wieldnanndiiomasdeueuriudusenuiile inagumniardnimn ady
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yaaea Wvuulifl v sdudoaiiothlunaaeuymanaiiBnianienin auainina log
yaassnseuianizdnegfall euseanou guuall 50 ssaneadea guvnd 60 pemn
wadud aaunnil 80 asrwaliua aamall 100 ssrwadea wazaumglulasiin lulasiam
100 Tméi alasian 400 Tad lalasian 1200 nd lulasianl 4000 Fnd
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4.3.3 s mageumaauUavIanIgn

_ anedifudruturedliunduinguctudy tuesuluvedsirdudhsiurug
50x50 %1 35 Hadlung Mﬂ{ﬂ,umiﬂ/}ﬂaaﬂ‘lﬁ’]ﬂ"]?ﬂWQJ%IHL%N(;]IUIG]EJﬂﬂiﬁﬁiU@Uﬁ(ﬁ@U (Hot air
oven) ED/FD #egamgdl 10312 ssmiwaidea auninlidsuuas Tastludadion
dwinneusy audwminliuasuulas ndaanduusiuliundudifuidhuniseuudaunds
ﬁmﬁfﬂLLazﬁﬂUfﬁ’ﬂmmmﬂ'wmm%umummgmuﬁa AUU1AIFIU (DIN 52 183) [33] laedl

IAReFU 4.37 (n) udhlUAMUWIUMANLTUMLALINTT 3.5 Uag 3.6

a 4 (3 %:’ QU ] (% ! dy ! 1 !
JUN 4.37 vuavedldurauundiu dmsu n) mAaui v) mAAuruILLY A) 1A

USUIRMTNITNNG

SyAA v suHU LU euvuuvesliunduiitugnauslagld
F20619909. VUINVBITUIN 30x30x30 TaAiuns AN g (DIN 52 183) [33].9"1’&@17%
4.37 (1) Suuusiuliduargnouuisudeulvveaniseuuris uduhlumummeiay
NUIMUUAINFNNIT 3.7 A1UUIAT ASTM D2395-14 (Standard Test Methods for Density
and Specific Gravity (Relative Density) of Wood and Wood-Based Materials)

“AANUSUINSNNISTUARINTTUAFIVEI LT UNALUNTY LWSeUFIB879 U9 50 x 150 1N

]
=

50 fladkuns AuEnsg U (DIN 52 183) [33].893U7 4.37 (A) lagvinisind3unnsvesnisme
fvosshegerousuLaztuiogdliududiaioseuuiinudeulvreinisaunis feq
wnsgunuturewsulirduthiuiidnegludag 10 + 2 % wmsgiuus uasiin1sin
UTUR5UDIN1TAARIVDIFI0E19UAI0U LA IUAIUIUNIATUTUININITRARY AUELNTS
3.8 MUNUINT ASTM D2395-14 (Standard Test Methods for Density and Specific Gravity

(Relative Density) of Wood and Wood-Based Materials)

4.3.4 FFn1sihnsvedeumAEURnIeng

n1smIAtaNUAN1INaveswkuliU1IdNUTY A1uuInsgIu ASTM D143-14 %S
VABRINNNRUIUVDINITB UL A9 Inenaaeunuantaniena Reulunmeasdas 20 Fu
fogne lagldiaIesnisineunusyasa (TA Plus texture analyzers, Lloyd Instruments,
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West Sussex, England) wiaufulnangadvuin 1 Aladifiu Aegui 4.38Lenagaum
AvanURselUl

gﬂﬁ 4.38 \SeanaeuLUnUIzasA TA Plus texture analyzers, Lloyd Instruments, West

Sussex, England wisuiulnanwaaauin 1 Aladeiu

AULAURIAIQINLEYY (Tensile strength perpendicular to Grain) Funagaaudaun
5x20x200 fadiuns ANUSweaRvegeusgil 1 Tadwnssowi Aegui 4.39 uaz 4.40
ANAINUAUNIULSIAG 91NEAT
pmax
A

B =

(4.1)

d' = 4 =3 1 I3 a o 1 a a

We /B Ap AUAUMIULSIAY halduiiduseniseladwnstunsUidanna)
Prax A8 WS9ASgRERATIILTUVARB UL
A A9 NUNVINAALULLIAIRIN

JUN 4.39 dnunizdieg1auestunaaay ANUAUAMIRINEsY (Tensile strength

perpendicular to Grain)
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JUM 4.40 N1INARBUMAIANULAURIAIRINIFLY

2)AULAUBAGIRINLALU (Compressive strength perpendicular to Grain) IngLaSeuTUIU
Al ugUurisdmasuvuIn 20 ug. x 20 43, x 100 Uy, AUSIVBIIINAGOURLN 0.3
fadlunsaowdl Aagu 4.41 MAIANLAUBARIRINIEY A1NERS

— pmax

o)
A (4.2)

d' A 4 L 1 [d a o ! a a
We 0 Ao A unuLsedn mileduiiiusensedaduesiunsUiana)
P, F® usidnaanivuuvagauiula

A A9 NUNNTenlukLIFIRIn

UM 4.41 NMSVAHOUMNAIAIUAUSARIRINLEEY
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3)AALAULEUYUIULEY (Shearing strength Parallel to Grain) TaginSauTusiuuuin Ju
JUWAWMABLUEIA 20 Y. x 20 Y. X 60 WY, AITIVBIINAGOURLN 0.6 adwnsne
W F93UN 4.42 ANUAURBUIUIUESY A1NERNT

V

max

T =
A (4.2)

We T As Aanumudeu wiheduiidudenisiafiadusnstunyliania)
v, Ao usudaunglugeanivununageusula

A A9 NUNMNAANLSILADUNUY

SUN 4.42 MINAFRUMANULAUADUIU WY

1)pnuLdaunsanon13lAee (Flexural strength) ¥83- Modulus of Rupture (MOR) wag -
Modulus of Elasticity (MOE) Imam‘%swﬁmmﬁummL?Jugﬂl,wiﬂ?%m?ﬂlammm 20 431, x 20 .
X 200 3. ANASIBSINAABUBYR 1.3 wn./undl faguil 4.43 manlugdadangu a1ngas
L Aw
MOE = oA (4.3)

\ilo MOE #io Tugdadiomeu mhoiduidusemasliadumsiangranma)
L fe S¥evuineveswiusessu vihoduladuns.
AW o usanafinseyfistulutisidunsiludunse whoduiiadu
As #e szezusuimwewuldivduludindunsidudunss mihaduiiadwns.
b e muniwestunaaey wihaluliadwns.
t fe muvuneasvestunaaey mheaduiaduns.
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ﬂﬂmammm’l’; (Modulus of Rupture, MOR)
fndunadeunILLInTgIL ASTM D143-09 THLsinnasuugaienarsvesiunnaoy
Snsndalumsne 2 fadunssiowd wdesnaaunsanaldgeanta 10 Aladsiu 1iMegnety
yndey 3 usdevilimavinaey
MAUARALANITT INGAT

3 F
MOR = m (4.4)

dlo MOR Ao mnuduussdn wheduddudenssfiadwns(wnzihanna)
F A8 LLiQﬂﬂQﬂ@ﬁﬁ%ﬂ%ﬂﬁ@U%Uiﬁ Duihsiu
L Ao Sruernevaesasu nihaduladuns.
b o Anunfefigeianatsdnuvestunndey miheduliadiuns.
t Ao mwwmﬁamﬁQﬂawqmaqsﬁumwaau moJuladuns.

gﬂﬁ 4.43 NSVAEBUMLSIARA (Static Bending)

AIUUTINTIVOIED (Hardness)

ALAINsaAIuNIUsenI1sgnYndin vsenaliiluses tneuasnsinaziieuiumes
Fudutaniudefian nsmeaeuisiilasnisnagnueamdnniivuiaduringudnas 10
fodns asuuinTaniivhmavaseulildfnagnueaidistudusegean tnowdontuny
YU 50x20x150 fiadiums sns5luniane 6 dadiunseiewil feguil 4.4
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JUT 4.44 AUUTIUIIVOIRT (Hardness)

4.3.5 35n13d0anan9anIIAUBLaNATaULUUAINTIA
MEINNIINRFBUANANRUIIUTINenase T 1avfeg1 wld U dud T
Wuniseuludouludetuunviinisdesndeganssmididnaseuuuudsinsia (Scanning
Electron Microscope) %38 SEM dafunsdesndosanssaifleAnunislassainsvostua
Inglduszqdianmseuludisunmaiunsavenglauingn 10 unlulues wazlunisdendes
SeM Tuafsilagglassadusiuliundudtundsiunsoulnsagfiarsandu Cross section
vadliiindinsdneshfiisuluegulsifieldsdemnmageumanadild
AsdeIndes SEM arfinisnSoutusulaesndudeddidunuiivuimdnuasdl
aratutiosiian ilelilunisedeunestewhnsdeandemesnzanunsafaldiatuay way
Tunsdes 1 assanunsnnstuauldunas 9 3u Tneldiedes ZEISS MERLIN for Life Science
ASnnsdesndes SEM Fefldumeusieil
1. mseseusiuliurdniiulaefivun 1xt wuiwes wdaniudilveu
shonseululeulusmenldun mseudeaudou wasnisausielulasim
2. ﬁ’](?f’JEJ‘EJ'NﬁN’Mﬂ’IiEJULLE%&H@@mﬂm%lugﬂﬂ%dﬁ’%ﬂ{’jué’jf,yﬁyﬂmmmz
waaunedlasldiades Cressington Sputter Cater aunseiiaAuiuly
waeaiafiAding 40 faduontdefaduns udnhnisindounesasuy
%ummﬁaiﬁmaLi‘]ué]’aaiwﬂizﬁ;&ﬁﬂmauLLé’aﬁws‘ﬁyumulﬂmwumuIm
s Cross Section Tudmuuu fauandlugy 4.5
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gﬂﬁ 4.45 1p309 Cressington Sputter Cater

o w 1

3. 141f08197m3eNa59 1 uATe9 Scanning Electron Microscope iiag

v

anwuglimasiuni1seu Ingazisuiunsaeniuni1sdanssualseq

a

B1anmsau 15 dlaled warldomnsivenenind 30 tulaswuns wadudin

a

sUMRRINT Aauanslugy 4.46

Y

JUT 4.46 doendosganssAidiannsounuudeInsia (SEM)

