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ABSTRACT

This study investigates the effects of hydrochloric acid (HCl) and sodium
hydroxide (NaOH) treatments on rice husk fiber-based polishing pads for the
Chemical Mechanical Polishing (CMP) process. Rice husk fibers (80 mesh) were
mixed with polyurethane at loadings of 2.5, 5, 7.5, 10, and 12.5 parts per hundred
of resin (phr) to fabricate polishing pads, which were then tested for hardness,
abrasion resistance, water absorption, and CMP performance. The results showed
that all types of rice husk fibers mixed with polyurethane could be successfully
fabricated into polishing pads. In terms of mechanical properties, hydrochloric acid
treatment had no significant effect on hardness but improved abrasion resistance
and reduced water absorption. In contrast, sodium hydroxide treatment decreased
hardness while increasing both abrasion resistance and water absorption. CMP
testing results showed that all pads were capable of polishing sapphire surfaces.
The non-treated pad achieved the highest material removal rate, followed by the

pads treated with hydrochloric acid and sodium hydroxide, respectively.
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1.1 anudunuazanudrdgvesdym

[
U = 1

aa o _a s e I &) ] )
nniuilisedlugaddianausalnunavaunsaideansifangnateiludiuniaves

FinUszdriuvesyudnilan Mlandnvesgunsalmartife Tulasty (Microchip) Favimtii
Jugudnanslunisuszuianateyauazaiuaunisvinauuesssuudiannseindvianue
Tnglulastuarulngndnuuueu 8aneu (Silicon Wafer) Fuduiaguanlugnannssuwd
AauAnAes wadulllulas¥usnnguniangnimurduuuwdudwlns (Sapphire Wafer)
Weannilutanifinuandfiunaiesenis wu 3A1nuudegs Anuvunuseaumngigs
I Ao ~ a A & A o w o <
ANUluauIulifg wavdauadiosniaail Falinnuddgegdduanamnssululas
dinnsedndwuiu dnlnsdagniunléidudangiu (Substrate) dmsunisasrawdnansia
fuUssanunadeululasdiieningunsaldidnvselindedatu vaoalaloaaauas
(Light Emitting Diode: LED) gsflyaminisnatnialanegnussuin 3.4 d1udiuuin Tl
2025 (Mordor Intelligence, 2025) tawaslalan (Laser Diode) wag3349553UANDINY
(Radio Frequency Integrated Circuit: RF IC) uainoufagaunsaurgwlns luiuuneeas
& Y o @& v o a ) a o 8 va o = °
yuadnta Indudesdiniswisukasuiuaunmiagnlnslviinianusuiazssvalaue
Tuseavunluwes Liflseetniunsaseswnnil@fniul (T. Doi et al, 2011; S. Dai et al,
2020) wsimeRuaudRfInanIvhliianuialdneglungqundarslaein n1susuanmiiada

Fndudeserfanszuiunis Tarqlasldarsiaiisiuiunsaniena (Chemical Mechanical

£% [
a a

Polishing: CMP) Fadunszuiunisinauufiseaiifuusadisna tiavinlafuia suaudl
ANMuUSsUkazsvlusesuNLIzaufan1sTuaIna18193svetlulasTuntvulatdnuinte

p819usluei (B. Zhang et al., 2017) wansyurunisdarilaeldasiaisauduusananaidu

[ 4
Aa o o A o6 a a =

nsrUIUNSRdsnsINsvIne Tannlieiisununsruiunstasia oy n1sldeselu Lay

q
(%

n1stands Jddszegnarlunistanuivdnnslunssuiunisiasiifandudewmdnegass

[

Uszianlaun arsazanedu (Slurry) wazuauda (Polishing Pad) eildunusiuiuanidu

q

1% 1%
=

Uszanal 50 wWaswus vasrldanelunssuiunisianua (M. Bahr et al,, 2017) satiusaled
ASANYINLINUNISEANUTEENT AN UNTTUAISTAYBINTEUIUNISTARININAIALIIUITY
984 H. Lei, et al. (2017) layMnsimunansazangduiuuseansnnueInseuIunISInng

mgasAdTINAukTImIng lnenausndainsdasluasazateduilieun1addnieg wuiins



WinUSHaudingdnuvinsauaunsaiindnsnsednlioTanuaziiuaun i vesdwlnsle
Andna1saraletuNiuAsyN1ATAN10E19AYY kaZIIUITEV Y. Zhou, et al. (2016) l¢i
P a a YR ¢ P a Y Ao aa
AnwUsgansnmnistadnlnsvesasazatedusuulauia Inenauansasaetuntoynada
N1YUI9 10 Wlwuns wag 100 wiluwes Wawisuiisuiunisideynieddnivuin 100
WS 8819RE7 HaN1IAaaInNuIINslEEanHaLaunsaudnsINsvialloTan was
Ieinaunniangngy 91n9ddededuiluniswaungeduluinsimuyszdnsamves

arsazangduiianaulandglusiunisiiulseansnnlunistanadalunaulandgluaiunisan

a

Anlganelun1suiunistn 39 RIN15I98ANYINEINUNITASILEUTAINNLEULYTTTUL
1ngUATeUe4 S. Chansatapornkul, et al. (2019) linaassairaurudnaindulysssuvfda
19 wueutaandulevudsswazliarursatamigwlnslen esanddandu

duisznovu Tuvmzidulondrenazdulzsanluidanududiuisznoviulianunsadaign

[

Insle Feaenpdodiunan1s3devee N. Bun-athuek, et al. (2022) laasgunudnaindan
555018 Taeld wdulevistnnazniuuensnu ek utanvinaIntan sssuAvisantuiln
aunsatpindnlinsla wWesnnduleviediuas nrutendnildnlssnauvesdaniluluim
= av v v & v q' Yo ad & o o <, |
a9 Penuddeteiundumsdadulunnislifanansssusanduiansagnanasiaduuny

InanTansTsumAieNIznawnuLHuTRNEuleduaTElugna NI INNNTIANES

¥ ¥ Ya = a

9n93dedneiu §Rdefdivuifnfisgldunavdndalutanansssuvdfiviung

Y

dusuasarudavawny WeoseUszmalnadudssmaniaseendnunigadusuduaes
woslan Tud w.e. 2565 (S. Janepittaya, 2023) Fadlunavtandudwnioainnsyuauddng

Wudwaunnn Uszneuiuluanuideves Ugheoked & O. Mamat. (2012) Aisn8eiuingnunse

<

= aa Y a s & s H o Y = aaa A o Y
LATHUTANIINLAAUVIIAALUU 17 1 UBIIUR IG]EJU'TV]U?IGU@\TLLﬂa‘UGUTJ"?NiJGﬁaﬂ']‘VIWﬁf]lllﬂ‘ﬂqﬂ

v =

ey 94 WesWud wasddnvuziluedugiu 38019 nunaudndveanuuigndvazd

av aa v Y 2/

Usna@dniganindulesssunnfeiindu 4 sgdlsinmunuddenierdesiunisaiiuwiudn

ndulesssumandundsluiinisnanianszuiunsusuiurudule Jsoraduduys
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1 |

dwmaseuszaninmlunmstameamsiaisiuiuusanenanazluiunuaudRidainavodway
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TgUszariaAnwBninavaInseuIunsusulsadulewnay
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1.2 I9QUszaeAYaINITIdY

1.2.1 WieassurudaandulownautilidiiunssuiunsusuliuagunssuiIunis

Uuuganemensalalasnasinuagluieulansenleinauiunedgiinu

1.2.2 Wefnwdnsnavesnszuiunisusvundulownavdniniensalalasnasinuay
ludeulansanleaiifiso AMANLLDY ATRUFIUNILNITTAG N13ARTUUITEIMNUTAINEY

Townaudna

1.2.3 Wefnwdnsnavesnszuiunisusuugndulownautniniensalalasnasinuay
lodeulansonlasniineussansnnlunistniilneltansiaiisiuiunsamIanavadkludnann

wulawnautna
1.3 dUUAFIUYDINITIY

nszviunsUsulsadulaunavtnmensalalasrasinuazluivilansonlanaunse
ANMUaEInRIkarUTuanImiIvedulenauiI AU Y sENINTURI AN INITEHE
roauUFnInavedsudn anididiasieaiuansalunisgadaniveadulounaudn uaz
= 9 = 1% = aa Y I~ B 1 v a v
#nsuFuddsulassasenanvesdaniluduleunaudndsdinasonseuiunistailagld
a1sadsuduusmiena nszuiunsuiulasaesielianudululdlunisiivaudinas
Uszansanlun1staRiveasnutnanntd@ulennaudny (Librea, et al,, 2019; Chanda, et al.,

2015; N. Stephen, et al., 2015; H. D. Rozman, et al., 2005; A. Ma’ruf, et al., 2017)
1.4 YaUWANI5IVY

1.4.1 ldwedgTinu (Polyurethane: PU) silnaasdu uanuvind lneivungns,
AUNANTENIN A = Polyols ay B = Prepolymer Ended Capping with Isocyanate agj‘ﬁ
16:1

1.4.2 Anvunudanniduleunauinnaunedginunsandiudulownauini 0, 2.5, 5,

7.5, 10 war 12.5 dnludesdiuvedsdu (Part Per Hundred of Resin: phr)

1.4.3 YSuugadulewnaudnivunn 80 we asarsazatensnlalasaasinuazlyifiey

lansanlan

= i & Y Y v Y a Y] &
1.4.4 ﬁﬂ‘i&ﬂﬂqﬂﬁqllLLSUQGUGQLLNUSUWQWﬂLﬂUGLEJLLﬂaUmqjﬂjﬂLﬂﬁaﬂjﬂﬂquﬂJLLGUQ (Shore

Durometer) WUy (Shore A) A1ua1A531U4 ASTM D 2240



1.4.5 AnwrAinnuiuniunisinguaisudananidulounaudnmeinsamaaaunis

o

u9g DIN Abrasion Tester AT150 auu1%957U DIN 53516

1.4.6 neaaudnanisrdnietandieiadesin CMP MARUTO ML-160A 1guudn

YuaLEUEUAUENA1 120 Taduns v 5 Tadiuns
1.5 aanuzvaslynuazisnisive

mddleunaviniiduswndsannaneasnssusnaaduusiudadmiudai
dwlnslunszurumstalaldarsiadsinduusmienaduniafiuyadlvfuunavdn
ilesnnszuaunsinfadanandildaeigdasemzasazarstunazurudandalidne
W 50 WesiBud veanszuaunisda (M. Bahr, et al, 2017) 3eldilauiofinensiuazi
lesssuanildulsznevdanunauiunedgiivuiioainaduusudamaunuusiudnain

1w

duleduaseilugaainnssuieanaildane widdkidsenuianisusulaamsernig
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1.6.3 Gnlns nuneda Taananietvedargiun (ALOs)



[y
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1.7.3 nypuautRveHudandulounauinauiunedgsinuy Tudnsdusing q

1.7.4 n51udnsnavenszuIun1sUuljudulennaudimensalalasnaeinuas

lopeulansanles Juasawnudnaindulownaudn
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2.1 nQu)iaAny
2.1.1 NLUIUNSTARD

2.1.1.1 Wesgly (Grinding) Wunssuiun1snanduauiisesnisanuuiuggauas

'
Y

ANARAULN AUy Fella1u15aA I UNITIAENTZUIUNISNAINTONALA NTTUIUNIS

Y

Resgluldpudandsusisliuiueuveunuiiuiesylu lnewiuiudessluagnyuieninus,

Y

a9 wagdunuazgnloudnluluwiuiivdeselumelviiansiniiorewunu nszuiunsil
UsznaumeiliansuidesyluniinuaziBeaunnd1eiu Feviunanaguaievila wu

o o = = £ v a £ aaa (3 3 < &
AoSURNNIUTaNS AoTuduuIans Faweuansiud luseululnsd wazwmes lnediainsumani
ssgniliouRniutanuszaiusig o wu wsln duudaaiulonds vielans vuudufiu
a = ! ! [ o Y o ! U a 1 =
Reszluasilnssonisegseninudiainsuy vimhnduwdessuirwdeselunasdigluFeinis

SEUNYANUSDUTEWINNTLUIUNTT LAASLUAINA 2-2  (USShas Asila, 2555)

Tuprsvieu WansuazldussmenalumsdailioTanuestiuaiu nszuiunisdeseluis

@ =

Wuzaudnsunsindaniulsazn1siivunanuudugivesnuinduaulan daualn

Aunuiianudundunazaiuazidoariiglu eg1alsinu nszuiunisiienanelimie

soedntiuuazIoeunnlaRTuElusEAULlLLAT WeRINALSIgIveIANsn

Wheel guard ——\

Worktable

Wheel head

1
Workpiece Holnog
Saddle
Feed
—— Bed

AN 2-1 dIUUTENBULASDUTLTRITIULUULNUMLLLLINEY (M. Islam, 2020)
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(USSLa9 Astia, 2555)

o w

Y Ay Y i = 2w o & o A A o~
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WL A@NTUNTUTULASITURIYBITUIU 1138N1TaATUIAVBITUIUNDLATHUAIUNTOY
dmsunszurunstaiiluseiuiazdeniy Flisnsnisvialledaniiveandn

2.1.1.2 m3¥anas (Lapping) tunssuiunisusuussiuinvesiunulagldusna

[y ]

Wsousudeaniuserinadunuiuuiudadslsenoumeasiafiinsuiasoamvandusiive
a v aa Y | aa s v o s 1Y)
yipvosansinfdenlalawn 3a@ena1slue Aesudn Tuseululage wagnanys lnoansdn
wia1iddnwazilunsuudanindanuiuszuaguuinveunsulfedinualaueiiie
Josiuseedinvinvvualugiiinanvuinvesnsuillugiiuly @ie1adimanonnnIniives
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Funy vunvsunsukazyinvesiagduieded Ay nlinalaensmenmunniuiuazsns

o

N159UR (USSLae Asila, 2555)

lunsgurumsiianstnazgniouasuuusudndaveunad Wu W1 nisuddudn aevi
nidudnatamnsunduiatuiuiiduey InsUatswnanywnsuaziuaanuiain
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Workpiece

Retaining ring

AH 2-3 druUsenauLASeelnAad (A. Deaconescu & T. Deaconescu, 2014)

Lapping plate

Fluid/Slurry

Work piece

AT 2-4 MNFAALLAASTINGRNTIUVBIBUNIAAITTALUITZNINNTZUIUNMITTARGT

Tneiuudn nmsdnadadunszurunsiannsaairsimihiSeudeuazanysaiuuy
Tusgsvluasounazunlumns Jagniwnldlunuiidiosnisaunmings wu mandngunsal
ddnvselind %Iudauwmwﬂﬁﬂ%uga w%aﬁ?}lumuﬁmumwiaLmﬂmﬁuqq fadimsfinnsanidon
yiavesastanazunutnlivangaufuan v v TanlagANABINTAUANA NIV

FuUULNONaANSEan



2.1.1.3 n157nlaea1stAls A uRTIn19na (Chemical Mechanical Polishing:
CMP) Wuweliansdaiafinaunisdasmenssnenadnful e naliiiaTuuuiuRves
Fuau nszvaunsiiunumaAylugnaInnIsunITHANNABIN1TAINTEULAT AN

asanevasiTuuluszivulues lnonizlugnamnssuiinoudnmes Fe6een1s

v
A a

wumﬁﬁm’lmwL’%auqaém%'umiﬁuﬁmﬂmaﬂuamwﬂWﬂ'ﬁuu’mLﬁﬂ

Pressure

Colloidal
Silica
Conditioner
Surface
SIUV
Q:
Conditioner

= | = v v A Y]
NINN 2-5 FIUUTLNDULATDIVANILAITLANTINNULIINNNNG

(U39 885u1 (Wsewmdlne) 311a)

Wafer
(sapphire)
Chemical PR
Reacted Layer Abrasives

(Silica Particle)
Polishing Pad

ANA 2-6 NNARLALLAAITINGANTINVBIBYNIATANTUSTHINNTZUIUNITTN

Tngltansailsiunuwsaniana

Tunsgurunsdalagldansiafisiuusmenasslfansavaredunfeunavuadnty

seauuNULATIIudIuUTENUNEN YNNUNTIT LN TUTATE I LN LT ALA S NURIUDITUIU
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aunAILiUisenalinuiuiivesguiludnvaevensasalauuilnugauyuuu
H7 10 AAN1TAFRUNVDIAUTATIUAULIINAINANUINTN BUNIAILANNTATALDITUT LN
| L a & ] a a = o g v a S e

yueanINuiTuLlieglisydnsan uanddunmy 2-6 lagldviliiinsesdnyiudn

2 a v a o Y] a ) Y] Y
Vﬁ@ﬂ'l']lll,ﬁﬂﬁ']ﬁﬂm UNT ﬂi%‘UTHﬂ']ﬁsU@I@Si“ljﬁ'ﬁmlli'lllﬂ‘ULLiQWWQﬂﬁI@EW]'ﬂU‘UiSﬂ@‘U@?FJ

