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Preparation of Natural Rubber Adhesive for Rubberwood Applications
| Abstract

The generally accepted definition of an adhesive is any material used for
holding any two surfaces together. In cooperation commercial entities and the
government have expressed interest in safe and environmentally friendly adhesives,
containing no volatile harmful or toxic chemicals. In the wood industries, currently
common adhesives such as urea formaldehyde (UF), phenol formaldehyde (PF)
release formaldehyde vapors that are a human health concern, with unpleasant
odor. We examined the potential of natural rubber latex (NRL) and modified natural
rubber latexes (MNRL) for use as rubberwood adhesives. These research according to
standard and enable to implement the adhesive quality. To various of the types and
amounts of tackifing agents and thickening agents. It has to implement the natural
rubber latex structure to have the polar property, with three latex types were used,
namely epoxidized natural rubber (ENR), liguid natural rubber (LNR), and NR/PMMA
blend. The MNRL was characterized by FT-IR, NMR, and GPC. The proportion of
thickening agents to the dry weight of latex was varied in the range 0 to 70 phr. It
was found that the MNRL uniformly mixed in the latex form. ALl MNRL adhesives
would have passed the Thai standard for rubber-based adhesives, based on their:
total solids content (TSC), pH, viscosity, shear strength, and emissions of
formaldehyde. Up to 45% fraction of tackifying agent, tack and shear strength
increased with its content. Compared to a commercial UF adhesive, the MNRL had
lower emissions of formaldehyde vapors, lower shear strength, but higher TSC, and
higher viscosity. In summary, for select wood applications with moderate bond shear
demands, these new rubber based adhesives could provide a health conscious and

non-toxic alternative, with the further advantace of low odor.
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qualvg) TruaAienieuiindnanudnduriuiulivszney Ysemdlveilsanuus suld
NN ALBULIS 1L 487 T9997U A3 89snsHAn 57,985 wsash Juamu 1,487

G ruum TPus99unanue 26,109 Ay 1ssnuRdmaisusauliionswisn siuau 127 Tssu

A39TNTALINER 19,411 wses FuAmY 633 A1UUW TRTIURIMLA 14,519 A (n5Y



159971, 2552) mimamaxm5ﬁmuwm§mﬁmmﬁiuiﬂﬂizﬂauiﬁmaWﬂwawagﬂLLuuuwn%uﬁguﬁ
musndusedddninuieodafntuls nsudaunuiuliss 2.8 dugnuiaiues leeddnsinig
MngBewesitadiles 90 Alanfuseuduiulisn 1 gnuiadiuns siannaflanuasdsyana
12 U™ ﬁaﬁ?uu%@’mﬁaﬂ%maﬁmLi‘]u;gam 3,528 a1UUM (USumaeusly, 2551)
Lﬁf@lﬁmqﬂiznauﬁ’;aL%aQIaaﬁﬂﬁﬁauﬁammLﬂuﬂy’uQqé’aﬁ?urmﬁmmm%%ulﬁ
WiRnAulsdedautimmunduiaguiiontu Tnovhlulsausaaulivsznouludssmelaeg
linmduasiztlunmsfinusean Sanndueseiddonlfinnamfengidoesitailadings
Tdulddeuassangnusiivadefeiivesiadlanuesilssnouaavesifadlediudunsey

s ' a [

fowlolte ylidan1ssemu@assatsun ssuuvnaiumela Jeaduuvasinasundniile

1 q
[

wimndnssdlanamine nsesuA Wy drutukaniduiiu SeingRumanidadiniglyd
stnunmneluguiidemduazenamnssutinsiaiane lusuaningiuaniesauaszilsia
29lu JaresilnsinwiduriinilannJansssumiumeuundueseivaidlruniy
aal e al a a ' s (= a
grasssufdaudilunismieddiod it siagn nud ulw ldidufte anns

@ as a

vandaeuesiiladled landadamiiluinsivduindon daingRuansondaliioanin
a ° v [=4 dl v o a 2/ [ s (Y]

sssuvdausatdiaiudun sl luculiineasusuiunisldnnduasievilag suun

Ton1asssuvrdvawnunazdadunisiiudneniwlunisndaudafug o ureanunsa

ey b v t =1 a' 1 E %4 ey d{ |7
Laimiwiwlé‘mLmmwmﬂmazmumimeyjaﬂﬂwixmﬁlmaﬂmwumw

1.2 UWUIAALAZANTIENNEITDS
UN8195 55U R AU LS 1WIS 1T LA uET s AUl Laz annau TR e

Yo o a

Ueeiiilanuarusadaianulaeniuinguatesils tiensssusRtadfeuratsadiunsn

4

[ s

o = a a -:4' 2 o -4 o a s 44' s = =
drudnwnlduinelevinduntidniuldudmiFoudssaiuva wyvun & uasievineiinin
o a o H S ' ' a ' v o P a o ¢
witleafian arursavnuin vulw liduiy lduandassaisiie 1198 SauunsnaaNas S
Tdrewrs1a199 Peean1sidnlunisiadniu Saaasldn1findauiainuiessssuefana
NIRRT LazmsiaAunIwsan1livinzausen1sldomuiissanaudRveaileldd
grwfivigneumeiraglaa ﬁﬂﬁﬁauﬁammL"fJu‘?hqdLwimoﬁ‘iiumﬁiﬁﬁ% AAUUNS LY
@ Vala wa < O P < & Ve o & v o P
Aunulinflaudfenuduiivesvaglaaidussrusznavveadelsd Fsdudusiasiinisfnen
nsUivdgiandfivesswsssunfineldinsounnimnzaud msuldaulunseaausiuld
Usgnaulviimnuaiuisolunisiefedulsl Inso1duwauiannauidemifedunisesouniy

nswieuaslditeusuussandiiveaniianienessunaliatu dswazdonenarsisll

1.2.1  Y1819555UUA

a < P fad o & a 2
81965919 (Natural rubber) LUUE1SWRELLDIVILAATULONMIUEITULIR Usznausle



lelasasuouiiuasadsznau 95% mndadulusiu lufunardug ﬁﬁmmﬂamfﬁyuagﬁwﬁm
vasiudEs gemakariladusine sadidminluanaedogunn leefidwulualuianawdy
(M) 0.25-2.71x10" LLazﬁmﬁﬂImaqaLa?ﬂ'&J (M) 3.8-10.17x10° fnnsnszarosaun
Twana (M./M,) 3.63-10.94 Uagilaunndwwy 0.92 davin1sininvesias (Refective
index) Wity 1.5215-1.5238 flenduiudiosnagnianiaifusias (endtuuarame, 2500)
1.2.1.1 daudsznavvesessanyid aevnlusnssssundsidulseneudmss 1.1

A15199 1.1 A UUSENBUVDILNETTTUYIR

drudsznau Usueu (%)
g wimn (TSC) 36
\ilaenautia (DRO) 33
arswanlusiu 1-1.5
ANTNINLTTUY 1-2.5
Aid 1
1 duiiwdoaunsu 100

1 sy, 2534

1.2.1.2 15985 19N AU A S UA YOI N TIUY 1A
presssuAdunedwesiiiuminluanags waziinsnsraredminliananing &

dwaroaudiivessiilawanaeiu lnedgnslasadonaai daguil 1.1 (Suchat, 2012)

CH, H
N 7
CcC=C
s N
CH, CH,

n

gﬂ‘ﬁ 1.1 1ASIAS1EUDIL19EITUTR (Cis-1,4-polyisoprene)

FUURYONE N5 TTUTIHDINATET 1NN ATl

aa [ s Py 0 ' Y o oa =l ]
grossumiluanadulalasasueu Tufivs ldvuserdullesfouwazuiiuiy

as a a

Fuduauiulwilnlad  wszfanwilidiWiwa evluanslassadisveeisssunfaeil

Wuszhaguaziuszglulanaiiansalanludlameiwedu uenaniddinyiuiiads

LVURERY]

aaa

Sdnnsoudrgiusze vinluanansataaludléiiniunduasiusyd alwonisiinujizen

'
ta t @ e 1 '

dmalrlununaniseandiedutazlolau vadaslanimefunuszAIzaudIuINAIUNAYINI

Y

{ v v el ol a o a a v 1% (Y e}
Tuanawdeulmlataldenuldfnigumgian welidenugludwaoudy (Te) winiu -72 °C

AV

1.2.1.3 ¥ilava9id 18186 55UV

1.2.2.3.1 1ne9dn (Fresh latex) {utngsssuyIaniaanaus19anisiidnwusiduvasvian



fundnoiiug anmiduneasous @1suvILasy) ALRLILLL 0.975-0.98 o/mL nduse
1888035 A1 pH Uszaneu 6.5-7.0 anuutle 12-15 cps araduansinwaniwnaudi Ul
1.2.2.3.2 thenediu (Concentrate latex) fidnvamiuveana fiffonns 60% Tuuvinenis
wusEThd vduthosduainuendiesnainihesanudld 2 adaauuuneeenlue
1) ﬁwmq%mﬁmaﬂmﬁﬂqa

ﬁwmﬁwﬁmamlmﬁagd (High ammonia, HA) Jutheduildarssnuaninee
woulinile 0.7% 93mn3na03A 0.035% FedFeanunsafiuinesildunu Lidsdodeuldou
2) et urdanenluios

eduriaunesTiniius (Low ammonia, LA) Wutngsduiildaissneianinaes
vhenwdauanlaiy 0.2% $auifuans Secondary preservative 19y a1siuia 0.013%
swnugeneenlen 0.013% suiunsAAaesn 0.035% (LA-TZ; Low ammonia tetramethyl
thiuram disulphide/Zinc oxide) fnsldarstiedug wu wenidsuiunsenassn Husu
12.2.33 Yrensany (Skim latex) iudruivdeannmsviniensdulasdniheneanvineuns-
Fhdunoumeiinenseanamiriseuniaenauinin ddluguendeenduthenstuiils
fUsinaniionns 60-63% Avdeanuuiunsiwussindusnidessesniuinoafuddide

gresnuImsuiduiosnsiifivuineyninidns waziuSunauiles ey 3-10% (gilan, 2555)

1.2.2 thensTsuaiviulsdaseadng

thensssumiiviuslasadaieuiuUpadinmdunnlituineansoaie
1.2.2.1 ihenssTsuwiswandlad

thenesssuvnasnenlas (Epoxidized Natural Rubber, ENR) (3839100158 aias
Tnssaialunanavess uossuvAfeU fATe13wendindu (Epoxidation) Yilwiisuviaiusy
guulinanasa (cis-1,4-polyisoprene) unmumUuAamsAsuLaLdwsumudwonles
(Epoxidering) nszatsagluaelalmanaveseusssunivilvoyiusvosssviadiandfising
MnesTsumRtunusefhavatsrilaliidanniy dmeumgiadiauna (Tg) WisTunu
sonsaaesuflesanaudounnty danudutaufeduansavuyuseiiiuld vuse
lolaunazni1sBuvasingsinsrziuseelulaseasensssunfiiuiuiuanaiasiingues
waﬂéﬁaﬂl%ﬁLﬁm‘ﬁVuLmuﬁﬁuﬁzduasﬁé’ﬂwmzﬁﬁwmaéau Awlsatuazaniz, 2540)
n1siinUfnsendnandinduszniteenssssuyifiunsaaseand

nsvigRseswendndulasthenssaundfunsmeieaniesdiin (Peroxyacetic
acid) vUfAso1Bnendindu anunsalindnfuriiuiinusesinonddaus 25-100 Tua
wWadidus TuanmsnsyufRzedwendinduiidaududureinsauazgnmniias ilviAn

nsilenausadudulilagldmadndunsseanlasalalingivaey Inonuuaunisaaniu



fifumiia 3600-3200, 1780 waz 870 cm* (Suchat and Wisanee, 2014) fufunnugandu
vemyiituvedlansenda vymsvetauazvydnendaudidu nvaialusneutuedsd
wunuinslewuniaadeulasiaiomaaiinufiadisumds 2.7 wag 5.1 ppm duduiirues
AsuawiusBwenduarfinanduauiiduvisiussauanissfunnfnUiAse Bnendndy
LLazwuiww%iﬁwaﬂ%ﬁLﬁm*ﬁyuluimaa‘%’wqm@ﬁﬁmﬁlﬂumudu Feufifdoneivnsnsaveiiin
ulelasiauesosnlainielfiguvniiuaziiaivenisiufisodimanzeu nsavosing
UiRsoniuluanasnasssundfiiuseg viliAensaasweiiiniuiisonduluanaveen
saanrIa VAR umIudnenleduulianavee s TTUYIR (Suchat and Wisanee, 2014)
msieugssssnefsnendladainiensdy

n. dsildiieusuanmlasadisfesiliouninoiienaiiosieu Wedlasty
teduisudutou ndldasuiuanwioumanatuaaiiuawaivsiailiivssy
UssaviovSavesnleifegmidvanimaaiosfionmnigeiu (40-50°C)

9. Isguasazarensanasinileieand (Peroxyformic acid) lglun1sdwendlagens

lnennsldnsenesiinuazlalasiaudeioanlen inujisunuinnianesiiniUesaonduazii

. o 0
saannislusun 1.2 |

H—C—-0—H +

Fotmi¢ acid

HCOOH Hydrogen Peroxide
o
//
H—C + HO
O0-—0OH

Peroxyformic acid

5UN 1.2 nsiiansanesinideseanduasin (nlsauuasaay, 25640)
A. Wnansazanensanesiinessandasluludiensiusvanmidioume nsaviesin
o 9 Y

Wesean@vhliiAnujse1dnendinduivesssumfnssiunisiusya gumgil 60-70°C

nusnssssnyidnendladniieanaueglulassaisenddnsanesiinndudun (U 1.3)

0 CH, CH,
7 \ \
H—C + C=CH C=CH
\ /A /N
0-OH MA-CH, CH, —CH, CH, —WW
Peroxyformic acid @ Natural rubber
CH3 CHS o
\ N 4
C—CH C=CH + H—C
ANARN / AN
0 CHz - CHZ (ENR) (Formic acid) OH

3Uf 1.3 nsiinnsBrendieduueteisssued (lsaduasaue, 2540)



6

mﬁmﬁwzﬁmﬂ%mmmawaﬂ'éwaﬂ%lﬁua'm%%‘mi WU A5n15sAGEEIs AT ua Y
wioulolms e Temslnmseieasiniiunselalnsnassn Wudy FBUIRTIEvIUS 1

wgﬁwaﬂ%iﬁ’ﬂmmj']%amﬂaﬁlmmﬁwmmmﬁmmw%@waﬂs?ﬂfﬁmamu (nlsatuasmy, 2540)

Bnsvaeiesdlolnssiiamisouivsinue s dnenslelnsas NS IATIERUIUT I

U

)
=

andiaulasihaniildluvinaudeusunueandauitiiegfudslllivihnisdauadasaaiig
. d Ao ool o v o 1 W

el dauniesdalinsiziiiondunsiunsaulaun weda DSC FTIR 'H NMR 1udy
1.2.2.2 g1awman

g1mad (Liquid Rubber, Liquid Natural Rubber (LNR)) tdunns Depolymerised
Rubber e1es3sumfimaldainnistisnsssuyiuvinliluanavessnainnisaaiosangg
o 1 o 1 < < o ¥ a ’Oj et YV l(; o
Mdsiussvsaiunsrutunsaaldlanavesleleniuniniminluanageliidimin

I3

Luanasias aunsevisdianuviiag awnsnlvalivigumgiviewsefigumgisinit 100°C

CoHgNH—N=C wi—*waNHCGHE
R

gﬂﬁl 1.4 gnslaseasamiaaiives Liquid Natural Rubber

n15  Depolymerization vosg9sssuvdluguvesiheldaisesndlad (Oxidizing
agent) waza15301% (Reducing agent) ansfilfidumeendladiluwiniuaosnlaslangly
hydrogen peroxide Lﬂuﬁ’gﬁmmyimaqaﬁﬂﬁﬁm degradation 814198 hydrogen peroxide

uandalu hydroxyl radicals 191U eTuRUsY CH Teivgiuanedu hydroxyl (gﬂﬁ 1.4)

nsinseneIunal 1135ves Pautrat wazMarteau wutld 3 Jumaufie

° v 5 = X " N f a P v a8 ' H o
msilihenaaiiosdu (Stabilization) Teanisldasifununaiosliiiig wu thond
usnwdsnesluisldarsiiununaiiosdiiiussaausiia Valcastab LS vioanwldasiiy
mnuanesitliiivszgela Valcastab LW w38 Emulvin W USuna 19 veaiiaauiis
n13Anedwelsd (Depolymerization) fnluanavessnslaenisld 10% asitdalonsiduia
wihiiduensiidfigamgi 55°C Wunan 18 Falus WUFRSonRanelsussomesandian
\finas hydrogen peroxide Tuluauyanldiatiosvililuianassduasdosy

o 6 v a @ ) ' . v PN = ol
nsvildenainnisuandleanainiwieiwsu (Coagulation) Mansifivauaiosiindss
aulviuonensean lnanslinsrezdinusounadounaslse wnldasiunnuaiosil]
Uz Wengweennndwieisulaonsldruioulaseniafounsldoramardhanady
auURveseramal Tanvusduvesvaminduiaia faunila 200,000-600,000 cps lvia

Tide dwdnluanasi (5,000-20,000) fauausaararsuagldlatiumyinazarsvanued



1%

ldfivgnsssun® annsafanisianludlaviguuniivewsenguugianls Tdmadanisda

4
wWuvsensvile measdinluanavessvsssuniilugUresdneniitoffannUfisengas

gumgiivnuassaudvinluanailanaasaiunsoniuaule @unsovinlalasnisuiu

pH vanesvdatvnaulagliay (Surfactant) Auaseendladansimddussuuinend

U

Hydrogen peroxide azaninInazateuila annsafdndie ansoldnuldiguazdsagn

o o

nslderamaninkavsiUssaumszoavaiivvdnluananiluianiviauaziinig

q

as «

witlenunn laildrudsenauvasinusadyinazansly wunzadldvinnndnduswinyunig

1.2.3.3 NSLWUANALIEI9SITUTIRNY PMMA
ﬂ’1i‘d%UUqﬂmaa%ﬁwaaﬁwwﬁﬁmwﬁLﬁaLﬁmmmtﬁu%ﬂﬁﬁuﬁwwﬁﬁmwa
wolddusunisiiniignsinaudvaisunsaiwnilasian (Polymethylmethancylate,

PMMA) 189 na1513udu Monomer  #e  Methylmethacrylate  fagufl 1.5 fnnandfla

< £ =

willounszan Tadudigs nisidoulvaredddnadiwesdaddevuasiaiuudusg

W3EUNISIUANALNENETTUIRNTU PMMA Tasnu1e19555u1% 60% Concentrate Latex

[
v °

nauiu 50% PMMA laelddnaruidu 70:30 vinninusanldiulafneumgivies dien

a

andninluianavin NR/PMMA Taglssaningedsiusnifuaisaniivdnluanafe Tuna

Wouastas Usunal 1 phr waz Iwswiueadsuiad 15 phr Wiuaslulu NR/PMMA (49U 1)

'
a

il 65°C mulsusseimeaunfiviaiildamivdnluana 10 20 uwaz30 Falus

Y

Me

H ﬁz\come

H

Methylmathacrylate

sUN 1.5 lassadvesnaumSamnlasian

1.2.3 N129NUIYIETIUBIR

=Y

n12 (Adhesives) ihuasilddwiuiamisfanimes Tanaostulvininiulalaed
AruudussvestanidouBatuinawosomsthluldausieg sudesnts widld 2 wladsd
1.2.3.1 11290555597 (Natural adhesives) [unniidnaniagsssueildaniia/dn