4.3.6 Fnsnedulsyavinisgaduides

mivﬂﬁ?ﬁmﬂizﬁmémiamﬂaulﬁm (The sound absorption coefficients, SAC) U84
wildirdy Aldsumusounmdoulusingg gnimunlagldisnsvieduiiuaudimpedance
Tube) AYNIATEIU ASTM E 1050 90 saguil 4.47 Tneldviovunavuinidndidusirgudnan
30 fadwns limaaounisgaduiiainuigs Tugaa 500 fa 6400 185 uazldvievuin
Wushgudnana 100 dadums ievualugjdmniunisnaaeunisgaduiianudsn Turas 0.0
9 1600 1850 Imam%w&haﬂwﬁumaaué’fagﬂﬁ 4.48 mAduUsEAnSn1sanasenies
(Noise Reduction Coefficient, NRC) Lfluﬂ'waa'«ﬁ’wmuLasuﬁuaﬂﬁﬁmmmmmsﬂums@@
eé'fuLﬁmaﬁmqmmﬁwé’uﬂizﬁw’émi@mﬂﬁmﬁw (SAC) 71 250 Hz, 500 Hz, 1000 Hz La¥2000
Hz FduUseansntsanidessunau (NRO) wiuliunduisiy ameldineluladnisouuriaiees

YA Qﬂﬁmummummgm ASTMC423-09 snuaunig 3.12
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U 4.47 1edosTaAdudszavinisgaduides wuuviedufiuaud(impedance Tube) u the
B&K Type 4206 Impedance Tube

JUT 4.48 yunausuliiauhdudmiumedudseansnisgaduides wuuvieduiiuaud
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93 gaumgdl 50 60 80 Uaz 100 sarlwaLdea uazauwiasneaaululasian 100 400 1200
uaz 4000 $ndt lnsviauenanisnaaesnsuLiusuldUNduhiurasnsTUINN T UL
vosvaunamaniguuginisauui nsendemuduiusssninadnadiuauiy gumnl
funanluiden 5.1 udnuautBvosulsiudy FagunauautBmanienimuas aasesR
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5.1 aaunadaniaumgfiniseunivasvasusiuldiundutingiy
Mnanziuduresusuliiudutiy Tasnwarutusasgamgivesusulind
thifu feFenlineunthidaniiy 3500 + 2.79% wnsgiuuis uas 28 esrieaidoa lng
ynnseuursauiinnuduangaiafu 10% + 2% uiasgruuie 93U 5.1(0) wang
daunamanivesgaurninuduiisuiunaififsadesiusuuuuniseuuiauy audeu
aeligumgf 50 60 80 uay 100 esanaaLdea aelian1ae 50 esreaTaanILTY
\vnedl 10% = 2% db 14aan 4000 wnii Tneflgumafindsvesunuliiundud 41.6°C
Tuvazfinieldgumgiiansoud 60 eariwaidvauay 80 ssmisaiea 1nan 1470 wiiuay
750 wnit Tnefigaumginisluvosuiulivduiniuil a7.7 ssaneadoanay 587 asan
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anawrasnNTuLazIaTluNIaULTIanaIe seenalun1sandnIInsouLaaNse
wiseenifuaudiufelunsuusnduisdusureauiulidlfluniseuuia SaruduFusy
vowsulsigeey Avowusiuliasdidnuanentunn Wanstemarudeusswisianas
aufoutuusiulsl vilFgangituinusiulifialndidestugumainsziueden vesaudoud
T dushnans sasmsviurieresy Wity sufiewiednsvhusinsd (constant rate) wazea
faondudrsiineluwiulfindeufiinfifand ndsuanudoudiudulsildsuaslluns

szweneanINveiagedeaiios anuruaisvewiuliavananludndiuiunarlunis
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oUW graRvngTasINBULIATE A SarudlunsounitarSuanas nTuves
wiulls! a1 andl Fend1 mnutuingm (critical moisture content) wagdsaniiefeitudas
fannuduluusulsiundinitundedesauunsludsivuiuliunduogsliseiles fmuth
vousulsiUduuuis FligamniffovesusiulindugidiuFeny Shsnseuutianzanas
Auduaranaddos auiarianutuauga Jadunuduiidgn meldanzildegly
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wimvesnaululasiani 200 ad Tiatlunisouus 2770 uiilaeflgumgivesusulsl
Undudsvann 50 esriwaidoa neldideuls 4000 Yad THnanaudsnuduaaredidee
101lilneldinan 180 undi Tneilgamnivesusiuliiduiade 81.2 ssmwadoa meldaniy
400 ¥0d uay 1200 ¥ad Tagldinan 950 uifinas 450 urit uarflonmaiiiade?l 67.9 uas
73.4 asmialdoa audIdu MaUsufisussezinaniseuuisnesadululasiom fily
anmefizunssarUunanillfsrernaduniuuuandou marnmstemiafiinanaiu
Tl liusulfanaaduegresnda iesnndinrudugsluniuliundy wasau
lulasivigngeduldegnsiiuseansanuazidsudunnudoudinanzay gamal wivls
aeluiiliainaneiinannisnszmaususimanlaliihinszangldaiaue o1aiinns
avanluvishumiaiendt gafou(Hotspot38] :nmsieseiuriuliiurduidunyudia

[y a £

Auuauinduing (€) Aduuszansnisgaide (€7 uay tangent (tand) A1AINEINITH

o [d [ }%

Tunsuwdsasundnuniangeduidundsnuainuiouvesiunuresldviduaniiaviiiv

U I a

5.61,0.96, Waz 0.17 Auasy inud 2250 wnsidsnd lagldiaias WaveAnalyser 14

=

szuulalasial 91nuFEn PUSCHNER Wefinsanandranugayidedigs (0.96) vaasinusiuldl
Undnannsngandundsnulslasnliifeviomn ogslsfinungadundanuesaiy
lulasivanaudernufuvesusiulianasduandusud 5.1(0) nisadaudounislusy
dosnanedulilaswiliiAnnsadsaunadunisludsasteliannis sremaudu
INUITIAU mm%u%ammﬂa%’amiqﬁyﬁaLLazé’mwd’mmiaULLﬁqammLﬁammﬁwm
NN 9IaNAI[39)]

mﬂgﬂﬁ 5.2 FadunginssuvesnisanemainudeuvainiseuuiaLuuanSe ULy
wuueaulalasiv Tnefinsaremeinudousesniseuusisuuvandeuasiind uiiiuaati
amwfeudnlumeludols druiiifivesuriulfazaeanudulufvandeunazihnieluas
werpuunIesnuiusnaime skl duniseuniiwuurdulalasion Tnepdululasim
wiliAansdulianavesifleg meludoliivrduiduinliAnaudou wazazdewm
arufeudmeusnituiatuinfiognieluasnereuuniesnaniivinainvesls

(M) NMTDULTILUUANS DU @)n1sauwisuuAaululAsLIN

gﬂﬁ 5.2 ANWAENITAIYMAINUSDULALNITAIYUIVDINITOULTS (M) NITBULTAILUU
v v dl
ausou (WN1soULRIkUUAaUlLTATIIN
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5.2 auautAnamenwveusiuldiunguthiu
TnnrsneassevkiuliUrduiiiuiienseuuiauuvanfounazaaululasiam
melddeuluaudeunuusigg vadnnsed 5.1 GqumiaULLﬁaLLwam%auﬁqmmﬁsm6] a
audiusHndufuaMuuLiukar wUsHuleassuUSINAsMsasveswsuliUdY B9
#5udvBnangannanIizmuiou gamgdfifisduan 50 esmwadea (guugiishan)
U 100 esrwaldea (@amgiiundign) fannuvuiutuvesidulsudy anasain 265
Alansusiegnuiariums WU 247 an. / au.y. Fsileuusinoanieusumgil 100 ssriealdea
wiinsosusnvesasiadndsd(Vascular bundles) fuiiiaia(Parenchyma) daunmautf
yanenmdnsunisliun Usinmsnsuaiagifiutuann 15.429% 1y 23.94% duiguin

[

nseuLiImaniou ssinsaemauTeunuTaRludingluve skl degun 5.2
(n) TugsusnyiliRiauusnveswiuliiinnisagyidennusuwazinisnadiniaantey
al a ada I o 4 v v a o 4
Wesnndgauniiniildgann ivuianeuenluladsundaiuin wazyiiniseuunins
sovilalauiemnuduaugariibivuianisueninisdsunlasanios wanigluiield
Urduiniiuaziintesineminnisadnvinvesniudunislufinie ureenliviuainnielug
Aguan ANUIINTeULIITaNTeuNtoumvlaluiianuuiiuanaazinn1via

ALaTUATFUR 5.3 (n)

(n)

()
SUT 5.3 Juag19MNIUNTEULAIURINITMIANANULILLLY (1) NFBULALLUUaNTBY (1)

AU UUlUTATIN

AavantAnsnenmimanyenaulalaun dveswkulyl Faldsunainuisuluves
ATDULIAI A1 L* 111889 Awnudu ludednn Mu1eanunnasaInnisauwakuldududngTy
eilAPaNLTUIIN 82.8 1 71.72 drue a * nunetawnuailerludedung Tnewruliudu
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wwidsuduaunafiatuan 1.7 1y 6.49 uazanieunuiiduludindes uiuliiad
wdsuiudimieadiutudnesain 22.61 Wu 27.01 wag Hue AynEfiuansrafuanas
971 87.31 LU 76.48 9nn15InA1wesdnud wiuduanddiudeandiinniseusivansou
uiusuliduenanendudunsseu dnjnauslunssi 5.1 Juflogumgiiniseuuriauuy

ausougauddininliensn1AaIe s TU AIAURLILINAIEILETUSUIRTNITUARY
G

A15197 5.1 nsidSeudieuantanianieninedwkuliudunte ulua uwiawuuans o uLay
maululasiinniglaannzauiounie