[

druUsenaunan fal

2.1.1.3.1 Polishing Platen

1

Dugnumyuivihwdifisessusiudawaztuaiu Insuyuiioasrsusadouszninawiy

IANUTUNUIUTEIINNTZUIUNITUR

2.1.1.3.2 Polishing Pad (i uin)

[ '
Y 1 o a Y ¥

Juukugunsainaufiinfseg uugiunyu yiningadukasnszatvaisazateduly

Y *9 9 Y

v v v

LNANURITUIUDE 190
2.1.1.3.3 Pad Conditioner

[ ¢ o LY [ & a ' v v d' ! o a
JugunsaldmiuuSuanmituiivesurudaliiinnuveguimungaunaun1sinase
Wedesiunisgaduainiaviaguazeunialuansaraededvin ik udadanudu dewali

DHIINITUABAAI

2.1.1.3.4 Wafer Carrier %39 Polishing head

v

i ludduiauazaiuauusinareITuay Wy uiudwlns Tidudaduunuds

2819@ILAND W lNSTATANUAL AL DVIINIRITUIY

D9INN5EUIUNNSIA L lEE15ATSINAULTINIINA IV INNA LUAUYBIDNTINITUVIA

(% o '
= [y v =

WeTannadladisuiunsyuiunsdnedaasiieszly uanszuviunsdinaniedunalulad

AfAuuiugnas lunsusulsarianidanusiuEeu waglsvaunnseslussavunly &

Y
[J v o o A 1 q a a = fa & a 4 [
Wutadeda Vlﬁ\iﬁdﬁ@l@ﬂi%ﬁ%ﬁﬂ’?‘wLLﬁ%ﬂ'J’]@J‘H’WL%@ﬂ@%@ﬂQﬂﬂimaLﬁﬂVli’e]‘lJﬂﬁsUu’mLaﬂIu

o
Y

galagUu (T. Doj, et al., 2011)

q

(%
a

2.1.2 Yanauaadlunszuiunisinlagltanseisiuiuwsaniana

q

2.1.2.1 arsazatedu (Slurry) Wuansazanediioyniavuimantuszauulumns
nsratgflegnrelusdeanane nglunszuiunistaiuualsiaiisiuiuwsaniena

a1savatetulrgngar1uTsuudunardauasuuiuiive iUt windaududauaziigu
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Fuauagnyusauiteduseniien1sde WeliAansdudassnitaududaiuiuaiuedis

04 Wnguiudnagviuindimisynialuaisavaretulidndudaduiive stuau dalu

[
a LY 0 aaa IS

Ushnaiadudatuasinufiseaiiseniteeyniadiuiuiaesdas yinliietuiduuland

v ¥ '
1= (3 (%

NwarsauyNTULIMTa LR WesynawmdaunH U duladiutuilduazaiunsavd

9

(3

'
% =

anneauyueananiditunuliedislivssansnmlaglivinliinsesdntiudnnieniny
devmeladiuia (Subsurface Damage) @slugnavnssumilutiuazansazanedunlduaazgn
ay v Al = ) [ 1 Y = I P o A o v [
seungfanuildinisuininduunlelyd ansazanetuIadunisudadenyinlinssuiunisda
lngldansiniiviniuusanenaiifldinenaninssuiunmsdaiidug lngsinvesasazaiy
Tugu CMP-1005 dwsultdlugnavinssuineudninas 3nUTEN Pace Technologies agil
511087 36 Aeaa1TANIg s 16 aaud n30 Usruin 2,497 U e 1 8a3 (Pace

Technologies, accessed September 2025)

2.1.2.2 wiudn (Polishing Pad) vimifidusnarslunisiimatsazanedudad
sumAnszanedaeg Tiddudatuiiuinvestunuedieiais lnevilulugnaunssunista
wuvansiafisamfuusmiena wiudahndnainiangudssnvmwedagSinuddinuafivnana
LazlAlmUNTaNAaNIEUIUNITTANIEaTITIATSILAULIIMIINE LATIaT19vauHudn
Uszneusetuveaduloneaslud (Polyimide) fiflnodieane? (Polyester) wnsnegniely
Fosiradnssninadule Weunnuuduswazdszansamlunisgadunaznszaie
ansazanedustnsiiszAviam Auleswudningnesnuuulifiaananeifusedudnune
P13 et mnansazanetuliindeufiiuuasdudatuiuintunulfodsadiauaiie
uriudniedouiiduiatuiatuny aymﬂiumiazaw%’mzgﬂﬁﬂwﬂﬂé'fw%mmﬁaﬁﬁmm iR
nsufAsenafiuaznalanisdniiuiu dwaliausavdadoanoenaniiuialiodied
UseBnBnn dlugmavnssuriluiuuiudnagigninulddomguanaisusens wu nns
Hevanmupsiiufiusuda nsgasuaneynindaniiaraueglulnssasisiuin Tasialulu

sEAUgnamnsINInInsiUAsULHLTA LA UTEUNSHENYT DA UTEE LAY VINLTLHY

v @ o A = ot
I dudnnilsTannidulanduldedunseuiunisnnagnd

9

2.1.3 WNAaUYN

a

o - = 2 v 9 oy e
wnaud1l fe Wienveuwdintiignueneen wiewnn1sdins dadutuneulunis
wUsgutrdeniidudnans wnavdniidnvausluawlionuds dunagouiiady Tueg
[ v (74 £ I [ A v S v o ¥ & v
Auugdny wnauvdrndudagmdeldainnsyuiunisddiaiuisadrluldusslevidla

wanvane wu T ludemdsduas usuugauluneesnssy dldwndudwnautn
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(Rice Husk Ash) dwsuldlunuianneadwsegnamnssunns q visldiduiagasuusdluy

[

TanAUINER WU WNUTAYIaNad@RNESLdUlEsITUN

q

Tnealuunaudnusenoufeasdunissa 70 - 80 wWeddudlneniin Usenay
Ushe waglaa Leflwaglaa Anduuazansaindu 9 wazarsedunidnioifvdsaindiu
nszvLuMINeAieuTN 15 - 25 Weddudlneintn Fudusenoudedanidundney
7l 85 - 95 Wosiudlaethmiin uazsmdu 4 8n31 5 - 15 Weddudlastwiin vesunai
lagAAaNaIRUTHUAINRUGT aNINAY LagITHATIYN BIAUTENBUVBIMNAUTIIAINITD

[

asulannunisnen 2-1 dsil

A15797l 2-1 B9AUsENOUTBINAUTY (A Ma’ruf, et al,, 2017; B. I. Ugheoke and O.
Mamat., 2012; Z. Wang, et al., 2016)

29AUSENAUVBILNAUT AU EUN D

dulsenou USanas (widn)
waglad (Cellulose) 32-35%
iediwaglad (Hemicellulose) 22 - 30%
anilu (Lignin) 18 - 25%
TUsAuAY (Crude protein) 3 - 8%
Fanaulaeanlen (Si0,) 14 - 17%

2.1.4 ansaiinlglunszuaumsuiudgaduly

2.1.4.1 n3nlalasAas3n (Hydrochloric Acid) Wuansiadinl Benldlunisusudss

wNaud17 (Rice Husk Treatment) wiomdndudevuetiunsd lnganiswinlanendnuas
= a dAa 1% ' o o A o aw

indelavsursila Nlegluwnavtinewiluldnulugnamnssuniedanidesiig
Inga1n1samdndsisvunselangninlinzuuiuiaunaud1lag wu Fe, Ca, Mg, Al, Na, K
nnsdagieiuanuuIgnsvesdineulaeenles viluddneulasenlealudidunaudin
aveauaziilaseaine ¥8n1ilsUedugu (Amorphous Silica) 11nTu ansdstiganainy
Jussgadunafdmsunslinuiuianneaswsetannedwesuasdseusuaniniin

TiuiunaudlinsganigiuTanuvsng wu wedwes lanuu
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2.1.4.2 Wdealansonles (Sodium Hydroxide) Wuansifealdlunsirdnunay
111 lnglanziiieuSuudlassadadulowazednarsduniduraviinesnainunay Fail
Usgloviluauideauiagnediues roulnda lnsauisaaatearsduniduisdiula
Tnsiamziefiwaglaa wazlusuilogluwnavyilmdulounavunnazdainielilasaing
Gule (Cellulose) Wnddwmalsifiufianeuinntu frodiunsdanmeiuTaguming wu ne

1%
v v

a ¢ a o P A o % P | Y o o a P
awes BnnsdanUSunadnty Faduasivinlviunavtinliamnsodiiuiaanedwesles
2.1.5 nauMiaaevandagng
2.1.5.1 A1AMULDe (Hardness)

NUTIANUAUNIUABNITEEFUNNITUTIURY BleuTakUUNAnIEINANINTIY

Auvllnvasiansie o dmsuiannediuesuardaralnuaiinisly Shore Durometer 8814

'
% =

univanelpeinisimuaainanaisssdudell Shore A wneduTaniudeissou sndiegns
U 819508US 898U kagniiaend Shore OO WiNnziuiangeu enfiiag1auuy wloari Tnly
waz@alaugou Shore D winnzduiaguiualifslave endregragu wuiniisfonaasng
dovnssnidu wazdadanainranaudedu q dWududn TlumsftRnsmeaeunisniuay
ATIVILITUTY QNS WAYTEIZIAINATINAZEUAILANATEIU WU ASTM D2240 laliily

AIeuiBuiule
2.1.5.2 ANAUAUNIUNITTAY (Abrasion Resistance)

Duvsznnniswesnisdnuselutiodnnisdnuseuuudng (Abrasive Wear) 1un1sdn
v A A v v o & = N < dl' i a o a
nsedullownINRIFUNaNUdwasYTIsEvseaun AndaNuLlaadount ulUuuRYTanBn

b 1 o a

Fuiiauudadasndn virldiaaaudenigvesiiadagiauuunanain (Plastic

' '
v v oA v v A

Deformation) Miinfiuianfilinnudangy Laguuuuwaniin (Fracture) MAnfuianniining
wiadsz lnennsdnuseuvunanadnilunisdnnseludnvavaziidniinlutandnan lane
WoAwes vse Jannau Fedanmarlaslinuaudinuanudangu (Ductile) A NsLAnNISEN

nseludn e lkUmNANNTULILALLUUAD

- Ploughing tJun1sdnuselagligadeilietanudliusinssyiuuiyianauinnisie

SUUURITAR

- Wedge Wuni1sdnuseswuuniinisgyideieianliiisndntosuazdininniy

HevguuunaaRnuURY AR YUY



14

a

- Cutting \lunsdnuselunuuiiinsgadedieTan luinniigalneilio Taninanoanas

q q

v
! ! =) = Y ¥

mummmﬁmwmmﬁmqimm’i%’au @US‘VilHEJﬂﬂF’n’]llﬁ?iJ’]iﬂ‘U@\‘i’JﬂGﬂUﬂ’]iﬂ’mVl’m

nsgdsuianieUsunsillegnidendvieninaniiuiiniesunindu TannilA1ady

U v Y 9

% o o & ayya aa = oy =
G]'WUV]']UﬂrﬁGU@Qi‘jﬂ"ﬂgﬂqmqﬁﬂiﬂwqaﬂquuwj'l@@LLﬂjﬁLuaﬂqugmuﬂqi LAUAANIYLLIILFYANIU

91 9 dnsuiaanediweiuarasulndn nsanvsedniinainnisingsiuiuisadeu gad

[

Auduiuslaensaivaudfdnavesian Insmmzarruuwluaz lundaveds Yannia

2

[
=

ANULDazNsERNzsErisileanfuasasuusRvslinuiununstnggeau
2.1.5.3 M3gadut (Water Absorption)

Awasavesiantunmsganaziniuiilinielulasadne Fufnannisvaduves

luanauhgyesinaneluiagrisnisiiaufduiussenitediiunyflenduuuiiugy Tanus

az¥ilnagdldnsinsgadunuansneiu Yuediv lassaineluana Aungu ANUUILLY

LA AUUANILALVDINUR

lunsalvesTanmaulndnidulesssund Usnanisaaduiduegiu silavesduly n1s
YSUANIWAURD waEN158aLNIsEINdulenumnsIngnadwas n1susvan naulenie

=

asinfianmnsnidsuanniufanasaanyfifitauisdin vltaenteifiunsgemildnunaln
ATy YandifinnanszanefveaduloaianeuarnisBaneiinsinasdinnsgadusiie
ni1 lesainiivesiumelutosnimazidudldldennd el msmugunisgaduiudy
A lunsiaunagnediesuazaoulndn tlednwaudRimanauazarunaiosvesian

Tuszazean
2.2 U8 NNYIVD
2.2.1 AR89 UNTEUIUNNSIAR e lga1seTs AU INI9na

X. Niu, et al. (2017) I§vinsfinwnieniudnsnavemisfivesvenseuiunistana
TneldansadsuiuusimanaiifinadednsnisuiaiioTan (Material Removal Rate: MRR)
WAEAIUNYIUNI (Surface Roughness) Tawn An pH, k33n@A (Polishing Pressure), A5
%31 (Rotational Speed) wag 8n31n15tnavesaIsazaedu (Slury Flow Rate) lagwuin
é’mwmisu{fmLﬁaifa@%l,ﬁwﬁmﬁam oH fina1n 9.8 AudsUszanm 10 - 11 usiled pH 6N

Ay 11 dnsnsvdailedannduanas ssnniinnisnedivesezgiifleylansenloduuin
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wnifuyilinistagndaving vaeiiAiauvevitanasides pH W1lng 10 uwindugedy
dnasalle pH uATmuzay sulunaanufisealinguuseiuly n1siiausnaain 2
Uaudronsnily lUds 8 Yeudsensnily ilngnsnisviniieTangedu eananuiou
aaa A Y A a o o § v ] a o

wazUiseaiinanas uiddusanaunniiulufssyinlvaugaseviimnananasiadideluuay
Aeeudenenaiiy dealiiA1AuneIuRRNTY WelliumuiEin 20 seusewdl I
€4 40 soUsia¥ Il dnsin1svinilietanuasauneIURIATY WWendnsdulauInTy
seninsafiuwudnuareuNAdanT egslstauminauEisevaniuly usednariuiniu
Aoliinseeide g UNRILALIAIANUNEIURITANTY NSLERTINISINARIN 100 Hadans
1 a = a aa ! ) [l Y % dglj (% a 49( a o aa

fowunil fv 160 daddnssewndl dwalvidnsinisvdniledagiindunsizdduiveuningan
Mdndwsinlunistauindu winnluauinfuluaisazaie tuaggniineenainusim

b2

duiauniiuly vilisnsinisvdniatananas AuAIAINNEIURINUIIAnNAIBE1NmBLLDY

[

a ) ~ A A I a W ¢ | o =
AUNTSNNYBIBATINIT A LEB99INN1SaeAUNRTUTEINRAITNlNSLazLAEUTR Fduse
asuReulunmunzanananideilean (pH 10.5, A2uau 4 Ysudsensnail, anusiide

40 SRUADUNT, ANALSILYIU 45 SaURDUNT WazdnsINITinaansazaiy 160 Nadanssauii)

[

annsalaonsinisviniledani 2.69 lulasunsaadalus LazaAIAUREIURT (Sq) 91 0.184

uiluns Gedeifinunningauasinzansonissrandlussdugnamnssy muided
PiFuimnsfiwesvomssuiunmsdndeasaisuiuwsmna f5vswasgsbeioauna
seaine Snsmsvdaidietan uasauveruitvesinlig nefinvasnduduiundianag
ormnimesgaiugadivanzay

7. Zhang, et al. (2010) ¢aueisdnasstunoy wWeuAdymissifavesnisdawuy
Fumeuien Seinlianusaliléidnanisedadetanias uasaunmafinlundoutuld
Funoumsdnassduisad Fuusn (Pre-Polishing) Wansaraeduiiioynaezgiiviuunmiade
500 wiluns wienusutanedgIimuunuuuds wuitludrusnardudseaviusadoaniy
(Coefficient of Friction: COF) anasnaaan ws1zlinsminseniafivguszoonldsnalsils

[y 1 v d’ o a

8n3IN13vdnLilaTanAoudiegs 11 42.3 uiluunsdeunil wiAAIUMeUEY (RMS) deag

9 Y

¥
1Y

2.198 wiluwng Fadalidifisanasdonisinluldeu n1sdaduiiaes (Final Polishing) azld
asazaneduiideunindanivuna 50 urlumng wieuusudanedwesfiyunia wudie
fusrAvsusadavuiviulurisusnidinei uaranansavilieanuvenuitanaduis
0.683 wiluws InsdnnsvdnidioYaganas ogffl 7.1 wiluwssdeund uildfinfiGeuidou
Tusedu Ultrasmooth lusnumisdadildeyninezgiiunluaisazaisdu syniadanannd

aaa

lassasnaninaiassivdnlnviliinnisiainizsuasisgulfisenlawmstueanainiala us
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fapsasnesesTaviuidn o ogUne ludesasasaledunidaniudnnnuwdaiindngwlnsue

(%
(3 a U

aunsadalaiiosnnuisenalduiadwlng ietuufisenaiilonsdu uavevalitlondd

o w % =

nagnidneenmeusidoudwalilanunmiiiigasnn nuidedanansaguduinlading
Tdansavaneduiasuriudnsissiaiulusdaztuney {WuAsNTUsEaEa wgedmsunis iy