- nafte (Vegetable glue) 1lunniiidnainutls s1a1gn fauudansdlunisiio
Uszanulinidn TnevluwdniunldlunufiaUssaiunseany

- Ame73 (Rubber cement) Wunmifindnineesssumfaratsiuansavaionses
wravaneseq wWudtuuudu Amomiuudasdunsiadszauildlunsinnszayi

- R (Caesin elue) Wunitldnlusiuvanninds nawdadinuudusdy

nsfnUszaulaninunldfauszaulilusiasilignanudunasaunszany



- nadmd (Animal glue) Wunfindeainnszgnuasndadnd Tnanisdisndiowayyin
Auazen warudgruidundu danldihnszaensy Jaguuniimdsdlddesion

TrunldaeuidssaninduuiutaznsinUszarudulafviniiang

1.2.3.2 n138uA5129 (Synthetic adhesives) Wi 2 wiln (Charles and Carraher, 2003) 8

- nMsTustaLdesiniadou (Thermo-setting resins) Fadun1vtafiiiolasunim

1 <, ¢ & % a & & w ° aaa
Fourzwdsanmluwiuntanldamisovasuazawld n1usduiiuddinlaonisiuiizo vns
a a [ PR i 4 aa < I3 a v e oS a as £
wikinluluanandlesaine 3 36 nansanmiluvewdadunaiferiuiunsdafindulil
' o a a da o aaa ' ¢ @ el & o o ey
WU 4 naufe nasguriiaifiennnsiiisesswinsledsiafleddugse waniu Auea
v3ean58u n1vdaiinainaisvind fisowvuiuduilueavieveiiaslan n1idwenTuas
nmsgurilaleleleeun dregranndueseiidedlduaziunldlunmaasfie ngise
Wosiiadlas (Urea formaldehyde; UF) fiagut 2.1 1dun1iduduvinlddn (Plywood) wiuiu
15189 (Particle board, MDF board) waawaidu dvruuniewiiuy dndufanesiadlasi
wiieanujisen a1 pH 7-9 Fuduriianiy areimiuazenlasisuivieuigu n1igisy

a A

WoiladlarndnainingAvudnfe gisouasWesdadlon uwue 2 vlia fo ndwsuinlisn

Ll

(Plywood glue) narilaiiiusinavasuds (Solid content) 52-55% manumila 150-400 cps

wazndmsuyildsn (Chipboard glue) fUSunumaanis 65-69% Auwiln 100-500 cps

?

it
HoN—CNH, 4 gy o H2N~C’~—N=CH2 - HO

l 042r~1—§-y~4n2

?
—‘CH,NH‘C—NHCH:-?{—C—N“—.
CH,

5U# 1.6 lassaiwveanngiSuvesdadilad

drunmueanediadlas (Phenol Formaldehyde; PF) annUfiAsa wedielsiodu
Yasiupanunesiiamilas lneviluasiuadu 2 sisraniiluliuan (Novolaks) wazniislaa

=N

(Resoles) uaniflgmhuildlugaainnssuniandalivsznausndunisleaiogluguniaven

S W

- Masfuriingeusseudidloiou (Thermo-plastic resins) iWunmudeilaonisgadods

2
o =t

° Y MY oa aaa “ 'Y o Y Y v et

avarsldvuzudsdiildlafiaufiseinisiteniuse ennlasuaiiuseudnasad
wapUmavsedaumladnasy nanguildun Polyvinyl acetate emulsion (white elue),
N1192ULIoUIMaL (Hot-Melt Systems) EVA Hot-Melts, Polyamide Resins, Polyolefines,

o o e

Polyurethane Resins (§11n39un159nn1stluazndanaiili, 2551)



Y]

UBNNUUTUIINIDNUTLNVUTLS 3NN NIRedUEaE (Contact Adhesives) 1y
NMAUTENAUAILENTELA1EVBILNFTSUVIR U398 WNHUATIEY BI981UTsuan WAnNISDnRR
41' I3 = c{‘d L v v 1) Yoo [ 1 o s
Wessivgansvinazaly (Solvent) WWuniiniinislvdeslunuliiuadldfuagrsunsvaiydivsu

NUANUAYELUIEIATEUTEY (235551 guinAdy, 2548)

It o

1.2.4 anstinuannvdgauazdrsiiuanuniaduiuldlunig
1.24.1 grsiua1annidy (Tackifien) Wutansduiduidildluniaieusudsenuand
Msdaia (Tack) IMsnseaeiIvataunInAoulINiIwazyngous (Softening  points)

o &

Tuta 50-150°C Wminluanaiads 200-1500 asifne e sunazayiug (Terpene
oilgomers Waz Coumarone indene resin) miﬁ”ﬁﬂuﬁwmqﬁismmmugﬂ‘uaaamvmuaas
fayneiivurslvgjazvinldauandinisdainanawiliaunasevinedusduluient
AnTutnas isdufidenldivensssumiiduieaneslsiu vilvfianeldluanaiionniy
lelnsansusuisdudansies uagifunmaudiusanniidoanis Malufesiuarsanusafaia

N

dluidiesneranvuriuasy denarsiailliiminzauiinudduivansiveennildmes
ansTliTinarienfinRnuaunfnnsums ey i and i fhwinluanadildansssumiuay
Mnilesiasu ﬂaiﬂmw?ﬂmumiit,ﬁaL?mL‘ﬁwlﬂiuﬂfﬁEJ1a%m’fﬂuLm'ﬁﬂﬁ’gagima'luaqnmmq
fuvuassiiundawiyssnivlmanaguielnanaveaunflvlioossduunansewinnais

viliRuudusIiusyanas Wieaianisivaldheiuaunsodafaiuianduiiniu (Guu

[

JUNY, 2548) @SIRNANLMTEIAWaY RN TNea AU TR LT ULE S AT STAT i

2,

1.2.6.1.1 gi3evesiiafles (Urea formatdehyde) iWuntidmsuvinlden ( P&ywood) VNIOUHU

¢
a

Fulif50 (Particle board uay MOF board) fidnwasiiuveavaity dunwmiiouduy findu
favlesifaladilindeainnisviiiten nngdewesifadlesudnaningiundnie ife
wazwWesiianlaslddviun1ilisn (Plywood glue Chipboard glue) (195553, 2548)
1.2.0.1.2 A1lsuisdu (Coumarone resin) fdnvavesududsy Shmandioandu 1y
dadnuuawidiansie fawddinne 107-1.14 seudaiigumnd 80-100°C udedia
56°C yaviapuiviad 105°C azarglunasiiuann lolasasueau Alnunarlulnsivudy
1.2.4.1.3 390%uaa (Resorcinol) fidnwausifunsdvianden indumiiv uazilsaun awnso
azansluivieletnld sufuanslimnumisimesniienssiufuans Sumikanol 507 A

1.2.4.1.4 giimuea 507 ta (Sumikanol 507 A) undndur dienauns azanglelun

1.2.4.2 @1SIANAMUNLA (Thickener) WaLRLAINUNLAYBINIDINUN87195550 RV Lo Lae
nstdasimidlunguaisiiuainunie aud Aginate, Gum arabic, Gum tragacanth, Glue,

Polyvinyl alcohol, Methyl cellulose, Polyacrylate wazuds (dusu ansiiuaunialeun
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wis (Starch) Wuwaduwanilss (Polysacchride) fddnyiigalusssued 1finainluy

A
Tuwwples (Monosaccharide) viane s wiligunsai g{mﬁ"’ﬂﬂ Ao (CH,0), fidudsenaud
d1dtyAe danr-azlmaa (Alpha-Amylose) srlulamaiu (Amylopectin) Uﬂ@Lﬁ'aLLﬂwamagj
Tudutlsasuandadudingng ﬂsmwag”lmfw wiarliiazaneindosninountpue st
guelugfudiozaraioinld %qLLﬂqﬁmwmeLﬂuﬁawﬁwqq 1.45-1.64 ¢/cm’ (lafian,
2502) wimvoantdidunly Wi wlsiudlsud Sdnvarneadon 3917 Snunsiuves
wleudzndeedinuuianige Tamuiious lnellamivetunnnin 95% axiiudina
Tusfuwaglusiuagaudan (Hoondt 1%) fveaneatiosndt 0.04% udsirimiledeuts
fvnannd i mmzﬁm%’uﬁwumﬁQm%mmm%u drunleinlnednlainudediiun
anlulan udnaind1alne fevmsinermans Zea may L. ogflund Gramineae flfurinin

wivslEm midueviny Buifle seawmsid glsuiiflonneeugu (ndruswruaziiiana, 2566)

1.2.5 audaldgnanisa
1.2.5.1 dnwzialy

purennilieivendaniin Hevea brasiliensis Muell. Arg Wugonstlagtuiloun

o i

areuraudraan susitellsliun duruAugnaUszIIa 20-60 lwuues e ldenadl

#u1wa oiluoudvmesuwnsn Tudiuvesnssivasunuseadulivude Wesuusaudelsd

[
[ 4 ¥ o o

eRAMINVUAZ B AUEN 19917 "Laimmwiamigﬂv‘hmd@m%aﬁLLazu,:uaq lngenzgnyinany

v
al o a

lnedos1&duUn3y (blue-stain fungi) warsamaly AruvumuausssusAeasldiiy 2 U

e

v

anwuzilalinoudvavBoaiioneruiiunats deuliidudsunss viduiddnuusdudsu
aumuanvarnIssyliule Wolannuasldiimdusesudn 1lesandiunissfun (Wood
parenchyma) a1gliiAnainanuuanmssenineududa anuiduvesliveduasUsunu

LY a

AUNUIUULYBINFUTAFWTIANIT LT Wad (Pore) Hidnvazinsiuazdnuusuda 2-3
wesPazAuUNsEIefIvineg fuedwadiane (rild, 2548)
1.2.5.2 duUAN9LAdl
Tnerhlulonmsesiidiulssnaviaranddmaniifnised 1.2
1.2.5.3 d@uifilBeananasa1uudaussvasldananwisa
Tenawsdaniidananasdanuudasineaums uailowouiiousuliand
A WALazsAum 9199fiuduiiusniiomiieutute wansdinisnadl 1.3
1.2.5.4 mslduszlovivasldensnis

o

UagdugmamwnssulildileldanlioneomalsasUsyuin 22 gnuiriiues wie

k!

nandnlaysauviaUssimalssana 5 awgnuianueseel Gadd, 2568) Tiuremnsdiulvg)

drndsdueSoadeulasanizeteBiudn fsuviat oS ouionisdsaaniiviisie L



A151991 1.2 audRviaailvesliiananwisn

auuAntadl FovazvoaliiunawIs1e
1. waglaa 49.41
2. lelawwaglaa 78.72
3. Waviwaglaa 49.41
4. wwulpigu 17.17
5. anilu 18.06
6. Unanadasy 2.46
7. theasinnistiosaansvaana 41.00
8. ansazantlutiiu 2.45
9. arsazartlutiniau 7.91
10. ansazangludng 1 Wasidud 17.54
11. arsazarluneanaged 2.83
12. 0.87

Ha: Sviluasviaile, 2538 uayimily, 2548

UssialundazUunndiuiuduuim enuvatnvateveadndusfidouadaannldenanis
AusnuUeeanlaniiie NARSUTLTENWIT WU wSaaSeu veuau wHuTdulion wiulelsl
Saudamnumuiuduliunats (MDF) nseusy fuliising ldiandununeasne Weindalu

stuuunee () deliidmsudhuaglnih dvldvar insesmiuasiniadldanen Wusiu

1.2.6 N156AGN
ANsEnEn (Adhesion) Lﬂuﬂﬁﬁammﬁuiw'mamaw%aiuLaﬂamaﬁam 2 FUBINUNY

[

N ﬂwmwwuaﬂmmmumm‘mﬂamam‘iLLeJmamwmmmu‘luwammﬂu (iU 1.6; mua 2548)

Ll

O.0.0.0.0OQ swsae
OOOOOOO
0000000
OO OO OO susuae

- Adhesion forces

Adhesive

Cohesive forces

gﬂﬁ 1.7 dnwagn1sba@aueinia (http//www.adhesives.org, 2012)



19197 1.3 audiiBanatazanundisaaclionws s sudisudulidn

AaNtRAL I3fgnanwnsn 187dn
mwwm&,uiuﬁmm%u 12%; g/cm3 0.60-0.70 0.64
ruiulimaaou % 12.00 12.00
NITIUUTION
- anuduludindaugu; ke/cm’ 600.00 665.00
- Tugdaunn3; ke/cm” 973.00 1023.00
-lugdafiantuy; ke/cm’ 96000.00  103900.00
- WATIUEALANTR; kg-cm/cm’ 2.40 1.90

D17 S INAYUTAG Y
- anuAulundavey; ke/cm” 328.00 525.00
- AN uUTESY; ke/cm’ 478.00 505.00
n5sUIs eI INEY
- auiludadangy; ke/cm’ 93.00 92.00

N5 UL TIGIGIRINEY

- el ke/cm” 28.00 23.00

- fudaiia; ke/cm’ 29.00 24.00

N5V TUADY

- Frusad; ke/em” 155.00 124.00
- fuducis; ke/cm’ 169.00 153.00
AT IV

- fusail; ke/cm” 544.00 483.00
- ududla; ke/cm’ 532.00 510.00
NISTULTINTEUNN

- dviingeanitld; kg 149.00 118.00
- WER ALY kg-m 2.90 1.70

fur Sedld, 2548



adhesive molecule

Buik resin

Interphase

Bulk wood )
amorphous wood polymer

T et - \\O"’ P Bt \
N

Adhesive
thickness ca. 5000 A

Woed Cell Wall

Qs

5UM 1.8 UTusessesewineil e auwaz Taaneian1uduiany (Schmidt, 1998)

@ o e W a

dlothnmuaziagndieiuniindulaiu Swidhvewdas iaggnuvuiisieus nuseura

1

@ &

eV N (Interphase) nmuagianifniunTufsufduus (nteraction) Auluuinaniu

- 998RBTYYI1NRT (Interphase) wunusnanianaounauduiany asnusyney

q
[

waz/v3elaseaing uay/vsoRuaudd wsilounasnuinmd onvunnssiuisesrusenay

=l

waz/vielasaasne waz/vionnautivesusazsvaududadusin (edd, 2548) Msuf 1.7

Y

- MarTanfiniunmMuAnUfEuius (interaction) fuluuSnasesdesyninsldaveuen

' 2
v fa a

Yanaydnnulduiusiioueiuiglag Young’s equation #agu 1.8 (Schmidt, 1998)

ped

Liquid deopbat

Sold

s o

35U 1.9 yududavesniluaniugveavarivianiiianogluaouseawdevianzauna

]

@73 Young’s equation (http://www.specialchemdadhesives.com, 2008)

Yoy = Vs ¥ ¥ cosO

Wy, wEnela LSRR (surface tension) iewdunuBaseiuin
(Surface free energy) seWiNgAIVOUUAILALDINA
Feoyluannizauna

Vi Vgl ussfeiseninedivesvesvaluazonafiaglu

amwama



yo, Ve wsaRsisruinihvewavaluaze eyl

anzauna

v '
& =

cos@ v yudua (Contact angle) MiAnduiioanldunsaru
YDIVBUVEINNYLTIveumaIduNa Ul vl
uBINSEARA (Work of Adhesion -1, ) winsfs wasewildlunisadrsiamii

Iysifusnaeaiiv wandlugUaunisves Dupre (Dupre equation) (Schmidt, 1998) 1#satl

W,=va+v —7a

n15UNENNI5YRY Young kag Dupre 1nsauiuvinlviaunisegluguidnladedu ey

ammﬂmﬂ‘iﬁ Young - Dupre equation (Schmidt, 1998)
W,=y,,(1+cosd)

Schmidt (2001) ldagdlinsdadasswintanififeinsdudailussduliana

4

[ %
e et

vovianihunfiaiu Milnsdafiadinaruiaduainusingnisal naden (Wetting) kazns
WNsNTzR18AINUN (Spreading) leevinluvasvaranuisavinlvinvewd wlenlgdonsameii
YReudanINAIURAYET YadravlvRIve el uTunlayuT dleyududassvinaveuds
LLamaama’JLﬁu@ué s JunuarMSLNI NS LURINTNTe998 a7 lUULY BT SPERUTRD
o o <, Y e P @ o a o o v o al
Aiganaidunalilinnistafiaviudass AU 1.9 efureyududadesariinadonuaznnsg
uwsnsreivivesvevalluvuvesdaldfninududannn uenantuyeanalanansn
uwsnszglduuiviimewdddfsedediuzansnisunsnssauinnimdewifuaud

lae

S=Ve 775

Bad wetting Good wetting

U 1.10 msdeninthvewesnasuuiivesuds
(http//www.specialchemdadhesives.com, 2008)
1.2.6.1 ngwin1sdadn
ngefin1sdafia (Adhesion theory) eunenalniiianuiauilsindatutandnudavis

s

wintlunguijnan 5 wqui] Gadld, 2568/ Schmidt, 1998/ 55534, 2543/ Allen, 2003) fail



1.26.1.1 Wg@ﬁf)?ﬂf)%ﬁfjwfaUWWUL%mﬂ (Mechanical entanglement/Interlocking theory)
nsEaReinanmanzfondanasazdineamesinindaiudluuiinnees

seuRaniaratineg vuiuiiesiinisiafeddliddnuurlasadiueneadifusngy

sausivesliifugusviiosainindssiionasiaiaainginlddmaldnindiluudeiaeglu

Vinatwinnsbaaanuliogiaudaus AagUil 1.10

Mechanical interlocking

3‘1]17; 1.11 dnwasznisoafaena (http://www.specialchemdadhesives.com, 2008)

1.2.6.1.2 vwinsuns (Diffusion theory)

( [
f§al a

nsunsifiudsngnisalifeduvialy Tnunsiedouiogesalilasosansviendaany
yiavildluluarsdneiiavisandruiiierudutuganilusdndiamnudududnitite
Usildennmduduvindu - (Gedd, 2548) noeididefuindunnuiuiaiweanifuiiuiag
Huweduad W 1l mmadulidesiimauannsandeudiluszduiliomesisdianting
aranesaniu Amnsiilinednisazaiy (Solubility parameter) IndiAgaiu lsnanasesnaiu
LR ensnsaunsidnmAuluuinasessiosewinea (Interphase) 16 91nduluanaveniniu

Wi fRzenfudaufduiuslutsnasinadunaliianistafanudos dgi 1.11

lnte?;diﬁusion

Stbstrate

g‘d‘ﬁ 1.12 dnwazn1sdaineanishing (http://www.specialchemdadhesives.com, 2008)

1.2.6.1.3 ngufdiannseu (Electronic theory)

s

vuiihdufoiauudgiudiniuianfailesaindnduuoudionnsouiiuaneie

3
2 '

diapnseuimandoudulUuuirdudavesivdesdsdwaliiinUssdlannsou 2 4u sznin

favihaeanniutasiisiausslwiviliivesniaesdaiaduusldiiouideduduigy 1.12
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0 Tl ) NI

gﬂﬁ 1.13 dnuniznsgeRameus sz i (http:/Avww.specialchemadhesives.com, 2008)