ﬁhmqlu AUTUINT
SNWUENITOULIA mj L vty L* a* b* Hue
a0
kyym?) | P
50 265 15.42 82.8 1.77 22.61 87.31
ausou 60 262 18.38 77.76 1.15 24.51 85.53
(29FTALTYE) 80 259 21.92 77.64 3.11 21.27 81.68
100 247 23.94 71.72 6.49 27.01 76.48
200 352 44.42 79.5 1.69 21.50 85.5
ﬂ?ﬂluvLiJIﬂiL’JW 400 385 48.72 75.17 3.80 21.49 79.98
(T96) 1200 416 53.69 59.01 6.15 25.06 76.20
4000 458 65.90 48.58 6.19 21.55 73.97
unuldunananiiAANiLILIY 900-1100 (kg/m?) 70.55 1.88 | 26.13 | 85.88

nMInaaesn1seULiaLuuadulslasavinsnenutuasintuegnasniiogg
sndutdunaunannisaiammaiinanadululasiom Tnsnisasrennuiouainaiely
seiundanuveseaulilasonfimwduiudiuamuiuiuiasyFasnsadve sl
Undu aranuvuuiuesuiuliduaziintuain 352 Alansudegnuiadiung [Hu 485
AlansusiognuiAniuns wazUsuIasnIsuafazifiutiuain 44.42% 1Ju 65.90% neld
anmenseuwisioadulalasiamainassiundsnud 200 fad (nga) Wy 4000 Tas Gin
an) muadu Mnndnnseuwineadululasion apihlfAeanudeunnnielusayiing
femanufeugniouenituiaiivesusiulsl viliangluiAanisvediegsquusaiesydu
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wé’amumaalmimL’;W@qﬁuﬁqgﬂﬁ 5.3 (v) Fevhlaneumuiudusniudunau1ainnig
nszfuvesaiululasiniliifnangurenieifonstlaunseuviedndsanazdiun
USunsnmanasiargeatunuaesusuliundutii Wethgnisesnantanaanuliauna
Vo3I FauAnananuudsiiuvesmnudussrinsiiluresiaguazanudunieuen n1s
adinannisgapdemnduresa dwsunsounisiaeedulalasiani 4000 Yad uns
FrumbsvedliiAngadou viRansuadadiguiss Snavinliuulsiunduifuunsdiuinng
9n uarilsesludnieludowduld vandinsuandnveswdnfuet uenainiFveausiulsl
Uduthifuaidsunndmdentudihmadusius laedseslndl daaenadestumiuaing
flanasuessneil 5.1

5.3 autansnavesusiuldunas

Fap51991 5.2 uansauvAniana laua mnuduiiaiaannidey (Tensile Strength
perpendicular to Grain) m’lmﬁuéjﬁwé]’jﬂa’lmgau (Compressive Strength perpendicular to
Grain) A314 AuldeuruiuLdey (Shearing Strength Parallel to Grain) L3536 A (Static
Bending) uag AIMNLTI(Hardness Strength) ﬁwmm%uamaﬁ 10 + 2% mmgmuﬁﬂ
winlsndanisfusuuiednessuuandounasaaululasian euukeessuvanieusmudy
Fenifuidey Aanudusadmnden arududousuudeu usen uarAnuuduss
wazanuudvananiiogamnivesemedouiingdu lunensstudmneldidoulomsauus
yhlsienamauiRnnuudusmenafisty Weduidinsdavesndululasom dedunni
donAdasfunIsMafiLar AL AL T W asa g niswanlwiiuty 91nnns
Wisuifsuwsuliunduvesmssuuissendulalasim swilaumdininaiudusiniives
NFDULTILUUALS DU

A1519% 5.2 wSeuiisuandinisnaveswiuliurduinduiven1saukiabuvaNso ULy

adululasvnelaanzanusSeunnvualy

Static Bending
. . Shear Hardness
Tension Compression
L9 4 Strength
ANYUENIIDULLNAN Strength MOR MOE
(MPa) (MPa) (MPa) (ke)
(MPa) (MPa) 8
50 0.2282 0.4108 0.4464 19.584 1145.457 43.1
v
IR 60 0.2035 0.3833 0.4226 14.761 933315 37.8
(D9FLwaLTYa) 80 0.1788 0.2249 0.4026 12.146 904.727 195
100 0.1463 0.1713 0.2884 6.591 698.809 13.6
200 0.2538 0.6226 0.5038 30.321 1163.098 2238
Aulal
Aautulasn 400 0.2819 0.7849 0.5174 31.459 1566.011 42.1
(aeh) 1200 0.3347 0.9610 0.5302 32.529 2758.088 49.5
4000 0.4222 1.5690 0.6640 76.840 8550.933 65.9
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U7 5.4 uazsuUfl 5.5 uanslifudsiuiidnunauasinduuenveausiuliiundud
Foulvnseuwiuuuansou Tusuil 5.4 mssuwiseandeuhliAsinsasseouen il
anuduitusvosgumnianuieu wwiAntusinfiaufeugamgl 100 ssrmeadoa tnousul
Unduilgngu Tnss TaeTwsadvun 5-10 fadiung vos3uil 5.4() Fafigungiivesanieud

Y 9
o

maszhiiiingesinidesadlusiensgun 5.4 (n-a)
SU 5.5 WAAININNITAD9INA099aNITAUBLANATOULUUADINTIA VoauHuliiU1dy

Y 9

Wiy Ndeuluni1seuliuuanSoureguuglinia 1 50, 60, 80 way 100 ayALgaLdyd
WeguuginuseuiuTuIziinseelensenitnguioadsuasiwadiiodovoaunuly

9

e

U =

Unduddu Fusiudaunniigalugui 5.5 (1)

1% '
o

v a 1

duilgiuiniseuwisniganiou vnlvitnsuuenvesruliinnsaydsnnuaunag
finsuadianny inlinnuduiegaigluwnseenulaen JuihlbiAadedemeludnuiadu
Insauazinseekensenivnguioadesiuiieiaiinsosuen WeliAnnsaeuiana

Tudiinuuentd lneanisiauseugaumiiigusinUingnistsuusannay

(1)

()
JUN 5.4 awdinvinaveswiuldinduiiu euwisuuauiou 7 (n) 50, () 60, (A) 80 way

(4) 100 9ATALTA
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(n (1)

(m) ()

JUN 5.5 n1sdesndesganssAmididnaseutuudeinsinvesngurieadeuasiiloorouny
131U1du Neuwiemeausau 9 (n) 50, (1) 60, (A) 80 waz (1) 100 perFLwALTYa

Tugul 5.6 uarguil 5.7 Mmeldsuuuunsouurieres adululasian wuduulsiunds
isulimulnssernianisluidouasfidianuvuiuiuiisiunussdundsnuvosaiy
lulasin augud 5.6(0-0) uenanddamuindnisunludinigluvtsdumisfissfundsany
adulailAs1nil 4000 Tnd Fagul 5.6(5) FeaBARRBITUSMTIEIUNTNARIGIEN HANTTOULTHY
Faelulesianii 4000 Snd mwgudl 5.6(0) apnrdosfuautRivsnIsnIn ANLTULLULRLTY
Uszana 10% wagandinisnagendtmdanuing 1200 $ad 91ngufl 5.7 uansnmnisdes
n&osqanssmididnasounuudeansin vesusuliunduingdu Adeuluniseuursuvuady
LalAstand1wiu 200 400 1200 wag 4000 108 agnubilseuensenitanguvioadeaiy
dode Fudnnisuasigainlifidiaumundusinduideananssdundsuvosaiy
lalestaiiiiudu fagud 5.6 uas 5.7 Wenadulslasariliihngludanisduliin ¥
TAnmmdeunmelunasneeuiemeuieugneusniuinaiveausiulsl efing

metegesusiazyinliletielinsnadieg1esunsaduiu

¢
5.5 fnduussansn1spaduiies

wriugadudesiifay fosdidduussavsnisanidsssuniu (NRO) laitfesndn 0.4 G
wiulirduhsudenunguiiAaanviedideuasfrumuiuiutioswnguinisnandu
wHugaduides fetulsihnismasssniseuuisuuuanouieuiisutuniseuuiauuuniy

a

Lalasian Tneverendudseansnisgaduidesasmduussavanisanidessuniy el
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()

Ui 5.6 amsinrnsvesuHuliUdiiy suuiauuulalasin 7 (n) 200, (v) 400, (a)
1200 uag (1) 4000 04

(n ()

(P) (9)
JU 5.7 msdesndasganssmididnaseunuudeinsinveinguvieddeuaziileovoun

TsiUndu suwsisnuulalasian 7 (n) 200, (¥) 400, (A) 1200 wag (1) 4000 Snd

U7 5.8(n) wansliifiudsanduyszansnisgaduidssveanseuuisuuuansou e
Aduuszansnsgatudeatigeg 2 29 Anuduszan 500 18509 uazALA 2000 LFIAG
Adulszavsnsgedudsgdutiuanifnnnideveslsiurduthiuiviodides Wuussan
anduiAssuussiusy Tnstaquaiasifinnisdusiemuiideafuauiveadesiion
nsznuinnsgadondanuundnliidesinnsmemndsnunnedudsddidundsny
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JUN 5.8 edudszAvsmsgeaduides vesruliuigy aeldleuluniseuwiaiuy: (N3
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Abstract

Experiments of oil palm wood drying using microwave oven combine hot air, which oil palm wood was
most doing not benefit. A chamber with the size of 500 x 1000 x 1000 mm3 is made of stainless steel type 316
using 4 magnetrons (100-1000w/unit). Materials preparation was oil palm wood, which is selected based on the
timber from the stem up to 3 meters for over 20 years with the size of 5mm x 250mm, 2.5mm (thickness). The
saw pattern oil palm stems were Cobweb sawing. The sample of oil palm wood is hot air oven baked at 105°C
for initial moisture content by control moisture content of oil palm wood is between 8 to 12% of a standard
timber. The study was three methods of experiments with a microwave drying with at 1200, 1,600 and 2000W,
hot air at the wind speed of 2.1 m/s, the temperature at 65 and 95 °C and fixed microwave power level at
1600W, hot air at the temperature of 65 and 95 °C .The result of fixed microwave drying, the temperature at 65
to 10+2%Db, the drying time 1,200 min, the highest temperature within 59.35°C, the results of mechanical
properties have compressive parallel to grain, shear strength parallel and static bending properties, modulus of
rupture (MOR) and modulus of elasticity (MOE) were 17.01, 0.5437, 34.18 and 3437.56 MPa, respectively. The

twist and shrink less. This timber can be used for interior or type of furniture.