Uszansamlunistaiadwlns wazaeuideldinangriinisiasnsinisednlotanuay

AN MRINgIvenlnsiasefunsamuausinvesasazanetuLaslATIET 1o SN LR

H. Wang, et al. (2018) ladnw1dnSnavenuaudfdaninauseansnmnistaguls
Tnguiuluiinsuiurunaveseyaia anudutu A pH ergnisldnuasazasdu uagnns
naseynIAMaIBIwIn ludnvesuuineynianuidnanisudaideTaniutuauuuin
ouA saus 2.02 lulasunsdedalus fvuinoyata 20 wilumes Wauds 3.64 lulasiuns
siodalas fivwnmeynia 100 uiluwns nadwitiAnaneyniawuinlugjadssosnndnnis

auninsuinan adulvluiimmasfesduanududureseyniaddnifiastu dnsinisadn

'
a

deYanfgatunuludae qeand 4.97 lulasnsdedalus 9 40 Wesiiudlasumiin
Hosnnfienudutugeasifislonianisdudaseninsounauagindwlninndu a1 pH fes
4110 & Sarmsvinidietanogi 3.6 llasmsradalug uaze pH 7 11.5 ¥il#dnsns
viniileTananaunde 2.63 lulasiuasdedlus iinaindn pH figeinlidaniuasdwlnsd
Usggavmiloutuinussndnnisliiadngedu villinsdudassnineymasufindwl g
anas wiluffselelasladavesiwlnsandindufiny nisliasavaredudeies 14 Falus
Wudwé'mwmséué’fml,ﬁai’a@Lﬂ'u%u’[,u 5 dalususn windsntduros 1 anag LAZRUNIATANI
YuIALina1n 100 wilumng Wy 124 wilumes ndansliau fafnandanuinufisedt
lelaslagavesinlnimlslealuavuitanasuaroyniafivuiaifisntu Fuhlilssdnsam
M5inanas MIKaLBYNIATLIA 100 WlLIAT LAy 20 Wluing Asasidm 5 : 1 1Hene
misui‘fm‘fai’aqqaqm Anarneyniavundnunsnlutesinssminseuniale viliaud

Y 1 a o

dulaszninamddnlnsivaynaiuduian1seuriure U ANKILTY dinaliensinis

(% [
[y 1

yiniloanganinisldounavuinies uaTedtlniuinnsaivauauauiivesdanilu
a1sazangduliy YUINBUNIA pH LaTNTRALIAEIUIN dNalagnsewadnsINsudniieTan

wagAmMNINE v Nlng

Y. Zhou, et al. (2016) la@Anw1Usgansnmnistadulnsingldarsazaretunioynia
Fan1vuin 10 uilumng war 100 wiluues wauiuey lnewIeuiiguiunisideuniagan

YUIAALY NANIINAADIBUTUINNITIETANINaNa TN nIIN15vIntledan wagle
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A miEndiAnd Weilsuiunisldoyniadanivunaiion nkansveaeamuiileiAadan
yun 10 uluies asduasazaeduiifioyna@dniuuin 100 wilung wuhdnsinisuda
Lﬁ@?ﬁ@@d%{uaéw%’mau iesneymavadnaninsouwsnlutesinaeseynavuelvg
yilufdudafuinfintuuasinu §ATerdudnlnsunniu mnaanmuaimianuiinisld
oyMA 100 wiluing Wesedrafealvidanuveuinedi 0.106 wiluuss wideldeynia
Haal 100 wilung wag 10 uluins A1 ultanasnaasiies 0.0686 wilulums a1n
uansvaaasnalnnsvinileYanueseyniatisansuinanunsaaguldi ounesuadn 10
uluaas funumlumsiiuiiseneiissninetn eunavuialvg 100 wilumes Sunuwm
lumsaganauinnd ManadaevInssIedauasunstalasyinliinaunaseninmis
viniloYanduaditudenag vilildifidouuas Snsnsdnidetangedu adrdlsfinnumn

v o 1

WnUSunaeynialvg 100 uilwwes uniulvagyilieyniadnduiaiussnineynin
g 1Aan1sinnguiuveteunakazaniiuidudavilionsinisvinlledananas 1uide
Y949 Zhovu, et al. (2016) FsiAIUADAAADITU Wang, et al. (2018) NYI1N1THALDYANIA

ALUUIN ANUITALNTTATINAkasLiNNISRnUSATewAIllA

H. Lei, et al. (2017) liauuaz@nwiusza@nsnmussasazaiedunioun1ndan,
naudangd (zn) dnsuldlunszuirunistarinigansedsiunuisweanadmsudnlus Taaly
wala Seed-Induced Growth Method Lﬁa‘lﬁlﬁaymﬂﬁLﬁugﬂiwmaﬂamLLasﬁmiﬂizma
N5 LneANTIALUMTA Zn(NOs,), wavlureulansanlen (NaOH) asluansavataduiialn
Andenlansenlad (Zn(OH),) Inemnualsuiudsdlansenled egi 0, 0.5, 1, 1.5 way 2

& @ ’oj Y] aa 35 o U a o 8% [ o a
WasWudlneuminuesdani antutiumegaudnigwlnsmenssuiunistatagldansied
FAUUIMNINAAIEATEY UNIPOL-1502 31ANAN1TNARRINUINEAIINITVIALLDTanuay
AMNINAILANTUN L UTU %aﬂ%maﬂ%ﬁﬁﬁm%uqqqﬂﬁ 1 Wesiguslaguminueida

Ql' Y Y t-glj U ld‘ 1 q.'; v a
N1 NlvgnsInsviniiiedan asaneadi 0.618 lulaswuassetalus waglinuauneI Uiy
(RMS) fignag 1.21 wiluluns Feaninisdameaisazatgduiileuniadaniogane il
gnsn1sviniliedaned 0.487 lulasiwmsdetilus waslviauaune ud (RMS) o8
2.43 ulung wazlloiiuusuia Zn(OH), anTusnsnisedaie TanuasAunmHIae

o A a a & 1 & & 6 K4 @ Aaa a ¢ v
anananusuiuddlansenlenegh 2 Wesiudlaguminuesding n1siwsiefanae
wada (XPS) wuiiszninanisdn dedlensonladiinufisenduiadnlvsiinluansyssneu
argiliflaudung (ALZnO,) vilviiuUseansamnsviniatanguazaglinurseuiuly
JEAUULAT 91n9WIdetiasanunsaasulainnisnandinsdatluansazaieduiiioyn1nda

nluUSIamLIza ansadiiundnsnsvdnletaguarnnnmEivesdnlnsla
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B. Zhang, et al. (2017) "Léfﬁ@ummiazmaﬁﬁuﬁﬁaumﬂ%émwaméﬁ’w%an@%faaﬂvl,eaﬁ
(Ag,0) WiaLfinuszansnmlunszurunistainlngldansiailsiufuusmnsnadmyudlng
lagldinalla Seed-Induced Growth Method lun1sdaasizsioyninariaseanlen vl
SN BENTINANLAYNIY 808 1@ END Imﬁmum%mm%L’Ja%aaﬂlszjﬁagjﬁ 0,05, 1
ey 1.5 Weddudlnethwinuesdang nanisnaaeudewmaia (SEM) nuinusunadanes
oonleslidsnasionisnszarefeseyniadaniluasazatedu nansmeasswuindesia
USndaneseanledain 0 i 1.5 Weidudlnetminuesdani Sasnisvdaiile Tanudy
910 0.324 lalaswunssedalu Wauds 0.724 lulaswnsaedalus Snsarnaumeuiia (Ra)
ATuan 3.62 uiluwns widewios 0.85 unluwns nsiuUsuudanefeenleddmale
Usvavsnmlunisdaidnlnsiinguetiadnay 91nnsinsesdaomain (XPS) nuinda
nosoonledvinuihduduseite tedaufitonaisswiseynindanuaziiuiadulng

U I a aaa IS

Tnglusgninanstaingisusznau ALSIOs vuRgwlng Feguduindufisenaniisauiu

L3INATENINNTEUIUNTTRdINabIn1s IRl daniiuse@nsamesdu Faasulidinisuay

a Y v a

ansavaredunieyniadanidniudanesesnluniuiuia 1.5 Weswusdlagtiwinvesddng

uszansamlunistnanannilududnsniseiaiioTaguazauve1uia Feaninnisly

asazanglunlounABanIog1aLme?

S. Dai, et al. (2020) leWaunansialuuasulnanwnuwdaUdonssy Hard-Core Soft-
Shell Abrasive Tuansazarsvudrnsulalunszuiunistalagldaisinlsiuiunsainiena
dmsutaridninsastanuuneulndngninieulaeiadeuilinadaneuaisiun (SiC) fiUsne
1 Wesdudlasthuiin feeynadaniludadau 0, 5, 10, 15 uag 20 iWesiudlngtmiin
dellieumeneulndnunuianoumsludiudaudendaniiisou nansinsevisnemaie
(SEM) Busfuin@dniedouindaneuniludldedrsaiianeyhlioyniansyareiaftu
AUFNEEA (Zeta Potentials) SuusldfuanasmiuUsunadanifiiiniu Tnoansazarodu

YRATAADUANSIUADEIUABIN -44.6 MV anadee? -61.1 mV NUSUIUTANT 20 Wasidus

Y
[

TAYUINUN FIUIYDIAIULADYTVDINITNTEINYFANATU AINAITNARDITANIYENTLALTIUAU

wsanenalagldiases UNIPOL-1502 wazunudanedgsinu wuindnsinisydailetanuas
A aX a aa A a X Y aAaaa & 1 = Y]

ANAINAIATUMINUSUIUTEN ALY Tneansavaradunddanaunislunagiaunelons

'
ra

nsvdniiledanegn 0.17 lulasiunssedalus wazliAnauveuia (Sa) 1 1.974 urluwns
WNYuganUsiIudant 15 Weswudlaeuinin IneddnsinisataiioTanegi 0.31
lulasiumssiadalus wazlAiAune1uiy (Sa) 71 1.525 wilulins NUUTATINITUIALLE

[ a d' a a aa 1 ¢ - % a a a
'JEWJLLﬁ%ﬂﬂJﬂ?WN?ﬁﬂﬁﬂLM@L‘WZJ‘U’ilI']mGZIaﬂWQQVI 20 LU@iLﬂIUWKIWSUWWUﬂ ANTNUYIEENTN N
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Y
a o aa

Aena1iinainnisntudanilundevddneuaislua vilrannuulwesd@dnounislua
dawaliusamenasevinenisdnluniaty uasdandinehufasemandsuiadnlng 3o
PefiuissnansuiaiideTaauazaunmin venininanmsiFeudisuiuasavaneduds
Uhinaddeouanslusosaien 1 Wediduflastmin nuidishsnnmsuinidetaggeniuay

a

AN nilndfsaiuivansasatedunivsuaeun1a®an 5 wWeswudlagtntn muide

)}

See V1 aa aa o a A 1 < a
JsasulannisnanddniasiuddnoumislunludSunuimaisaurisananuld wagiiung

q

aaa a o

AnufAsenadduidnlns viliiunsdnsinisvdaileTanuasannniieg1aiussdnsam

H. Lei, et al. (2015) lf@nwuaginunasazasduifoyniadaninausinivan (Fe)
ileiinUszansnmyesnszuiumsiaseasiaiismiuusynainadnuiwlng asazanedu
gnin3ulagldnszuiunis Seed-nduced Growth Method nei@isinén Il lansenlys
Fe(OH); TuuSuneu 0, 0.48, 0.96 way 1.91 Wesudlagrvrinues®an aduaisazaiedui
faanlutiia 6 wWesdudladvdn nan1slinsgidiemaia (SEM) wudnundn il
lansenlud unsnidrlusgninteynindanilfedvaianelaglivilivuinoynia
Waguulas neaeudadnlnisensyuiunisieialagldasaisutiuusmunafeinies
UNIPOL-1502 wui1damsuiniieTaquazamniniiafitunausinaimin Il lansonlysd
ity Tnsansazaneduiifoyniedaniegadedsnnmsvindetaneei 035 lulasuns

Aotlue wazliaune uRy (RMS) agfl 3.84 unluwns indugannusuasnan Il lan

sonlad 0.96 Wosudlaguiinvesdand Insiidnsinisvdniotanadin 0.57 lulasiunsse

EEIERT)

¥
v

I UazANUNEIURT (RMS) 881 1.41 unluiins wagdnsin1sviniidetanuasAmunIng,
2 v a a < ¢ a s 2 & S o aa
anasdndesiusuiaundn Il lansenledeyi 1.91 wWeswunlaeuminves®and nan1s
AaTwnmemaia (XPS) Buduinlusgnitnszuiunsdameasialsiuiuusmienaiin
nsassasusenavergiiifleuwlaslsd (AlFeOs) s¥ninamsdn Fnanudasenaiisening
wuidwlsiuwmdn Il lensenledegluasararedu vlinssuiunisdniinnsudniiodan
IasauagldmFeviuanideiuandiiiiuinnsdusisminaduansazaneduifiouniad
an1aunsauinyszansnimveinistaiagulnslanslududnsinisedailedanuaz Ay

RYINUND

H. Lei and Q. Gu (2015) laWaunansasangtuniloyn1aan1lagnauiuneauwnd (Cu)
WOLALUTEANS NINUBINTEUIUNISTAMEETISLATISINAULSIINadInSUTWing ansazanadu
YlAlargNIn3eNAI875 Seed-Induced Growth Method laeiinaisazateaeuilas i

Luwse (CUNO),) wagleislansanlas (NaOH) adluasazatetuniioynindani waln
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Ann1sanaznowvatpeiles Il lansenlyn (Cu(OH),) wazunsndidiluseningeuniaang
Tnermuauiiaasuies Il lansonledeg 0 - 2 Wesidudlngtdminesdant wans
Aaszsishefomaia (SEM) wandliifiuineynadanilafidnvarnsanannsyaiedn
nagoulszansamlunisiasenszuiunistalasldarsiniisiniuusminalasldiaios
UNIPOL-1502 wudnidiewfinusuraneliles Il leasonlssan 0 Wy 1.5 Wes@udlag
dnifnueeddnn é’mmwwé’fmﬁai’amﬁuﬁumﬂ 0.55 lulasiwnsdodalus 10u 0.83
lulaswasedalus wazAnumenuin (RMS) Auain 2.82 wiluwns Wy 1.52 uiluwns
defiudsununoues I leasenlusiiu 2 Wedudlaetminuesdani sasinisuine

v
=

[y @ vV a1 a @ Y | a L4
FEANANAANUBYLATUATAINUNYTUNT (RMS) AUUANUBYBYN 1.5 UluAs WanISILATIEH

&

mgnatia (XPS) naN1stanuInAnUfATesznINRaUWes Il lenseanluaduiagwlng iin

a

a1suseneulaeggiifisuneuesinnszeanlad (ALCUO,) wazazgliludang (ALSIOs) &4

Y

¥ IS

Ul Azeailuseninmnisden vlinszuiun1sdangasiailsuiunsm1enaiing
Uszdnsnmundu Jeagulainniswiuneswnsansasaietuniieyniadan1vieiiusgnsinig

3

vinLlatanuasiiunaunmiivesnlnslaegadivssdansnm

P. Ma, et al. (2016) léimuransazaretulaefifoyniadaninandniia (Ni) Liloliia
Usgdvzn nvednseuiumsdameansiallsinduusamenadmsuwiudnlng ansavanedugn
WEURIE3S Seed-Induced Growth Method Tneifuansazansfiiia Il lumsafithiiuseneu
6 Tanana (NINO5),-6H,0) uazlmidsalansenled (NaOH) LileliAnn1smnAzneuvesiniAa I

lansenlyn (NIOH),) wazunsnmegluoynia@ani lneivuausuiudniia I laasenlya

'
=

o8ffl 0 - 1.5 Wesdudlatminuesdan nuansinnesisemaia (SEM) nuitoyme
FaNINIELFILAR LTN1ITINAIRUYRIRYNIA MedeuTamEaITAlsINAULIInalagly
1389 UNIPOL-1502 91nnamsnaaeswuindeiiuuiinauiniia Il lansenledain 0 fs 0.5
Wosdudlngtminuesdani SnsnisvdaidleTaniiuain 0.3868 lulasunsredalu u
0.7177 lalasimssiodalan uazAnnumeIuia (Ra) Aruain 2.1 uiluiuns Wy 1 uiluams
n¥ntudosinadnia Il leasenlefifimdu 0.5 Wesiduilaetminuesddni sasns
vinuileTanGuanasingail 1.5 Weidudlnetminuesdani Wesmnanuudwesaynia

anad tazdnlnsoafnduivesnisannsaumaaivinliaimnuneuiUasunlasdnos

¥
aaa = 1 =

IINEaNITIATIzRmemaa (XPS) wulninufnsenadsyninsiuidwlvsiuinga I lon

' [
=

senlen lngiinaisusenouiiniia Il exgiiiunniiuiusenau 1 luana (NiALO,+H,0) waz
aun1pganiujisenaiidudwlnsiinarsuseneverglillonladdng (ALS,0,) Fudu

a15Usznaudansauazaluuanisduasunisiiatuuiiseioonleduurdwlng vivliio
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dulnsgauasaunsagnudnesnladiedu Jsasulainnisiduinifaasluaisazargdund

q
(%

auNIATANITIBINTIISRIINITITAeTan wazAure Ul (Ra) lailusened Wesain
a aaa IS ! a a f v o s 1 ! a :’1 & o va o
AnUfsenalivausenininida Il lansenleatudnlsndiesanmisiatueenleaiiliiagm