1.26.1.4 WQU§H75@@‘5/UW§8075€7@§@@oﬂW’)é’ (Adsorption / Specific adhesion theory)
n3gAT (Absorption) tWurssvatlvad lugnguresinwesewds Gedld, 2548)
n139Ady (Adsorption) nunefie nsgauia levesveaunaiviadiviiazatoain
avsazanelne daniidunanBon asfidugnsurdetandmwiniaaiiveiale (indd, 2548)
wsatlagaszuIntlanaluuye)iiuensaieniiugs “Van der Walls” [Juduimal
a v oA a | < & a s 1
nnseadunianielovuiinromdenduiinvesanuiduswinmatafanilaemilluus

wsadagauuuileanitu 3 nqu (rdd, 2548) figuit 1.13

Van der Waals
interactions

F

Y it B
N i

Substrate

sU7 1.14 ﬁﬂwm:mﬁmamﬁwmiﬂm‘% (www.specialchemdadhesives.com, 2008)

1) Dipole/Dipole interaction-Keesom forces

Lmﬁa@mﬂLﬁmfﬁummJgfjé’mﬁuﬁ(ua:m'ﬁﬁeqmﬁ’uiwimiuLaqaﬁﬁmmawﬁqd

2) Dipole/Induced dipole interactions-Debye forces
wseisgailiinainluanadiiiviniisadouniiilndlutanadilifduddnildiAa

v ' v
1y o & @ a1

anmPatarsniululmanafilifividingn WJuawvgliianisigadeiuuas ful

3) Molecule/Molecule interaction-London dispersion forces

(% ' [
1l o A o

usenagailiunsefsgassnitgluanaiilii vudelmanavagindouidinlndriuia

[V
Y a

Uidiussywinnguunendiannsou vilARnanmindinsfnussigassnisiuly
nsdlwedldiun1a Bendmquinisdeindimy nsiindafadulidemnidiause

semInaluiana (Intermolecular force) uazszvinegmoul (Interatomic force) maﬁamﬁa

aovUssnnlaeiivedifundesuuudnduaindunalinujduiusmaaiivuuyiogd

(Secondary chemical interaction) AapmAusiItUsaesnTEYi1aAT (Interphase)



12615 wqwﬁn755@5@4?’?@4@1‘7@”35/70’%32@774@1./1/1( (The covalent chemical bonding theory)

nafeiuszlaawissrinanmduianfanluainisdafeinduse diguin 1.14

© Chemical
honding

nm-—um

Supstrate
gﬂﬁ 1.15 dnwuzn1sdaRaaail (httpy//www.specialchemdadhesives.com, 2008)

1.2.7 nMsvadeuaudiven?
1.2.7.1 mawsizilasadrslananavasdns
Snsilansadislianavesarsdugediomuiln Fourer Transform  InfraRed

Spectrometer (FT-IR) anunsavineldniiatu davwannsdlunisuengs uazanwligs
ans0dinsIviasiae e luUiuaden 1 unasindardudurdsisavedades FT-R
Fusuanaaniuiidoyaiawizivesmsudar slauandanaisvindu Tuanaiiiiuss
seinduazauiiveinisgandunauinaiu vilinsudeyaifoivlassadswesinana
vosanstug Milvyitedduoglatha Tushumisiv iwu arsnduueanesediifinvosiusy O-H
agjﬁl 3.300-3,600 cm vjtodly dANuse N-H aeviﬁl 3,500 cm - A19L0AVS TAYDS wy C-O
Uszanm 1,000-1,300 cm ifudu nsldiaies FTIR Sieszvshegasldinandesuinuarly
Auesansiall Douthulisslomdludunsines ientsnstaaovarsludsnmnm
ileuiugasiasiairaivasasussneuanasgrufuarsiedisiiavanglusanansuiafeaiy
1.2.7.2 st widnlaanavesans

Gel Permeation Chromatography (GPC) 1J1A%nsuenuasnsamansUsznauiis
dwiinluanage eodudilliussafsoyniaiifivuinuesgrgusieg fu nsdonvunnvess
o6 Packing Tustfurnauasguiwedinanavessagnavatsfifesnisien asfiogied
AedrskenUsenausigsignavatsdvuinasiunasi Packing dsiesvwinfeldanse
szuanynignazais esainluanauisiafituialugninsveseynirazgnazeenluias
Usnngeenniduiiansnuariadierlulasuninunsy fetedhiundeszildimesudoay
yoaval winnluresddoninnasaglusvhazawlnluasazaronou
1.2.7.3 maiinuvasudaisauadiifluthens

USinameandeianuadiiiuiiens (Total Solids Content, TSC) “uedd Usutlay

a

umindevasvewawdlisameludie Wureudsimviesdiiodihsnlveuiigamgd

Y



fitvue 1honnsssufidesanaindussiivimamome wiiisymeldludhonaniian
uanse AU (25-05%) voadeitfoglutheaniouimuadudess wiidae Tsiy
Tusfunazansdug udndes Vnnmmemesddluionanduniodiwinaseaiens
Tuthensld denstuanasgidalsng 61.5% Hlunseuaunsmdntonduniananis
1.2.7.4 n19U1AIAIUUALUA

Brookfield Viscometer fnAarumiinuesiiens dsznause Spindle viuuluthens
flyunsanszuan Fudie Synchromonous Motor thummauisiausedaiivindheiueiaideu
nauvBILad ALunindinresthensuunsensruensiiliainausadadaly Imayuﬁﬁmﬁaﬁu
Jufumuniinvaaiens Aeumiavesihedinldlaonsinuidauvimsanszuen 91y
vuiivangvuin Spindle  a@wnsadiudnsmanuulivatossiu feanunidalagamning
yoamaainTId U ugeiuiiavunves Spindle v eaudilunavgufiuiy
Anuviingaaniieiesilodaléiuiy Spindle Tvruindniianuasiiuian (yayss, 2530)
1.2.7.5 @@ uniuns oy

WA30wWRAaey Universal Testing Machine LfJum%aaﬁaﬁm%'meaauamamﬁamq
N18NTNYBITER LU IAEOULSIAY Wsane wseelae wazisudeou 1Wudu vedouuseUszam
Static Load Test Tuswmnasunifinszyiviotunadeu et iuvsaeunaaay uasls Load
Cell BRNUTINTZYFDTUNAZEY Strain Gauge Tu Load Cell LU?{WLLUaagUéNLLazLLanﬂ'w
o o

WudygrulwduieUssuranailu Load wag Displacement 7fndufuduvagsy a1y

[ 4 < < ' b X dd oo ¥ as | = a [V 4
AuvIULsUdeuU (Shear streangth) luksasianiigNunvivinlying 2 wiuddafiniuaisnig

1
as a

Houvameananiu lufiamssuufuiuiiiBainiu aannasgiusdadasigrainnssun
874 14BN .Cos-bdon Muuslinadanusiunulsudeuldtdesndt 0.22 MPa
1.2.7.6 yuduns

i3eainynduia (Suface Contact Angle Meter) LHuiadpsfiowipmautidvig
manmuasieiveeunaiiduiaoguuivihvesudivie Tantui Tasaunsoiinsizvie
yudula (Static and Dynamic Contact Angle) mgszuudnluil® Jayududalagis Sessile

Drop Method naiayududatos viliiAanisilunfidamdnldldsidasanveanaiudly

vuualdladuuinunie dwaliiAan1siadadiudauss (Tor.gprocurement.go.th/2006)

1.2.8 Mudsefineates

TR THYBIN N9 8 550 lEN 13 UT U s nman TR lunsiefaie
Ul dmsudals wunsldingesssuafluadnniaged Sniuazeny (2501) adAn1aen
’mmfﬂsmLﬁa‘l,%dmVT'a"L‘LJImEJﬁﬂmmgmﬁ'mmxaﬂumw5m1ﬁﬁ@mmwmm&’amw NAADY

aayteaiuasiadeingg ddlvheawauansiniiinnisassdunsdiu Tdansiuaumde



lginsunofozasiaviuliuiufie As 20-50 dusathens 167 @9 dinenaminseene
WazNIvIN A1 wudwqmmamqﬁmm:ﬁam Aoldansiiumnuuniolodfounedozadian
50 du %ﬁmamamnﬁwwﬁiﬁﬁzﬂﬁauﬁ’ammmﬁa’ﬂumaamwﬁwmumzﬁwﬁuﬁwﬁﬁqm
dauianudung (2548) Tinswarnnts pressure sensitive adhesive 91n1181955509 AL
viwunnnisssssurilasaaimdnlmenauasilas Wuansunaluess 0-200 phr
vagauMsBafaLaznIsasn wuitauURdindnvesnnizananiledumniliessunnnia
100 phr g3te (2543) lensin3auuvedlvioasain Coumarone indene resin tialdisdas
Amarntesssui dndt 50 Weddusdfameduldinsizasilihoadoanm s
USu1eu Coumarone indene resin 1vin12il Shear strength M1UH1RAT51U ASTM D2339 law
Cleavage peel strength @1u119551U ASTM D3809 ajﬁyu Lwimqmitﬁumaé’?uaq A5l
KOH U3y pH Gudusesmiliniafongmiafuiiuiuluwesand® Shear strength wav
Cleavage peel strength Lﬁu“iju ann‘ﬁimmﬂﬁumawuu One component wusndleond
mqmﬂﬁumuﬁu auUReu Shear strength Uay Cleavage peel strength AaYe anaq
wuirnnatenesssuATanTRgy Shear strength way Cleavage peel strength TnalAea
funandindnianise wailaudianumuniuieiiinit Tnodiugiiudleanusanaiu
nAFRUNTIEsTILT AU et LUn T A indnansén 20 dalue dufunudumd
Laraigniaau (2548) Anwinauesuvadlnieaifiiden1sdafauasnisaonsenveeniad
Wwisunthensssumilaenaiess s Rtuwedlvesslu 5 dnsdnludhonuen
indauuunaunedieamesiununieldlunisedeunistafinuarnisasnaen uazaula
aududaladanafinresnifisnieddlofines LuusyuUnTIBLAZLHLS Y WUIINSIRY
wndleesluhesssuriannisdanisfueduiensssund audinnsiafaveaning
Anfintuileliuinaunedlviens 150 phr uazanalgUiniaunaflwioasuinnin 150 phr
LARIINNISUENINEYRIATIHAL AT storage modulus Yeen1fiRnIsunARlwieasiid1an
fae Waifsusuihensssuend fnsiiuunedlvioesiirinnadonfauuiuisvaslad
dumaeduniisusssunlasnsinunineieuunailiess (Tackifier) lusuddadu
deldlunsdsunmaniienesssumd lEwuindSianisiin Wood rosin wldasiuluth
enaudlaivinliiAsanmaasldldiiu 80 phr msUsu pH vesnTthonssssusRluriasudy
Arsusulveglugae 12.5-12.6 Weliuraiesl funianndadu nafimdeuldanunsafiy
Pileurumnndt 4 deu Ui Wood rosin fmsnzauasldlaiiu 30 phr RIRATERBIGE
niivin ¥ auivednu Shearstrength naaaulagldinnsgiu ASTM D 2339 uay Cleavage
peel strength THumsgIu ASTM D 3809 anas fimuvumiusiatngs levensugtiiugy

sanuIsiviazmMswiuadeslvunaasunanissazaiusavussdilauinniy 45 Ju



A et avianseliing

20

SYEIAINIIERRI8g U9 30-35 U1 N5l Chlorinated atkyl phosphate oil 371
Coumarone indene resin lunufisuduniivinanisadaudfenu Shear strength waw
Cleavage peel strength fini win 12714 Wood rosin ﬁ]ﬂ"ﬁnmlﬂimﬁaﬁlﬁqm (1597, 2543)

Fgiuws (2547) leesgun1ignaumaingwaiu lagldaisaaiufe CaCOs way spindle oil
TulSimaivunzay wulnmildduwlindaeudumainiglunn (cohesive failure)

waznuliuie CaCO; duaran1sm3uun1e9um lnodlausunu CaCo; LAY agvilvian

v
a <

auntsslunisdafia Araruviiauay Cold Flow anas Wieauugilgeiuvily Adhesion

v v

P

Strength anauwitzAnuouiuTwililuanairdouniuaziinnisivesnvedluanals

= < o 1

18U auUAndn1IuLsInuAT Adhesion Strength LiugatuileiSeulfisuiuneuung

daumsdnnanautinisuivdalasaieesssuniiined Anissa wazgis,
(2549) MmsfnwiauanURvenhodwenleaiiuounlamunalasnmsiauladuianaves
urgnssssuviisnanles laglavmuwiauandiinisgafauainiiainiiensssugiiswanles
Tngnslaansiunisionn 2 viinfe WwashuRuadnstulartlasdousdumusasidiulu
nMgasund sanmageulalFsuliivuiuniasgIuanaIunssy (1en.521-2527 uax wen.
360-2530) wuin1ildwesfuiuednisduluaisiiunisdafausunn 60 phr L'fJumaqm
ol al o o & o . ' ) v
Avan Weaniitiion1n Anuvis wasauvu ki uNIasgu Tudiuresrnusiuniu
v & 1 d. YVl YV o o/ = € w o & o ; Ve 2/
wismenuazAmNAUIULILdaualalAnaAsatun g SenesTanlad lunildaald
WUIIAUA LS AT UdA AL UALYS a1 siiun1siafanldlun1y dnsunsaliazmole
(2547) Usuupaunmeeaanminniiessssuvinswanlediieldlugpavnssuwesiinasll
HINNISASNSHALUNGNEITUTIRBWBN LR a1siailtazarsinuauwieifsutidrnnie?
Wwaadlud UnanisegeuiilalSsumisuduainsgiuenaIvnssy (1on.181-2530) wuin
n1 514 10% wt wledhiniiveaardludiduansiiuanuwmiorludiuin 60 phr iunn
grInavign tws1eliilon1y A1Uvln LazAUVLILULHTULIATEIY WAAIAINAIULSa N
v - ° ' T Y 1Y = at ¢ o &
uarANAULTLaeudInIessIL  wallalndlAgsiunifileewazngSenesanlas
F=4 & v o (v -9 v £ 24 = P Q‘ d’l <y ‘3‘ ol ¥
Wunmalddwsuaall anusutsudauiiaifiudusuusunaiansiiuanuvienlalunig
*J%Juﬂiqiﬂiqa'?wwaqmamaﬁﬁmﬂaéwaﬂlsaémmﬂu'ié’maam‘%zyuazmuz (2548) vinn1
ynsssuIRdnenlandmsuinusratuulilussuuanierusenaulannu1esISUBIR BN

'3

loe 0% luadwonles

frumsantivinluanalusuiienslagd’ Chain-Scission Paralles
with Epoxidation lagvinms@nwirliauarusinaaissegivusinmsdaia Usunaansdaise
suvavTinaleleleenundasluninedweslolelosun wuiildiunlsudumusdu 30
phr 591U Dabco T-9 10 phr legld 25% lelolwsnundaszninedwesiolalssumidu

arsvinlyidenis@aules asazaten1ione ENR-G0 wseulaiiaianuaiuniussLsuiou
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ArANFUUBI s e nLaEN SN AN AR5 IURA AT gRE YN TIN 180
(wen. 521-2527) uanmﬂﬁﬁawudwa’hﬁazawm’;maﬁm%ﬂﬁﬁmmu%miﬂumsﬁmjmiw
ansazanenmendudansi uenanideuisoieaiuntsudnnifnliantesss i
aandadluana digewisuiunilegisnanswialuanaveseawisiasaunssiadivung
luananawinzuinmfnld tudaliluanadnacgisieg wuldisunaeivvannsoan
JmﬂfﬂimaqaaalaﬂmsﬁuwﬁaLLazLﬁaﬁwmmuﬂixmumsmqﬂ ienanduntiudaglinm

fifleonuudasdunmadonfiageann wazannsodldfauszauliluasnisgramnssudy

1 1%

wedthaed reasruasiaunduussadael Christell uazamy (2539) TinSoun1ithoiame
draslsniunddiuusznouves Xanthogen  disulfide-modified-2-chloro-1,3-butadiene

homopolymer Ima@ﬁaﬁﬁuwaﬁLual‘ﬁmij’u‘l‘ﬁw%‘ﬁﬁlﬁaL’%m’ﬁmﬁﬁ%mammﬁ 5-20°C leinn

3

' ' ] [
ot a( &l e as

iflautinmsldouiionmngiigs Sandip D. (2506) vnthoduaswiiiiaudiaumdudan

k)
'

Jug uﬂ?’ﬂumim%‘wmuﬂd‘ﬂumsﬁmﬁmiﬁ laoinssunnedesmulaoldwedesaiann

Y

ﬁnﬂﬁum%’aLLasﬁmuﬂ%wudWé'mﬁe{"guiwiwﬂmla‘lsu‘l%mLumuax‘waaaaaﬁﬁﬂﬁamﬁﬁmi%

A ol

fnveinfingn fsludadiu 1:3 wazllautfveanistadadulidatuiieldwesesaiiansly
nntsfudt LLasﬁauﬂ’am35@aﬂLﬁumﬂ?jumuﬂ%mmmawﬁamaﬂ%aLWﬁ']zﬁmiLﬁmmi
Feulsanniu lul 2546 Wolfgang uazauzleld Melamine-Formaldehyde Tu Cell Walls
Lﬁaﬂivwwauﬁaﬁmmmwumum’amqﬂmLazmmmﬂmaﬂﬁ Wentworth, et al. 2548 Wy
nviiiiduusznevveneane inansledunaronniuimdiodamide Wenninger, et
al. (2546) nammuniansndaldies Tneildunanvonionesssus@ 35-70% wasisduil
dutszneuvadlalasaiuou 20-65% 1sTuiiuiuusdlaseadns 0.5-20% Tastmiin Ozawa
Osamu and Saitoh Tomoji (2000) wu3eneilaans 2,4-dimercapto-6-substituted-1,3,5-
triazine uazans epoxy uiidenloniieusvlsslinunimerdlundveamadumeninuas
ynaafiddu Tueniddeiimanausnsssurafuduasieilaun awwwg (2547) w3sunihen