Keywords: Oil Palm Wood, Microwave Drying, Hot Air Drying, Oil Palm Timber, Mechanical Properties

1 Introduction

Timber is very important in the wood products
industry and commonly used structural engineering
material. Wood is a renewable material that can be used
in a wide variation of products and applications. To get
the highest possible value out of the wooden products it
is important, prior to the use, to be able to characterize
and sort the wood according to its specific properties.
The earlier a correct classification can be done the better
the remaining production chain can be adapted to the
specified end product.m An incorrect moisture content
can result in mold grovvth,m checks, twisting, shrinkage or
svvellingm. This research studied the effect of drying of oil
palm timber (OPT) with microwave and hot air. The oil
palm (Elaeis guineensis) is grown extensively in Southeast
Asia and Equatorial Africa and it produces more oil per
area than any other pLantw Lots of oil palm woods
(OPW) are available annually because the oil palm trees
lifespan is about 25 to 30 years. Basically, the producer

countries have been facing a serious environmental

27

problem concerning to the solid biowaste handling of oil
palm industry, particularly the oil palm trunk after
replanting activity. It is predicted that more than 20
million cubic meter biomass from oil palm trunk are
available annually.[s] In  Thailand, four methods of
replanting have already been adopted, such as push-
felled and windrow or burn, chip and windrow or burn,
drops drilling chemicals and use to burn for electricity, is
shown in Fig.1-4. The tree trunk usually takes between
five to six years to decompose.[6] These replanting
methods were created to very significant air pollution.
The total biomass of 95 million tons are generated
annuatly.m

The purpose of this research is the oil palm trunks
used and add value by processing the timbers, our work
will focus on the effect of microwave drying and hot air
drying technologies on the kinetics rate and physical,

mechanical of the oil palm timber.
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2 Materials and Methods
2.1 Oil Palm Trunk Processing

In material preparation, all selected oil palm trees
were felled manually using the chainsaw. In order to get
the homogeneous lumbers, the bottom part of the trunk
was marking of vascular bundles distribution at the
transverse section. This was determined initially the oil

palm wood zoning. Moreover, eight trees were sawn and

processed into lumber. Oil palm trees were felled and

Figure 1  push-felled and windrow or burn the stems were cut shortly to 3.0 m long logs and

transverse section of oil palm trunk (Fig.5). All of the trees
were taken from replanting age (25-year-old) oil palm
plantation in Chumphon, Thailand and the properties of

the wood were shown in at table 1.

~ Bark

~ Burrwood

Figure 2 as push-felled chip and windrow or burn

Figure 5:  Oil palm trunk at transverse section consists of
the rQ]ain part of the trunk and the cortex and
bark.

This study was to design of sawing the pattern by
cobweb sawing, (Fig.6) depend on the trunk condition.
Lumbering process of oil palm trunk using the chainsaw

is presented.[SJThe specimen wood has the dimension of

5mm x 250mm, 2.5mm (thickness). They were soaked in
Figure 3 drill to drops of chemicals hot water at 85°C for 20 min.The OPT was held at an
initial temperature of 28°C and a moisture content of 197
+ 3.4% (dry basis).

Table 1. The properties of oil palm lumber(8]

The properties of the lumber value
Natural specific gravity 0.71-0.76
Dry specific gravity 0.39-0.41
Wet specific gravity 0.65-0.67
Moisture content 80-90%

Absorption 60-70%
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Cob sawing(CS)

Ficure 6  Sawing patterns were called cobweb sawing[a]
2.2 Experimental Apparatus

The Chamber of drying with microwave drying and
hot air is shown in Fig.7. It has the dimension of a 500 x
1,000 x 1,000 mm’ was made of stainless steel type 316,
Imm thick with 4 magnetrons and electrical heater. It
had a microwave power level of the power output of
100 - 4,000W at the frequency of 2,450MHz. The
electrical heater of hot air had a maximum power output
of 5,000W but controlled at 40 to 180°C by a thermostat
and equipped with a blower to create air speed of
2.00m/s. A circulating fan was installed, distributing hot

air and waves in the heating chamber.

Ficure 7 Apparatus of the chamber drier in this study
2.3 Method of OPT Specimens Test Conditions

The test conditions were 1200W, 1600W and 2,000W
for microwave heating mode, 65°C and 95°C for the hot
air and 1600W at 65°C and 1600W at 95 for combined
Microwave and hot air at. One batch of OPT had 9

pieces. One heating cycle was completed when the final

moisture content reached 10 + 2% db.
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The test in the drying of the OPT involved examina-
tion of the effects on various parameters on drying
kinetics. The results are divided into; physical properties
of moisture content recommended by ASTM D 2395-14
(Standard methods of testing density and specific gravity
of wood and wood-based materials),[g] mechanical
properties (compressive parallel to grain, shear strength
parallel and static Bending) recommended by ASTM
D143-14 (Standard methods of testing small clear
specimens of timber).™”

The moisture Content (MC) of the OPT was calcula-

ted using this formula equation "

-M

MC(%):%AOO (1)

0o

where MC, M,

ini» and M, are the average moisture
content of specimen at the time of the test (kg water/ kg

dry mass), initial mass, oven-dry mass, respectively.

3 Results and Discussion

The drying of OPT can be a time-consuming process.
The timber industry has been using several methods to
reduce the drying time of timber for many years; these
include drying the wood at elevated temperatures in
conventional ovens or kilns, drying in radio frequency or
microwave ovens, or a combination of the two. Little
attention has been given to quantifying the effect of
drying method on the mechanical properties of the
wood, especially where this involves microwave energy
with its interior to exterior heating characteristics. In this
study, oil palm timber was dried to pre-determined
moisture contents using several drying methods.
3.1 Desorption Rate and Temperature in Wood

During Drying

During drying process in the conventional oven at
105°C about 72 hour, the sample of OPT was initial
moisture content 190 + 3.4%db is reduced down to 8 to
12% Db (standard).
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Figure 8 Moisture content and temperature with time
of (a) Microwave drying (b) Hot air drying and
(c) Microwave combined with hot air drying

Figure 8 shows the moisture content profiles and
temperature profiles with respect to elapsed times as
parameters of the microwave, hot air and Microwave
combined with hot air.

Fig.8a found that at a higsh microwave power level,
the moisture content profile of decreases fastest and
temperature profile of the OPT continuously rises faster
than that in the case of low microwave power level. The
temperature profiles within the OPT rise up rapidly to
71.6°C, 73.36'C and 81.23°C for powers of 1200, 1600 and
2000 W, respectively, during 0 to 280 min. The moisture

content profile of decreases fasts to 10+2%Db, the drying
time 280, 200 and 160 min for powers of 1200, 1600 and
2000W, respectively. For microwave power level at
2000W has burn and shrinkage increased of OPT.

Fig.8b found that at a high hot air, the moisture
content profile of decreases fastest and temperature
profile of the OPT continuously rises faster than that in
the case of low hot air. The temperature profiles within
the OPT rise up slower to 48.65°C and 67.66°C for the
temperature of hot air at 65°C and 95°C, respectively,
during 0 to 2,940 min. The moisture content profile of
decreases slow to 10 + 2% Db, the drying time 2,940 and
1,920 min for the temperature of hot air at 65°C and
95°C, respectively.

Fig.8c found that in the case of fixed microwave
power level at 1600W, parameters of hot air temperature
at 65°C and 95°C, that at a combine microwave power
and high hot air, the moisture content profile of
decreases fastest and temperature profile of the OPT
continuously rises faster than that in the case of fixed
microwave power and low hot air to 59.35°C and 73.39°C
for material temperature of fixed microwave power level
at 1600W, hot air temperature at 65°C and 95OC,
respectively, during 0 to 1,200 min. The moisture content
profile of decreases slow to 10 + 2% Db, the drying time
1,200 and 840 min for the temperature of hot air at 65°C
and 95°C, respectively.

3.2 Impact of Drying Method on the Mechanical
Properties of OPB

Considering the effect on the strength of specimens
from these three methods, it was found that the
combined of microwave drying and hot air to higher
mechanical strength than microwave drying and hot air,
respectively. Table 2 shows the results of compressive
parallel to grain, shear strength parallel and static
bending of dried OPT. The results show that an increase
in microwave power level effect to internal burn and
reduces the strength of the dried timber. The dried
specimens in hot air at high temperature have higher of
shrinkage as compared with those obtained from the hot
air at low temperature, raise the &;cregg(tlfl f the dngd
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timber. Finally, the specimen found that in the case of
the combine of microwave drying and hot air present the
best mechanical properties compared to microwave
drying and hot air. Table 2 summarized the mechanical
properties of OPT according to the conditions of combine
of microwave drying and hot air at fixed microwave
power level at 1600W, hot air temperature at 65°C,
compressive parallel to grain, shear strength parallel and
static Bending of MOR and MOE were 17.01, 0.5437, 34.18
and 3437.56 MPa, respectively.

Table 2 Effect of using heat technique experimenter on
OPB for Mechanical Properties

Incident | hot air | Compressi | Shear Static Bending
power Q) | ve parallet | strength | MOR MOE
level (W) to grain parallel (MPa) (MPa)
(MPa) (MPa)
1200 - 13.57 0.4302 16.28 | 1062.35
1600 - 18.98 0.5207 16.48 | 199522
2000 - 11.12 0.5140 14.05 | 1726.67
- 65 9.62 0.2208 1155 | 1201.28
- 95 6.185 0.3741 16.46 | 1523.95
65 17.01 0.5437 34.18 | 3437.56
1600 95 9.82 0.4938 27.85 3275.96

4 Conclusions

The experiment of microwave drying, hot air and
combine of microwave drying and hot air drying has been
using the OPT with the size of 5mm x 250mm, 2.5 mm
(thickness). The following paragraph summarizes the
conclusion of this study.

1. The effects of high microwave power level, the
moisture content profile of decreases fast and
temperature profile of the OPT continuously rises fast.
This is because in the case of dielectric properties of
wood, which would correlate to microwave energy
absorbed and depends in  the

configuration of the electric field in the OPT due to the
12

on the changing

variation of moisture contents.

2. The effects of high hot air, the moisture content
profile of decreases fast and temperature profile of the
OPT continuously rises fast. This is because, in hot air
drying, the drylng rate was more in the beginning of the

31

procedure when the air stream easily evaporates
moisture from the OPT.

3The effects of fixed microwave power level, at
temperature 65, the moisture content profile of
decreases slow and temperature profile of the OPT
continuously rises slowly. The reason is high hot air
temperature, convective drying is strong while the
microwave energy is still supplied. For the moisture
content profile, in the early stages of drying, the large
moisture content corresponds to a higher dielectric loss
factor. A majority of the microwave can be absorbed
within OPT "

4.The effect on the strength of specimens from OPT,
it was found that the combined of microwave drying at
1600W and hot air at 65C to highest mechanical strength
than microwave drying and hot air, respectively.