Tnsunuazansosdnyiu

W. Xie, et al. (2020) lawauinszuiuni1sdannuuldaisiadisrufunsamianandy

Y £

finsrindaanaoy (Green CMP) dwsudaRadwlng lnegidelavmuiaisazaradusiinlnig

Usznaume aun1adiani, wastivea, exliluwiialnsniues wazuinauuiavs laeluldnse

'
a

wsaanidligndinnseu FadunisanuaniizAdiinden Nan1sMAaesNUIIaTazaIedu
AananaunsataiIdnlnsiid dnsnisvdniledanedin 3.268 lulasunssetalus uazien
ANUNEIURT (Ra) 8E#1 0.098 nm FedinTrastnlugnamvnssuiiily wenanidlusening
NSEUIUNITYINANNELaIATUUSN NS HFUa Iisai naulunsarakazanluni s 9w
linszuIunsnmLaulinsHodnnaaNa8 19WI3e NAlNNISTAYaIaNTATA18TUMINE?
\AnAnn1sResilufalnsniuea Yanlasylassulansandarinlnaisazatetudunauay
1% a a I dly a Y 4 d" ) aaa a [ & a a =3 5 a z.:l' [l

asvergililisulansenlonuuiuindnlis Fuhujisefaniuresinea Wialdutuiiny
~ P A2 & N = Aaa - =i ) aa

Msgneumeevalilisulensenlunuavergiidendiinatuilazgniineeningeuyninganilu
arsazargdudalilenisauszauunlulagliiinsesdndiunseseonnn udtedlonanali
Wiunsidiugesineaatluaisazatetusiuiuasdlufalnsniusaa s linan1sTad

a

fivszansangaasduinsrodwndon

M. Zhou, et al. (2023) lawmunnadanisiaRkuultnausansileinsiuiun1sun
A28815ATTINAULIIN19NE (Ultrasonic Assisted Chemical Mechanical Polishing: UA-
CMP) dwsurdnlng Inelduwiinnistaneyniaduiansaiuily (Two Body) kagn13dnain

‘:4' h v Y Aa
LsInIEUNNYRteYnIafiaesluasazaty (Abrasive-impact) lagldarsagareduniieunin

FAn19u1R 60 UILULUAST taelASoITAR8@SATSINAULSINIGNE Tribo (Bruker, USA)

ngnAnsaszuudansilefinuunn 50 Alawdsed uazuoundge 2 lulaswes lngldanudiseu

Y

YIWIUTA 40, 60 WAz 80 SAUMADUIN KINA 4 VBUARDANTINTN 9RIINSEaTesasazany

a ! =

U1 80 Nadansroundl warldszuziaidn 1 9lus lmalla (Atomic Force Microscopy:
AFM) tilaAnwinisiinsasseslusgauuluveseyniandulanseiviy et
(Computational Fluid Dynamics: CFD) 8918840 gAN35uU83N13 Inaueda1sazaiadu

LATNAYRIAAUDAN T wHnNTsausINTERNNURIRYNIALEINALlA (SEM-EDS) ItAs1niiuR

YDILNUTANFINTA LB uTuINTInsvInTanaralilausanainiagwlnsase annwanis

9 Y
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VABOINUILBLINANIEITOUIIN 40 AU 80 FOUREUIT BRIINTUIRLETARLRNTUIN
1.24 lulesiaseatlug Wu 2.03 lulaswnsaatalue Aanune1uia (Ra) #7110 0.10 Wl
luluns widsliies 0.07 uluwns 31NRaN1331a8s Mmemaila (CFD) wudleliiuuauniyn
Y] a & = v a
Ya9naudans leinain 1 lulaswes tJu 3 lulaswns ANusIv9a15azansduusiIn
ALENANUTANAIN 0.26 WATHDIUNT LT 0.55 WAsABIUT Uay (Air Volume Fraction: AVF)
WL 20 Wesifud Wy 49 Wesiiud danalinalsidoulasisinseunnuInNty 39978

QI U U &’ U a € v a 1 a ! N L g
LWHBATINTTVIALUBIER WANTIIILATISNATULNAUA (SEM-EDS) WUIMNIVDIHUVANAINITUA

= =

fismerailiflonusnged uantansvinansusenaverglidonainiidnlnioenunass 210

o

HAN1TAATIZMIEmATA (AFM) wuntulfisenadvuiidnlnsdanunuaeie 0.22 wily

was wazgnindneenlameeunAduianseiuiy Muideldsasulaiinssuiunstarwuy
ldnaudansleinsuiunistanieansialisiuiusmiena auisaudnsinisuiailoTan

waziiuAnN NN LWSLA

G. Zhao, et al. (2022)laWmuanstnnuuasllndndnsunszulIunIsInRgwins sre

NSLARDURILNUTALNYTWUU (Semi Fixed) metudani neldnssuiunis (Sol-Gel) #1un1g

lslnsladaves (Tetraethyl Orthosilicate: TEOS) auldipyniauuuunuudsiauiifinisda

Lﬂ’wiw/i?h\‘i%ﬁﬂm,ﬁza‘léﬂWﬂL‘WGUi nagaulszansanlunistagwlnsaieinsas UNIPOL-
1200S Toadn1510masn15TARAe wsana 5 nlansy mmﬁuwiumgu 120 SBUADUI
< LYY 1 a [ I~ a'} % %)I q'} a a‘ < 1

ANUSITITR 60 seumaudl wazdalussaznan 3 Halus Ingldunduusansiluaisnae
Wulifinsuavansiadile o wasnistmiiauazerndnlisaeiindunazioniueasenay
= a a ¢ v a v & v 2 a 1

\deanudias nwan1TIesIziaewmeila (TEM) wandlviulassasisuuuinuulsingau
a8197au Ineildnwauzidutuildunun 10 uluwes AU I9E AN UUNURINTS 1D
WIgUBUNUNIS I LN UTARUUMNYTAIU WUIHUTANLARDURIPI8TAN TANANANINDE19
FoulaedonsinsvdaieTaniiniuain 1.35 wiluwuaseeud 1y 1.47 wiluwmsaowd

s

ANANUNYIUR (Ra) ATUAIN 7.16 WLLLUAT WABMIE 5.21 UNLULIAS NNRANTITILASIZI

=

LAYHIYBLNYTANgRRDNAINUNUTAMIBIATIA (EDS) nundn1siinansusenauiuediing

UAsenalisznine@aniuuiamasiuiagnlns nsinsizimemnatia (XPS) Budunisiin

a a a

a s aa 3 s = aa =
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“Preparation of Fe-doped
colloidal SiO, abrasives
and their chemical
mechanical polishing
behavior on sapphire
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“Preparation of Ni-doped
colloidal silica abrasives
and their chemical
mechanical polishing
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P. Ma, et al. (2016) Fan ALY
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mechanical polishing for
sapphire wafers using a
novel developed slurry”

W. Xie, et al. (2020)
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“Novel model of material
removal rate on
ultrasonic-assisted
chemical mechanical
polishing for sapphire”

M. Zhou, et al. (2023)
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AALDANIIYRNTINAUNISIN

ARYANSLATSIUAULTINING

AskiAaUsanIeRNI AU
ANSTANITEISHANTINAUKTS
N19NALADRIINTVIALLD

ARLATAMAINEIANT

D GRRER Y RIN

“Polishing Performance
and Removal Mechanism
of Core-Shell Structured
Diamond/SiO, Abrasives
on Sapphire Wafer”

G. Zhao, et al. (2022)

WAUNIAISTARUUADUINER
ANNTUNTZUIUNITUARIGN
InSABNISIARDURILHLTR
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[

FUYANN

NISLAABUTAN VLN UTA
NSNS RSINT VN
o YanuaziRunmn i
Fnlnslamninusudames

laldaudan

“Study on Organic Fibers
in the Polishing Pad for
Sapphire Chemical
Mechanical Polishing”

S. Chansatarpornkul, et al.

(2019)
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“Natural Fiber-Based
Polishing Pad for

Chemical Mechanical
Polishing of Sapphire
Substrate”

N. Bun-athuek, et al. (2022)
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“Utilization of Rice Husk
Fiber and Water Hyacinth
Fiber Forming Polishing
Pad for Sapphire
Chemical Mechanical
Polishing (CMP)”

U. Boonsom, et al. (2022)
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- NARAUYI

NGO
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WNAUY1?

- uHutRnEulawnauT?
WAZHNAUYINEUTOLTTAR
Fnlnsle

“The Mechanical and
Dimensional Properties of
Rice Husk-Unsaturated

Polyester Composites’

H. D. Rozman, et al.

THnodoanaslidumua
WNAUY1?
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- ANUATUNIULIIAY

- ANIUNIULTIAG
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“Development of a WALINUINTIABNI - fisasaudulenzn

Military Helmet Using
Coconut Fiber Reinforced
Polymer Matrix
Composite”

N. Stephen, et al. (2015)
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“Effect of Water and Acid
Pre-treatment on the
Physicochemical
Properties of Rice Husk
for Silica Extraction”

J. T. Librea, et al. (2019)

MAUEZDIALNAUTINY
Yuaznsalslnsmasn
NAdBU

- SEM/EDS

- XRF

- shaunsasdn Br, Rb
wag Ti

- nanlelnsnasinaiuise
7179 Ca, Fe, Mn, Zn, Rb

oz Ti

“Chemical Treatments of
Rice Husk Filler and Jute
Fiber for the Use in Green
Composites”

K. A. Chanda, et al. (2015)
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NAeliasurutnandulownautnniiunssuunsusulemensalalasnas
Snuagladeulansenlys lnsihunaudnunauindukaseulviuissiedeauauiouainiuii
wnaudunduuaziiunseuiiuazensinges warindulownauduisiunssuiunig

Usuugsmensalalasaaeinuaglufeulansonlyd antuundugllduududalaenauiu

a

NoAUTWUY Inyrzas KUt anueaINwie town weudnandulawnaudnliniu

Y

n3rUIUN1sUTUUSE windaaniduleunautandunssuiunsysulseiensalalasaassn

waz wrudnndulaunaudindunssuiunsuiuussslansulansenlas antudiwe

[
v v a Y 1

Tasanviauinaaeuamantiveuwiudn laun Aruuds Aranuduniunisdng @l

= goJ a a v Aa o s v v ¥ IS (%
AITUNINATUUN wazUszansnanlunistaiagulusaienssurunisdalagldansiaiisiunu

WIINNG
3.1 ansnduazdagnldluanuie

3.1.1 wadgSinu (Polyurethane: PU) ¥llndeddiu A = wadeoa (Polyols) uag
B = W3nadwas (Prepolymer Ended Capping with Isocyanate) 31nUSE% 398150 91119

wanslunnd 3-2 i ndudaglenunietanuszau (Matrix Phase Material) 113y

= Y A

WNUUUIAA Y1 UD U

q

aaududaniduleunaudn lnewedy whunanalagA1nuLlee
Fuadiuusutuasloluluenuningudiiunedess dnvanedgsmudsaunsanusoaisiadl

wazdaduTanfuiudnluanamingsy SUBASOO enlddmsuasisunudaiadwlns

g WIwaySInu m
POLYURETHANE RESIN

idonas whuS> iosnviy numugy

winy

o a a a | a v ] s o o
AINN 3-2 Waagimmjuﬂaadmu (UsHn E\‘]Eﬂim 91N0)
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3.1.2 nsalalasmas3in (Hydrochloric Acid: HCD Wugu 12 Tua 21nuSEv wnuunl

o w

910 wanslunnd 3-3 nsalalaspassn wisfisindunlude nsande dgvsilunsaun 19

Y
dwsuusumnudunsn-asluaisad daavaiunsalunisinnseugeldvinaiuaseniia
lave dnadadevldlunssuiunsuivugmnavtnanewildvnluwieaia@dinianunay

4711 wananinsalalasaassndaunsalaindulewaz AR ad o UuUURITIANNUAT A

e nsatalaspae3ndanunzdmsuihunldlunisuiuusaunaudna

3.1.3 luifenlansenles (Sodium Hydroxide: NaOH) g 2.5 Taa 91nU3ev WaNwn
17 9180 wandlunnil 3-4 Tndeslensenled vioRisanduilude Tunlu Sovdidusaud 14
dmsuusuanudunsa-adluansall Ianuaunsalunisinnieugs awnsodanseulans
waziilobels Snvsledieulensenloddiannsaminduievuiiidnvazadronniilily
waglageenansesuaninuuiivesnauiddmaliinnsdaniznenaszninadule

v v a 1

4:4:3 a =2 ] [ o LY 14
ﬂ‘U’JaﬂLZLI‘V]iﬂsﬁﬂ‘UUI‘EILﬂﬂiJiﬁﬂiaﬂi%ﬂ‘{lﬂL‘VillWgaﬁﬂﬁUu’m’ﬂﬂUﬂﬂiﬂﬁUU?‘iLLﬂﬁ‘U“U’]’]

q

HCI Hydrochloric acid conc. 12 M.

ninlelnsnasia udu 12 Tua

FW.= 3646
Risk R R34, R37

Safety S (S1/2), 26, $45 @

Technical Grade 3092176

! - 120
4 Hydrochloric acid con
i sy 1218
dn meldlesaasia “""m-" Store in room temperature.

Ky || Keep container tightly closed in a dry
and well-ventilated place

ey 450 mL

AN 3-3 nsalalasAaasn Wuty 12 lua (USEn whuuln 911i9)
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NaOH Sodium hydroxide 2.5 M.
Tmduulansenlod 2.5 Tua
FW.= 4000

Risk R R35
! Safety S (S1/2), S26, $37/39, S45

Technical Grade 3097111

Store in room temperature.

Keep container tightly closed in a dry
and well-ventilated place. GAMMACO 450 mL

AN 3-4 lpeulanseanlos Wudu 2.5 Wa (USEn wiuula 3779)

3.1.4 Wnaut (Rice Husk: RH) 91nwnaut i waaslunmi 3-5 Huiandumundo
MNNsEUINETN Sldudszneundnde waglaa efiwaglaa wazdndu Wethunaudly
HIUNTEUIUNITNANUTOU (Combustion Treatment) A¢aUNTOATENEIINLNAULTIAR
u 17 wWesbudlnsimdnvesunaudn Faditanifiwdonldandieg 94 wWeddud uasd

anwauziduedugu (Ugheoked & O. Mamat, 2012)

AN 3-5 @ulgwnaudn
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3.2 N15LABNAALUSLAZNISNAADIVUAY
3.2.1 NMSLADNDNTIEIULALVUIAVDILNAUTIIFNTUAS 1LNUTA

nsmmuadandiuiiamesvisedulsluianaeulndniivaiedBiu dnndiulaeumin

foNaTuUAMTUUasIEUR (Wt.%) dnsndrulasUsuing (vol%) wazdnsarludesdiuveg

1%
o CY =

Uuinisdu (phr) Faunazisddendeidonnnatesiull uddediudenlduuy snsrdulu

ada v 1 [ a 1 a

Sovdruvosiminstu osniBdnaniduliid fanunindnedme s iduguudats
rosifinasifud lunends dndeulflumetagumindnefwesiidueisdniisdsd
anulunsszydaadmasiiuegiatu 7 125 dwlufosdiuveasiu agamnsn
nsuldruiiilutanid avsdaind 12.5 n¥u Tudanunindnedwes 100 ndu Bnieisd
fadresemaiinarsiuiumaesialagannsassynonidu asduiu A $1uau 10 Sasndau
Tudosduresimiinistu + asduiu B $1uau 4 Snardnludesdruvasiminisdu de

anLuvnINgwanluesh 100 d3u (W. M. Stewart., 2020) UaNIINUWITUANNTOYILAAAIY

Aananatun1stedmindnmelisanliddedddansiuuidudou

ASLADNVUIAVDILNAUTIANUITOLEDN LPAILAVUIANEIUN 40 - 60 1w LUaudIvuIn

a r-:ll v 1 1 CY) v v a 4 a I3
azideai 80 - 200 g vuAkNaudIdmasen1snszemtudanianunsndwedwes lay
WAAUTIIABINNITNTLAYAIDY AL NALD FINITNTLINYAIVDILNAUTIEIAINARDNIDAT

(%
o al v w1 1

n1svinilatandnnsdsdmanaautiwena duduledauinlugiiuliazdmaliunautn
nszeslaedreldiafwazannunduiavosunaudnd (W. Z. Wan Mohamed, et al,
2018) Wulgvunlanazaunsanssanesialaniazaunsawnsniieonuin1eue N udala
1NN wagaunsniuiuidudassninsnaudnlutiudauasdunudnlns usvuaduly
v [ a ! = ! va a a Ya v £ A ¥ =
sotliianiiuluaudwmaiFersaudfidenauniul meidedufenunautninvun 80 we
= = (7 J < Ao oa i 1 a L £ o = [
Hesnnivweasnandurunanliddnuaglaiivgauiuly dnvasunauindindinnudy
dilewdesgdntos uandlunind 3-8 lneamndttuseninanssuiunisdameasaiisiuiv
wsanana dulevwnidniusndaeenuainurudnazauisaneyniadanilududaiuii

dwlnslannnindulendvuelnguazaziingnsinisvdniloTanuiniu

3.2.2 MIERNINTIAIUNANYDINERLT MU

(% [
av A =< [y

wodgSmultluanideiidunuuaiia 2 dw Arrnuudwsaiinedysmuaziuegiu

Y

93187 A = Polyols waz B = Prepolymer Ended Capping with Isocyanate 1ngA1a21%

a9z UsHunINUSINadI B Tty lnene3dulannuadnsndu A: B 137 1.6 : 1
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LY 1