MnnTalanediuesveiusssurdtuiaviniian lnen1snediuslsduuusiasuri

] v
o

UiiSeniigumail 50°C wisun1291n NR-¢-PMMA Thaglusuitiundusnans wuinnnilly

\Y

Luﬁammﬂiawgqﬁﬁmamﬁaﬁa(ﬁﬁLLazﬁﬂ'wmmLL%QLLNm‘ﬁaﬂUszmuﬁqa anthwiin
lutana NR¢-PMMA latex lneifiuluuvaidouvoidamaUdinm 1 phr uastnswiuuays

w15 phr amdwidnluanafigamgil 65°C ulsariildanwinluana 0-30 4alus

o

wulndminluanaasasmuanildludjisornisandminluanavazldiindnaan

1 1
[

U84 NR-g-PMMA #1381 30 47lue nadieionann NR-g-PMMA Aflwdnluanasiiiaa
wlaussnsfinUsyaufigandnn117esuuan NR-g-PMMA afldwiinluianage 970013

wusUSuadnlsuduausdwduarsfiunsdada 0-75 phr wudruSunaasiiunsia



qdﬁﬁmmﬁmsamﬁ&mqqﬁ 50 phr AUl NR-g-PMMA ﬁumﬂﬁwmiﬁmﬁmﬁqmwgﬁ
AEBL? NR-g-PMMA Aulsuduiaulsduldiiu NR-g-PMMA ladwnuiniinnuudass
miﬁmﬂixamﬁqqﬂim’nﬁﬁma%ﬂms%mﬂumiLﬁmmiﬁﬂam Andiinansvaaedldaivy
was NR/PMMA Liveldviinninfiels Riyajan wazChaiponban (2009) lifnsraud@nioniw
MIRENG WWanauaznemnuiauvesnofiuesiuaus NR/PVA Uadbiinadoauifvounuilay
wuinnauaus NR/PVA weudiulafiiield 60% Concentrate Latex U 10%PVA
NNSLASHUYIUANE NG TTURALATNUITYIRRRAEaRART (2547) LASEUEIILAAT
nngusssuranitwinlanagdaonisdesluana wu n1sdeuseiBnsna Fvnaail
Awounarnisvuiisehesssuifuarsieiilfonanaiifinnuarenn Ta illd wos
fAssadaudueu duyunisrdesidunldusslonbindunnifaunmgmusiemindug

v

11950 LAUIINAUS1NWISIT LT A Raw T Aulaka I naRURve

= [ a [l

deiiipwaiusndafaiulafiuingratevis digesTsnnilandfiinug vaiueg1ei
o o a e 4' v o [ o (Y] = Y3 o [ ¢« A ol
a1unsnunuAnw e ltviidundmsulud @ onUsra unawnun1idanasiey Ao O
Auuilefad awrsonutit nulw ldidufie livaavaseansfiy vde deiulunisuds
Iignannsirneg Adesnistdnnalunisdafianu 39AaslYn1NndaNNa1nUIE19ESSUYIRA NI
NIELATIEYA AIsIzRRLIAMA AN MINzaLRDN 1S G UIInTu dssnanTRved
X v o v ° va wa Y ' M ldY o
\ielifonawisiiivsznaumuigaglaa inludauifnnudutigs uigesssuniliion dad
v o vala wa Q & o < & & v oot = '
nsldfunulififaud@nnuniutivessaglaanilussrusznavveaield Jsmsfinurluud
FBn1sUsuUTanTRvee 9T THIR Wisldesounnvunzaudwsulaaulunisndnusuls
e =% a m’j v o/ o/ @ s { GJ s

Usznaulvidanuaiunsolunisindaduly lnsendewmuiainanuddeninerduniswmseunt

M3 suasAldieUFuUnaniRvein 1INt e T U RIATY
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uni 2

52 U8UIBLATITNITNAADY

2.1 QA

maﬁﬂmauﬂ"ﬁmamﬂﬁwmaﬁﬁmm&ﬁah"lumulﬂmfmqﬁ‘u (thorsuay
a9iafl) Msvaaewdnnia 10 wila 1dun n1athone @ viin Aeterady 30%DRC uax
609%DRC 1henaan 30%DRC wavinyeany 30%DRC 1:45’]EJ’ldﬁﬁlJ‘U’]aﬁﬂgUﬂquﬂiﬂa%’WQ
ueesssuvfdnenles eramar tienesssuvRUaUAIsLYE A lATIanLastiong
595UVIRUAUAMIBNIEUATIEN Urea formaldehyde resin

mim’?aunwaﬁwawﬁﬂ%ﬂiqzjmmﬂmamiLamaﬁLﬁummmﬂmLLazmiLﬂ'u
auviialunuideilddenldarsifiuaumidon 3 vdaldun Coumarone indene
resin resorcinol AU Sumikanol 507 A kay Urea formaldehyde resin "uazifuansiiu

Auvie 3 990 lown wdaiudivsrds wdsdamiles wazudsdine Hudy

2.2 autivastingne
nsfnwandiensssundneuhliinnea Usznaumsn1sinauiiniee
221 USinomweudavanun (total solids contents, %TSC) Au3BumsgIL wen. 521-2527
nausedwlinamduiodoadu duiedas 5£0.001 n3u Talunwusuuunay
Unnnfahlveulugeudimunugmmnd 105+2°C Wuian 2 $alus sudhwidneeiiviiligy
“lu‘[,mt,ﬁ’aﬂﬂmm%u Favdwin Fusamiinaewdaioun fad
% TSC = (winvessedrmdteu/hminvesietateusu) x 100
2.2.2 Usmnaniiosnausis (Ory rubber contents, %DRC) ALIBUINSFIU ISO 2004-1988
Fathena10 nfRndy 20 faddeady 2% CH5COOH 80 fladansliensdusianilas
Soeeiimnumutliiiu 2 fadwns Uilveuiioumndl 70 + 2°C auuks Fadwnin
1SAIIIAT % aeneuits (% DRQC) = (ﬂjmﬁnLﬁaaw&ﬁ&/ﬁmﬂ’nﬁnmamﬁ) x 100
2.2.3 Arandiunse-A (pH) adBunssu wen. 521-2527 il
musetlinamdudodiontu waasuintoroasazauiniwes pH 7 way pH
4 ¥ pH vashatlagieiostn pH Brfe SCHOOT fu CG842 vinsvaass 3 ASinALads
2.2.4 arwmiln (Viscosity) auiBunesgiu wen. 521-2527 ail
U1 500 mL Iuéwﬁﬁamumxﬁ"ﬁaasmﬁqzquﬁ 27+2°C wdwezgsulay
\303 Brookfield viscometer fagui 2.1 @) Tavinisdenunuuazainuiafinsay

IYUAIANUNLALALIINNISVIAZDU 3 AT
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35U 2.1: a) 1A04 Brookfield viscometer, b) 1A384IA pH, ©) 1ATBINIUNTY NISHANAITLAL

2.3 ﬂ’l'iﬂ%/U‘UEGIﬂﬁﬁ%’N?Jas‘iﬁE’lﬂW\iﬁi‘iu%ﬁalﬁaﬁ’m’]’3
2.3.1 n7'ﬂm?zlzlzfvffwaﬁs;/‘zfvﬁtlfudgqfﬂwm"’w
23.1.1 nsteReutnesssumAsnanls
g9sssuIRewanlen (Epoxidised Natural Rubber : ENR) tlugnesssuniviudyes
Tassasdliilanmarnududinnniy lndldasaiivssinnnsadeseendlnowdoiuons

25%ENR 210M1n191058031nU8190u 60% silaweulandosi (LA-type) 167 n3u ldUnines

a

finszanunsasdia Magnetic stirer TuiSaaniudasuil 2.1 o) nauauss 200 seusoundl
Hunan 30 Wit iiuhusandiiunssuumsiisaeealuda (Reverse osmosis) 87.6 N5y
MU 30 wi¥ udRu 10% Aawestunsamesn 16 A/29 28.3 mL mudeduian 1 42luq
Mnures Wuasavatnsaresinaududu 90% 10.8 mL Wuuanielunan 30 wii
mMumasaLIaLaziuguugll 0°C Aoy LANa1savats 50% a1sazatslelnsiaues-
eonlad 68 mL naumaennaigumgll 58+3°C aaunueldinan 4 42l udrangnmgd
wide 30°C 1iu 5% Rameastusenivlad 3.2 mL nause 20 uil Snwian wlanenisiiy 10%

arsavanauenlude 20 mL JaAmudunse-adliedsening 6.5-7 saudunan 8 dalus

2.3.1.2 NSA3UULINUA7

ﬁ{wmqﬁiiwmaﬂ‘%’uﬂqﬂmaa%ﬁqL‘fjumqmm LNR Imam‘s‘v‘hmiamﬁ;mﬁfﬂimaqamq
W38u2INN15W1U{A387 Depolymerization thenesaeans Phenylhydrazine fulfigeand-
muﬁqmwg:ﬁ 60+5°C BUN1SLAIENNUMAIIN 10% Teric acid §1ua 500 ml saufuti
19U HA $1uau 1,000 mL Ingldiadesniu vnismunauiulagldninms 120 seu
sound utian 50 unit ndaeanduidin 10% Phenylhydrazine $1uau 500 mlL aslundou
mupaonian agldnnudiusyana 150 seusieundl WWuan 45 wift uasi@uthasly 250
mL tieearenuseidunan 20 ud Yduaudasevvesnismudiu 180 seusounit 4

Auau 55-65°C masaaluiian 24 Falus audaeiATes Hot air oven (Memmert u
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UE700 AruRugumnfivng 0-200°0) figausnagil 75-85°C ilunan 15 421ae udatiunnmuleg

1¥a11157 180 souapuTl 1181 30 Wil leenavad LNR Wuveavalrdiiniaseuseniudas

2.3.1.3 A19LA380UN81955TUVIRUAUAMIELLMB ALV lASLAN
nsiiuaudur v dutie19ss TR lagnIsiuauAa18 PMMA  Lasaniiuiin

lanauiensainnisiuaus NR/PMMA 1302100150383 60% Concentrate Latex wauiu

'
a a

50% PMMA Tasuusdmaau NR: PMMA Ju 70 : 30 vinsmunadlidiuiigamaiives
wasainuuyhnsanvinluianaineiaiuaud NR/PMMA lagidivasanivinluianafe
Tuvadelasdaia Usuna 1 phr az lwswiusau3una 15 phr iuasiulu NR/PMMA

fgaumad 65°C agldusssimaund udwhnmsudsnandldanuminluanaidu 30 49l

2.3.2 audivaninssssurnAviuselassadig
Tnevhnsnadeutesessumanuiusilaseadns wu thens ENR thensessurni
NeLAUt19EuAT 1Y (NR/PMMA) ﬁamﬁmﬁﬂimaqa Laz1Ma? LNR 118195350 ikE
fun1&aAsnedt (Urea formaldehyde resin) 1lusu
Answilasiadavessssuniiuiuuslasiadne damaiadisl waia Fourier
transform infrared spectroscopy (FT-IR) LLamﬁdgﬂﬁ 2.2 waila Fourier-Transform
Nuclear Magnetic Resonance (FT-NMR) Spectroscopy lagld "H-observed experiment
y09A30¢ Fourier-Transform  Nuclear Magnetic Resonance Spectroscopy 500 MHz,
Unity Inova, Varian, Germany; methods WI-RES-NMR and REF-RES-NMR-022 At

Tuianadeinieamnasuy Gel Permeation Chromatography (GPC) wansiaguil 2.3

Ul 2.2 1A30s FT-IR sUfi 2.3 LA3es GPC

N5ASUNA298198193ATIzRa emAaTiABuNS LA
TuNI9eSUAIBE19819IATIZVAEATABUNS ISR TnewSuNazaeu1eeiag19ln

aglusUansazatgvesmsuauwanszanelsn (CCl) ldindeuvuuuduninleiounaslsd
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(NaCl) nSoldumardanluslus (KBr) seivgsvinazatvean waruiluiiasizisigiases
dunsusaaalasinladines dwuniesivaeunyianduenssionses FTIR way FT-NMR
20911814 ENR e lesidusdnwendiadu Tuaiulniei Absorbance ratio (Ar) ual11A1u1

Wisuisuiunsmunasguluaiesidusidnenduesevsssuaiionenlas

nsanszagmadadandssuuaiunislguuudadnlnsalad
wadaiedosuualuinisloluudadnlasalal (Nuclear Magnetic Resonance
Spectroscopy Technique, NMR) ldlunisvmassiifunuulusneudandosuuaiuiinis-
Towuudaunlasalad (HNMR)  n1svadeusnefneg1aiinssiaimissidaadusuun
winslauwuduannyilandugnesingeg duerdnenladnidesidudnendiadumilagin
Intergrated area (A) ldway10u 5.14 ppm (cis-double bond) waz 2.70 (cis-epoxy) AU

I@eat (lwlsail, 2540)

A
% mole epoxy = 7 x 100
A2.7 + A5.14
1ae? % mole epoxy = LUesidudwandindu

i 2.7 ppm

[

A7 = Intergrated area (A) laidty
Asia = Intererated area (A) ldwaaid 5.14 ppm
wiAdA H-NMR (Proton nuclear magnetic resonance) wag PCNMR (Carbon-13
nuclear magnetic resonance) mﬂ‘%mmwgﬁwaﬂ%‘imamim%‘wLﬁwﬁuﬁma«,ﬂ%uuu%ﬁﬂ
(Resonance peak) wenantuisnsiideiideldiviou Aoldnsavaeummyilerituug 7y

a

s ] Yol v Y C‘l b4 a 1 s
wyananglusiegaladniy ainasunlaainmaia H-NMR (nlsaduazaus, 2540)

2.4 N1IUYISTTUVR

ANSANWIBNENATTAVDIUI81965SUVIANEINANTENURaLTRVIN1IU1819 1ag

LUSTRAVDIUI19655UTIA A9UU8199L 60%DRC warune199u W1e9any wasuiyean

30%DRC 788199 UMBUNTHTBUNIUIY19EI5UTR LA T ERE 1 uUS LN aNsIATs RS9 2.1

UADUNNSLAZHUNITNEESSUYR
1) nueediennd 200 seudeuniiéasiaiosniunauatsiive KENJI Ju RTL-
HTMS-01 Tnelianmgiivhens 50-60°C ifiu 20% Tnuvaidenlodien nau 5 uil
2) wiansazas10% Tnunadouloasenlas 3 du Wndruusnluthens mulidnm
3) iy 10%Inuvadonlansenles dufl 2 adduaisiiupnuniovieansiiiunanm -

nile nuldniu Wedun1suiu pH sesasiiumuwioinazansiiuaumila
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4) Wnansifiuanuwisvieasiiununiindautuidy 10% Tnunadodlansenlas
uinatllnedeyq B mulasiunusduaasieinandriuens

5) Wnasiafiug adlu naufenanuda 200 seusound Wuan 30 wii

6) Wuasazaslnuvadelonsenlomiduty 10% Mudeludud 3 aslunmulidaty
dietdunisusu pH veana

7) annnuniiastg dunnlidune 24 $alus Aeuhlunaaeuantfsneg

A519% 2.1 ?{Ii‘u‘d‘izﬂa“uLLazﬂ%M’]ma’liLﬂmUQMiﬂﬂﬁﬂEJN

a131adl Ussnans (phr)

60% Concentrate Latex* 100.0
50% Sulphur 2.0
50% ZDC 1.0
20% Potassium Oleate 3.0
10% Bentonite 6.0
50% ZnO 2.0
50% Wingstay L 1.0
10% Potassium hydroxide 3.0
25% Tackifier** 15, 30,60
5% Thickener*** 50, 60, 70

Y1845 * g9 4 gialaun 30%DRC (eNanting WaAutne199y) Une1etu 60%DRC
** Tackifier: 3 99ia lawn Coumarone resin, Resorcinol, maqﬁaﬂa%ﬂaﬁlﬁm‘

*** Thickener: 3 91in lawn wlaludruzvds wdsrnvdonvazuteadinlna

2.4.1 IVEWAVBIEITINLAMUMTYLAZEISINNA UKL TR dudRN1819

N9ANYIIVEWATEIUSLNUENSIALANUWMTEY LazansiRuAILvaTidsanssuse

a

auUfveIn1e19ETTIYIR WAzl NesINTRTUTuUTdasiate Taevinisuuseinans

U11UFul3lAT9a519909U 819530 IR WU 11819 ENR 81987 LNR Waulenesssuani

v
[ o o

wanfuteNduAsIwt (NR/PMMA) iviimsaniviinluana diensssuwinauiunng e

a £%

wosadladdudu winhuvinlaeituneunismisunintiessssumanudnedy Tag
MmsAnsnlseiiauarUSinamesasiiuanumiouarasifuanuvin g

2.4.3.1 astitwenuvien 3 iia Ao ngiSeediiadles (UF), Aunlsuisdu (Coumarone
resin) Uag S9eduea (Resorcinol) AU gfinuea 507 1 (Sumikanol 507 A) finuidudu

25% lasuususuna 1Wu 15, 30 wag 45 phr muaisu
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2.4.3.2 @sifiuanunis 3 e Ae wdsludUruds wiernwdsn wazudstilne ey

Wy 5% neuususunn Wy 50, 60 way 70 phr anudney

2.5 N1SNAEBUANUAYDINIILNENS
auURATaINMIUILILAENSIUS s U B UANURUDINIIUI819 UN M FULASIEV 1L 5090
nsveaaulnunsunandRvesneilaunUs suiiisuiuantRunIn1dauns e 99019

a

VAFaUALNURYEINININUILNETTUYIREATHII 1ag81989I8M59INUIRsEIL JIS K6833—
1994 wazuon. 521-2527 uwazuon.360-2530 lavauddndnuilawn an1wiald USuiuves
d'x" 1% < 1 = o/ o/ < = € 0 ol €a

Wonuwm arulunsa-ae aumds n1sieasn 9180153 Usinavedianlendas:lu

N7 ANWENISERRR ANLTMSUdeY uasAUUNIUABYT LTudu

sutivemnahenauarnadanssy

nadsuanTRveIn1I9INieNeITITIRgRsHNeY tnedBaiinnninagiu s
K6833-1994 (General Testing Methods for Adhesive) kag3sn15amuuInsgIu wen. 521-
2527 uag 19n.360-2530 %amimaauamﬁaﬁwq YBINTIINNNIES T AGE
2.5.1 anmialy (Appearance)

L*ﬁaﬁnmé’ﬂwmzmqmamw*uaqmﬁim5mlﬁﬁmaﬁwrmmnﬁwmaa%mﬂ&tcﬁazqmﬁ
wanldussyadluriananadnlaiaunsodung & ndu nsmnazneu waznisuundu Tnges
Funeudandawazuuly 24 $alu9 LLﬁaﬁuﬁﬂwaué’amﬂﬂy’u%ﬁqmmvmq 33U uagvng 7 Ju

Juiinuasaiioaluinaimianou

2.5.2 10910
mauviladnlagldinasinaunilaveiieniuazniy 8ve Brookfield Ju RVDV-II+
NAFBUANITNNSIUDD 2.2.4 YiN1siaA1AIUvde 3 ATeiuimiaRdy wazinrAuvile

194n1791NU8NETTUTIRLAAzanTn 3 Tukaznn 7 Tu Judinualunamiladiou

2.5.3 auutunsn-a19 (pH)
< 1 'o’ a 1 ot 1 o
AsAunsa-an (pH) vesniaInienssssuwRiazgasiniunsun 24 Fla

imsinandsnislude 2.2.3 nng 3 Tu uay 7 T Juiineadunamiudou

2.5.4 Yswantdearsusesuianilonrune

ANsvnUSunaniiaa1svsaUs e N1k NISNAZBUAILIENISAAT T9R19819n10

'
a

= a v P o P v o w o
FITUBONNANALAIUTEUL 1 g IaKLUﬂ']GUUSWLLUU‘Wiaﬂ']anMLuamlmﬂu’]VUﬂV}LLuuau
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dndrgauiigungd 10541 esrnwa@oaldinan 1805 urd ndaantuii v lhdulu

U U
[ v
as s

logenudu udrdadmdn vﬁ’wmm‘w'nﬁmmﬁamw%ﬂ%mmﬁamaLLﬁaﬁa&qu

N= ﬁ x 100
WS
e N = nonvolatility (%)
Wy = dhwiinvesetvidieu ()
Ws = viinveseteneuay ()

2.5.5 auuiinIsieme?
AUUANISIEAMAMNUINTEIL Won. 521-2527 Taedan1iuSuna 0.4839 nSu Masuudy