This knowledge is fundamental to understanding the
drying process using combined microwave energy and
convection in understanding the basis of drying in porous
media of oil palm timber. The twist and shrink less. This

timber can be used for interior or type of furniture.
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Abstract

Utilization of oil palm trunk waste for production of timber was studied to comparison was made on drying
kinetics and mechanical properties of oil palm timber (OPT) obtained from; i) halogen heaters i) microwave drying and
combine between halogen heaters and microwave drying. A chamber with a size of 500 x 1000 x 1000 mm’ was made of
stainless steel type 316. Materials preparation was OPT, which was selected based on the timber from the stem up to 3
meters for 26 years with a size of 25 x 50 x 250 mm’. The saw pattern oil palm stems were cobweb sawing. The initial
moisture content of fresh disc was approximately 197 + 3.4% on dry basis (db), while the moisture content of oil palm
wood was between 10-12% of a standard timber. The drying process involving microwave power level at 1200, 1600 and
2000 W, and halogen heaters at 2000 W by controlling temperature at 50, 70 and 90°C were compared with the process
that combined the microwave power at 1600 W with the halogen heater at 70 and 90°C. It was found that by applying
the microwave power of 1,600 W with halogen heater at 70 °C for 400 minutes, compressive parallel to grain, shear
strength parallel and static Bending of MOR and MOE 19.43, 0.64, 36.43 and 4474.85 MPa, respectively. The OPT had

shown little sign of twist and shrinkage, thus used for interior decoration or furniture fabrication.

Keywords: Oil palm trunk, Oil Palm Wood, Oil Palm Timber, Microwave Drying, Halogen heater.

1. Introduction meter biomass from oil palm trunk are available annually
Oil palm (Elaeis guineensis) is grown widely in Southeast  [5].

Asia, South America and Africa near Equatorial. In total, Timber is widely used in many industrial and household
more than 97% of the volumes of palm derivatives  products. Wood is very important renewable material that
sourced from Indonesia, Malaysia Brazil, Colombia, can be converted to products for various applications.
Guatemala, Papua New Guinea and Thailand. It produces  Commercial wood is expensive and hard to find nowadays,
more oil per area than any other plant [1,2]. Oil palm is the  such as hardwood and softwood because of scarcity of
most important plant from Thailand. It has helped to  wood from natural forests or planting trees. The specific
change the economy. Industrial oil palm had been used  properties can be monitored in order to improve the
for producing oil (crude palm oil, kernel palm oil) and  production chain appropriate to the specified end product
biomass from empty fruit bunches (EFB), palm pressed  [6]. However, careless reduction in moisture content can
fibers (PPF), palm shells, oil palm trunks (OPT), and oil  result in mold growth [7], checks of wood properties,
palm fronds (OPF) [3-4]. The oil palm trees useful life is  twisting, shrinkage or swelling [8].

about 25 to 30 years, making them to be very high and In Thailand, old palm trees have been cut down with
expensive to the harvest. Basically, the producer countries  four methods of re-plantation such as 1.push-felled and
have been facing a serious environmental problem  windrow or burn 2.chip and windrow or bumn 3.drilling and
concerning to the solid bio-waste handling of oil palm  injection of chemicals and 4.move to burn for electricity, is
industry, particularly the oil palm trunk after replanting  shown in Fig.1-4. The third method, the old palm trees

activity. It is predicted that more than 20 million cubic  usually takes between five to six years to decompose [9].
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All methods created air pollution which is the important

issue for the environment.

Ficure 1. Push-felled and windrow or burn.

Figure 2. Push-felled chip and windrow or bumn.

Figure 3. Oil palm trees, drilled and injected with chemicals

before being cut down for re-plantation.

Ficure 4. Oil palm trunks for generating electricity.

As far as heating is concerned, a tungsten halogen
heater provides near infrared radiation. It will infiltrate into

product deeper than the mid-infrared radiation thus
resulting in drying time saving [10]. The recent technological
advancement concermed with drying hardwood and
softwood with microwave [11,12].

This research focused on evolution of physical and
acoustic properties of OPT undergoing moisture content
reduction with halogen heaters and microwave drying. Oil
palm woods (OPW) were selected from the oil palm tree
at the age about 25 to 30 years old. It was expected that
the oil palm trunks could have better value added by
processing it into timbers. The effect of halogen heaters
and microwave drying technologies on the kinetics rate
and physical, mechanical property of the OPT will be
reported in this paper.

2. Materials and Methods

2.1 Oil Palm Trunk Processing.

This research has been prepared OPT for experimental
at planted in Chumphon, Thailand. Oil palm tree was 26
years old, the stems were cut the long log of oil palm
trunk not more than 3.0 m in shown figure 5.

Figsure 5. The stems cut long not more than 3.0 m.

The lower part of oil palm trunk contains vascular
bundles distributed at sapwood. In order to get the
homogeneous lumber, the bottom part of the trunk was
the high-density part as shown in cross-sectional cut in
figure 6. This was determined initially in the oil palm wood
zoning step. Moreover, eight segments were sawn and
processed into lumber as shown figure 7.

After being sawed into pattern by cobweb (Fig.8), oil
palm trunk was further cut by chainsaws into slices
according to the conditions being set in the experiment
[13]. The specimen has the dimension of 50 x 250mm2,

with 25mm in thickness as shown in figure 9. They were
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boiled in hot water at 85°C for 20 min. OPT was used in
experiments with the initial temperature of 28°C, the
moisture content of 197 + 3.4% on the dry basis (db) and

the properties of the wood were given in table 1.

Figure 6. Oil palm trunk at transverse section consists of

the main part of the trunk, cortex and bark.

Figure 7. Sawing patterns were called cobweb sawing.

Figure 8. The trunk was sawed into pieces by cobweb.

Figure 9. Timber of dimension of 50 x 250, 25mm (thickness).

Table 1. The initial properties of opT™

The properties of timber value
Natural specific gravity 0.71-0.76
Dry specific gravity 0.39-0.41
Wet specific gravity 0.65-0.67
Moisture content(%db) 197 + 3.4%

initial temperature 28°C
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2.2  Experimental Apparatus.

The chamber of drying with halogen heater and
microwave drying is shown in Fig.10. It has the dimension
of a 500 x 1,000 x 1,000 mm’ was made of stainless steel
type 316, Imm thick, cover insulator, 4 x halogen heaters
and 4 x magnetrons (Fig.11). Halogen heater has the power
output 500W, controlled at 40 to 180°C by a thermostat
and equipped with a blower to create air speed of 2.00
m/s. Microwave magnetrons has the power level of 100 -
1,000W at the frequency of 2,450MHz. A circulating fan was
installed, distributing hot air and waves in the heating

chamber.

Fisure 10. Apparatus of the chamber drier in this study.

Figure 11. Top view of the chamber drier.

2.3 Method of OPT Specimens Test Condlitions.
This drying process apply microwave power level at
1,200 1,600 and 2,000W, and halogen heaters by controlling

the temperature at 50, 70 and 90°C and combine micro-
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wave power level at 1600W with the halogen heater at 70
and 90°C. One batch of OPT had 40 pieces and serial
number. One heating cycle brought out a sample for
measurement until the final moisture content reached 10
+ 2% on the dry basis (db).

The OPT has demanded a physical,

properties examination of the effects on various parameters

mechanical

on drying kinetics. The results are divided into, physical
properties of moisture content recommended by ASTM D
2395-14 (Standard methods of testing density and specific
gravity of wood and wood-based materials) m, mechanical
properties (compressive parallel to grain, shear strength
parallel and static Bending) recommended by ASTM D143-
14 (Standard methods of testing small clear specimens of
timber) .

The moisture Content (MC) of the OPT was calculated

using this formula el

\Nini -W,

MC(%) = © x100 (1)

0]
Where :
MC, is moisture content of specimen (kg water/ kg dry

mass),
ini i \Weight of initial specimen
° is Weight of oven-dry mass

3. Results and Discussion

OPT have very high moisture content. The timber
industry has been using several methods to reduce the
drying time of timber with variety of applications available,
these include drying the wood at elevated temperatures
with hot air or kilns, drying in radio frequency or microwave
ovens, or a combination of these drying methods. Little
attention has been given to quantifying the effect of drying
method on the mechanical properties of the timber,
especially where this involves microwave energy and
halogen heater with its interior to exterior heating
characteristics. In this study, OPT was dried from pre-
several drying

determined moisture contents  using

methods.

3.1 Kinetic rate and temperature in wood during drying.
Initial moisture content used the conventional oven at
105°C about 72 hour, the sample of OPT had initial
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moisture content of 190 + 3.4% on dry basis (db) which
was reduced down to 8 to 12% on the dry basis (db)
(standard).
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Ficure 12. Moisture content and temperature with time of
(a) Microwave drying (b) Halogen heater and (c) Microwave

drying combined with Halogen heater.

Weight loss of timber in all types of drying
corresponded to a decrease in moisture content profiles

and an increase temperature profiles with time. The


AIO
Typewriter
79


80

increase in temperature did significantly increase the
weight loss of timber (Fig. 12).

Fig.12a suggests that an increase in microwave power
level increased the weight loss which is an index of
moisture loss. The moisture content profile decreases
fastest and temperature profile of the OPT continuously
rises faster than that in the case of low microwave power
level. The moisture content decreases to 10+2% on dry
basis (db), with the drying time 280, 200 and 160 min for
powers of 1200, 1600 and 2000 W, respectively. The
temperature profiles within the OPT rise up rapidly to
71.6°C, 73.36°C and 81.23°C for powers of 1200, 1600 and
2000 W, respectively, during 280 min of drying process. For
microwave power level at 2000W, significant burned and
shrinkage was found on OPT.

Fig.12b suggests greater rate of temperature increase by
halogen lamb causing greater rate of weight loss which is
an index of moisture loss. This was due to the subjection
of samples to radiation in the presence of halogen heater.
The moisture content profile had decreased to 10+2% on
dry basis (db), the drying time was 925, 600 and 500 min
for halogen heater at controlled temperature of 50, 65 and
90°C, respectively.

Fig.12c suggests that the microwave at 1600W and
halogen heater at control temperature at 70 and 90°C, the
higher the weight loss was observed in (Fig. 12(c)). As can
be seen that the weight loss was the highest for timber
with microwave 1600 w and halogen heater at controlled
temperature of 90°C during 0 to 360 min. This indicates
that when combining microwave with halogen heater
moisture can be removed more effectively than the

halogen heater alone.

3.2 Impact of Drying Method on the Mechanical Properties
of OPT.

The effect on physical properties such as the strength
of the specimen used to halogen heater microwave drying
and the combination of both methods. The strength of the
timber was found to depend on microwave drying and
halogen heater with time. Table 2 shows the results of
compressive strength parallel to grain, shear strength
parallel and static bending of dried OPT. The results show

that an increase in microwave power level at 2000W had

resulted in internal burn and reduction in strength of the
dried timber.