= A |a [ ! [ aa < a a Ao 1 o/ v 1
Lu%]ﬂﬁ]']ﬂ%ﬂiu’]mﬂﬂﬂa']'lLUUE]G\T]Z“I'JUVIZLI?TNZJLL?N?JENW@&%JJ?WIUVIENVLNN?{NLﬁ‘lﬂ&JLLﬂﬁU?ﬂ’J@g

va o a

AUTzU1 50 Shore A @a8Ad81danA1AuLTdmsziaulndAgsdukudnan

Y

9MEIMNTIN SUBAB0O MUseunad 59 Shore A Uagn1adiduainililonaunautiinluuay

aidumaiiuaanuudsliuiudalalndidssiuuiudaaingnainnssy
3.2.3 MItfenanuiuduredansazanglunseuiunsusulss

n1sUsulgesrensatalasaasinuazluivulansonlyddiunsiigauszasdiie nndn

Fudavulunnavdineenoininldaisazanreminafnanuutuasiullazyinatslassasia

Y

va o

vauwaglaaluiduleilidulownevseasare@dniauduniniiuly negidedaden
Auudun 1 Tua dmsuaisazatevivaes Jaduanududuiaugaldduduunniuluou
ansdulosaslidesiuluiagdwmasiaurudn dnvsnanuuduy 1 lua veansalalasnas

iﬂmﬁ‘]ummLﬁé’hﬁuﬁmmmLﬁummﬁqm'ﬁﬁ%mimma‘u%n (J. T. Librea, et al,, 2019;
N. Nimaje, et al,, 2016; N. S. M. Zarib et al., 2019)

3.2.4 MIFRNAPURANTENI NN FYTINUT LAY kaUNaUT?

lunrsasradudnninauTNIRANNeFYTINUARYIIAITRANLAAUY WAL
druusznauduladunilaremefgImunauudidmauiuandiuilivie e ndedanas
daunanlinlulumudasdunimunliney Seldannsonanasnegrandoudulalufiies
meIdeelavinisvaaswanunautniunedesmulaedddunisrasansegaugns lned
WAUAIBNYIEe RH Ag Lnaud1l A As Wedeoa way B Ao WIAWES lngimundnsdIu
|l =~ Va v Y a a A o 1 < [
A B og#l 1.2 1 1 11899 NNIeReIM SNy IaEs B iadunsf1nuuleuaduwiude
A & - Yy Ao | = \ % | a |
MudgulunawuunauunaudIndnsidiun 2.5 duludesdruvonsdu uazwuulinay

wnaudnd Ineilgnsianunanuans wandlunni 3-6

Y o W

3.2.4.1 gnsnvilaAe (RH+B) + A Wunsuauwnaut A ualIans B neutaiia

[y aadg v I Y 1 a a PN 1 v
NEUAUANT A ’Jﬁuf[’ﬁﬂ']ﬂ’NiJLL“U\‘iaﬂaﬂﬂJ’] 3.6 Shore A Q’]ﬂm’]aEJ’NW@EIEJ?L%UV]I@JNE‘I&ILLﬂﬁ‘U‘UTJ

Y

Y

3.2.4.2 gnsNaasfe (RH+A) + B WWunsuannautgnfuiias A neunkaiia

naNAUa1s B F5UlAIALLT1ana911 2.5 Shore A 91n@79819neasS U liNauLnautg

Y

3.2.4.3 gnsiaude (A+B) + RH 1Jun1suauans A uag B neuudidewauwnay

912911 FUAIAMNLTEAAILT 5.5 Shore A 2nfBg1anadsTinunlunauwnaudig

Y
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62.00
60.07

60.00 |
57.53

58.00 56.47

56.00 54.53

54.00

52.00

Hardness (Shore A)

50.00

A+B (RH+B)+A (RH+A)+B (A+B)+RH

AN 3-6 AAULTVDILHUTTRT1E@LNAUT? 2.5 druludesdiuvaasTu

Tunslazansuay

MNMFnTitaaugnsneidelfidengnsiiviadesnnmananunaudndity
a3 B fiflnrumiefosninans A siliunaudnaunsanszaeslafiniians A waghisush
fufurou Fsnnsnszaedvesunauiminadensiluldlunszuiunisdaiafeansiad
Safuusanaaiina s faushingasiassagiilrirauudanaduesianin
drugnsiiarumsgidelivusililiidosanidloans A uaz B naufundrazifunisisy
UFRzemaaiivamedynuwilidudeasinansudanuniagaauunavdialdannse

N5E8FLABE191ID4

wazanuanIsdanaAaulaiedinusnaas B luniudasoganuin a1ay
WFevesurudaiutuegi 60 Shore A uazilolfuunaudiniisnnd 2.5 dalufesdiu
Y0u58U denalimnnuudosdudnanastiosninfisnsidiu A: B 7 1.6 : 1 fisnsrdiu
unaudnn 2.5 dauluFesdmveastu wuisrdudeansaaguldinyinuans B fuasesn

AU DN LRI N AL LAz AL AUT)
3.3 5N15851LHUYN

3.3.1 NMSLMSEULNAUTN?

(%
P

wnavutMluuIsewseulagundulaknaudiuiatsnigdinau (Distilled Water)
wandnilvevludeuauseu (Oven Ain) Moaumail 80 eemwalya aunseviadminvadLdy

lomadl esanniseunnavtnagamgiinenanyiibiinssmesgadt 9 Wunsshwanin
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dulownavtnlviaadulivnniian anuudidulewnavdniuiuaidieaiesduiioanuuig

INUULN LUARARENVUIALAYTDURNIUNZWASINTDHUDS 80 LU
32.3.2 Mawssunsalalasrassnuazlaifeulansanlys

ansazanensalalaseansnuasluisulansanlantunuideiwssulnetiiaisazaieun

Wernmeunaulvidanududuegn 1 lua

3.3.3 nsUswsannautnsmensalalasaassnuagluieulansonlys

[y

nsUsulsanaualunwisel

o

wiunsles dwnavinildudlunsalalasaasinuay
Tuifenlensonlusfienududuresans 1 wa lushsdmunavinseassazaseyil 10 n3u
100 fadans Wunan 5 dalus Mntuunaudnannsesiunzunss uasdadetinduly
A1 pH 8gsEning 6.5 - 7.5 udrdahunauiafiunszuaunsuuuge hlveulugeva
Souflgungfl 80 esmuwaidoa Wunan 24 $2lus uanslunnd 3-7 uagldunaudrsteany

YRAKAAIIUNINA 3-8

RT for 5 hours r'/(b)
>

\_ Solution + RH = Solution +RH /1

(c) Until the pH is stable y !: (d) Heat at 80°C

| ¥ )
: == ~ = i for 24 hours \s

RH + Distilled water VAN Treated RH

P & o v v a = ¢
AINN 3-7 GU'N@E’JUﬂ’ﬁUTUﬂ?QLLﬂaUSU']'Jﬂ’JHaqﬁagﬁqﬂﬂﬁﬂlﬁiﬂﬁﬂﬁaﬁﬂLLa%I%LﬂﬂﬂJlﬁﬂiaﬂl%ﬂ



43

Adl 3-8 unautniuwaliniunsuTulsensalalasrassnuaslufuulansenlyn

3.3.0 NSLASUULNUTA

v
I o v 1

wudnlunuideilwioulaglinedeSmunmungnsidiunausening A = nadoea
uay B = Winedlwes ogil 1.6 : 1 \udasdndifinnuudwemedgmuiidtlinauunay
17087 50 shore A Mnthuindulownavdnfiunssuiunsusulganudnanditulels
Twenunlusnsndiu 0, 2.5, 5, 7.5, 10 wag 12.5 druludesdiuressdy udrdwaudfunea
poamwSITENTIT VLA DndumasuuLifius YuaLduEUAUENaNs 120 dadins v 5

Ta8uuns URNURNATAILY 24 2109 ka2 UTRDNAINLURLN LandlunInd 3-9

/(a) Stirring for 3 min Stirring for 3 min /
+ Y = =
Jsocyanate 4+ RH = Isocyanate + RH/ \ (j5ocyanate + RH) + Polyol = PU + RH 7

L -

(0

RH fiber-base

polishing pad
\ RT for 24 hours N 7

AN 3-9 TUADUNITHHTUULHUTANLEULENAUTINAUND AT INU

Y
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3.4 NMINAFIVLALIATIZVAMENTAVDILKUTA

3.4.1 A1AMULT9 (Hardness)

AauLdamnaaulneldinsasinanund (Shore Durometer) wuU (Shore A) wanalu
AT 3-10 MEBUIRTFIL ASTM D 2240 FalaenaiasesinAnuudasuuwiudn 15 9avang

wsudnntudaiwinAeiswardluloLuunnggu

’ Shore durometer N

/ ~

Press 15 point for each pad

Polishing pad

2N 3-10 ﬂﬂimﬂﬁ@ﬂﬁ’]ﬂ’mﬁ\lLL%QG%I’JEJLﬂ%@Q’?QﬁWﬂ’J’mLL%Q (Shore Durometer)

3.4.2 A1ANUAUNIUNTITAG (Abrasion Resistance)

mnuuuReNsTgnaaeulnelriesngeunstag (DIN Abrasion Tester AT150)
wandlunInd 3-11 sheanasgiu DIN 53516 meldievlimageu usanavimnzou 7.5 dasiu
AnuEEem 40 seUseuTt uazauiElunsindeudivesined1s 4.2 fadwnssesou
iy Juaunegeuidnvuzidunsinssuenvuaduriiugudnans 15 faduns ga 16
fiodiuns Tnoffusumaaousiinas anusiogis %umu%gﬂ%’aﬁmﬁﬂdaumaauLﬁamﬁh

ANNASLIATIAlAnaINITAgeU ANTLAIRIWIMARAsE U TERULLNTEIY
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/ Downforce kY

.

__— Workpiece

Wear wheel

I’
\
b ’/
Sso e

AU 3-11 MINAFOUAIANNAIUNIUNIITAYAIBLATEINAABUNITTAY
(DIN Abrasion Tester AT150)

3.4.3 m3gaduii1 (Water Absorption)

v ¥

nsgeduinnaaeulagsinuuikHudaliiumgn 10 n3u vlinagaudiegne wihiald
Junan 24 49lu9 anduidunuludahndniemusnadminveahndulogedu udn

=< o 1 J [ §f = & 1 = a
QQ‘LI'W’T]QJ'W’]']U'JmL‘lJUL‘UaiL‘ZmG]ﬁ’JULUENL‘U‘L!ll'mii’lu LLﬁﬂ\{L‘Uﬂ']WVI 3-12

'flé) RH fiber-base polishing pad ) (b) ——
Distilled water
RT for 24 hours
Wipe to semi-dry

FAN Electronic balance

. o ., -

= = %
AN 3-12 NINAFBUNINAYNUN
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3.4.4 Usgandnmlunistaia (Polishing Performance)

UszAnsamlunistniagnnaaeumenszuiunistnialagliasiadsuiuusmiang
Tnel4ia3ea MARUTO ML-160A Tnenageunsiuiniauaiaiisnsid 10 drulufosdiu
Y0955 WYN1SVREUTIRITInaraNToU Tunszuiunstnagldssuumyuisuaisazansy
Fudinrunsdaundiindvadinalaeldiiunssuiunisnses wansluning
314 Tnelddoulvlunisvnaesdninlaeldarsadsufuusmienaniunisied 3-1 lay

v v Y

Uszansnmlunisdninazaniarsanlagn1stadmungnlns noudALaSnaITn A18LAS DT

Y

Sannsatind AD BM20 wanslunind 3-13 Wisudunainlddnainiuiinunmuiandusmns

n1svdnLiledan lngldaunisin 3-1 wasiuUSeudisuiuskudalugnainnssy (SUBASOO)

Am
MRR = — (3-1)
tAp
MRR = §n51n15vdnLilaian A = Nunnthdnvo skl
Am = wasisagwlnsneutnuas st p = AnunUILULYesdnlns
t = szuzailunisda

AN51997 3-1 WSS T Il UNSEUINNSTRRITN NS IagldasIATi TN UK INI9Ng

W15 0NN TR

Uszinnvesuiudn (Type of polishing pad) | 1. usiudnainidulounaudnafilasiny
fdnsau 10 dulluosdruvoasiu NEUIUMNTUSUUS

2. wiudpanidulounaudnifii
nsvuumsUsulelafelansenlys
3. wiudnannidulownauinifisnu
nsyuuMsUsulamensalalasrasin

4. wiudnlugnavnssu (SUBASOO)

UseLanaaaames (Wafer type) FNNS (O-ALOS)




AN519% 3-1 (di9)

ar

YUINVBIINBS (Wafer size)

WURUAUENA1N 25.4 Tadns

AU 1 HadLUAT

wsanalun139n (Down force pressure)

46.5 Alan1anna

nailun13n (Polishing time) 60 19
AT INAFBUTULAAZUTELANLEUTR 3 @54

ANUTIVBALVIUMY TR/ THan

60/60 58UMABUNT

Uszlanuesansazalatu (Slurry type)

5 wt% SiO, 3R 105 U ULUAS

MIINTTIVaveENTar ey

(Slurry flow rate)

60 Jaaansnaui

A1 pH U83ENaZAN8TU (pH value)

AN 3-13 1St nindidnnsatind AD BM20 (US® A&D 3119)
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Slurry flow
Down force pressure
Pump Platen

Polishing head

Slurry

(fresh + reuse) Polishing pad

CMP machine

2N 3-14 nMsneaeulszansnnlunisinigwlnsmensestnnieansial
FWAULTIN9NE (MARUTO ML-160A)
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unil 4

NANI5I8

(%
N Va v

TuuniifiseliminauenanisidonazeAunenaluudaznsmaassilinanlithediu
¥ nan1sadrausiudn Aenuuds Aaruiuniunistng magaduih uasnanistalagld
asedifufuusmsnauuidnlns lnenuideiiinguszasdifleAnwdvinavesunaudn
Aladsunsguunsuiuusasiunszvaunsuiulssiensalalasaasinuaylsifoy

lansenlednaunadgSimundnsdu 0, 2.5, 5, 7.5, 10 uay 12.5 dwludosdimvedsdy

0 phr 2.5 phr 5 phr 7.5 phr 10 phr 12.5 phr

Non-Treated

NaOH
Treated

HCL
Treated

AT 4-1 ATNBHUTANIEUTLANDRSEIWLNAUTT 0, 2.5, 5, 7.5, 10 way 12.5

druluSoudIuunuITU

NHANITVUFUBHUTANUI MR UTRAL1 50U ULaZASAT LA 191N nedgSmuy
wihiduTanuvsndngainizunaudnfinaulisheny venandluukiudaiaawsia dnns
[y [

N3E18EIVDINAUT IR aLTaNaL eI NEulelvuadnwasdnwusduNedInNTEae

FLAMINIEUTR Lanslunng 4-1
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4.1 ANSIATIZHAIAIULTIVDILHUIA

Non-treat
Hardness ~@-forhe

—-HCl

60.00
59.00
58.00
56.00
54.00
52,00
50.00
48.00
46.00
44,00

42,00

Hardness (Shore A)

40.00

38.00

36.00

Rice husk content (phr)

AMNH 4-2 ANANULTIBHUTA NN UIRANSRSIEIULNAUTI3 0, 2.5, 5, 7.5, 10 wag 12.5

drulusosdruvaastu

NAYBINITVAABUAIAINUTY kandtunIng 4-2 NuInAANULDIIUD R LTABAaIVILT
= 7] a ado | | v | = a a g
ilerauunauimeanuviiniensidiu 2.5 dwludesdivensu iinanleleluenunindu
nilsludiudsznauvaanedgimurnujiserdunylansendaluwnaudy luvuei

o v v 1

ﬂ’J']ﬂJﬁWiJ’]iﬂiUﬂ’ﬁLL%Q(%MENW@%EJ%‘LVIUQ’]L‘ﬁuﬁ@ﬁﬁﬂﬂ%m’]ml@hﬂ‘ﬁ&ﬁLum%ﬂLL‘UiNUﬂUﬂﬁﬂ’l’]ﬁJ

Y
a =

< a a d‘ a A { I3 a
wiaveanedeimu Welelwloenuaiusuiuanasrinuuiesnadysinuianag
FaanAa 9l UUITEVOS H. D. Rozman, et al. (2003) Aldas1sianaaulndnivinain
wodgTmunanunautnwaznadieiaulnanes efnwauaudRginaresiannaulnds
wuilelglggnumiufiseriunglansenfavesunautiluusinuivunzauazanansoiiy
audRdenavesanls uwivniivsunamylensendaluwnavtnuniiuldauaudfdnass
anas Usznauduwnavtnfivunldiasnvazidurauin 80 we viTlinuidudavewnay
v a & = oA a a A o |aaa Y % |y a
finanIuIdivsinaleansendanasvitujiserduleleleeualiuinnindulendiauie
Tna) deiudsdenalimanuudsesaudaiiainunautnanas Jseenndoaiuuiseves