Livpaouitud 1,935.48 asndaduns Ingldgnnddunisnifigamnivesseaufiandves

v oy
o a

nermnaLaIuldinusenuiu SEFUNEaIRUA S NTINTIRUAI LRSS E LRl n s daune
lgannswilleafinfiovesnninnuieduduiinneglifaile (Zhongli wazamy, 2005)
' vy N = o A vy a o P a v
12378179 (Open tack time) Wunaniumnnfislivuifanautwssnui Yanudh

as a  as

ALiuLard29Ia1Le (Drying time) WulamwsusenuinTanfaiunarinlaesiialiay

N

NTIWA Wawszn1nagludinile

2.5.6 01gNITIAIUN IO TTUTIS
NM5181gMIIAAUNTIENETINNR (Storage life) aaaulasiN1I819535UIRT
wanaialuusiazgns 50 ¢ ldludnined wuia 100 ¢ udaldwvisuieu Buvinisdunaay

dunamsidsuudadlaegiienumila anunies nszuaunisnatsiluea dnvuzvennia

a

wsnu n1sdsuE na1nldnisiAnnisldsuilal ain1sildsan nnasauTanussuLlag

2.5.7 seg21387luN 5199599090 12

svtzalun1sieniven (Gel time) waaeulnsmsinmanuenansiuu 100
mL wudusefasen wenlufleunaslss) adlusuau 4 mL ihdunauiiléldnasavnass
Usznas 2 mL - wdanhludiludndeniigamgiivszana 100 swsaifoa vusdilinuly
femasaiarauntadsuaniuzainveananfuiea funaidudiudunialutiien

unsETINMInaeluaa euAlLdItuTinNaadauslegeay 3 A% YILIMIAasY

2.5.8 msasavaovysuiamasiadlansasslunt
n1sasvgeuUsunuWestanlensaselun1i81955 U IR IR LT UR B UNISABUNA

USinauresiianlondasslun1ivesuSevikanily suduseussluil
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1) Fn1 5 nu Tdaslu Erlenmeyer flask 4118 250 mL W&asudag DMSO
(Dimethylsuphoxide) 50 mL laendnognesiasinielu 5 Jund aulviditu

2) 1 30 mL 0.1 M HCUTu NaySOs (80 mL 1 M Na,SO5 + 20 mL 0.5 M HCL)

3) ToAududseanm 3 Ui waldu 0.1% Tymolphtalein dudlAlnes

4) lamseeae 0.1 N NaOH (rasldnantesndt 1 wil) fdeusndurdudi

5) ufinUSunsves 0.1 N NaOH #ild

6) Wwapy blank tewSpuiiiou Tnesududde 1-5 uslidaddnasly

7) ¥ 2 Ase AumeaunsaaselUil
USinamesdanlanoasy (%) = (V, = Vy W x 3002 x M

gV, = USuimswes 0.1 N NaOH #ldlumslamsaisdu
V, = USumsves 0.1 N NaOH #ildlunislamsm blank

M ANPINUNTUIZIVDY NaOH

W uutdnuesn1nld (g)

Il

2.5.9 N15A0I8N YN 15I0AAYDIN 1 NETIUYIE

yudua (Contact angle)
N1sANWIANYALN1SEARNTEINIENETINMRLAENTInYNANTEA LIRS IRy L LN

(Contact angle meter) dwiuinyuduiaueinid iU 2.4a wagvimsinyududavean

a

maﬁiimmﬁag“luamuwaqmmﬁulﬁ TAEN1SUINIIYNNETTUTIRNEAUULLIEN9NITT WAd

' v
1 4 A [ v v oa

aroinsevinyududanilifegnay 5 3uil J87uA Bansinyududaiveninuaulse

U 9

IS d‘q v v = 2/
ﬂ’]‘iL‘UFJﬂWN'l‘VI‘L!’I‘liJLLﬁSﬂ’J’liJa'liJ'WiﬂIUﬂ’liLWliﬂ%N"Ua\“lﬂ”l'ﬂﬂ

a. ndpsganssAlldiauuainesle b. i3 inyududla

5UM 2.4 insesilenltlunisAnudnumenisdnfinueinieess i
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n15UnsnFu (Penetration) voin138135550 LU I luilielidinaaiondas
qanssadlfuaauuanesle (Stereoscopic microscope; fegU 2.4b dwiudesganuusnis
fnfnuazuuanlasihdunegouiiiunisnageuaudusudeunndeguuaniy dnvaus

'
a a

A58RRATIRIMT loveIn15 e nwznsunsndud i ludelslasiusenistnia

2.5.10 AT SIR0UYDI MAITAN 198 N5 TR
NIMAABUAILLTILSULE UV IVEIAAN 18T TUY ATNE AT LU UUA UL IRTEIU
1SO 6237 : 2003 laan13dialiananisiniduuin 85x25x20 Jaduns Wrlvaulvuaaunseyia
Yo 4 e a A D o . v
Uvidnmd wazdausunaiaudu (Liihu 12%) WelaTuiie81991uA89n15WaI¥IN191In2
Y1955 TUBRALUINUNNINTT 0.02 ASUABANSIUTURIAS 199928 158UT8NU 2 U LAy
fraransedn 10 i thdunageulusameiriesdniouiigamall 125 °C Tdusedn 15-20
MPa 1Tuan 10 il 9nduihduneaeulumupuarugudunaniedunn ndainy
° < P v a P
UNLNNAFBUAIULUILIURADUAINIATIIVIAGDU (JUN 2.5)
NEIRINVAFOUAILLTUS LD DUz TUNAERULNANY L UasISuATaswsn (% Wood failure)
INATTVIAFDUAITLLTULIIVBINUSENSTRRASENINaliinun?

% Wood failure= 100 x (Uit Wood failure/ WufinsEnfnviavun)

(AT09NATOL Universal Testing Machine

E‘Uﬁ 2.5 ﬁum@uﬂﬁi‘l’lﬂﬁ@Uﬂ’n@JLL‘ﬁﬂLLNLSE}‘U
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2511 auiFmammumuso

aulifiaumuniudetipuanasgiuen. 360-2523 tngnistaniiiwdouldTina
0.4839 n%u Masuudulimaaouiud 1,935.48 M5 iadlums (Zhongli uazAmy, 2005) W
aostulasldgnnaen aruauiiing Anstusargumgilunisminuuaduliion seau
Aavthaaanuiarsinthulivaewnussnuiu feliaunniuie Ussna 1 9l i

fouseuvidn 5 Alansy Wwaan 2 99Tue 1eiield 24 Falue ihldudinlvvihudulimeasu

=2

samgivies lesdassialilinmaniesuazduiinnatinmawnsovudilalaglivge

2.6 mswpuiiisuauifvasniiainiigraiaierlatunindaassi
dq v o a a = o = ] = =t o
nsvaaesildgnsnimidnarsiiuanuvilervidaazuTunusiieg Wisuiieuiu
MY oa = = ° v v wa H o W
LalelAuansiiuauwmies lesdmanlaannisuaaevandivesniidignesnuiulse
TaswaSaudiouiivuiunduasizife nngSenesdadladfinaaauauifisngg Awielud

USunauraandariavun Anudunsa-ane AUutn N15ems? AuauuLsadou Wudu

2.7 nsidSautigusianun1daLAsITy
gosnmndaladldduiuiuuvesnaiasidiitmuienssuliigusiaiu
AMFuAT e sduAneUSsuifsuanudulUlaludmndes iessuiisusiaduni

o

Fumsrzinfonldluaulively (Myleesiadlen)
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uni 3

HANT538: NNTHNARNIIAINUIYIITTSUYIR

3.1 unih
¥ a 2 o e & {o o o o a o
Uy195930978 (Natural latex) WWudngRviugiunddgdmsunisndnnianeldly

' t% ]
o 3 =

Pulisrws danuwderfiand awisovudn wazaanisidesdonisfalv luduiiv Ll
Uaalasy a1siviidudunsie wide sianlduns aunsovnewnuingfudidiainmadszime
ann1svIAgan1ensiiuaeUssinatazifunsidionsssusfn sy adifalasyindy

a s <

HARSuTIN1IsIINYIRNANNTaUsE YAl lu U lITTRaa e LRIRSFINN MELas AL

' [% (% v
as

Winamunmvenlvavuld wenwifieniniiewsssunawiidiunsnduasiey n1duasizi
Tgawisilaransiaiianieg feuudeaesdnisfnwautind1Agueadie19sssusfginnie
1a8¥i1N15uUsvInvaeU8195558Y18 WU 118190 (Concentrate Latex) 30% DRC, 60%

DRC, ¥ensan (Fresh latex) 30% DRC wazingnsans (Skim latex) 30% DRC @519 3.1

A1319% 3.1 audRingaunlddmiunsndnniiainiie wessuya

¥iinvaatingns (% DRO) TSC (%) | DRC(%) | pH | Viscosity (Cp)
Concentrate Latex (60) 61.8+0.2 | 60.2+0.2 | 10.7£0.5 57.5+0.3
Concentrate Latex (30) 31.5+0.4 | 30.2:0.3 | 10.3+0.3 36.0+0.2
Fresh latex (30) 33.8+0.6 | 30.3+0.5 | 9.4+0.7 31.5+£0.5
Skim latex (30) 30.1£0.5 ] 29.5+0.6 | 9.1+0.4 29.5+0.8

HaN1INAGBIINA1917 3.1 wulsdnientusia 60% DRC flaudfuasingiumiee
Wi USunaweandavianua (TSC; %) Usuiauflowisuna (DRC; %) manuwnile (Viscosity;
Cp) W1nnUeRguYiln 30% DRC, Uieean 30% DRC hazuienaiu 30% DRC aula1nu

Feaglsihenaduriln 60% DRC Wuinpfudmiunmandaniinmhensssueinely

3.2 NISLASEUNTIIUNYITITUYR

‘
aada )

Anwdvswavesrianuasinu1esssurininafan1swsenn1s audRuedn1d wazAIy

afin1siiuatsgdivugantiinistndia 2 Jsvinm

a

Wiulawean1191nune195 IS UY R
Town asiueuvtderwazatsiiuanunie Wnevinswlsvertauasusuiu dalunrasy

Uszinnazlsenaualeaisiiumiuvien (Tackifier) 3 wda ldun Coumarone resin,



34

Resorcinol Sumikanol 507A Wag Urea formaldehyde resin waz@i1sinua1uvile

(Thickener) 3 ¥ia lawn wdaiudrdzvds wdatmwmiden wazutdstlne (Judu

FuRBUNILATEINTIIA NGB 15T THIR

1. Fabeuarasieiifiewiouniimugasdiogne fenssd 3.2 Tnedufodagns
AamgessuAiiansudsvievenitens iy die1sdu 60% DRC, thensdu 30% DRC,
thewan 30% DRC, Wo1aafiy 30% DRC LasansiAflsneg augasnIna3sun1itiu

533u97R Laefinsfnwduneuniamssun1ikazliniing19eling 9 nanegun 3.1

A19190 3.2 ddszneuaryiinaaaaiilugnin1iniig e ssu

) dnanu
GRPIGR — - ~
UTUE LU Yrnuniden
60% Concentrate Latex® 100.0 167.0
50% Sulphur 2.0 4.0
50% ZDC 1.0 2.0
20% Potassium Oleate 3.0 15.0
10% Bentonite 6.0 60.0
50% ZnO 2.0 4.0
50% Wingstay L 1.0 2.0
10% Potassium hydroxide 3.0 30.0
50% Tackifier**
wUswiln Usuned wuseila UYsuney

5% Thickener***

ey wsedinvaainens
* Tackifier: 3 ¥iin lewn Coumarone resin, Resorcinol Sumikanol 507A,
wag Urea formaldehyde resin aguusuduna (u 15, 30 uaz 45 phr anuddu
* Thickener: 3 vila laun ulaiudvzuas wlatwdeauazudesiniluag
TaeuwdsuSunas Wu 50, 60 way 70 phr awd1du

2. ¥msnrudig1esienuda 200 seusewndl lngaruaugamgiluneny 50-60°C i
arsazanelwuvadunledionnududu 20 Wosidus (%) 15 mL naulidriu 5 wid

3. wusansazarelwuvadoulansonlamduty 10% Wu 3 du Wudiuusnaduiens

wasnulvnaufuduiaden
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4. fin 10% wuvaidoulansonlandiun 2 Tuarsiiuauuieavseansiitainunie
mulidniu weidunsusu pH vesans

5. Wuansiumuuilemseansiiuaurila iy 10% nuvadoulonsenled wdaas
TUlnerows) anlaznulngiuAusTuauasininaudiuiie

6. lanasiaioug asll nausieaaasa 200 seuseundt Wunal 30 wad

7. Wuansasanslwivaloulansonleanvioludui 3 nmulidiwieusual pH nn

I i ' v e a I3 v
8. anAULEI89919 orwasluvianisuziidUanull

9. tunmliiduiian 24 $7las newdlunaaeuaudfvesn1iiienssssurRnuunggu

N15LASINNIUIYI9SITUVIR ~
(2) Wd 20% K-oleate

(1) FeTaneingg mugnsnisen 3.2

AU 5 UM Waskiy 10% KOH

Thena a9LA3l ﬁ
(4) 173 10% KOH + (3) 10% KOH wau

Tackifier ¥5® Thickener Tackifier 58 Thickener

(5) Wasiafiau g (6) \fisl KOH dudi 3 (7) Yunihens 24 Falus

] <
17U 30 U anAINULITIN

5U7 3.1 TuppunIsnsEun1eviine lurinnivusuiiidde
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3.3 audmnm

A9 ENNM eI essILALteR N BvBnanavilnvenu1eeI SN A dnase
audRnosniniens nefnvisiaesiinmvesmaiiunumioioreuivlgnisinin
TuNN9IASUNINTNE s SU BT RNEsRLATTss 3 wia ldun Coumarone resin,
Resorcinol Sumikanol 507A wag Urea formaldehyde resin Tasudsu3uiad 15, 30 wag 45
phr AUEwY Lazfnwiwiauaziunauesasiiuniumila Wetiglunisden 3 via léun
uthfudvrnds wlstwioawazudednilng Taowdsusuiu 50, 60 waz 70 phr AuaRU

MsFnwIENBaEIeneaLazanTRd U9 laun Ysuanienta aanuwiia
AN TUNTA-ANT SEEZIAINTTIEAGY ATNATUNIULTIEDY anYaznN1TERRA NaI91N

nsAnweiintasUSnuasiivanumisiietisdsuUsan198aRnveIn1UIg s TTUYIATN

) e ] a

WRUEISLALAIN LA B LA ANAIT LA U NLARBEREIUYDIN12§ITUYIRNDANBEAINY

[
V-1

Wule FEnUIIN1IUNE79s TS U IRLsas s IAlA NwELALANURALANA19NY Fal

3.3.1 ANWAULVNINNIYAINYEINIUIYS
N1UNE1eTLaS oA A NHUEN AU AINAFUNALAT1NE AU ANYUENISLUNTULAE

ANWULVDINISANFAENDU @57aazt§amﬁmﬁm”amﬂwmnﬁ 5

33.1.1 & nmandiensssufudavyiinaziidviguiuimvdeseaiediunan sniiu
nunenafiliin Coumarone inden resin AziiduTiguumass n11e197AN Resocinol W
U sumikanol 507 A fi@muasiidvnvenheuendusgiy uidewgavduiiefieatu

[ = o p-gv I~ A 1al i o ¥ v v o - a
wazluddn uenanifmudaindrenliinaseninillgould dwunmhgessiued

nnqeile YUl lueulisneg wu vueilnesiiiuaivasnuuaziduiinsdeduindou

|24 1 % v
3.3.1.2 NISANAZNDULASAISHENTY  SNBULNINNTEATNUDINIIUIWAZUNALHIIN
Snwazasennuatusadniulaalegliifnniswendu vseliiindnuazuaInIsAnAENaULYN

fuluynaiinresny Suinnidzasiumuwidswazarsivunumie

3.3.1.3 nay newbidvansiivaruvileiwazaisiiuanunia n1adieedud
naunee nuneusssusAfiiAnwlmneilelidgwadogunmaessildnig eswnidundu

209U1819 LUd Lazasiailoau @1un1ueNsssueifiliiy Coumarone indent resin Way

ad a

AU NEITUTIRTAL Resocinol U sumikanol 507 A gasilin1sinyideluinasaiiivase

v

ﬂéuaanmﬁmasiasﬂmmﬂuwﬁmiﬂ ATUNTITHUNTULALNISANAENBUTEINTT WUIIN1IINUN

gwsssurinnydalifimsuenduviofianisanayneuuieastininsudillolwedwaudniuldd
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N15MAEBUANURYRIN1IUIII5IIUIRNNINISANYY lawn USunauidenid (%

Nonvolatility) w3aU3unauiloans (Total Solid content, TSC) maumila (Viscosity) A31stdu

n30-A (pH) sEEzaIN1slwns (Gel Time) ATUANUVIULTIABY (Shear strength) Lagong

n159aLfiu (Storage life) Ganaildniswdnnninersiifunasbiifuaisiiuauuioiuazans

WALAUULIADUSIAIT9T 3.3 KAYANS 19N 3.4

3.3.2.1 audunsa-wud

NaYINNISHARNIY g TR unaz lldansuAwvieauaransiiua Ui

WU LN A-lUE laTrerina1n1SUNNIIRNTULAES L oEa UM SIAULIUTUYNIAAN

Y9INIANAL AN pH 1042 AsA1517 3.3 (599azdemiulunInIng 5)

715199 3.3 U%NWQJLﬁEJﬁWiLLa%ﬂ’J’]@JLf]uﬂ'iﬂ—(ﬂl'N‘ZJENﬂ’]’JﬁWFJNLLU‘i‘UﬂWUENE{’]i IWHAUULR

Wuntdaiuduzvas

LRI
u

% TSC/ Usunau (phr)

pH/ UY3unuais (phr)

70

50

70

Wawdaglne

1104

12+1

WAnwUatwmilen

St

tRuntdaiudiuzuas

12+0.4

12+1.3

diy

tuuthaiud1dsuda

49+3 11+0.2 11+0.5 11£1.9
Wuntetmlng 35+1 45+1.3 4742 10+1.5 11£0.3 12425
Wun e wmien 33+3 35421 35+1.1 11422 12+0.6 12+1.3

SR

WuntaTudidzvas

42+3

33+1.5 38+14 | 12416 | 12427 12431
et ilne 41+0.5 40+2 41404 | 11411 11422 11426
wuutdramden 41+1 43+0.3 46408 | 12+10 | 12420 11+0.6

11+16 12422 12+3.1
Wuwdagalne 2842 34+1.5 35+2.8 1240.8 1143 12+3.0
Wuwteimiien 30+2 32+0.5 44+1.5 11+3.1 1240.3 1142
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oglunmsgunuazudsngmera i $1in, 2505 nanlilusuuszgunisdilidn dq pH &

NOREDIYNITAUYBINT §1A1 pH mdwnalin1vziiengnisifiudu 1wy pH And1 7 Ganily

a o/ 14 1 ' @ [ t = ' 14 @ =i
NNTENARATUSU pH EL’WBP\JJ‘E%‘MTN 7-9 [UNZAUAUNITHNULAEZAT pH UHARADNTEITNWUTENITER

a ' o v v va & ¥ aa t | ala &, ) P
fnseninannanulifidesanliffidy Feannadnenesssufdan pH eglugnnianulusiiegda

2/ a s a a ] i a s 3 '
nadN1TUsy pH Iﬂﬂﬂﬂimlla']'im']ﬁ\?Lﬂﬁ]LWlla']QﬂTi’i]ﬂLﬂU“Ua\'mTJ ﬂ’]ﬂ’)'llJL‘fJUﬂiﬁ—LUﬁ VB

nhesssumivngasiiuasliidwansgnvegwilioddny isananasiiuaumies

wazarsiuauuiiag pH uae udindn pH ensduiuuslidwadenonunimdien

f15149% 3.4 ﬂl']ﬂ%ll’lml,ﬁauazﬂ'ﬂuLﬂuﬂiﬂ—(ﬂ"lﬂ‘ua\‘lﬂ']'.}ﬁ'lEJ’]QLLU?UQWUENH’]?LﬁMWNNL'WﬁEJ’J