Table 2 Effect of using heating techniques on OPT

mechanical properties.

Microwave Halogen Compre-  Shear Static Bending
power 0 ssive strength  MOR MOE
level (W) parallet  parallel  (MPa) (MPa)
to grain (MPa)
(MPa)
1200 - 13.57 0.43 16.28 1062.35
1600 - 18.98 0.52 16.48 1995.22
2000 - 11.12 0.51 14.05 1726.67
- 50 11.86 0.38 12.07 1053.02
70 16.65 0.51 17.37 4470.67
- 90 14.73 0.46 15.61 3165.58
70 19.43 0.64 36.43 4474.85
1600

90 16.24 0.49 29.37 4294.96
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The dried specimens by halogen at high temperature
have higher percentage of shrinkage as compared with
those obtained from the halogen heater at low
temperature, raising the strength of the dried timber.
Finally, it was found that in the case of combined
microwave drying and halogen heater yields the best
mechanical properties compared to microwave drying and
halogen heater alone. Table 2 summarized the mechanical
properties of OPT according to the conditions of combined
microwave drying and halogen heater at fixed microwave
power level of 1600W, halogen heater at temperature of
70°C. The compressive strength parallel to grain, shear
strength parallel and static Bending of MOR and MOE were

19.43, 0.64, 36.43 and 4474.85 MPa, respectively.

4. Conclusions

In this paper, the effects of different drying methods on
quality of OPT were compared. The combination of
microwave drying at 1600W and halogen heater at 70°C
had significantly shortened the drying time of OPT and
significantly yielding higher rehydration ratio and increase
the strength of specimens. Therefore, these methods were
recommended for drying of OPT which can be used in the
furniture industry. In addition, microwave drying combined
with Halogen heater can be recommended to be used if
the moisture content of the product is required to be

reduced to very low values. Summarize major findings,
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opinion and resolution of the author which can be drawn

from the work.
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Effects of Convection and Microwave Drying Schemes
on the Characteristics and Sound Absorption of
Acoustic Oil Palm Boards

Panya Dangyvilailux and Jarruwat Charoensuk *

This research aimed to develop economical, high-performance acoustic
oil palm boards (OPB) using the convection (CV) and microwave (MW)
wood drying technologies under variable thermal conditions. The results
revealed that the CV and MW oven temperatures were positively
correlated with moisture desorption but inversely correlated with drying
time. The CV heating temperatures were inversely and positively
correlated with the density and volumetric shrinkage, respectively, and the
MW power output was positively correlated with density and shrinkage.
Thus, the MW-treated OPB specimens exhibited stronger mechanical
characteristics than the CV-treated OPB specimens. Importantly, the CV-
treated OPB specimens acoustically outperformed the MW-treated
counterparts, as evidenced by the former's higher noise reduction
coefficients (NRC). This phenomenon was attributed to the abundance of
fissures between the vascular bundles and the parenchyma. Thus, the CV
technology was more operationally and economically suited to the high-
performance acoustic OPB.

Keywords: Convective drying; Microwave drying; Oil palm board; Sound absorption coefficient;
Noise reduction coefficient

Contact information: Department of Mechanical Engineering, Faculty of Engineering, King Mongkut's
Institute of Technology Ladkrabang, Bangkok 10520, Thailand;
* Corresponding author: jarruwat.ch@kmitl.ac.th

INTRODUCTION

Oil palm trees (Elaeis guineensis Jacq.), which belong to the Liliopsida class
(monocotyledonous) of the Arecaceae family (Moreno and Romero 2015), are an important
economic crop, especially the palm oil, which is processed into edible oils and biofuels
(Sanderson 2011; Johari et al. 2015). According to Potts et al. (2014), Indonesia, Malaysia,
and Thailand collectively account for a large proportion of global oil palm cultivation. The
economic lifespan of an oil palm tree is 25 years, after which the yields decrease
significantly, and the tree height presents an operational challenge to the oil palm growers
(i.e., difficulty harvesting the fruits). The oil palm trees are thus typically felled once the
retirement age is reached.

According to Erwinsyah (2008), felled oil palm trees generated roughly 20 million
m?® of oil palm biomass globally. The oil palm trunks (OPT), which are high in moisture
(70% to 80% wet basis) with 65% to 80% holocellulose and 18% to 21% lignin, generate
a particularly large amount of oil palm biomass (Hng et al. 2011). Currently, oil palm
trunks are processed and used independently or collectively in the production of paper
products, bio-composites, reconstituted boards, plywood, cement-bonded particleboard,
and medium-density fiberboard (MDF) (Schwarz 1985; Teck and Ong 1985; Choon et al.
1991; Subiyanto et al. 2002; Sulaiman ef al. 2012; Nadhari ef al. 2013).
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Commonly used hardwood and softwood drying technologies include the solar kiln
drying (Langrish 2013), convective drying (Ouertani et al. 2015), microwave drying
(Vongpradubchai and Rattanadecho 2011; Abdul Khalil ef al. 2012; Lai and Idris 2013),
radio frequency vacuum drying (Elustondo et al. 2004; Jung et al. 2004), and freeze drying
methods (Bhattacharya ef al. 2014). These drying methods are diverse in their operational
complexity and investment cost. Thus, operational requirements, costs, and benefits should
be taken into consideration in the selection and adoption of a wood-drying technology.
Given the unique nature of oil palm trunks, this experimental research adopted the
convection (CV) and microwave (MW) drying technologies. MW drying consumes 50%
less energy and produces substantially less volatile organic compounds emissions,
compared to the CV drying method (Du et al. 2005). Furthermore, due to the minimal
operational complexity and subsequent maintenance costs of both technologies, the end
product (i.e., oil palm acoustic board) would be more affordable at the commercialization
stage. More importantly, the conversion from oil palm trunks to acoustic boards would be
a boon to the environment, as the open burning of retired oil palm trees could be somewhat
averted. Given high toxicity of fibrous rock/glass and foam plastics in the conventional
acoustic boards (Asdrubali 2006), OPB is thus a greener and more environmentally
sustainable alternative.

According to Arenas and Crocker (2010), sound barrier materials should absorb
most sound energy and reflect minimal noise. Previous research on sound (acoustic)
absorption materials using agricultural waste materials included acoustic materials
fashioned from naturally-dried coir fibers (Fouladi ef al. 2011), pure Arenga pinnata dried
fibers (Ismail e al. 2010), oil palm mesocarp (Latif ef al. 2015), oil palm empty fruit bunch

(Or et al. 2016; Or et al. 2017), and perforated oil palm trunk treated with infrared
(Kerdtongmee et al. 2016).

This research aims to develop economical and high-performance acoustic oil palm
boards (OPB) using retired oil palm trunks. To that end, the convection (CV) and
microwave (MW) wood drying technologies were deployed, and the hot-air temperatures
and microwave power outputs were varied between 50 °C, 60 °C, 80 °C, and 100 °C and
100 W, 400 W, 1200 W, and 4000 W, respectively. In CV drying, moisture is transported
to the surface mainly due to capillary forces where evaporation occurs. The demarcation
between the dry zone and an inner moist zone moves toward the center of the wood during
convective drying. Meanwhile, previous research on MV drying has experimented with
OPT using an input power range of 660 to 3300 W (Amouzgar et al. 2010; Abdul Khalil
et al. 2012). In MW drying, the MW absorption is initially high, as evidenced by elevated
drying rates, and decreases as large volumes of moisture (i.e. dielectric) are expelled. The
CV-treated and MW-treated OPB specimens were subsequently assessed in terms of their
drying kinetics (moisture-temperature kinetics relative to time), physical and mechanical
properties, and sound absorption performance.

EXPERIMENTAL

The anatomical structure of OPT consists of hardwoods (vascular bundles and
parenchyma cells) and softwoods (cells of fibers, tracheids, vessels parenchyma, and ray
parenchyma cells) (Sulaiman et al. 2012), as shown in Fig. 1. The average population of
vascular bundles at the inner is 26 vascular bundles/cm? and the fiber has the average
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dimensions of about 30 um in diameter and 1.24 mm in length (Erwinsyah 2008). The
experimental oil palm trees were the cultivar Tenera from a plantation in Thailand’s
southern province of Chumphon. The trees were 26 years old and thus were push-felled,
given their normal retiring age of 25 years. To obtain homogeneous vascular bundles and
density, the felled trees were cut into stumps of 2 m in height (length) measuring from the
trunk base prior to transformation into OPT discs.

The transversal-cut OPT discs were 50 to 65 cm in diameter and 20 mm in
thickness, with an initial moisture content of 287% + 0.5% dry basis (db). The discs were
soaked in hot water at 85 °C for 20 min prior to centrically processing into pre-thermally
treated oil palm boards (OPB) with 200 mm % 200 mm x 20 mm (W x L x T) in dimension.
Specifically, the pre-treated OPB was extracted from the OPT center, given the low density
suitable for sound absorbing applications, and underwent the non-chemical hot water
process to remove abundant glucose and other fermentable sugars in the sap and prevent
mold growth. Prior to the thermal treatment, the temperature and moisture content of the
fresh OPBs were maintained at 28 °C and 350% + 2.7% (db). The density of the soaked
OPB specimens was in the range of 1000 to 1,100 kg/m®. Four experimental OPB
specimens were fabricated under each thermal condition: 50 °C, 60 °C, 80 °C, and 100 °C
CV temperatures and 100 W, 400 W, 1200 W, and 4000 W MW power outputs, producing
a total of 32 OPB specimens. Each OPB specimen was placed 200mm apart from one
another and 200 mm from the chamber walls.

Fibres

Fig. 1. Cross-section of oil palm trunk

The geometry of the experimental convection-microwave drying system was as
follows: the drying chamber had dimensions of 1000 mm % 1000 mm % 500 mm (W X L x
H), was composed of stainless steel type 316, and was outfitted with one convective
electrical heater and four microwave magnetrons. The heater had a maximum power output
of 5000 W and was thermostat-controlled, with a blower to generate an air speed of 2.00
m/s. Inlet drying air and OPB were measured by thermocouples (Type K, Chromel—
Alumel) connected to a data logger with an accuracy of +2 °C. The temperatures of
thermally-treated OPB specimens were taken at a 10 mm depth at the four corners and
center of the specimens and averaged. The in-chamber microwave power was 100 to 4000
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W (2450 MHz) using waveguides. In addition, a circulating low-speed fan was used to
evenly distribute the in-chamber hot air and microwave energy.