U. Boonsom, et al. (2022) fia51akiudnainduleknaudnikazsdulannauasin auna 30,
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40 way 60 Wy v Budulefivuindnasdinnuudsvsawiudanaziuwilduanauguiu
Tuvaugluauided WaltiuusunandulawnauduinIunsnsidu 5, 7.5 way 10 d@ruluy
Sovduvonsu wud Arrnuudsveandudaisausiaduunliuglu nan1svaaeadieiu
dAeandulownauinmvinthnduianasuwssdiiunedsimu Tuvueidnad 12,5 dwu
Tufosdrurensdu Armnuwdwanudaniviandulownavdnvsawsia duwilduanas
AnanUsunandulounautnnuiniuluaunedysmiliaunsegamiendulounaudnili
meuiuld FedanndnanuauIduvse N. Bun-athuek, et al. (2022) Alas189a1udInNISANYY
yosUFunaenauleludnsaunauveunudniinananisasuLUaamanuuliiuangeiu
TngmauulavesunudnvziinnfintudoUsunavssaulomug@u Wudsatuiunuide
999 N. Stephen, et al. (2015) MYMA1SAMUIMLINNIITIINIEUlEUE NS LN ENBRONTITTU
wasfnwnaaudinisnienInnud ArrnuudeinduiosnUsuanduleiiinauinngii
2w a 1 < A o a o a 0§ v a cav 1 o~ -

Judanasuuse egnlsinnudedivsunandulounifuluviliiaguninddilamiemenas

=2 a £ & Y VYo a a1 < d'

anusadawmligndulomaiuls dualiianreulndndinnuulanas wanddunised 4-1
datUSeuiisusiudaniviandulawnaudaneunszuiunsuiulimensalalasnasin
wazlirunszuiun1suiul nunAmnuslwe s udnsaeialiniei Tuvas iy
o Ao v Y A 9 % a sl 1 2 o

Paiandulosnautniiunssuiunsuiuugmelufeulansenleninniuulwniign
HannnsUsulenszuIumMsananidunauvedlansanlenduihujisendulelylsen
wadwhliranuudsleesmanasianun WeRinsaSeuiisuiuwiudalugnamnssuas
WU wiudaanidulawnautnaniiunssuiunisusulgsmensatalasnaainuazliniu
N3rUIUNsUSUUT dnsndin 10 dwlufesdiuvensdu Jannuudgaiigauaglndifes
fuegf 47.87 way 47.60 Shore A auandu fA1Auudadasndnuiudalugnaivnssy

SUBA 800 fiilmnaiudsaefii 80 Asker vi3auszana 59 Shore A
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A15197 4-1 ArpnuudsiidsundasmuusunaduleAdiudu (N. Stephen, et al., 2015)

sWasogne | Usnandule Tnethmin) USanauisdu ANANLDS (HRF)
A 20 80 25.01
B 40 60 26.23
C 50 50 21.23
D 60 40 28.70
E 70 30 30.03
7 80 20 15.32
G 85 15 14.49

4.2 M3IATILAIANNAIUNIUNITTAQ

0.600

0.510

0.400

Mass different (g)

0.000

1.200 @

1.000 |

0.800 L

0.200 k

0.666

-

Abrasion resistance ~@-Non-treat
—-HCL
1.079 —/\—NaOH

1.021 1.021

0.763

0.615

0.482

U. Boonsom, et al. (2022) 0406

(RH Non-treated 60 mesh)

25 5 7.5 10 125

Rice husk content (phr)

A 4-3 A1AUATUNIUNTTRQUBNUTATIALYTATIEnTIdIuLNaUT3 O, 2.5, 5, 7.5,

10 way 12.5 @ulusesdiuraasty

HAYDIANAUAIUNIUNIITAY wanslun i 4-3 wulnududaanidulewnaudnil

H1UNTEUIUNTUSUUTImMNSa T duNaNiiaufunIunIstaganas esanuaudnian
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ANULTsanasluggnsidu 2.5 uaz 5 drulusosdiuvestu Jalinudanguuiniuy

daaliidenageuinanuianisdesuladiedmalidinnumuniunstaganas eusunm

(% '
A aa ]

Gulsunautrifiusnntuddlownauiniddnvundunsdssiffuiiinfomeiosdatan
wyEndlishefuldusiudndafianuiununisinganasigaisnandiu 12.5 daulufesdiu
Y0453 Fedenndosfiuauideves K. Yongmalwong & I. Janechud (2012) ﬁlﬁﬂ%’uﬂga
auUAn13AUNTTAYURIYNETIUVIRAILATNAUNBADTAUNUI N1SiRNUSIUNeFIBNAY
wniAulvaghlfiAntosiuseninessssumiuagediofiduniniuauaiuisalunisia

= 1

N1zsanad WaldsuwstngIsdmalimiinnisngneenue s tuuuINIY Y iauidel

Y

WUINITRUTUVRIAIAINAUNIUNTTA TSR 7.5 druluTediuveasdu (Hedan

[

augaszinemuansatunisdanizvesdulownaudnuazauaiuisatunisduian
EsuLsIvaNdulenaut1 fauinNA1IAMULTNensIdIU 7.5 dauluSesdiureustu aztioy
1 d‘o./ 1 1 (% I QI @ d‘ 1 [ 1% ¥ d‘ 1
NI1N9n51871 10 drulusasdiure sty Ny TuvueRautanaNtdulewnaut1INNIY
nszuIuMIUTuUTIRlensalalasaaeinduuiluuAInudunIun15Ingaadundi wule
WNaUTIYLABY 9 warasignansdiu 7.5 drlufodiuveustu Fauinnnseuiums

JFulgesenananusanisvialaveninvsedalanuasuuuituiiveswnautny Juilidy

v
Y= 1 k4

leunaudiaunsadanie Tanun3ndlaniy A1nNAUNIUNITTAgUatLHUTARINE 1Y
unltuanaudeUinadulounauiniuiuiidnndiu 10 wae 125 dulufesdmuons
Fu aenndeaiunavesAInNiunIuMsTaguessutaaindulownaudailsny
nszUIUNTUSUYTE maradununsinguosikudaanidulounauindiunssuiunse
Ufusselndeslensenlsdiinnudsuslandntosnuuiinadulounaviniduiulag
diatuitdnsdiu 2.5 wag 5 dalufesdiurensiu wazanasiidndiu 7.5, 10 wag 12.5
dniludesdimvensau WesnnAmuudwesunutaanawiliuiudndanudemgugauas
liiiansauloadsraliwiudmdssuniudiudaeindu q luszuimegey sgslsfinuns
Usuussunaudnifenszuiunsiinanamalifiunaudnfinnueguss uarazorauniy
wandlunind 4-4 @ulsunavdnieamsadanigtunedsimulduntu armnudum
mMstagisgesniusutaanidulounavdniliiunssuiunsuiulys feaenadesiuaures
J. A Halip, et al. (2021) #ild@nwuAgfunmsUiudsadulounavindeiniidmivianaou
Tndn ndrrinsusuusadulownauindelnfeulensonled dmaliunavdnituias
ity dlunavinFeannsodame fanumindlafty definnsunisuifieutunuise
rountiilagnudt wiudaaniduleunavimiiunssuiunisuiuussensalelasnasing

gnsd 7.5 dadlusesdiuvensdy deranuiuniunistnggeigregn 0.406 n3u Faga
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1 i

N1 wudanEdulownaud1l vwn 60 we NlAANNAUNILNTTAgEET 0.51 NTU VeY

Y

NN BURINLNNUNS I UlunSEUIUNISTTRRILIWAR (U. Boonsom, et al., 2022)

Non treated RH outer surface NaOH treated RH outer surface

Non treated RH inner surface NaOH treated RH inner surface

A 4-4 anniiavesdulaunautnindsusdadundsusulamelsdeulansenlys
(K. A. Chanda, et al., 2015)
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4.3 N1FAATIZANTYATUUN

Water absorption (24 hours) ~@-Non-treat

—I-HaL
10.000  pree

9.000

U. Boonsom, et al. (2022)

(Water hyacinth 60 mesh)

8.000 7.705%

7.000

6.000

5.000

4.000

3.000

2.000

Water adsorption (%)

1.000

0.000

0 2.5 5 7.5 10 125

Rice husk content (phr)

A 4-5 nsgedihvesuHudaivEulafignsd@wNaULTN 0, 2.5, 5, 7.5, 10 Uay 12.5

druluSaudIuuDuITU

navaINIVAdaUNIRAduLh wanstun il 4-5 wuiukudaiiviianwedgimuagng
Fenliannsogadudild vusiuiudanaudulownavdnisameia arunsogaduild
uennEUiInahiigeduliuustunsiinadulounauinidutuiesanunaviridy
Sanansssunanuszneuluse waglea was iliwaglaa deduildulsznevveaniiawad
flannsogeduild windnfiiiunssuiunmsuiulssieledeulansonludiaauaius
1umi@@§?m§flgqLﬁaqmﬂﬂizmuﬂ'mf’fqﬂfmmmiaamé’@éawuaqaﬂﬁuLLazLaﬁL%aqiaaiu
wnavdn dedululudnwasiieatunisaneives KA. Chanda, et al. (2015) ﬁléfﬂ%’wga
dulownavtinuasidulevanssimelaivnlansenladdmiuiannediuessnesuii wnau
d1usenauluiig waglaa weliwaglaa anllu ¥8n waswing laeransznuannnisuiuly
wulownautnmeludeulansenlundwaliusuin elwaglaa uar Gnllu anauandss
Al 4-6 dsnaliunavimivimnaeagloageiudulounavinsgaildundu uandy

P Y 9 v a A4 =< Suvy 4 -
AN 4-7 G]ﬁ\‘ismllﬂ“uﬂi%‘U'?l‘Llﬂ’]i‘Ui“U‘UEQG]'JEJﬂi@le‘ﬂﬁiﬂﬁ@3ﬂm@®%ﬂu11ﬂu®ﬂﬂfj@ LUBDNIN

nsruIuNstRuinsvinalaveninfiiiveswnautndmalvivylessunivivanseanluaie

[

(. T. Librea, et al, 2019) wazwaglaanisludulodianulundnuiniu (O. A. Battista,
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1950) viliunsndadlussniamadifondusgnautunssuaumsdananshliunay
Flsifiiadsdamaliunavinaraetlfonniu fsdmalinnuausalumagaduihanadld
dofasaniuieudisutunuitenouniidasnuiuiudnnduleunauinmnuiagada
htfesndusudaiivhanidulefnauen Ageduiegi 10 Weddusd dewaliusiudaians

veneuarliaunsaliausial (U. Boonsom, et al,, 2022) wiudnviannutindsauisald

TunszuIun1sInR?
I cellulose [JCellulose
Hemicellulose [Hemicellulose
Lignin and Others [ Lignin and Others 6.0%
| 7@ @
35.4% 58.1%
Non treated rice husk NaOH treated rice husk

N7 4-6 wansiaUTinn waglaa Letliwaglaa Snilu wazdu q Mudeulundaiunis

Usuussmelaisulansanlen (K. A. Chanda, et al,, 2015)

30

[ Percentage water absorption
[ Hydroxyl content of rice husk
25|
—_— 20F
&
@
_8’ 15}
g
& 1ol
05
00
Non treated Acrylic treated NaOH treated

MW 4-7 uansdianisgaduiinaslansendaniudsulundsiunsuiuusmensnasasan

wazlupeslansanlan (K. A. Chanda, et al., 2015)
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4.4 n15As1ERUsEANS A Wlun15UARA

NnHamIveaeanUd wutaindnanidlownavinoynuie Sanmannsalunsdn
Adnlnsuanslunind 4-8 lunszurunisdaialasldarsiafisauduusmianalaegied
Uszansam Tnsuudnnidilewnaudniliiunssuinnsuiulssddamnisuinidetan
IndiAssfuusiudalugnamnssy SUBAB0O Fadunkudniliesrauwivanglugnamnssy
wineudinines madnsssnanuansiiuindulounavdideniiunszuiunisfimanzay
annsadhultiduiandmivaiawsiudnld Tnedulounaviniegluusutaimriidus
mdamilegluasazanstulindsuindnliuasianssuiunmsuinideTagluasieaty
dulounauindsihmihiidutanasuussluusiuig egslsinumanisdaveaunudadiiu
nszuaNNsUTuTBnaesianuidsnnsuinde taganatedafiulddnlasanzusin
Innidulounaudniiuiulgsielufelansenled iaanmafisduremylensondavie
lelnsaulessuiidmasveagludilounavinannssuiunmsusuussisans Wousiudneg
Tunszuaunsdelaglfasiedsuivusmina ailfussnaaniduiunuuasiinnsdag

s o =

=) a Qy o = 1 v v = [y
Feadiuguau iiluneylaasenledndundeegluidulounavdndusenunauiu

£
= 1

asavangludamalial pH vesansaranetuadu dwaliiinugisenadlunssuiunsiam
wniAuly lviRnduufiseedosgiidenlensenlss ddliausagnidnoonldseuss
Tamnaifiesesadieon uazansissimihfiduduiaseneiiiasistudely dwalsng
nsvdnidletananas Fadululufiemadesufunisanaswesdnsinisuinile fanvosusin
Faarnidulounaudniiuiulgshensalslasaasinfienafinsalslnsnasiniivasnisain
nseuIuNsUSuUTnlunanfvalsavatedudinaliuiseaiilunssuiunis daanas
Jufnnneliaunassninmavesufisenlivasusaiadanalunssuiunstn dauanslunin
7 4-9 (X. Niu, et al,, 2017; H. Wang, et al,, 2018)
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1.6 |

1.267
1.2 }

MRR (nm/min)

Non-treated

0.317
04 {
0

HCL

Material removal rate (10 phr)

1.345
0.160
NaOH SUBA800
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AN 4-8 gn5N3vdniieTanuesiutatauvlinngns1duknaut 10 dwlusesdiu

VBT wazuHuTAlUgRa1MNTT SUBASOD

X. Niu, et al. (2017)

pH = 10.5
,"‘.' ..........
pH = 10 A " " pHadis
I' . A
/ ° This research
pH = 9.8 ,,'
@
Less chemical reaction. Too much chemical reaction.
Weakly Alkaline pH =11 Strongly Alkaline

AN 4-9 WNltuYewRIINNSVIALe TaRNUAsLLUaMNNAT pH YadanTaraIeT

Wigugunuauiageae X. Niy, et al. (2017)
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unil 5
#5UNan133e

5.1 g3y

MnuansAnyusiudnnwedsimuiinanidulounauttiiameiinagUlin wiudn
anunsdugUuazawialdilifinisvgaseurendulounavim nssuumsuiulsadulounay
drdsnasioInuulaeiudn lnenssuiunisusisadulaunaudnmensalalasnassn
dsnalvienauudwssusiudaliunndafuuiudaanidulownaviniliiunszuiunis
UsulgeegelitodnAy agslsinunssuiunisnena ndsdamaliuiudniinianusiiumi
nsdngasnituazgeduiidesniusiudaanidulounavdindliunssuiunisfuuss
psafuimfunszuunmsusuUsndulownauinfelufeulensonled Adamaliuudaiien
Aundtanadlunndnsidn fuddmanusiumiunisinguesnudaviinfing1aagenia
wiudaanidulounauinilikinunssuiumsyiulss useruaunsolumsgeduiindudia
wntu Fedunseuiunsuiuusadulewnauingensalalnsnaosndwmaliusiudnd draan
fhumunistngitu padninldtianas warlidmaroriamuuds nssuaunisuTustana
JamnzandmsuinnuandRliuwutaldunninssuaunsuiuussduleunautime
Tnfeulansenled wazuiudannudnfidnsidi 10 dwlufesdinvenstu arunsadnin
dwlnslunszuiunistalasldaisiaistuduusamnnale daudn1susudgeniansa
lelasaaoinazifiunuandlriuLsiudnlfAudusdailiiunszuiumsuiuusendulisn,
nsvinuiotaqldAfiananduiadusiudannidulownauiniiiiunssuiunsusulssg

nInlalnsmaasnuaslafenlansonlydniidninisvdnileiagdosanuaisu
5.2 agumuingUuszasa

5.2.1 wieasurutnandulewnaudanliniunssuiunisusuusawagiiunssuuns

USuugaemensalalasrasinuazlufeulansenleanauiunedgiinu

nudndulawnautiniiiunszuiunisusulssieaiensalalasaasinuazlyifey

lansenlydanunsainunandunedgsmuietuguiluwiudala

5.2.2 WeAnwdninaveinsrurunsusulsadulownauinmensalalasaaeinuiag
lndsulansanleaiifiso AMANLLDY AIAUEIUNILNITTAY N1TANTUUIVEIMNUTAINIEY

Townaudna
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nran1snaaetazulainsuulsaduleunavtnmelalasnaein dwaliukudnd
Armnuudsliiuasuulas IAanuiuniunstagaaduwazauaIusalunsgeduinanas
Tuvgiuiutnanmsusvlsadulosnavtnmeladeulensenlen dwaliuiutniiaining

ud9anas ANAUAUVNUNSTRQATLLAL ANAINNTA IUNTANTUU G

5.2.3 Wiednwdninaveinsruiunsusulsadulownauinmensalalasaaeinuag
lpoulansenlanniineussansnnlunistaiilneltanseiis uAuwsmIanavadkiudnann

dulawnauta

wiutpandulownaudnusvugsensatalasaasinuaslumsulansenlenionsn

nsvdnlledangesnituiudaanidulownautinliniunszuiunssulss
5.3 Jaauauug

dedunaifiuaandlanansznuvesnisuuussdulounavindmiuwsiude as
W nginansznuludaaiiveadulounauindiinadenedyiimu msfnwinanszny
vosnsUiuUsadulounavdniifowalngiu uasmsdnudnuueduguinewesusutn
nnduleunauiniiunszuiunsusulasiading o sendesganssmididnaseuuuudes
n310 (SEM) Wiepdnwariuivesdulounavdnuazanudrfuldszriadulounaudn

LagnedgTiNu

A a I ) P 1% P a =
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Abstract—This rescarch studics the possibility of creating
a rice husk fiber-based polishing pad for sapphire substrate
in chemical mechanical polishing; (CMP), including
mechanical properties. It is a way to reduce the rice husk
that was left over from the rice milling process and decrease
the costs for LED bulbs to meet the growing demand every
vear. After washing and sizing (80 mesh), rice husk fiber will
be mixed with polyurethane content 0, 2.5, 5, 7.5, and 10 phr
rice husk fiber. As a result, it shows that the rice husk fiber-
based polishing pad could be formed with good
dispersibility. The hardness of the rice husk fiber-based
polishing pad was lower than pure polyurcthanc by 13.6% at
a mixing ratio of 2.5 phr and higher lincarly when the rice
husk increased. Similarly, the abrasion test of the rice husk
fiber-based polishing pad shows the lowest abrasion
resistance at 5 and 10 phr rice husk content.