Qﬂiﬂ’]')

ullsutinuat Tackifier:

LAu Coumarone resin

%TSC / Usunau (phr)

pH / U3unas (phr)

15

30

a5

15

12+1.5

30

45

12+0.3

LAY Resorcinol & Sumikanol 507 A

76x1.4

79+0.8

9+1.9

10+1.1

A Urea formaldehyde

LAy Coumarone resin 41+15 4243 44+1.6 12+1.6 12+1.3 12+1.0
LAY Resorcinol & Sumikanol 507 A 42+1.6 43+0.7 45+0.1 10£1.5 10+1.7 10+0.9
Ay Urea formaldehyde 32+1 34414 | 36+1.2 9+2.3 9+3.1 10+1.5

\iin Coumarone resin 39415 | 41£25 | 42+1.0 11405 1120
1A Resorcinol & Sumikanol 507 A | 30x1.4 35+1.8 37+1.6 10+4.0 10+1.2 10+1.3
\fisl Urea formaldehyde 3142 | 3211 36+2 9+1.3 9+3.0 9+2.0

|3 Coumnarone resin 33+1.5 33+1.7 11+2 12415 | 11+1.1
\#1l Resorcinol & Sumikanol 507 A | 30+4.0 | 33%2.7 35+1.2 11+15 11+2.1 11+1.4
1Ay Urea formaldehyde 30+1.4 | 32421 | 33%15 9+1.3 9+1.6 10+1.2
Urea formaldehyde 81984 60+1.2 9+1
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3.3.2.2 Usinandlon1n

MsvUSanien12981n15ssHEINT1TL 60%DRC n1tenady 309%DRC
nten9ERY 30%DRC UAYNNILNENSER 30%DRC ThinasituaLmin (wlsTud1deuds
whadrauides wilidnlne) waznmdidivaisiiuanumiie (Coumnarone resin, Resorcinol &
Sumikanol 507 A uagUrea formaldehyde resin) uwdsiunsafuuSsnaniioniiens Uinaans
Immﬁmmﬁammsﬁuagﬁ’uﬂ%mmmi Usmaniiesns arstiumnumiiouasiiuaumiing
a"guﬂisﬂauﬁﬁwﬁamiﬂ%mmqqLﬁaLamaﬂiﬂuﬂ%mmﬁmﬂﬁuﬁ%daNa‘lﬁmfsﬁwmqﬁsimﬁ

neniiviunaeenienifiulasiumudndutesa st A Lazan s
A M3 3.4 wulnateneaininenstu 60%0RC SuSnaienilndifeetunta
Fuasevi UF (Urea formaldehyde) Sadanldthensdu 60%0RC 18uthensiimmngaslunis

lvinmenamnsadsasiuauvdoinasiiaanuvianvdowazynuun

3.3.2.3 A1Auuila

FAAUuiaveIntnenadu 60%0DRC HAnfintuilefuatsiinA Lo US
(0-70 phr) fiAArunila 56+0.8-312+10 cps (U%mmqnqmﬁ'atﬁuLL{]aﬁué’mwﬁa) Fruiiiy
mmmﬁmﬁﬁﬁqmﬁam%‘auLﬁwﬁ"um’sé’omiwﬁ Urea formaldehyde 2803 cps g
T10asBumIRY F79RLInT 6 NN 60 %DRC N191N8199U 30%DRC N9
B19EAY 30 %DRC Warn17118198R 30%DRC TLANaISLAUMEALALEANSTILA LW
wsdumsaiuUBinaniionns VunmansiiuanuviauasySinaesmunnuuniensneis
3.4 Tpemsifinansiiuanuviafiaududy 5% Tulsuu 50, 60 waz 70 phr leun ude
Hudrlgnas wlswrmden wazutatilne dqma‘lﬁﬁhmwwﬁmaamaﬁ;wmqLﬁuqﬁmﬁmmﬂ
wlasfudends wilsimien wasuainlnaduasiiurumie (Thickener) uleldadly

nensTund arslunguilannsogeduuiniegludunauveiniaviliusinuveadsdy

Y

[
a s

nafivsiugeiu syniavesansindfunindy tianissiuddwwaliiiainuvi ey
Fundld  wazdsz¥ad, 2548) 91nA15797 3.5 WUt Mee 60 %DRC  Tauutaiy
dJzuds 70 phr ﬁﬂ'wmmwﬁmqqﬁqmLﬁaLﬁauﬁ’un’nﬁ;wmqaﬁumaqméul,t,azqmdw
N17 Urea formaldehyde iA1Aa1uuiln 312 cps uaﬂ’ﬂ’lﬂ‘iLﬁaﬁ’uﬂLU%UULﬁUUﬁUNWWiE’]U
AN LINTEAU IS A sUsevAuALYIAT (CSA 0112.2-M1977) wuinAAumiinves
171879 60 %DRC duudaud1uzuads 70 phr agludefiannsadunldndnlisnls
fatun1athens 60 %DRC TduutasTudUznds 70 phr adunmidimunsauasiluldly
alifuinilan msinarsifuarumdernududy 5% Ui 15 30 uaz 45 phr Téun

Coumarone resin Resorcinol & Sumikanol 507 A wagUrea formaldehyde resin ¥i1l%AN
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AMUVTHATBIN RN UL LAY Le9una1n Coumarone resin, Resorcinol & Sumikanol 507 A
war Urea formaldehyde resin 101viUfAseniuingns uaziiniusssenineaisiua iy

willgrfuignsssud ilvillanuisodavgulinelaussfuaraianumiladivey

3.3.2.4 92212811 UNISIYARD

silnveastiunnmiiauasasiiuauvieiiinasenatlunisigadivesniniens
ImamaﬂumiL%mé’a‘uaqmaﬁwmqagiwdw 28 T4 66.5 JW1it Fan1anaeneaRy 30 %DRC
Vsl Coumarone resin ‘Lfﬂﬁ5583L3aﬂum‘§t°ﬁm§f}u’mﬁqmLLGiLﬁaLaiJ Resorcinol & Sumikanol
507 A asiinarlumswaiiesiianidennaniewaiuidudssneuminlansdesusiuuy
wnniitensiug Swdwaliinnsiuiaiitukasnuiameiiszsinanmaenslliviafy
\eunanautivessiivaumiiauazarsifiuanuwdoiivihlv aaiumiladiuansaiu
fennmideiinasoszesnalunsesiivesniathesssed lnsenumiianigissssian
Tunsadeaiilosnanumilafoanuaisalunsununisinavewedluaiiefinsan
n3evi (waslva el aansfianansalvald wu fe veuvad wavnia) vedlvaiidriuuie
g vefldmnuduniudenisivags vedluafifieaumiasi ssdAnnusiumudentslvasii
voslvasssua (veslnaithifidunay) anmsofiaziansiauviaduysalld wiluvasives
Inafifidunauvsiasuaefazidnuusmsivadidudeu warldaunsauansaanuniias
el Aranuviladadunisuentidnvazianizveans leednvurnisivailunmsnesuaues
AruasTReneg vosvativa wu diminlinana manszatedvadlassadluana (@danl uaz
3%mi, 2549) FruniduveslvaiitddunanvesanarssaSaidnuaurmsivadiduseunasly
ansonaniAALuinafiolld wutmumiags asdinisnszaeiveniminluanatos
hwidnluanaiinsnui) dafvaisismuinseaeusssznatlunsesiaasitudy
auiuldananseit 3.5 e 60 %DRC Tidnudluiudzuds 70 phr axildmuvila
312 cps wazszaziaatlumstensa 315 Junit daiflsuduniatens 60 %DRC Mfuudeiu-
dzuds 60 phr flAAumila 276.0 cps wazszesaalunIERda 57.5 it Bauenaini
dlawSsuiieufunm Urea formaldehyde WUIINITE19 60 %DRC Tinutaudends

70 phr fiszuziatlumsieadmiidiniieneidadug Judenliniuiens 60 %DRC Tdeudaly



A15199 3.5 ANUKEA SEELANISERRITEINTT LArAUURAUATUNIULSUDUYDINTIUIYNETTURTILUSTAV0@SIRUAI LA A

Viscosity (cps)/U3une (phr)

Gel Time(s) /U317 (phr)

Shear strength (phr)/Usuneu (phr)

Wuwdeimilen

Wt Uruas

16043

gnInN17
50 60 70 50 60 70 50 60 70
WnwdasiudnUsnras 18342 276+3 312+1 57+2 45+5 | 31425 1.2+0.7 1.5+1.1 2.1+1
Auntatiwe 811 9546 106+2 61425 | 60+1 54+7 0.8+0.5 0.9+0.4 1+0.8
74+4 10545 5240 4845 4343 0.5¢0.4 0.8+0.7

0.7+0.1

RN PIRT

62+3

6145

0.4+0.2

0.5+0.6

0.8+0.3

Wunthadwilen

nwdaudruynas

55+5

55+2

57+2

47+5

0.94+0.4

0.3+£0.1

0.7£0.5

1.1+£0.7

0.8+£0.4

1.4£0.6

0.81+0.33

85+7 90+4 55+2
Wyt ing 4042 45+6 48+5 52+5 49+8 58+2 0.5+0.15 | 0.68+0.3 1.0+0.7
Wuwte1wmilen 55+4 59+1.4 59+7 60+2 55+5 | 0.58+0.29 | 0.6+0.25

0.9+£0.5

W tedudUsnaa £0+3 68+2.8 76+4 60+1 57+5 | 61+£2.5 | 0.78+0.5 0.940.15
Antlatlne 2945 3043 3247 45+4 46+1 5246 0.8+0.27 | 0.75£0.2 | 0.59+0.19
Wundednmilen 36+1 35+4 4142 5742 614 | 61+1.5 0.8+0.6 0.9+0.6 0.75+0.4




#1519% 3.6 wanisvadaumIUviln FEUBAINTIINFITDINT LLazamﬂ’ﬁé’wé\’mmmmLaau‘uaamaﬂwmqaﬁmﬁﬁLLUwim’uaamiLﬁmmmmﬁm

gnsn1? Viscosity (cps)/Usunad (phr) Gel Timel(s) /U3u1ed (phr) Shear strength (phr)/USunnd (phr)

wUsvlinvas Tackifierr 15 30 45 15 30 45 15 30 45

11 Coumarone resin 88+4 82+1 91+4 43+1.5 45+2.1 50+4.6 0.9+0.29 0.69+0.2 0.7+£0.41

1N Resorcinol & Sumikanol 507 A 65+8 67+2 68+5 4242 32+4.4 32+3.5 0.7+0.56 0.9+0.4 1+0.33
Wiy UF

1.3+0.9 1.62+0.5

Wy Coumarone resin 49+2 57+5 61+7 41+0.19 43+2.2 42+5 0.45+0.2 0.75+0.4 0.84+0.2

WAl Resorcinol & Sumikanol 507 A 45+6 514 58+3 60+2.5 47+1.7 38+5 0.66+0.3 | 0.74+£0.2 | 0.9+0.17
WAy UF 66+3 79+5 8412 60+3 57+1.5 43+5 0.43+0.33 | 0.64£05 | 0.72+0.24
91 Coumarone resin 55+4 57+5 65+3 62+1.6 61£2.5 5014 0.5+0.8 0.8+0.45 0.9+0.23
W3 Resorcinol & Sumikanol 507 A 45+6 6043 62+4 44+6 56+0.6 38+3 0.6£0.17 | 0.7x0.56 1.1+0.5

Wy UF 80+2 84+4 88+1 5542 48+4 40+5 0.4+0.31 | 0.7140.24 | 0.87+0.2

By Coumarone resin 32+7 33+8 28+6 61+4 60+2.1 58+5 0.5+£0.18

0.6£0.29 0.7x0.21
1@ Resorcinol & Sumikanol 507 A 45+3.5 4814 52+3 60£1.8 60+5 62+2.6 0.7+£0.15 0.7+0.42 0.8+0.7
W UF 54132 60£2.5 69+2 53x1 46+3 41£1.5 0.5£0.09 | 0.64+0.54 | 0.79+0.2

Urea formaldehyde £1983 280+0 60+4 3+0
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easifiuauminuasarsiiuenumilnaunsaanssoznanisadvesniiies
sssuRnuamInaaewszazalumsaiivean e dfiissoznalunisgs
funuiigaie 79+.05 Junil wasflerilinvosanaiiumumilauaraisifiun s doinase
sroviaanlunisieaiivesninhessssnilasssznailunsaiesniioasssuns
anategszning 28 fit 66 Tunit 1 Coumarone  resin wagn1tie1eaRiy 30%DRC iy
Resorcinol & Sumikanol 507 A fiaanlunsiesddiesiian 26+0.30 Jurit (Heunanthena

AudidudsznauninlangdaausnuIuLINNI U195 TTLU R TIEHE WL ARNIS SRS 19U Lay

'
= o

wuEnmefiszernamseaslivintudounanaudiveswarasiuauninuazans
\unsniledivilrmiefuansiaiu famnumiaiinasessoznailunsiendage 317
thenesssua lngmnumilaasszaziiatlunisiensidon \flonaruuiia Aemnuanisoly
nsfumumsivavesvediue Weilisiuinseyiy maﬂwaﬁﬁmwmﬁmqq ALANPUATUNIY
sonsluaad gadlvadifipiuviing szilaauiuviusenislvas vesluasssuen (vedlua

'
I ]

VlaiTdune) mmmﬁLLammmwwﬁmé’ugimﬂlﬁ wilungiivesinaiifidrunauvosaisvans
Fazildnwurnisivaiitudou uasldamsouansaanundesufenld drauniadadunis
venidnsasanzvoans lnednvusnisivaldunisrovausinuaudfsag vasmaslua 1wy
ﬁmﬁn‘lmaqa nansztemvestaseaduana @dand uazida, 2569) dufunmdaduves
Inafifldunamesasvarsfdalldnvasnsivadidudou wasliannsouanirmumiag
Wl wudh eaumiingemsnssanesvesiviinluianatos (ﬁ"/mﬁ’nimaqaﬁmimuéh) il
Wnansissmeunagauszuriaatlumslendnd ey seiuldninmsed 3.2 nvheng 60
%DRC MAuntlufudrznds 70 phr fdauuia 312 cps karsEEziIaIlunITenl 31.5
Junit eiiteusunatiens 60 %DRC AAnLTsuduzuds 60 phr fldnarumila 276 cps
warszoznatlunsendl 57.5 Junil yenandulefiouiun Urea formaldehyde wui1n12

1184 60 %DRC MAnulaiudrlsnds 70 phr flszaznaluniswamiimnnniieiingy

3.3.2.5 @1gnsaanu

INMTANYIBIYNTTIAAVVBINTIUIL1E358T17 Taen15iin1itneadu 60%DRC 4
WuansiuAurialarasitum el $an17U18797U 60 %ORC I1NANSURdsUALTEN
wuhlaudinneg fnga Judwmegeuaudinng 15 u lunan 45 Ju wud ssezaainis

(K] ' a a’f t o as 1 @ a lo’ aa
WunmlddmaseUsunantonn uavan pH ANERU UABIYNTIAAUYBINIIUNENETTUAT]
NafaAIRIILULAlAY ATAUNEAVBINIIUIE19TY 60 %DRC MRLasIRLAUVaLUSHnE Y
W IV P v o s 1% o v < av o
nuayA1sIAnU Wawnaaudedudlends wihanauien wazuthdinaduaisiildazans

U1 wiesnsonsanweglaszoznamilduzUvesarsuriuasy Woengmsdaiuuiuluasiie



Viscosity (cps)
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sUN 3.2 aAnwduiusssninergmsdaiuiuaiaunidaniiainiiensdu 60 %DRC

Wanwdsyiinueiasiiuainunile

arsnaumiay wladudilevds (M) wlsdnlne (©) warudeduuisa (S) Tu

U3y 50-70 phr

180 - - 15
160 3= === — svsese C30
.“.‘n‘.“”“-—‘m-’-’vnu-‘mw e oG4S
140 - = g R15
120 -+ cefe- R30
E — ey = R4S
3100, """“‘-—Jﬂp-‘--..-——-..—.*..--.--—..—_a
= o, e IO - M-Mcuc&g-&z-“'&:'g.&“&'w%m a g 0 URLS
= 80 “.....‘._.‘..““.,.-."::.- A e T e e v UF30
: I e
g .
g o wign e JF45
40 A
20 -
0 : : . ‘
, 5 20 Time (day) .