The hot-air temperatures and microwave power outputs (i.e., the thermal
conditions) were varied between 50 °C, 60 °C, 80 °C, and 100 °C and 100 W, 400 W, 1200
W, and 4000 W, respectively. The heating cycles were terminated once the moisture
content reached an equilibrium moisture of 10% + 2% db (from originally 350 % + 2.7%
db).The effects of the convection (CV) and microwave (MW) drying technologies under
variable thermal conditions (50 °C, 60 °C, 80 °C, and 100 °C and 100 W, 400 W, 1200
W, and 4000 W) on the OPB specimens were determined with regard to drying kinetics
(moisture-temperature kinetics relative to time), physical and mechanical properties, and
sound absorption performance. Specifically, the analysis of the OPBs’ physical properties,
including oven-dry density, volumetric shrinkage, and color, was carried out in accordance
with ASTM D2395-14. The mechanical properties were determined according to ASTM
D143-14, including tension strength perpendicular to grain (using 5x20x200mm samples
at a cross-head speed of 1.0 mm/min), compression strength parallel to grain (using
20x20x100mm samples at a cross-head speed of 0.3 mm/min), shear strength parallel to
grain (using 20x20x60mm samples at a cross-head speed of 0.6 mm/min), static bending
(using 20x20x200mm samples at a cross-head speed of 1.3 5 mm/min), and hardness (using
50x20x150mm samples at a cross-head speed of 6 mm/min with a 10 mm (diameter) ball).
Furthermore, scanning electron microscopy (SEM) was used to determine the morphology
and sound absorption performance of the OPB specimens.

In this research, the moisture content (M) and the moisture content ratio (MR) were
calculated with Eq. 1 and Eq. 2, respectively (Ouertani et al. 2015).

Mim'_MU

M (%) = %100 (1)

o

M
MR =—— @
M
where M is the average moisture content of the specimen at the time of the test (kg water/
kg dry mass), M, is the initial mass, and M, is the oven-dry mass.

The oven-dry density (p,) was calculated as,

ini

P, = V” (3)

where M) is the oven-dry mass and ¥, is the oven-dry volume of the specimen (m?).
The volumetric shrinkage (S,) was calculated as,
S (%) = Voo Vo 100 4)
Vg
where V; is the volume of specimen in fresh (pre-thermally treated) condition and V is the
oven-dry volume of the specimen (m?) in the X, y, and z directions.

In the color analysis, measurements were first taken on the individual OPB
specimens (32 specimens) at five locations (the center and each of the four corner-edges)
using the Minolta CR-400 Chroma Meter (Konica Minolta Sensing, Inc., Osaka, Japan).
The measurements associated with each thermal condition were then summed and
averaged. The results were expressed as the whiteness/blackness (L*), redness/greenness
(a*), yellowness/blueness (b*) and hue angle (Hue).
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The mechanical properties of the thermally treated OPB specimens were assessed
with regard to the tension strength perpendicular to grain, compression strength parallel to
grain, shear strength parallel to grain, static bending, and hardness. The measurements were
taken using a texture analyzer (TA Plus texture analyzers, Lloyd Instruments, West Sussex,
England) with a 1 kN static load cell.

The morphology and acoustic (sound-absorbing) performance of the CV-treated
and MW-treated OPB specimens under variable thermal conditions were analyzed by
scanning electron microscopy (SEM) with a 50x magnification and a 10 kV accelerating
voltage (ZEISS-MERLIN Compact, Oberkochen, Germany).

The sound absorption coefficients (SAC) of the thermally-treated OPB specimens
(Fig. 2) were determined via the impedance tube method in accordance with ISO 10534-2,
using two tube sizes of 30 mm and 100 mm in diameter (Sa’adon 2015). The smaller tube
was used for absorption testing at high frequency (1000 Hz to 6400 Hz) and the larger tube
was used for absorption testing at low frequency (0.0 Hz to1000 Hz). The noise reduction
coefficients (NRC) of the OPB specimens under both drying technologies were determined
according to the ASTMC423-09 standard, whereby the NRC is the average value of the
sound absorption coefficients (SAC) at 250 Hz, 500 Hz, 1000 Hz, and 2000 Hz, where a;
is the sound absorption coefficient for that particular frequency. The NRC values of the
OPB specimens were calculated with Eq. 5:

NRC = [((Z250 + aSOO +f1,000 + a2,000)] (5)

Fig. 2. The diameter of OPB specimens as determined by the impedance tube method at 30 mm
and 100 mm

RESULTS AND DISCUSSION

The OPB Drying-temperature Kinetics

As previously stated, the pre-thermally treated moisture content and temperature of
the OPB specimens were 350% + 2.7% (db) and 28 °C, and the target moisture content was
10% + 2% db. Figure 3a illustrates the moisture-temperature kinetics relative to time
associated with the convection (CV) drying scheme under the 50 °C, 60 °C, 80 °C, and 100
°C thermal conditions. Under the 50 °C condition, the target moisture content of 10% +
2% db was achieved after 4000 min with an average OPB temperature of 41.6 °C.
Meanwhile, the heating cycle was terminated after 1690 min and 700 min with the OPB
temperatures of 46.2 °C and 58.3 °C under the 60 °C and 80 °C conditions, respectively.
Under the 100 °C condition, the target moisture content was reached after 480 min with an
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OPB temperature of 62.1 °C. The findings indicated that heating temperature was
positively correlated with moisture desorption rate but inversely correlated with drying
time. In other words, the higher the heating temperature, the more efficient the moisture
expulsion and the shorter the drying period. At 80 and 100° C CV drying, moisture is
transported to the surface where evaporation occurs. The internal moisture content
decreases with elongated drying time, generating numerous pores of variable sizes.
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Fig. 3. The moisture-temperature kinetics relative to time: (a) convection drying schemes (b)
microwave drying schemes

Figure 3b depicts the moisture-temperature kinetics relative to time of the
microwave (MW) drying scheme under the 200 W, 400 W, 1200 W, and 4000 W thermal
conditions. Under the 200 W MW condition (the lower extreme), the target moisture
content was reached after 2770 min with an OPB temperature of approximately 50 °C.
Under the 4000 W condition (the upper extreme), the MW heating was terminated after
180 min with an OPB temperature of 8§1.2 °C. Under the 400 W and 1200 W conditions,
the heating was terminated after 950 min and 450 min with the OPB temperatures of 67.9
°C and 73.4 °C, respectively. By comparison, the MW drying periods both the extreme and
moderate conditions were considerably shorter than those of the CV scheme. This finding
could be attributed to internal heat generation resulting from MW-induced mass transfer
and subsequent rapid moisture desorption. Given the high moisture content of the OPB
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specimens, the microwave energy was effectively absorbed and converted into sensible
heat. The uneven internal wood temperature was induced by the electromagnetic field
distribution and the power penetration depth, i.e., the higher the MW output power, the less
the power penetration (Lars 2007).

Further analysis revealed that the relative dielectric constant (&"), the loss factor
(¢"), and the loss tangent (tand) of the pre-treated OPB specimens (i.e. the fresh OPB) were
5.61, 0.96, and 0.17, respectively, given the average 2250 MHz resonant frequency, using
the Dielectric Measurement kit uWaveAnalyser of PUSCHNER Microwave Power
Systems. Given the high loss factor (&) of 0.96 of the fresh OPB specimens, the
microwave energy was almost completely absorbed by the specimens over the course of
thermal treatment. Nonetheless, the microwave absorption decreased with time as the
moisture content decreased, as shown in Fig. 3b. The MW-induced internal heat generation
contributes to accumulative internal pressures, which in turn enables the pressure-driven
moisture migration. As the moisture decreases, the loss factor and drying-rate ratio
decrease. According to Feng et al. (2001), the electromagnetic field contributed to the
vibration of water molecules and the subsequent changes in the configuration of the electric
field in the wood.

Physical Properties of OPB

Table 1 compares the physical characteristics at the target moisture content of 10%
+ 2% db of the OPB specimens associated with the convection (CV) and microwave (MW)
drying schemes under variable thermal conditions. Under the CV scheme, the heating
temperatures were strongly inversely correlated with oven-dry density and positively
associated with volumetric shrinkage. Specifically, with increase in temperature from 50
°C (lower extreme) to 100 °C (upper extreme), OPB density decreased from 265 kg/m? to
247 kg/m® as fissures developed between the OPB vascular bundles and the parenchyma
tissues, and the volumetric shrinkage increased from 15.42% to 23.94%. In addition, the
OPB color changed as L* decreased from 82.8 to 71.72, a* increased from 1.77 to 6.49, b*
increased from 22.61 to 27.01, and Hue decreased from 87.31 to 76.48. The color of the
OPB became light reddish with increased heating temperature, whereas the color of the
pre-treated (fresh) OPB was yellowish (Table 1).

Table 1. Comparison of the Physical Characteristics of the OPB Specimens of
the Convection and Microwave Drying Schemes under Variable Thermal
Conditions

Oven-dry | Volumetric
Drying Treatment Density Shrinkage L* ax b* Hue
(kg/m°) (%)

Convection 50 °C 265 15.42 82.8 1.77 22.61 87.31
60 °C 262 18.38 77.76 1.15 24.51 85.53

80 °C 259 21.92 77.64 3.1 21.27 81.68

100 °C 247 23.94 71.72 6.49 27.01 76.48

Microwave 200W 352 44.42 79.5 1.69 21.50 85.5
400W 385 48.72 7517 3.80 21.49 79.98

1200W 416 53.69 59.01 6.15 25.06 76.20

4000W 458 65.90 48.58 6.19 21.55 73.97

OPB Specimen 900 to 1100 70.55 1.88 26.13 85.88
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Essentially, the higher convection oven temperatures contributed to a more rapid
desorption rate, a lower density, and a higher volumetric shrinkage. Under the microwave
drying scheme, the moisture desorption was substantially accelerated as a result of the
MW-induced mass transfer and subsequent internal heat generation. The MW power output
was positively correlated with the oven-dry density and volumetric shrinkage of the OPB
specimens. The OPB density and the volumetric shrinkage rose from 352 kg/m® to 485
kg/m® and from 44.42% to 65.90% under the 200 W (lower extreme) and 4000 W (upper
extreme) conditions, respectively.