Keywords—sapphire, chemical mechanical polishing, pad,
rice husk fiber, mechanical properties

I. INTRODUCTION

Currently, the world is experiencing global warming.
Every country has given precedence to LED, Light
Emitting Diode, to conserve the world's fuel resources as
much as possible | 1]. Therefore, the LED lighting industry
has been growing rapidly at an average of 13 percent per
year and is expected to be worth up to 580 billion US
dollars in 2024 [2|. This increases the demand for
sapphire, commonly known as corundum, which is the
component of LED light base. The sapphire substrate used
for making the base must have a high surface quality. As
sapphire has high hardness, good heat resistance, and
chemical stability, Chemical Mechanical Polishing; CMP
is used to produce the sapphire substrate [3,4,5]. There are
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two cxpensive malterials in the sapphirc CMP processing:
slurry and polishing pads, which cost 50 percent of the
total production costs [6]. Studies about composite
abrasives have been conducted to reduce the cost of the
sapphire polishing process. Dai et al. [3] prepared hard
core—soft shell abrasive with silicon carbide (SiC) coated
with silicon dioxide (SiO,) and investigated their CMP
behavior on a sapphire substrate. From the experimental
results, composite abrasives can significantly improve the
polishing performance, increase the polishing rate, and
good surface roughness due to SiO- reducing the hardness
of composite abrasives while increasing the chemical
reaction in the polishing process. Lei et al. [4] Synthesize
composite abrasives with zinc (Zn) doped silicon dioxide
(Si0,) abrasives by seed-induced growth method and
investigate their applications in CMP for sapphire. The
composilc abrasives show a lower root mecan squarc
surfacc roughness and a higher material removal rate;
(MRR) due to the increasing chemical effects between zinc
and sapphire substrates. Zhang et al. [5] Synthesis of
composilc abrasives with silver oxide (Ag.O) modificd
silicon dioxide (SiO;) abrasives by a seed-induced growth
method and studies polishing performance on sapphire.
Experiment results show that composite abrasives' material
removal rate (MRR) is higher than that of pure silica
abrasives and reduces surface roughness. From the result,
they found the element Ag from Ag,O increases the
chemical reactions, which is the cause of increasing MRR
and surface quality. Lei et al. [7] prepared a composite
abrasive with copper (CU) doped silicon dioxide (SiO2) by
seed-induced growth method and studied CMP behavior
on sapphire substrates. CMP results show an increase in
polishing rate higher than pure silica abrasives.
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Furthermore, the surface roughness is increasing also.
From the X-ray photoelectron spectroscopy and analytical
results, they found that copper (Cu) elements in composite
abrasives could react with the sapphire substrate,
promoting chemical effects during CMP and leading to
improved polishing performance. Ma ct al. [8] modificd
pure silicon dioxide (SiO.) abrasives with magnesium
(Mg) by seed-induced growth method and studied the
influence of composite abrasive in CMP on sapphire. The
results indicate that the polishing ratc of the composite
abrasivc is higher than that of purc silica abrasive, which is
the same as the increase in surface quality. The X-ray
photoelectron  spectroscopy  analysis  shows  that
magnesium can react with sapphire substrates and incrcasc
chemical function during the CMP process. Their rescarch
on composite abrasives found that the abrasives containing
metal ions could gain more chemical reactions with the
sapphire substrate. Modification of abrasives seems (o be a
good way to improve polishing performance. However,
synthesizing composite abrasives remains a challenging
and costly process. Therefore, it was changed to study the
polishing pads from natural fibers. The research of
Chansatapornkul et al. [9] experimented with and made
polishing pads from 4 types of natural fibers. They found
out that bagasse and bamboo fibers were able to polish the
sapphirc surface well because they contained silica.
Mcanwhile, banana and pincapple fibers, which do not
contain silica, were unable to polish the sapphire. This
corresponds to the study of Bun-athuek et al. [10], who
madc polishing pads from rencwable matcrials: rice straw
fibers and coconut coir. It was found that polishing pads
made of these natural materials could polish the sapphire
surface due to the large amount of silica inside. Likewise,
Boonsom ct al. [11] prepared a fiber-based polishing pad
with rice husk fiber and water hyacinth fiber. The result
shows that the fiber-based polishing pad could polish the
sapphire because rice husk and water hyacinth contained
silica. According to the studies, it was found that polishing
pads made of natural materials containing high levels of
silica are effective in polishing sapphire surfaces. Thailand
is a country which is the world's second-largest exporter of
rice in 2022 [12]. Therefore, a lot of rice husk is left over
from the rice milling process. In the past, people tried to
utilize rice husks for agriculture and industry, such as soil
conditioning, composting, making bricks and charcoal as
fuels, etc. According to research by Ugheoke et al., [13]
they were able to prepare silica from rice husks. It
accounted for 17% by the weight of ricc husks. The
prepared silica is amorphous and has over 94% purity. As
a result, the rescarcher assumed that rice husks would be a
suitable natural matcrial for making replaccable polishing
pads. However, the previous research about making
polishing pads from natural fibers did not mention the
mechanical propertics, which could be a variant affecting
the efficiency of polishing pads.

Therefore, this research aims to study the mechanical
properties of rice husk fibers mixed with polyurethane in
various ratios. The mechanical propertics were tested (o
find the appropriate ratio. This will incrcasc the possibility

of using natural fibers to make polishing pads with suitable
properties and performance, which can replace industrial
polishing pads.

II. EXPERIMENTAL METHODS
A. Preparation of Rice 1lusk Fiber-based Polishing Pad

The preparation process was as follows: first, Rinse
untreated rice husk fibers with deionized water. Then, bake
in a hot air oven at 80°C until the fiber weight stabilizes.
Put the fibers into the blender to reduce the size and screen
the size through an 80 mesh sieve (Mesh80) and then
prepare the polyurethane by mixing the ratio of A=polyol
and B=Prepolymer ended capping with isocyanate 1.6 : 1.
Rice husk fiber was added in the polyurethane containing
0,2.5,5,7.5 and 10 (Part per hundred resin; phr). After the
rice husk fiber was wholly added, the mixture was poured
into the mold for 24 hours, as shown in Fig. 1, and then the
polishing pad was removed from the mold. A rice husk
fiber-based polishing pad was obtained.

B. Mechanical Properties Test

e Hardness was measured using a Shore durometer
(shore A, ASTM D 2240) pressed onto the
workpiece at 15 points across the polishing pad.
Then, the average value and standard deviation
are calculated.
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Tig. 1. Preparation processes ol rice husk fiber-based polishing pad.

e Abrasion resistance was performed by the DIN
abrasion tester AT150 (DIN 53516), shown in
Fig. 2. under conditions as follows: the
downforce is 7.5 N, the wear wheel speed is 40
rpm/min, and the moving speed of the sample is
4.2mm/rotate. There are six workpieces, each
sample with a diameter 15x16 mm cylinder test
piece. The test focuses on the difference in mass
measured before and after the test. Then, the
average value and standard deviation are
calculated.
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Fig. 2. Diagram of the DIN abrasion tester AT150 device.

1II. RESULTS

A. Fiber-based Polishing Pad

Fig. 3 shows the polyurcthanc containing 0, 2.5, 5, 7.5,
and 10 phr rice husks. Tt was found that the polishing pad
could be formed and remain stable. The dispersion of the
rice husk in the polishing pad is good, and the color of the
polishing pad darkens according to the amount of rice husk
added.

B. Mechanical Properties

e Hardness is shown in Fig. 4. The hardness of pure
polyurethane is 46.13 (shore A). When adding rice
husk to polyurethane at 2.5 phr, the hardness of the
polishing pad decreased by 13.6%. However, the
hardness of the polishing pad increased with
increasing rice husk fiber until the hardness
returned nearly to polyurethane at 10 phr.

e Abrasion resistance is shown in Fig. 5. The
Abrasion resistance pure polyurethane is 0.666 g.
When rice husk was added, the abrasion resistance
of the rice husk fiber-based polishing pad decreased
accordingly. The rice husk fiber-base polishing pad
content of 5 and 10 phr rice husk fiber gave the
lowest abrasion resistance at 1.021 g.

C. Order of Mixing

Fig.6 shows the hardness of cach order to mix
polyurethane and rice husk fiber. The hardness of pure
polyurcthanc is 60.07 (shorc A). The hardness of
polyurethane tends to decrease when rice husks are added.
Orders (RH+B) +A), (RH+A) +B), and ((A+B) +RH)
had a lower hardness compared to polyurethane by 6%,
4.2%, and 9.2%, respectively.

(a) (b)

(c) (d)

(e)

Fig. 3. Tmages of (a) pure polyurethane and rice husk fiber-based
polishing pad containing (b) 2.5 phr rice husk, (¢) 5 phr rice husk, (d) 7.5
phr rice husk, (¢) 10 phr rice husk.
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Fig. 4. The relationship between hardness and rice husk fiber added to
the polishing pad.
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Tig. 5. The abrasion resistance ol rice husk fiber-based polishing pad.
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Fig. 6. Order of mixing polyurcthanc and rice husk content of 2.5 phr
ricc husk fiber by mixing the ratio 1.2 : 1. [A] — Polyol, [B] —
Isocyanate, RII = Rice husk fiber.

IV. DISCUSSION

To test mechanical properties, this rescarch aims to
study rice husk fiber-based polishing pads containing 0,
2.5,5,7.5, and 10 phr rice husk. We found that a polishing
pad could be formed and stable because the polyurethane
is the binder that holds the rice husk together. The rice
husk in polishing pads is distributed evenly.

From the mechanical propertics results, hardness
decrecased immediately with the mass content of rice husk
ranging from 0 phr to 2.5 phr. All hardness values of the
rice husk fiber-based polishing pad containing rice husk
decreased compared to the pure polyurethane pad except
for 10 phr. The reduced hardness may be from the OH in
the rice husk's cellulose part, and the isocyanate's NCO has
more interaction. This would block the OH groups of
polyols from being accessible to isocyanate, thus
decreasing urethane linkage from polyurethane [14]. When
rice husk is added, the hardness increases linearly until the
content of rice husk reaches 10 phr due to the rice husk
fiber acting as a reinforcing material. [10,14].

The abrasion of the rice husk fiber-based polishing pad
is shown in Fig. 5. The polishing pad containing rice husk
leads to reduced abrasion resistance. This trend is also due
to the smaller size of rice husk fiber, giving rise to a larger
surface area and improving the tensile modulus in
polyurethane [14]. This would render more clastomers to
the rice husk fiber-based polishing pad [11]. Moreover, the
rice husk is in powder form that could not tie matrix
material together. The higher abrasion resistance at 7.5 phr
than 5 and 10 phr may be duc to the balance of the reaction
and the relationship between rice husk fiber and
polyurcthanc.

The mixing ratio between A and B must be changed to
observe the influence of OH from rice husk fiber reacting
with NCO. Fig. 6 shows the three orders for mixing
polyurcthane and rice husk to prove the influence of the
OH group from ricc husk fiber. The two polyurcthanc
components have an OH group from polyol and an NCO
group from isocyanate. From the first order (RH+B) +A),
OH from ricc husk has intcracted with NCO before; thus,
there is not enough NCO (o intcract with OH from polyol.

But the second order (RH+A) +B) could gain more
hardness than the first mixing order because the OH from
rice husk fiber couldn’t interact with OH from polyol.
After that, the NCO from isocyanate tends to interact more
with polyols. The third order ((A+B) +RH) may be
explained for two reasons: on the one hand, the increased
curing urcthanc linkage Icads to decrcased interaction
between the NCO and OH from rice husk fiber. On the
other hand, the increased viscosity from increasing curing
urcthanc linkage, thus making less interlock between
polyurcthanc and ricc husk contact surfacc. It is causing a
decrease in hardness and abrasion resistance for several
reasons. From the analysis of Figure 4 and Figure 6, it was
found that the decrease in hardness valucs between pure
polyurcthane and the ratio of 2.5 phr werc similar. This
indicates that the decreased NCO interacts with OH from
rice husk fiber.

V. CONCLUSIONS

From this research, it can be concluded that rice husk
directly affects the mechanical properties of polyurethane.
As the content of rice husk fiber increases, the hardness of
the rice husk fiber-based polishing pad first decreases and
then increases nearly pure polyurethane at the content of
10 phr ricc husk fiber. When rice husk fiber is added, the
abrasion resistance tends to decrease. At the content of 2.5
phr rice husk fiber, the hardness was reduced by 13.6%. At
5 and 10 phr ricc husk fiber content, the abrasion
resistance decreased from 0.666 g to 1.021 g.

VI. FUTURE PLAN

This research is the starting point for creating polishing
pads from rice husk fibers. The researcher needs to
conduct further studies and experiments to understand the
potential of the rice husk fiber-based polishing pad to
replace industrial polishing pads. Further study topics
include material removal rate (MRR), surface roughness
(Ra), and the modification of rice husk fiber.

ACKNOWLEDGMENT

This research was funded by King Mongkut’s
University of Technology North Bangkok. We would like
Lo say thank you to Wantanan Kitikunanon for her help in
this research.

REFERENCES
1] (2016) SunnergyLED  website. |Online|. Available:
www.sunnergyled.com/article/6
[2] (2020) Thairath online website. [Online].  Available:

https://www.thairath.co.th/
money/economics/thailand_econ/1757591

3] S. Dai, H. Lei, and J. Fu, “Preparation of SiC/S8iO; Hard Core-Soft
Shell Abrasive and Its CMP Behavior on Sapphirc Substrate,”
Joumal of Clectronic Materials, vol. 49, no. 2. pp. 1301-1307,
2020.

[4] H. Lci, L. Q. Huang, and Q. Gu, “Synthesis of Zn-doped colloidal
SiO abrasives and their applications in sapphire chemical
mechanical polishing slurry,” J. Mater. Sci. Mater. Electron., vol.
28, no. 2,2017.

71

MW -4 uneudlaRfinsilunulseivnsseauwIuIw@ (RESTCON 2024) wi 4



[5] B. Zhang, H. Lei, and Y. Chen, “Preparation of Ag:0 modified
silica abrasives and their chemical mechanical polishing
performances on sapphire,” Friction, vol. 5, no. 4, 2017.

[6] M. Bahr, Y. Sampumo, R. Ifan, and A. Philipossian, “Slurry
injection schemes on the extent of slurry mixing and availability
during chemical mechanical planarization,” Micromachines, vol. 8,
no. 6,2017.

[7] H. Lei and Q. Gu, “Prcparation of Cu-doped colloidal SiO,
abrasives and their chemical mechanical polishing behavior on
sapphire substrates,” J. Mater. Sci. Mater. Electron., vol. 26, no.
12,2015.

[8] P. Ma, H. Lei, and R. Chen, “Preparation of Mg-Doped colloidal
silica abrasives and their chemical hanical  polishing
performances on sapphire,” J. Nanosci. Nanotechnol., vol. 16, no.
9,2016.

[9] S. Chansatarpornkul, P. Khajomnrungruang, & K. Suzuki, “Study
on organic fibers in the polishing pad for sapphire chemical

mechanical polishing”. 2019 JSPE Autumn Conferencee, pp.18-19,

2022.

[10] N. Bun-athuck, S. Boripatkosol, ~A. Rattanapan, P.
Kajornrungruang, K. Suzuki, and T. Somthong, “Natural fiber-
based polishing pad for ck cal mechanical polishing of sapphire
substrate”. Journal of Science and Technology: for Local
Development, 2022.

[11] U. Boonsom, S. Boripatkosol, A. Rattanapan, N. Bun-athuek, and
P. Boonsong, “Utilization of rice husk fiber and water hyacinth
fiber forming polishing pad for sapphire chemical mechanical
polishing (CMP) ”. KKU Rescarch Journal: Graduate Studics,
2022.