JUT 3.3 anuduiusserinergmsianuivaianuniinniiainienedu 60 %DRC

WUANSALANUUTNE

WnanstnAmiles wu Coumarone resin (Q), Resorcinol & Sumikanol 507 A (S) way

Urea formaldehyde (UF) U3uneu 15, 30 wag 45 phr



45

nsenmznauaisiasitaiduaciUlun1iinnisi@euanininliaiuvilnusiniianas

ngNsTIIRRTIRALENsIRIAImTleY Coumarone resin Teaumiaudsdunsaiuaiy

LY

n1svAtiunTuiieanan Coumarone resin flansivgduiléidudvinazarslunisinsundiiadu

= A & = ° 5 1Y o g M
PIUDITYSLIATUTUYU IV]Q@U?MNWiﬂwqaflﬂawﬂqﬂmaquqﬂ’miﬂ LW?W%IWQ@ULUUﬁWiV]I@J Y

s

wileufuiene SudlUluiendléatu wastnuaniiendlduiuiu Gunild uasdssiad,
2548) Wagn1e19555uBATAL Resorcinol & Sumikanol 507 A wlsdumsaiueIgnts
Faufiuniides 910 Resorcinol & Sumikanol 507 A FaudElunisiiuauinies wazdedd
nalumsiufAzenszozauiu ldwdsuwaamslusrosnamiafou lduafguil 3.2

war U 3.3
3.4 duUUANITOARALL

ANWUZNITOARATBINIIUIYINEITUTIR A1NAINAILISOLUNISERRA LIIUaINIIU 819

gnse19 gainmsnaaevandidmiunsldaunulisnw lnedwmiuunasgiu JIS K 6833-

[V

1994 (General testing method for adhesive) uaziUSsurieuandfyududa (Contact angle)

as

AULdsIRausLdau (Shear strength) wamsdnwurn1siadniuszninaniuldenamisly

o

ANTIZNITIIIUYDINIAUATIENAUNIINUIYNEITUI R AL
3.4.1 yududa

nsvAgeUNELT (Contact angle) voanathsnsssuvRTiogluanuzresvarfulsl
IgAsuddafinIsed 3.3 msveaeumyuduiassoznaniilivaaeuseisfatade 5 S v
Wmuinnthensdu 60 %DRC Fnulafudznds 50 phr T¥Asmdudauniian fo 70.6
998D Nty 60 %DRC Wawiliamilen 60 phr Aty 60 %DRC sl

fudUends 60 phr waz n13U8RTY 60 %ORC Lankdetiniles 50 phr Felvayududa

o as a a

702, 68.6 War 67.7 MIUEINU A1SARUSENISTARATAIMTvEINILAEA1TRIFIUBINT7

& v o

Yusgniusulsdfgyfe yududantinild Aaruvila wazmudumuniaeiivedldsenis

1

s

Tnapmduiussewinudndanfninunsifenifomiwesmududgui 3.4 Aeyududs
ndanvdugududatesndit 90° nalinsileniiovthaaiusawvsnduivludeld dida

Wussyududawiniu 90° wasunnndi 90° naiimsWenldauysalvitlintunsndudluluie

o7ladd fyndudaunnndt 180° nrildlleniifavinlyd lufinsunsn@uvesnatnlululd (osm,

[ (%

2008) FIHUNTIUIEI9U 60 %DRC MANAISIRLANUMTALaTaNsIRLAMUIUTgTn ey

a Y o P & vy a  w ' I o WY ) o
WINUIR ﬂ'l'JLLV]iﬂ‘UiJL‘U'ﬂIrLULUE)‘lNLLa%Lﬂqusaﬁmaﬁgsgﬁq’mm’lmaﬁﬂ”ﬂﬂU‘lll LLa(’NGNEU‘V] 3.6
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A19199 3.7 yududavenngnsssunaniflansiinauviauazansiiuamiles

M721181997NUEeEU 60 %DRC

Thickener{phr) 15 30 45 60 75 Tackifier (phr) 15 30 45

udaiudwonads 71£0.5 69+0.9 70£0.6 | 68+0.6 64+1.4 Coumarone resin 57+0.2 62+0.7 66+0.6
wietnalue 61+13 60£0.8 59+1.2 60+0.9 56+3.1 Resorcinol & 507A 61+0.5 55+1.2 63+1.3
ulatrundien 69+0.4 | 68+0.4 | 67+1.7 | 66+1.3 | 62+1.5 | U.Formaldehyde 63+1.2 | 57+2.4 | 56205

nansidsundasdiaiuuinaunndlwieesniinaseyududa mainyududasna

v
a1

ensssuIAUsIng I RuUsIIEs e mie) Tackifier unnAlWiessviTlviyududaien

1%

WU FaunodeeuralinuaInsalunsiJenUuRiUeauedld i waniivedvaditteu

)}

v ’
o/

e/ A a 4 « < e I3 [ L% e W a1 X = o
Uy Z‘[ﬂ‘UW‘UN’JVlL‘U‘U‘U@QLL‘UQ'R)QLUUN&VH‘LMQMENNH‘USQﬂ’]’JiJﬂ’]iJ’]ﬂ‘Uu Tumsmaaqmumﬂwu

Ne &

a

- . v v o o & o < e :
AITUKUR Thickener IUV]'NGﬁ\ﬂﬂlfua\iLMa’]‘UaUﬁNNaﬂUWuN’JV]L‘Uuﬁua\jLL"UQLﬂWﬂWiLLNﬂigT\HU

Uu A2vetweeuds Jadunavilviyududavesnniiadeas iisansifiuaumnies Tackifier

Sold Bed wetting Good wetting

.. _Wetling angle «
Surtace of // N
e part g

1o o wetted /% Liquid drop
2 .
i } i

o= [ as——

<o | . Gosdwening
incomplefe

wese | N

« > 90 [—\ ncomplete

\ weetting

« >~ 180° E E o wening

o v o o« | o o da Y o aa v
EUV' 3.4 ﬂ?ﬂmauwuﬁizwi’lmuawwa‘wN’J‘Viuﬁﬂ‘Uﬂ'l'iLUEJﬂVIN’JMUW‘UENm’J

(http://www.dsm.com, 2008)
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nansvaaeidnuuzassiuduiunguiiidedusmauwmndliessazdiul s

auaniFnslonlviunausainmsvasesnuigalinuunndliess wnTud i iy duda

1

a0 dl’/ i Q{' o ol Idu‘j d,{ d! d’ =4 ] d’j ﬂl 1 ) &
UA1@IvU LLﬁ(N'J']ﬂ’]’J‘V|Lﬂﬁ@Ua&lﬂuﬂiﬂﬂlﬂwmﬂﬁjiﬂu%ﬂﬁ"lLMG]‘V]LUULSUUULUENQ’W'J'1LL‘VIﬂﬂIWLE]E]i

Ay

fiavadiTaAildidudeduinaedduiailine dunanas nqufidloantiminlinana
aulimuanusalunsfondidy Q“Léfmﬂymé’uﬁaﬁsﬁmiwLﬁaLﬁwﬁUﬁwmdmﬁamﬁw

3.4.2 aNYAZNITUNTNTY

Fnuarn1sunIndu (Penetration) vaan1neesssummd U luielidondas
qanszal Mnmsdunadnvarnisunsnduresnnhessssuniiiiun1ssadou uarusina
gniveenIINAuVAsH U TIRdaUALEI UL LEUNUTT N1aTeNesSSUYRTiNTUNSN
FudhlUluieldl Tnedunsldanuinaseurossningia (Interphase) ¥3auUINITIAREINNS

wnsn@uid iuluiiolsd wudin1uieedu 60 %DRC MdinutaTud1usvda 70 1AauSou

v = ot

500ABTEnINHIAFUT 3.7 LazdanudnusniignfieenandundInIunIsMAaaUAIIY

V

éﬁu‘wmumﬁau%ﬁﬂ%mmnﬁyﬁ)maﬁ'ag'uuﬁwﬁ'] Imaﬁ’ﬂwmzLﬁamadau’(,my'%tﬁmmw an
aenllliinanmsdnuinvesliBafnonussiafasuil 3.6 (3) uensniinudn nrhensdu
60 %DRC Mfnuiluludynds 70 waz 60 phr finsiia failure USnaLUERRANTT Snvas
mafadudulgliivanesnunlildiinannsuandnuesldiniiountn Urea formaldehyde &4
gﬂﬁ 3.7 (1, 2) iflesmnnmifinisunsndudluluield (Rawusemsiniasendnclifun us
nesssuyRiaudRdumaitli Aniuss il wsavinfuiuseiiAnsenitnt Urea

formaldehyde Aulsl usnaindidawudnin muudadinuduiusiunisunsndy Tnuaau

ar v @

P < v K vve o & XY ) v o 1 P
Mu&]@dﬂ’ISLLwiﬂ‘duL‘ZJWIUIULUEJI@JH’%W VNU‘UuaE‘JJﬂUHM UNETDININIY LUBIINN AIAITUAUA

@unsonITUBNINANYEIaWIZYeENT lngdnvaznisivaldunisnauausnuan@inng ves

ar L's

votlva 1w dwmidnluana msnszatedveddasadicluana (@l uazism, 2549) 3

= I~

ANunilaganisnszanemvedlasaialuanad JadnsuvsnBudivluilelsl wavyududaves

Al

vV o

nN1IRBItanN 90° M lunniIviNg wasiiniusznisoafn v¥nlin1ule199Y 60 %DRC 7

[

Wundaludrzuds 70 phr iunidaimnuiuviunssdeu Aeuvila nsunsadudily

'
a

lulilelinfian wazdryududaeglugniiosndt 90° Failms WeadifimiasiAnfusenns

L)

’
=< o

Infniiafian n111e1at 60 %DRC TAnudeiudvznds 70 phr Sudunifivanzauay

i lUldlusnuldfinniian
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sU# 3.7 LLUUf\TﬂaaamiLLmﬂ%mmmagﬁuafﬂﬁmawwsw

3.4.3 HANTISANEIUATENANAADNITEARANSUNISON3DU

Sieteiaus U LS aReuTlgn 15 9a s o ulnglvausoun 125°C Touseen 15 —
20 MPa 1Juian 10 wiiidildannismeumgilunisianilueduveinveuniosidon
) I a aaa @ P o ~ ~ o 9 - ~
snsnswesmaiinufiserTaaluddu (ODR) dU3suliiguiuAIAINAIUNIUILTIRBUTN

Udeglrnniwnfmiiguuaiiies :1NHanIMAaemiTeil 3.5 WUIINIINUBNETTHVIATLY

Y

u

138 a-Yeulunstnfeimusudeugeniinmiienifiguugiives esnnihenesssued
FuduesduszneundndesldoamagilunisTaaluedu lagnsruiunsmsianluiwdu fe
miﬁmw‘hﬂﬁﬁ%mﬁuﬁmzﬁ’u’iuﬂ%mmﬁwammzﬁqmmﬁqﬂﬂfiﬂﬁm‘wa@ummmmﬁ'\mﬁu
Tnefusduiuniugasendedavaisiusslanauddensyninlgwedwesiiduluana
WWEINY (WSNITE, 2528) sandlosnldaiiudeu wazusssarilinintanluwduiinng
Fousevesitussidluluielifat udemaliamudumunsadougaiu uazwuin
pumifmnzanvenaudazgasie 125°C 1Husidn 15 - 20 MPa wazan 10 unil

P A A & H 5 a & ' '
Luaﬂﬁ]qﬂﬂq’ﬁﬁla?uNaMVlLUuuqLLagu’lEJ']Qﬁ'iiﬂJsU']WLﬂua’JUSLWQJ

ANS197 3.8 N159ASPUNINARDNITEARAVDINIIUILNGTIUYR

Shear strength (phr)/U3u1eu (phr)

gnIn (181993 60% DRC)

50 60 70 15 30 a5

| Gnudaiudizva
S e e

\nsTigauvniivies 138 0.89 1.0 - - -

%0590 - S2u 1.41 1.49 2.28 - - -

\nsnigamniines - - - 0.47 | 0.64 | 0.78

AV

1¥n159m - Sou - - - 069 | 082 | 1.07




3.4.4 AUNUNIUVDINUSLNISTANA

A197149% 3.9 wan1snaaau TEUZIANIIIAGIVDINIIUIBIGT TN

50

Gel Time(s) /J311eu (phr)

gﬂ’iﬂ’]i}
0 15 30 45 60 75
Urea formaldehyde60.40
1. wlsriinvesansiiinanumien (Thickener)
1.1 tenedu 60%DRC Wiodsansiiinanumile
wdasfudUenas 66+0.33 | 63+0.19 | 60+0.37 | 58+0.64 | 50+0.50 | 31+0.56
utgnalne 65+0.55 | 62+0.55 | 62+0.41 | 61+0.35 | 61+£0.30 | 60+0.47
udhamtien 65+0.21 | 52+0.75 | 51+0.22 | 52+0.38 | 51+0.55 | 43+0.51
12 thenedu 30%DRC
Wuudsiudrdends | 61£0.20 | 63£0.39 | 62+0.70 | 60+0.8 | 54+0.20 | 45+0.57
wanUstnalne 61+0.18 | 67+0.80 | 65+0.55 | 62+0.24 | 61+0.31 | 61+0.25
Walstmden 62+0.25 | 64+0.75 | 60+0.43 | 59+0.20 | 55+0.29 | 56+0.32
1.3 thenseis 30%DRC
WundaiudrUeuds | 65£0.32 | 60+0.34 | 59+0.50 | 5520.40 | 50+0.06 | 37+0.59
Wt lng 63+0.28 | 57+0.15 | 55+0.71 | 53+0.10 | 51+0.35 | 45+0.08
wantsrimiden 65+0.35 | 55+0.41 | 55+0.10 | 53+0.27 | 52+0.42 | 50+0.35
1.4 ¥1e7960 30%DRC
Wundaiudienas | 63+£0.12 | 58+0.05 | 59+0.23 | 60+0.1 | 57+0.75 | 56+0.26
Wandernalwe 63+0.42 | 52+0.20 | 50+0.09 | 46+0.51 | 45+0.8 | 46+0.10
st miien 63+0.25 | 60+0.56 | 58+0.29 | 57+0.08 | 61+£0.92 | 61+0.15




s (L {]93TUR oMY
s (1192172 THR

70 . uilvaniien

0 15 30 45 60 75
d3uatans (phr)

JU# 3.8 hanisasguresnmingadlondsviiauasuTinumaiinnnuwmilen

51
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Shear strength (MPa)/J5u18u (phr)

Qmmq
0 15 30 45 60 75

Urea formaldehyde 3.00
1. LLUi‘UﬁWU@amsLﬁummmﬂm (Thickener)
1.1 1hensdiu 60%DRC ileduasifinainumilon
udaiudenda 0.83+0.10 | 1.04+0.10 | 1.19+0.10 | 1.23+0.10 | 1.27£0.10 | 2.09£0.10
wilatlne 0.79+0.10 | 0.56+0.10 | 0.60+0.10 | 0.59+0.10 | 0.71+0.10 | 0.98+0.10
udetiutien 0.73£0.10 | 0.54+0.10 | 0.58+0.10 | 0.61+0.10 | 0.70+0.10 | 0.76+0.10
uleand 0.70£0.10 | 0.5620.10 | 0.59+0.10 { 0.58+0.10 | 0.61+0.10 | 0.77+0.10
12 ety 30%DRC
Wuutaiudrdzuds 0.8%+£0.10 | 1.10+0.10 | 1.1740.10 | 1.22+0.10 | 1.38+0.10 | 1.51+0.10
Wsudsrlne 0.41+0.10 | 0.60+0.10 | 0.68+0.10 | 0.70£0.10 | 0.75+0.10 | 0.92+0.10
nudetamilen 0.38+0.53 | 0.47+0.10 | 0.542£0.10 | 0.55+0.10 | 0.79+0.10 | 0.850.10
wlaana 0.38+0.1053 | 0.35+0.10 | 0.36+0.10 | 0.39+0.10 | 0.75+0.10 | 0.82+0.10
1.3 Yonseii 309%0RC
st siud1Uzuds 0.99+0.10 | 0.92+0.10 | 1.05+0.10 | 0.99+0.10 | 1.32+£0.10 | 1.75+0.10
sudetnalne 0.50+0.10 | 0.53+0.10 | 0.51£0.10 | 0.58+0.10 | 0.73+0.10 | 1.01%0.10
Waudsirimvied 0.50+0.10 | 0.51+0.10 | 0.58+0.10 | 0.59+0.10 | 0.67+0.10 | 0.970.10
uteand 0.50+0.10 | 0.69+0.10 | 0.61+0.10 | 0.71%0.10 | 0.72+0.10 | 0.89+0.10
1.4 the79am 30%DRC
Wt audusuds 0.57+0.10 | 0.59+0.10 | 0.68+0.10 | 0.67+0.10 | 0.69+0.10 | 0.98+0.10
wuudatnalne 0.57+0.10 | 0.72+0.10 | 0.73+0.10 | 0.89+0.10 | 0.74+0.10 | 0.85+0.10
Waudsr it 0.57+0.10 | 0.67+0.10 | 0.78+0.10 | 0.86+0.10 | 0.90+0.10 | 0.97+0.10
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IINKANITNARDIATIT 3.2 mamﬁasummaﬁwmqaiﬁmmavgﬂqmﬁaﬂén%ﬁﬁhw
WANENSAY uRazANALEuIuLsLEourlEnsuinnatineness s Esianadumuns
W@eveglugs 0.38-2.0 MPa slessuiisufuinasgrunanisiudaasesiitldluauliigal
A UL ey Ae 1.3 wie 1.7 wie 3.0 MPa (nasgiun1y) nuiinmiiaiesanniy
£1990 60%DRC N84 30%DRC Warn1tnensais 30%DRC Mdnwiliud zndadl
A LLsIEeuTiganinsmsg s Tud a1z fFonmimsuuanitensdu 60%0RC
2.09+0.50 druntingnsdu 30%DRC uarn1IuNensERy 30%DRC 1.46+1.02 uar1.59+0.75

MPa MIUaI9U AININUIATFINAMUA

éhear strength (MPa)

45 60 75
3u1ai1g81s (phr)
O wilvsfugdends wilvdnine uileaivainilen

JUT 3.9 mudumusieusidowadn1itiie1a9nine iy 60% DRC iieudsyiia

wazUsunnansiiuaumilen



1.8 -
16 TE
1.4 - |
1.2

0.8 -
0.6 -
0.4 -
0.2 -

Shear strength (MPa)
[EY

Duilsiudrdeuay

wilo2iine

wileainnniien

RYIRRTICY)
60%DRC

vy WenIRAu e
30%DRC 30%DRC 30%DRC

d05012 45 phr

3U 3.10 Anuaumusielsudouveniensdingneg Aulsvilavesansifinainumilen

O uilafugrdenay
wilodine

. I wilvainauilen

i

2.5
T 2 1
=
S 1.5
bo
o
g
a1 -
©
Q
L
v 0.5 -
0
IR TIRR LTI
60%DRC

ey S VIRRETY WA
30%DRC 30%DRC 30%DRC

An/gn5n12 7 phr
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FUT 3.11 anudumuseusudeuvenhensyianiegiulsvlinvesanaiiisaamilen

ATUATUNIULSUDDUTDINIUIEITU 60 %DRC Aduuasiudrlynda 70 phr a0

winuanasgunuavinudeiildiuliivnvesusamauauuini (CSA 0112.2-M1977) 9zLiiu

1d ndwsiifnudaiudveudadieauduniunsadou (2.09+ 0.5) gendinensi

WHANSIANAUALARIDU
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Wesnnnguinisandunionistaiadiing Faudadutandimanieadiwesiale
o < o - Y < o 5 o v a

nanfewdaluouniaveuds Welawindaudausagadudwirlvidaudaianisuiunes
= (=4 =N o ds{ = o v s v =N @ b2 L3
arsezlulaadeonainluiionds  Aaduratu Jvihivinmnuliiianisiefniu (Na1useA
waziiena, 2546) warAIAIUNEnNgINdAIAUnilnveIN119 UL TTHVIRAIDUY B
Wulusnufiandmd wasised (2549) nanan dvedlvaiinnuniingsUunesldusuloungadu
Wwalila dns@swvingy lagasulrgliinnisiamnuninyinlalaenisinnsaeuniunisiva
aeluvssrsdlva Wadlwsswnszyin ) Tuduvunuiuiuiy Sen S8uiinTuitn ke
139U (Shear force) AMLSIRDUUIBNUN (F/A) Nvinlmdan1sina 138071 LSUDoURDNUILAUT

(Shear stress, F) toilhsans ey lumnvuiunuiivinvesweaslva
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unil 4
an15338: nsuFulgalassairsvasihenesssumiiioniini

4.1 uni

nsAneIUSUUS MmN i essT I Hevea brasiliensis dmEu
Tilunugramnssueiinedlioansluuvithunlagliihosssudidundnluniseds
ﬁﬁmiiJi”Uqu@mﬂwwmaﬁﬁwﬂmLUsqmﬁmmxaaﬂ,umwémmﬂﬁﬁ@mmwmummgmm’;
lnsdnwedauarUiinuvaiansiivisy fulpmadafiauaransitunuvilaldunansiiiaaay
wilea 3 wile (Coumarone resin, Resorcinol Sumikanol 507A way Urea formaldehyde
resin) sausialdansiiuasuiln 3 wiln Wlsfuduzuds whmdoaasuiaining)
wuIaudEfuseg Wuiviuanieonts arumin aasndunse-s ssasiiainasigs
AI989017 ATINAIUNIULS LY dnvaznisdafin vdteinnisAnwivdauazUSunuans
LﬁummmﬁmLﬁmhw%’wq@mﬁmamaum'smmfmwﬁi'ﬁumﬁﬁlﬁmaﬁLﬁummmﬁm
waza1 LA daredndiuvesnmtednuazanidiils wulddiniiandiensusay
viefidnvuruavandfunndreiy ullufudreuds 70 phr daniudenldddnduily
sudug fmmfulﬁv‘hﬂ13wmaauauﬁﬁmaarmmmfwsmﬁU'ﬁ”UUﬁammwﬁaﬂénwuiwmm
fruvuusadeu mnsvuviudetn sseviatlunisenda Apadunsa-a Uinadon
wazmmminveinia Wudu danisveaeuandBiniimuidiunsnusiinsgIugRa ST
neesUszinglng (Wen.521-2527 uar uen.360-2530) uaA 7 ldazdninusiunsgIy