The greater density was attributed to the MW-induced excitation of parenchyma
tissues and the subsequent higher shrinkage and greater compactness of the MW-treated
OPB specimens. As moisture is expelled from the product, a pressure imbalance (i.e.
variation in pressure between the inner of the material and the external pressure) occurs,
producing contracting stresses that lead to material shrinkage or breakdown and
deformation. Moreover, the OPB color changed from yellowish to brownish with sporadic
burn marks, corresponding to a decrease in brightness (Table 1).

Mechanical Properties of OPB

Table 2 presents the mechanical properties, including the tension strength
perpendicular to grain, compression strength parallel to grain, shear strength parallel to
grain, static bending, and hardness, at the target moisture content of 10 + 2% db of the OPB
specimens associated with the convection (CV) and microwave (MW) drying schemes
under variable thermal conditions. Specifically, under the CV scheme, the tension strength
perpendicular to grain, compression strength parallel to grain, shear strength parallel to
grain, static bending, and hardness decreased as the hot-air temperatures increased.

Table 2. Comparison of the Mechanical Properties of the OPB Specimens
Associated with the Convection and Microwave Drying Schemes under Variable
Thermal Conditions

. . . Shear Static Bending Hardness
Trzg:':gnt -I—(?VTS;O)” COT&?:)S 'on Strength MOR MOE Strength
(MPa) | (MPa) (MPa) (kg)
Convection | 50 °C 0.2282 0.4108 0.4464 19.584 | 1145.457 43.1
60 °C 0.2035 0.3833 0.4226 14.761 | 933.315 37.8
80 °C 0.1788 0.2249 0.4026 12.146 | 904.727 19.5
100 °C | 0.1463 0.1713 0.2884 6.591 698.809 13.6
Microwave | 200W | 0.2538 0.6226 0.5038 | 30.321 | 1163.098 22.8
400 W | 0.2819 0.7849 0.5174 | 31.459 | 1566.011 421
1200 W | 0.3347 0.9610 0.5302 | 32.529 | 2758.088 49.5
4000 W | 0.4222 1.5690 0.6640 | 76.840 | 8550.933 65.9

In contrast, under the MW scheme, mechanical strength increased with increasing
MW power outputs. This observation was consistent with the increased shrinkage and
density as MW power increased. By comparison, the MW-treated OPB specimens
exhibited stronger mechanical characteristics than those of the CV scheme.
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Morphology and Scanning Electron Micrographs

Figures 4 and 5, respectively, illustrate the cross-sectional areas of the CV-treated
and MW-treated OPB specimens under various thermal conditions. In Fig. 4, under the CV
scheme, the abundance of pores and fissures and the heating temperature were positively
related. Specifically, at 100 °C, the OPB specimens became visibly porous with the
presence of numerous cavities of Smm to 10 mm in diameter (Fig. 4d), vis-a-vis under the
lower hot-air temperatures (Figs.4a-c).

In Fig. 5, under the MW drying scheme, the OPB specimens exhibited no cavity
and became denser as the MW power output increased. In addition, at 4000 W, sporadic
burn marks (hotspots) were observed (Fig. 5d) corresponding to the highest shrinkage ratio.
By comparison, the density of the 4000W MW specimen was increased by about 10% and
also the mechanical properties enhanced, compared with the 1200W MW specimen. Given
that the hotspots on the 4000W MW specimen possess poor mechanical strength,
measurements were thus carried out at non-hotspot areas.

Figure 6 illustrates the SEM images of the CV-treated OPB specimens under the
various hot-air temperatures of 50 °C, 60 °C, 80 °C, and 100 °C. As heating temperatures
increased, fissures developed between the vascular bundles and parenchyma cells of the
OPB specimens, which was most pronounced in Fig. 6(d).

Fig. 4. The cross-sectional view of the CV-treated OPB specimens at (a) 50 °C, (b) 60 °C, (c) 80
°C, and (d) 100 °C

Figure 7 depicts the SEM images of the MW-treated OPB specimens under the
various microwave power outputs of 200 W, 400 W, 1200 W, and 4000 W. Interestingly,
no fissure emerged in the MW-treated OPB specimens as the microwave power output
increased. In fact, the vascular bundles and parenchyma cells became denser as MW power
output increased.
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Fig. 5. The cross-sectional view of the MW-treated OPB specimens at (a) 200 W, (b) 400 W, (c)
1200 W, and (d) 4000 W

Fig. 6. SEM images of the vascular bundles and the parenchyma tissues of the CV-treated OPB
specimens at (a) 50 °C, (b) 60 °C, (c) 80 °C, and (d) 100 °C

Sound Absorption Coefficient (SAC)

Figure 8a illustrates the sound absorption coefficient (SAC) of the CV-treated
specimens. In the figure, the substantially high SACs were realized at around 500 Hz and
2000 Hz. The first peak was attributable to abundant vascular bundles, fissures and cavities
(Helmholtz resonator) while the second peak to abundant fibers and porosity. Figure 8b
illustrates the SAC of the MW-treated OPB specimens. Due to very high density of the
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MW specimens, the highest SAC was achieved once in the 500 to 1000 Hz frequency
range, depending on MW output power.

(b)

d

Fig. 7. SEM images of the vascular bundles and the parenchyma tissues of the MW-treated OPB
specimens at (a) 200 W, (b) 400 W, (c) 1200 W, and (d) 4000 W

Table 3 tabulates the maximum SACs and the noise reduction coefficients (NRC)
of the OPB specimens. NRC is the average of the sound absorption coefficients (SAC) at
250 Hz, 500 Hz, 1000 Hz, and 2000 Hz. The NRCs of the CV-treated specimens were
higher than those of the MW-treated specimens due to the former’s abundant surface-
fissures and internal cavities. The CV-treated OPB specimens acoustically outperformed
the MW-treated counterparts as evidenced by the former’s higher NRCs under all thermal
conditions. This phenomenon could be attributed to the abundance of fissures between the
vascular bundles and the parenchyma in the CV-treated OPB specimens, which in turn
contributed to better sound absorption performance. In fact, as the vascular bundles were
considerably stronger than the parenchyma cells, the hot air accelerated the water
desorption of the parenchyma and the vascular bundles acted as a piping network to transfer
the internal water to the specimen surface.

In addition, the NRCs associated with the microwave drying technology were lower
than those of the convection scheme. These results could be explained by the OPB’s
characteristic vascular bundles embedded in the parenchyma tissues. Thus, at a sufficiently
high shrinkage ratio, the stress on the parenchyma is transferred to the vascular bundles,
strengthening the OPB. In addition, the very high porosity of the parenchyma, particularly
in the fresh (pre-thermally treated) condition, enables it to absorb large quantities of water
vis-a-vis the vascular bundles (Norralakmam 2007; Abdullah et al. 2012). Once the
parenchyma tissues were dehydrated and uniformly shrunk with the vascular bundle, a
dense material was formed.

According to Cowan (1994), an acoustic material whose NRC is in excess of 0.4 is
regarded as a high-quality, high-performance acoustic material. In light of the NRCs of the
CV-treated OPB specimens (i.e. > 0.4), the convection drying technology is operationally
and economically suited to the high-performance sound absorption oil palm boards (OPB).
Specifically, the ideal convection-drying condition was 100 °C (Table 3). However, such
is not the case with the microwave drying scheme as the NRCs are below the 0.4 threshold.

Dangvilailux & Charoensuk (2018). “Acoustic boards,” BioResources 13(1), 929-944. 939



PEER-REVIEWED ARTICLE

(2)

(b)

- 93
bioresources.com

Fig. 8. The SAC of the OPB specimens treated with: (a) convection drying schemes (b)

microwave drying schemes

Table 3. Maximum Sound Absorption Coefficients (SAC) at Various Frequencies
and Noise Reduction Coefficients (NRC) of the CV- and MW-Treated OPB

Specimens under Variable Thermal Conditions

Drying Treatment Maximum SAC Noisg Reduction
@ Frequency Coefficient (NRC)
Convection 50 °C 0.87; 1624 Hz 0.44
60 °C 0.86; 1830 Hz 0.45
80 °C 0.85; 1961 Hz 0.52
100 °C 0.84; 2277 Hz 0.58
Microwave 200 W 0.76;894 Hz 0.35
400 W 0.75;599 Hz 0.32
1200 W 0.56;405 Hz 0.29
4000 W 0.55;412 Hz 0.28
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CONCLUSIONS

1. Under both the CV and MW schemes, oven temperatures were positively correlated
with moisture desorption but inversely correlated with drying time. By comparison, the
drying periods of the MW scheme were considerably shorter than those of the CV
scheme. This was attributed to internal heat generation as a result of MW-induced mass
transfer and subsequent rapid moisture desorption. In addition, given the high moisture
content of the OPB specimens, the microwave energy was effectively absorbed and
converted into sensible heat.

2. Under the CV drying scheme, heating temperatures were inversely correlated with
oven-dry density and positively associated with volumetric shrinkage. Specifically,
higher oven temperatures contributed to faster desorption rates, lower density, and
higher volumetric shrinkage. The MW power output was positively correlated with
oven-dry density and volumetric shrinkage of the OPB specimens as the moisture
desorption was substantially accelerated as a result of MW-induced mass transfer and
subsequent internal heat generation.

3. Under the CV scheme, the tension strength perpendicular to grain, compression
strength parallel to grain, shear strength parallel to grain, static bending, and hardness
decreased as the hot-air temperatures increased. In contrast, under the MW scheme, the
mechanical strength increased with increasing MW power outputs, consistent with the
increased shrinkage and density as the MW power increased. By comparison, the MW-
treated OPB specimens exhibited stronger mechanical characteristics than those of the
convection scheme.

4. As hot-air temperatures increased, the SEM images showed an abundance of fissures
between the vascular bundles and parenchyma cells of the CV-treated OPB specimens.
In contrast, no fissures emerged in the MW-treated OPB specimens as microwave
power output increased. In fact, the vascular bundles and parenchyma cells became
denser as MW power output increased.

5. The CV-treated OPB specimens acoustically outperformed the MW-treated
counterparts as evidenced by the former’s higher noise reduction coefficients (NRC)
under all experimental thermal conditions. This phenomenon could be attributed to the
abundance of fissures between the vascular bundles and the parenchyma in the CV-
treated OPB specimens, which in turn contributed to better sound absorption
performance.

6. Given the NRCs of the CV-treated OPB specimens (i.e. > 0.4), the convection drying
technology is operationally and economically suited to the high-quality and high-
performance acoustic OPB. Moreover, the ideal convection-drying condition is 100 °C.
However, due to its lower NRC values (< 0.4), the microwave drying option is less
operationally and economically viable.
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