[12] (2023) Bangkokbiznews  website.  [Online].  Available:
https://www.bangkokbiznews.com/ business/1080192

[13] L B. Ugheoke and O. Mamat, “A critical assessment and new
research directions of rice husk silica processing methods and
propertics,”  Macjo Intcrnational  Journal of Science and
Technology, vol. 6, no. 3. 2012.

[14] H. D. Rozman, L. Musa, and A. Abubakar, “The mechanical and
dimensional properties of rice husk-unsaturated polyester
composites,” Polym. - Plast. Technol. Eng., vol. 44, no. 3, pp. 489
500, 2005.

72

AN A-5 unenElaRiunlunuUsTYAvINIsIEAULIUYR (RESTCON 2024) vt 5



nansEnuvasmsusulsudulaunavdnfidenuaudivasurutaaindule

unaudwauwaagIInY

Uiln inwgnssal™ aigwa yayaSn' dgwed guinant' 83295 Uinnslnea' dunitveyn wise'
s5uind aunes” uazuiund Junaed’
Yngrdemaluladanamnisy anainerdeimaluladwszasaindnszuasiviie
ZAuNInTIneuied (Uszwdlng)

"fuszususIuie Biua : s6503017810075@email.kmutnb.ac.th

Fuitfuunaanu 26 Fameu 2567 Fuiiulounana 18 unsias 2568 FuitnouFuunanu
Unange
nuidelifiinguszasdfiefinvmansznurasnisuivdsudulounaudnaunadyimusiense
lelnsnaoinuazlnfeslonsonled lneunauinivuin 80 mesh szgmitluwasiunedyimuludnsdn
025 5 7.5 10 uav 125 phr ietuzuduwiudnuuaduriugudnan 120 uu. vun 5w, nnuthly

Y

arauudesuiudaudafsihlunaaeudianuiuniunsingiiedununsinssue nuaduR Ty
vart

< P T Y) v A o %
AUYNAN 15 uy. Gy 16 1. uazdawysusudaliiiin 10 nfu Lwavmaaumwmmmin‘lumsqlm‘vum

¥
NNANTITIVNUIN waagimumammauﬁ'mmﬂmq L] mm‘mwgﬂuﬂuuuwmlﬁ Tnsududaanunaudnn

s

firinunszuunsuiuuiensalelasaeinuazannunauiniflifnunszuumsuiugedidnuudals
fefiuagafitadfgy 'quzu:*?iLw'm"mmﬂl.mam?w?imuﬂs:uauﬂﬂsﬂ%uuiaﬁaanimlﬁTmSﬂaafmﬁﬂ'wmm
fumumsinggauasgaduitasniusudarnunaudniilifunssuiumsuiulg asduiuusiud
nnunauiniiunszuumsuiugsheludenlensenlainuin wiudasiseauudanadunndnsdm
fawrhdanudumunsdaguinduuimsgaiuhiiiuiuie fadunssuaumsuiulgunauimie

nsnlalasmaesndmalviukudaiidnnuiumunisingitugaduilitosas waslidmasiermuuds

Aty : wnaudm U uiudn audd

w1

73

AN n-6 UnANulaRRuluNsasalulaganavngsy unIedesvinauaseendl



Effects of Rice Husk Fiber Treatment on the Polishing Pad from Rice

Husk Fiber Mixed with Polyurethane.
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Abstract

This research aimed to study the effects of treating rice husk fiber with hydrochloric acid
and sodium hydroxide mixed with polyurethane on the properties of polishing pads. Rice husk
fibers, sized to 80 mesh, were mixed with polyurethane at ratios of 0, 2.5, 5, 7.5, 10, and 12.5
parts per hundred resin (phr) to create polishing pads with a diameter of 120 mm and thickness
of 5 mm for hardness testing. Abrasion resistance was assessed using cylindrical specimens with a
diameter of 15 mm and height of 16 mm, while water absorption tests were conducted on 10 g
samples of the polishing pads. The results indicated that polyurethane mixed with each type of
rice husk treatment could be molded into a polishing pad. The hardness of the pads made from
rice husks treated with hydrochloric acid and untreated husks showed no significant difference.
However, the polishing pads made from hydrochloric acid-treated rice husks exhibited higher
abrasion resistance and lower water absorption compared to those made from untreated husks.
In contrast, polishing pads made with sodium hydroxide-treated rice husks demonstrated
decreased hardness across all ratios, although their abrasion resistance and water absorption both
increased. From the research study, it can be concluded that treating rice husks with hydrochloric

acid improved abrasion resistance and reduced water absorption without affecting hardness.

Keywords: rice husk, treatment, polishing pad, properties
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/(@) RT for 5 hour "'ib)
&

Solution + RH
\_Solution + RH = Solution + RH

10) Until the pH is stable™ /(d) Heat at 80°C \\
’Eﬁ for 24 hour \

L

RH + Distilled water ~ / Treated RH

Fig. 1. Rice husks treatment process.

"'Ea) Stirring for 3 min AVt Stirring for 3 min

7 (b)
&> <D e &=
+ e = + =

\I\socyanate * BH = Isocyanate’s RH \(Isocyanate + RH) + Polyol = PU + RH
'l“ \‘\ \\\
@ PU +RH

RH fiber-base
polishing pad

RT for 24 hour

Fig. 2. Preparation of rice husk fiber-based polishing pads.
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e / ‘ ‘ .

Fig. 3. Appearance of polishing pads with various non-treated, NaOH and HCl treated rice husk
content from 0 - 12.5 phr.
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Fig. 4. Hardness of polishing pads with various non-treated, NaOH and HCl treated rice husk

content from 0 - 12.5 phr.
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Fig. 5. Abrasion resistance of polishing pads with various non-treated, NaOH and HCl treated rice

husk content from 0 - 12.5 phr.
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Fig. 6. Water absorption of polishing pads with various non-treated, NaOH and HCl treated rice

husk content from 0 - 12.5 phr.
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Abstract. This research aims to study the properties of polishing pads made from polyurethane mixed
with rice husk fiber for use in chemical mechanical polishing (CMP) of sapphire. After cleaning and
sizing, the rice husk fiber was modified using hydrochloric acid (HCI). Then, both unmodified and
modified rice husk fibers were mixed with polyurethane at ratios of 7.5, 10, and 12.5 phr to form
polishing pads. The hardness and polishing performance of these pads in sapphire CMP were then
tested. The experimental results showed that polishing pads from rice husk fiber could be successfully
formed and remained stable. The natural fibers were evenly distributed across the contact surface of
the pads. The hardness of polishing pads from rice husk fiber was smaller than conventional polishing
pad (SUBAS8O00) in range of 40.5-47.5%. Polishing results revealed that pads made from polyurethane
mixed with unmodified and modified rice husk fiber achieved the highest material removal rates
(MRR) of 94.2% and 64.7%, respectively, compared to the conventional pad. These results indicate
that both types of fibers able to be used as a material for manufacturing polishing pads for adding
value and reducing the waste from the agricultural.

Introduction

Thailand is one of the world's largest producers of agricultural products, particularly rice, a key
export. Consequently, vast amounts of agricultural waste, such as rice husks and rice straw, are
generated. Rice husks are typically utilized as fuel for heat generation, additives in construction
materials (e.g., bricks, concrete blocks), or soil amendments in agriculture. However, due to the large
volume of rice husks produced in Thailand, their economic value remains low. Moreover, their
current applications are insufficient to significantly enhance their value. Our studies indicate that rice
husks contain approximately 15-20% silicon dioxide (SiO2), which can be used in silica
manufacturing. These properties suggest that rice husks have the potential to be utilized in the
production of polishing pads for chemical mechanical polishing (CMP) of sapphire. Sapphire is an
important material in the manufacturing of semiconductors and light-emitting diodes (LEDs) [1, 2].
However, the sapphire exhibits the properties of very high hardness, low thermal expansion, strong
anticorrosion, inert in chemical reactivity and high melting point [2, 3]. Therefore, the sapphire is one
of the hard to process material. Due to these characteristics [4-6], CMP is a critical process for
achieving a highly planarized and extremely smooth sapphire surface without subsurface damage.
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CMP combines chemical reactivity and mechanical action. Silica slurry is dispensed onto the
polishing pad and carried into contact with the sapphire surface, which is pressed under the polishing
head. The silica particles play a key role in forming a softer reaction layer on the sapphire surface,
which is subsequently removed by the same particles [7]. Based on the process as mentioned above,
the polishing pad is a crucial component in CMP.

However, the polishing pad is also one of the highest-cost components in this process [8].
Consequently, many researchers have explored the development of polishing pads using low-cost
materials while maintaining high performance in the polishing process. Our previous research found
that the natural fibers such as coconut coir and rice straw could be mixed with polyurethane to
fabricate polishing pads. These pads were effective in polishing sapphire in the CMP process, as the
Si0O; content in the fibers enhanced the chemical reaction. However, those fibers were used without
modification to improve their properties. Therefore, in this research, we aim to study the properties
of polishing pad fabricated from polyurethane mixed with rice husk both unmodified and modified
rice husk fibers by hydrochloric acid (HCI). We hypothesize that the silica element in rice husk, and
fiber modification, will enhance the chemical reactivity and increase the material removal rate (MRR)
of sapphire.

Experimental method

A. Preparation of rice husk fiber. The rice husk fibers were cleaned using distilled water and then
dried in a hot air oven at 80°C for 24 hours to remove moisture until the fiber weight stabilizes. After
drying, the fibers are placed in a blender to reduce their size, followed by sieving through an 80-mesh
to achieve uniform sizing. The fibers are then divided into two parts. The first part consists of
unmodified rice husk fibers, which can be used directly to create polishing pads. The other part, which
is soaked in hydrochloric acid with the concentration of 1 mole for 5 hours. The mixing ratio of rice
husk fiber and hydrochloric acid is 10 g : 100 ml. After soaking, the fibers are filtered through a sieve
and washed with distilled water to adjust the pH to between 6.5 and 7.5. Finally, the fibers are dried
in a hot air oven at 80°C for 24 hours to remove any remaining moisture before being used in the
polishing pad fabrication process.

B. Fabrication the polishing pad. Prepare the polyurethane type 2-components by using the ratio
between polyols (Substance A) and prepolymer (Substance B) at 1.6:1. After that, the fibers (From
section A.) will be mixed into polyurethane with the mixing ratio of 7.5, 10 and 12.5 phr respectively.
The first step of the mixing process is to put the fiber into substance B. After that, stir it for 3 minutes
until the fiber is well distributed. Then, substance A will be filled together and stir it for 3 minutes
again. Cast the mixed material into the mold with diameter size of 120 mm, the thickness is 5 mm
before close the mold lid for 24 hours. Finally, remove the polishing pad from the mold. The creating
process as shown in Fig. 1.

i) Stirring for 3 min /\ (b) Stirring for 3 min
‘ + ! , = { + L ‘ = |

\socyanate + RH = Isocyanate + RH/ } (j5ocyanate + RH) + Polyol = PU + RH /

© 2 Qj Y \
\\ \/ t\ W RH fiber-base
= T

RT for 24 hour

polishing pad

Fig. 1 Creating process of polishing pad.
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C. Hardness Measurement. This test is performed using a shore durometer (shore A) according to
ASTM D 2240 standard. After polishing pad preparation, the hardness measurements were performed
by pressing the indenter head perpendicular to the polishing pad with the proper force to make presser
foot attach to the surface of polishing pad at the time of 1 second. In this test, we measured the
hardness totally 10 points in each polishing pad.

D. Polishing Test. The polishing experiments were conducted using a CMP machine (MARUTO
ML-160A) under the conditions shown in Table I. All experiments were performed using a reuse
slurry system without a filter, as shown in Fig. 2. The MRR was calculated by considering the
sapphire wafer mass before and after CMP, measured using an electronic balance (A&D BM-20).

Slurry

Slurry flow Pressure

| u Carrier

Wafer

Polishing pad s
Platen .

o', o
Spe s sosee

weses
& \ CMP device

Slurry container
(fresh+reuse)
Used slurry

Fig. 2 Schematic of CMP device with reuse slurry system.

Table 1 Polishing conditions.

Types of polishing pad 1. Rice husk fiber mixed with polyurethane
2. SUBA800
Wafer
- Wafer type Sapphire (a — 41,0;)
- Wafer size ¢12mm,t=1mm
Down force pressure 46.5 kPa
Polishing time 60 minutes
Number of wafer 3 pieces
Platen and polishing head speed 60/60 rpm
Slurry
- Slurry type 5 wt% SiOz size 105 nm (NALCO 2329 Plus)
- Slurry flow rate 60 ml/min
- pH value 11

Experimental results and discussion

A. Characteristics of polishing pad from rice husk fiber mixed with polyurethane. Fig. 3
illustrates the characteristics of polishing pads made from polyurethane mixed with both unmodified
and modified rice husk fibers at different mixing ratios. The polishing pads were successfully formed
into a uniform round shape, with the fibers well-distributed throughout the pad. It was observed that
as the amount of rice husk increased, the color of the polishing pads became progressively darker.
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Fig. 3 polishing pads made from polyurethane mixed with rice husk fibers both modified using
HCL with the ratio of (a) 7.5 phr, (b) 10 phr and (c) 12.5 phr,
and unmodified with the ratio of (d) 7.5 phr, (¢) 10 phr and (f) 12.5 phr.

B. Hardness of polishing pad from rice husk fiber mixed with polyurethane. Fig.4 exhibited the
hardness of polishing pads made from polyurethane and rice husk fiber, both unmodified and
modified with HCI. Tt was found that the hardness values of both types of polishing pads were nearly
identical. Furthermore, the hardness of the rice husk fiber-based polishing pads was lower than that
of the conventional polishing pad (SUBA800) by 40.5-47.5%. This reduction may be attributed to
the increased presence of rice husk fiber, which enhances the chemical reactivity between cellulose
and isocyanate in polyurethane, leading to a decrease in the amount of isocyanate in the polyurethane
matrix [9]. Additionally, the hardness slightly decreased with increasing rice husk content from 0 to
7.5 phr. These results indicate that the reduction in isocyanate is a key factor in the decreased
hardness. The hardness increased to the highest value of 47.6 shore A at the content of 10 phr before
[10] decreased with increasing rice husk content from 10 to 12.5 phr. These results suggest that rice
husk fiber acts as a reinforcing material in the polishing pad at 10 phr. Beyond this content, the matrix
material could not bind the reinforce material. In our pre-experiment, the ratio was increased to 15
phr. As a result, the polishing pad failed to form, suggesting that the matrix material was insufficient.
This might be the reason for a decrease in hardness at the content of fiber at 12.5 phr.

60
55 The hardness of SUBA 800 is 80 shore A
<
(]
G 50 :
=
(i I
o 45 %
wv - P
2
© 40
0 " -»-Modified by HCL
-+Unmodified
30

0 75 10 12.5
Rice husk content (phr)

Fig. 4 Hardness of polishing pads from polyurethane mixed with rice husk fiber.
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C. Material removal rate of sapphire produced by polishing pad from rice husk fiber mixed
with polyurethane. Fig. 5 revealed the material removal rates (MRRs) of sapphire. These results
showed the polishing pad from pure polyurethane was unable to polish a sapphire. However,
polishing pads from polyurethane mixed with rice husk fibers, both unmodified and modified, could
polish a sapphire substrate in CMP process. The MRR using pads with unmoditied rice husk fiber
increased from 0.7 to 1.2 nm/min with the increase in rice husk fiber content from 7.5 to 10 phr. After
that, the MRR decreased to 0.7 nm/min at a rice husk fiber content of 12.5 phr. These results suggest
that increasing the rice husk content may enhance the chemical reactivity on the sapphire surface, and
increase the MRR. However, the large amount of fiber and chemical reactivity might disrupt the
balance between the chemical and mechanical factors, leading to a decrease in MRR [11]. For pads
made from polyurethane mixed with modified rice husk fiber, the MRR decreased from 0.71 to 0.31
nm/min from the rice husk fiber content of 7 to 10 phr respectively. Then, The MRR then increased
to 0.84 nm/min at a fiber content of 12.5 phr. These might be caused by pH value and chemical
reactivity decreased because of the increasing number of HCI at 10 phr. However, the increase in
MRR at 12.5 phr occurred because the loss of chemical effectiveness was compensated by an increase
in the contact area between the rice husk (RH) and the wafer. Furthermore, polishing pad from rice
husk fiber before modified at the content of 10 phr gave the largest MRR which was close to that
achieved by the conventional SUBA 800 polishing pad. The MRRs that obtained by polishing pad
from rice husk fiber before and after modified were 94.2 and 64.7% of SUBA 800 respectively.

N
=}

® Modified by HCI
® Unmodified

=
wn

SUBA 800

Material removal rate [nm/min]
(=} [y
w o

o©
<)

© |Unable to polish

7.5 10 125
Rice husk content (phr)

Fig. 5 Material removal rate of sapphire.
Conclusion

In this research, the polishing pads from polyurethane mixed with rice husk fiber before and after
modified by HCI were studied. We found that

1. Rice husk fibers, both unmodified and modified, could be used as a material for
manufacturing polishing pads in the chemical mechanical polishing (CMP) of sapphire.

2. The hardness of polishing pads from polyurethane mixed with rice husk fibers, both
unmodified and modified with HCI, did not show the significantly difference and was lower than that
of SUBA 800.

3. At the content of 10 phr, the highest MRR of sapphire was found using polishing pad from
polyurethane mixed with rice husk fiber modified by HCI which was close to that produced by SUBA
800
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