& a

NARAUTDRAIMNTINNISTUELAT e MS UL (18N.360-2523) FeaudfnieWEndvsann

3

¢ a

AUATIEVNNUTUaAdBn1IAINIINIUN 814 LwiﬁﬂmwﬁmLLazmmﬁmmuLmLaauﬂumqq

N11N1UIBNEITUIR J98199sudaresunan11dne19555uY18 30Ty Water base #15ia31y
FuvULsudeus wiaudunisldiewsssumfludanwanudutndunnfisedasulion
= [ 5 :5 [ & 4’{ Y o ar £ 10’
fanmanuiudivessaglas daduesddsenevveaielll Faimsdiuisslaseadathens
@8 Yoy [ 5 44' 2 3/ s yd‘d e [ 5 éj = o (=2 2/
sysnRlndanimaudutiuindielvnisldtuaulifinandfinnududiuniy Sesnudusaq
fins@nwrieiBnsdiuussantfvessessunfiie wlounnilmmzaudmiuldaulunis

pdnua Ul lvdAvasalun1stafaguly JeusslovuiiagletunenatnanusuianisuiEn

' ¥ W

WIBANTNANUNIS N 1IFUATIEH ummL*fJumiLﬁmgaﬁimazLﬁmﬂ%mmmﬂ‘ﬁmqﬁﬁmwa an

&

Usnnanisidnnannasdunsngiiinansevusedaiadeunazaunin tewauiusulse

a

aunmnlAnradlunsldou BainsedouniesGufuannisuiudseiagauidulsenis
wsn lagvinnnsuiudssnunwiheludaudfuansandmsuiinn dnsfnuadishedisusn
855U IRENeNlYA (Epoxidized natural rubber latex: 25% ENR) 38%a09879ma7 (Liquid

natural rubber latex : LNR) LLaﬁ%‘EjGlewﬁaﬁ’lmwﬁm (Natural rubber latex blend; 11819
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ssTuwIRtUauAtulLvBalunlasian)  Usenisfianainnisdnwvilanasusunmesansiiy
mmmﬁmLﬁa‘da&‘d%"uﬂidmigmam (Coumarone resin, Resorcinol Sumikanol507A way
Urea formaldehyde resin) wazifonldutiuddezvdnduaisiiuainuuialaoadoua

vnund 3 Wnwdaluddevdsasiiunnuvilaiilssdniamdiuusiqunimgnsnniiian

1

4.2 nMaAsgNUesssuvIRUTulgelaseaing

nsUsudslassaiievesiieusssund il andinududauindu nsamiivdn
luanavese s sy Ay e 25% ENR LNR n1suaning 1965 5uenfnuuieadunsiz

(NR/PMMA) wazing1esssuuinauiuniiduasied (NR/Urea formaldehyde resin) s
4.2.1 MSA3ENUNE195I5UVRDWanla

ﬁwmaﬁssmwﬁﬁﬂ%fuﬂﬁimqa%ﬂﬁﬁmmLﬂwﬁjﬁmﬂ‘TTuImUﬂmm%amﬂumd@waﬂimé
fifllaadnanlas 25% (ENR-25) {Wunsndnenasssumaanenladluanisinets (et
60% DRC; LA-type wilalduaslindon) fiuulddasiunvhldimmaiossonsadioniady
asheiiuanuafiosyilaitliiuseg (Non-ionic surfactant) 10%Teric 16A/29 (Alkylphenol

1

ethoxylate) nusialduiian 1 49l wdvhnisifivansazansnsanesiinanududu 90% uay

:
=1

arsazatelalasiaulaseanladanududy 50% iU isenswenduwnduiigumgil 60+2°C
Wuszoza 8 97lus Fovinliiinleswesinluszwinufizodwendindu (n-situ performic
epoxidation) lauAruAuanglunismiouedaseingeda weodeaiuldlnfnuiiseniala
o < dl v ,OJ a o 's g (v dld a 5
Jwudwanlya muesniveliuissssnidnenlasaniminluanaiiiluadweniaed 25%
(Hashim et al., 2002) Snwranwlagn1siiy 20 mL @sazatswauluilonududy 10%
warinAiAdunsn-ae 6.5-7 ndsantudshuivageumantiuasiiasemlasiadin

g955URIWBN IR T eS auT UL LE

4.2.2 NSRIPUYIURAAD

msvihedlndanuwandunisandiminluanaldiuiiessssuefdesaliawnse
unsnduuazdainiuliladvu sravaivinnniiewsssuriiiieySulgdaseatialagpe

1nU{)1i381 Depolymerization U9t 60% DRC ¢e@1s Phenylhydrazine fiRnnuidadu

10% swiviiweendiau agldanmensiufiterfiaamvnll 60+3°C 1Wunat 24 dalus

(Tangpakdee et al., 2001) tlUaulneip3os hot air oven Viqmmu 75-85°C \ulan 15

Falus hinmulegldainigs 180 sevdeundt Wunan 30 wd Tehesidnevaziurennar
Alamnings dnwuziludeduasiifiinadouoonndes mrumiladldideasauiisen

aganeeulfisensuusn anduilieszilasainwesenanal
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4.2.3 nASLASEUUNE19SISUUVIRNEUNULLVS aunIlasLan

mim%sJa,JugwUNaiimmaﬁﬂ%ﬂ?almqa%w Tronsuauseninaie s s Rua i
wviBanmilasian (NR/PMMA) etiumuludaliiudionsssmi avdwaliannsods
Aauliilafiu Tnsmsvmstaunseiuuudiadunedweslseduly conical flask reactor 1
yinnsean MMA fUuas hydroxide ua oleic acid wdarosq ladnonssssunifonadng niou
funauedwaitanelidnty et 15 ui udueeenuiiielfvendiisoudadiliods
Yiow 18 42l TnouUsdndau NR : PMMA ({Ju 70:30, 60:40 way 50:50 augndy vinnsniy
mauugwmqmaumﬂlﬁﬁﬁuﬁqmwgﬁﬁm wasdonsaiunzandunailddnsdiu 7030 My
vhmsastmdnluanafielinniivifewansoumsnduvasilugnquendeliilfnndu
denaliussdnfingzuinsnnduliundy venaininmiiidumenhencsssunnaddidwn
Tluanadi faud@suanumieifegeiu fuhnsaadmdnluanaldlasnisiiallunadon

Westawinuiuna 1 phr waslwswinuauzunia 15 phr adldludiens weaelsaaumall 60°C

Wuszeziian 24 Falug

4.3 auﬁ’au,a:mﬁm‘iﬂzﬂﬂ'5\3a%"lwaéﬁiﬁmaﬁsiumaﬂ%ﬂqﬂﬂﬂa%a

4.3.1 ayﬁ’ﬁez/aﬂfwwsssmmé?*zﬁ’m/go[ﬂwaé’w
audfveshensssumiviudsilessaiieidinudio ENR LNR uazvenauas NRPMMA

Wulﬁiwmﬁmﬁﬂimaqaﬁwm%awmaau Gel Permeation Chromatography (GPC) a1siiuy

nsnsineeaiie (pH) Uimnuwesdsiaaiiogluthans (T50) wazrmmmilnneaiiens naen

|3 '6, s s Y wa .uj t L s
SEYLLIAINTNUUIEN 8 dUAY bLGUJF’WEﬁhJ‘UG\‘UEN"LJ']E;I'NLLﬁv']ﬁG]’]\'iﬂ‘LlGNLLZ“{61\‘11',3}1‘14(5]1’57\‘1 4.1

A5199 4.1 autfvesnysssuyfusulslassadauingneg

- thessssuiuduusslaseat nm
audRvony
ENR LNR NR/PMMA blend UF

T5C; % 34+1.3 37+1.2 3242 33+1.1
pH 8+1 7.5£0.5 8.5+0.5 B.2+%
Viscosity; cps 150+2 190+2.5 161+4.5 230435
dhinluans; 1.8x10" 9x10’ 8.5x10” rexio
Mw  (kg/mol)

waenvie: minlaana NR 1,048,000 iasy PMMA 667,230 ¢/mol

aa sal I o P S a ra 5 v
quﬁiihﬁjﬁmawaﬂl‘ﬁ(ﬂﬂﬁﬂWWﬂlWNLU‘L!‘U'JLW@J’UUGY]NUﬁJ']EUMHE]WaﬂlsﬁﬂmeIﬂidEﬁ']\‘i

IﬂJLaqaﬁmqmwgﬁﬂﬁ’lmﬁi (Glass transition temperature, Tg) ¥8¢ ENR-25 Uszangy -47°C
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4.3.2 nrswhminTuanasaensos GPC

mﬁt,mwﬁﬁwﬁmﬁh’lmaqamaﬁwméad Gel Permeation Chromatography (GPC)
Mé’amﬂﬁﬂmiamimﬁﬂiuLaqamaaﬁﬁmm%ﬂqqLLé’aﬁiﬂUmm‘fmﬂ’ﬂIuLaqaﬁ’mtﬂ%"awmau
GPC (fan1913 5.1) Tddnenswas NR/PMMA dadau 70 - 30 nsantvidnlianaifiusees
han 26§l dawaliamiminluanaveshodvualianaanandeldinarlunisandwin
fandn o1easdosinnsasdvinlmanatussiasinaelalianadsasiuuvadoues
Famnlasiunalnufiouvueyyadassildnsmuuaiiledislunisduiu Active radicals

ldlvianslafignineanudindulususmdutasndunatsiduluianavuinluglednass

4.3.3 ﬂ’7’5’3!?7573ﬁ?ﬁ5\127;’7\7‘118\71}/’78/7\755‘51/%’]51];‘1/1]?\7??7’5\727’38’7\7
mMsmantinagnsiinseilasiadvesdionsssiuiusdasaieniion
sssuniUiuysilaseadalunuifed efnviinssilassadiauarayfleiudduniaudy
Tassassvesenslagendeivaila Fourier transform infrared spectroscopy (FT-IR) @unng
eszimlassainwewlagerdeinaiin Fourier-Transform Nuclear Magnetic Resonance

Spectroscopy (FT-NMR) 1§Wwﬁ'ﬂ1mt,af]a1ﬂ8l,%ﬂﬁﬂ Gel Permeation Chromatography (GPC)

4.3.3.1 Fourier transform infrared spectroscopy

awdnadudunsnsavemyiiitudsznousmsuaunisganiunasiisuniinisaanii

[l
v al [ Qs 1

WIZFIMLANATL LA Aauaniegeanasuvemyiandulusuil 4.1 msduveda FT-R
A e P ' ¢ @ a o v a ' a gy
wniedesizviviuyleidussssuniuivuslasaindlusiinciie neluanavesarsdunid

= & 9 b aa o 8 v oA < ) o g v a <
panaundeniluged@dunsusaviininnisduvesiusglulianayiliiAnnsiuasuudas

2
o/ v oaa

vaslunndiig dawavinliiAnnsaandusiddunsusavemyiaiduniag Siunianisaandu

RWILFIVIANALY ALEAILUAISISN 4.2

i 174012 LA
ageen ! LrARdAey, Y a. HR
i

1E28K0; ;|
166342 1Y
<
636
OO ! 4375
ey e S 1449

«

x ! [EETRIH PN * bLKR

Transmittance (%)

(G6AST

§ o3t
i 1376
k- 14485
it o2es6
2963

4006 3000 2600 1500 1000 “0u

Wavenumbers (vmt)

gﬂ‘ﬁ 4.1 vig#antunn1sgendus@dunsiee FT-IR 483873 NR (a) waz LNR (b)
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o ala

A1919 4.2 miffanduainnisganduiidunsusn FT-IR veewnesiadieg

wy Wiy NR ENR LNR NR/PMMA
C=CH 837 835.79 836 980-690
CH, 1380-1375 1380-1375 1380-1375 1380-1375
C=C 1680-1630 1680-1630 1680-1630 1680-1630
-CH, -, -CH, 3001-2870 2991-2920 3000-2800 3002-2920
cis-epoxy - 1245-870 - -
C-OH - - - 1200-1000
R-O-R - - - 1275-1070

| '
a o oer a A

- shensTsIEEwen lue wudteasssuiRdnenlediivgiandudwend Jeunfilieluana
vevansBuvdgandundeailudiedidBunsse axiliiAansduvesiusyluluanavilviia
msm?auwawaﬂuLmu&?‘&u’aﬁj %Mﬂv’z’ﬁmﬂﬁ@mﬂﬁu‘%’qﬁﬁumwLmsuawzgﬁqﬁ%’mm6‘] Al
Fumiamsgeandulanizdafisnaiu ImaﬁﬂﬁmmmuaﬂﬁT'lLLmiwaami@mnﬁu%’dﬁlﬂmamfﬂ"u
ladniusuamnaduduresyilaiduresansfethaiiuannisusingueanaunisganiuias
7l 756.47, 835.79, 924.94, 870 uax 1245 cm’’ MWAIFU Suchat et al. (2014) uamnaBuy
pressTrIRAnnsBnendnduluaeldluananisssund (U7 4.3) uounisgandunanes
sondusulsIngiitavaiu 800-950 cm Auedfulassairwesanslandnuasladunedues

anelgudnues Cis-1,4-Polyisoprene ﬁgmﬂ%ulﬁﬂu‘[maa%waq cis-epoxy UsInguaunis
(ﬂﬁmg‘u $ydTavndy 870 cm’ (Asymmetric stretching of epoxide ring)kay 1245 cm’
(Symmetric stretching of epoxide ring) wavdanundens Cis-double bond Usnguansinil
vidruvesanoldluanafugsssuadnansoaniludlidhsssuuiuzdulidaonadas

Aunanwisovesiwlead, U.) wigd...) (Davey and Loadman, 1984)

- 19wl LNR wulpssaiwilannesudunsusavesyilaidudssnoumonaunisganduuas
W C=C, CHj, C=C-H, -CH, -, -CH, Badudulastadnldenavar dugienduillnseadraviou

H1955TUF (SUR 4.1)

“

- §IREN NR/PMMA 9nn1531A518ilaT9a319083 NR/PMMA fagmatia FT-IR 9gwuiiinig
aandukaninaiunasudursise ﬁﬂﬁﬁ@ﬂﬂﬁuamhﬁwmamxﬂaué’awyjﬁaﬁﬁumqf] GE
A1347 4.2) 199 NR/PMMA Tudndau 70:30 ilunsiaeumvyiladduiiioglassaiisuasmy)
fardurenienmaniaaoiln wudn NR naufu PMMA Tuyndndau Avlesinguaunis
Qmﬂﬁut,l,aaﬁmﬁauﬁ’u Aoftsums 2961, 1651, 1376, 1148, 836 way 1275-1070 cm

RINA1GU WARITUTUIT NR/PMMA Usznaulumevieiduifenduiu NR Lay PMMA Aol
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C=C Unngegluandldluanauazuinguounisganduiainamydufieny -CH, -CH,, C-OH,

R-O-R uag C=C-H Fuuannaitfunsisaiiwunsaiumgilanduues NR uay PMMA

4.3.3.2 Fourier-Transform Nuclear Magnetic Resonance Spectroscopy
nsaAsIznIlassaieesealag Fourier-Transform Nuclear Magnetic Resonance

(FT-NMR)  Spectroscopy  tagld "H-observed experiment (H-NMR) 289103849 Fourier-

Transform Nuclear Magnetic Resonance Spectroscopy 500 MHz, Unity Inova, Varian,

Germany; methods WI-RES-NMR and REF-RES-NMR-022 leinanisnaassdissiagndlusy 4.2

(1)

50 4.0 3.0 20 1.0

J

&Y
fa
pZd
pel
-
=
&
x
~
o
n
&
'
v
-
-

i i 219

ones BT " 358

T . 14 544

- Bt !

i i J\

| | S YY)

A * o —
i 5 w-(4 3 2 1 ppim dyﬁ 8 " M o ;{;
c) Bnavian d) NR/PMMA Blend

{ a 1Y g a (v v 1
U 4.2 n15ieTwilATeadeesdnenesssurAusulalaseasne lag  H-NMR

a o [ 4 a | v 1 a 1
PNMIIeilasaimethsTsueiuiullasEaie domalin  H-NMR 970
Fyaaldsnauvedladilinlusnau (the olefinic proton) vaelAssase cis-1,4-polyisoprenic
WdtyayIad 5.15 ppm, 2.20 ppm 63U 4.2 (a) NR, (c) LNR dwufuvessnedwenlas wudmygio

1Y

# 514 ppm Iﬂimauﬁag’am Umﬁwaﬂiﬁéﬂsmgﬁé’@mm 2.70 ppm au3U 4.2 ENR (b)
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aunsoiaUSuinsnanlgavSasasn1sAndneneduainn1ssuiiinsanis lwluudessiusnou
floginfudwend wuironsssuwfanentenfiiviinamBwenles 25 Tuawedigud (ENR-
25) (eeandasinu Burfield et al., 1984) d3u819 NR/PMMA Blend wudaiailusaau 3.58

2193z1du Hydroxylated Methylene proton LfisfiuRnNlAs9a319984iN8 198551

4.4 ManntesssuAnan1sUFuUdasins
4.4.1 n754&7%’&1/n79mnugwwssmmﬁﬁﬁn751/5’111/;@[@5@5@?’7\7
15LA3EIN1RINE NS ITHNRRTNTUTUUTslATaEsa (ENR, LNR wag NR/PMMA
Blend) taldTuaulsf Immm%amnmu@mc&haéwaﬁammﬁ 4.2 naulinnulvE unaNenge
anunsaviuldilunan 30 widt wesdsliigamgives (30°0) an 24 Falue Fsluusazailn
P8INNNB9E9 TR TINTUTUU IR NERTA T Tnifnansiiuaunioniiedne
SvEnavesSinua syl fiinaseaudfivesniiies arsdiuanuvies 3 wde
ewn Coumarone resin, Resorcinol Sumikanol 507A wag Urea formaldehyde resin 14
arsiiupviauteTudUsuds wasnwunisld Coumarone  resin Luansifinaiy
wiilsuagldutaiuddendaduasifivaunie ewiainnanisneaosainuni 3 &
UszAvEnwdiudganmuningnaniivign Anwndneusmanenmiesandfsiusieg 1ean1)
FlFanmanease e Usinaudenn mdunsasng auvie szoznainisandanm

AU P LALLM LA BULA Y AN TR UL ULT B LYRIN 1819 Azrulaintdne

wnazyiefidnvauzwazauaudRuand1aiu fadl

4.4.2 Zﬁ5@5%’70719«575/7\15551/7/751]3?’1/1];\7?@5\15?7\7
miﬁﬂmauﬁaLLax"?Lvémzﬁimaa%fw‘uaqﬁ:wmaﬁiimwﬁﬂ%’uﬂiﬂﬂiea%ﬂmm%ﬁai
fuNSIwALiA Fourier transform infrared spectroscopy (FT-IR, Model Spectrum One,
Perkin-Elmer, USA) sinwmyladu WAEIANT IR AU AT IE T UNELF 199 UDINTIEN
Usudsslaseadne Tasthessssusnanindoaldinazarudodavinazats chloroform wians
ANaralufeg1slmdauul Potassium  chloride disk devudunduduuinadeuuu
wrising KBr 30 FTIR Idanasadusisaiithemiueniaiu 400-4000 cm  axldieuednts
AANGLLENBUNTLIAVBNIBENNNILIRN Forellil
mafmﬂmﬁmeﬂmda%ﬂwaquﬂmdaismmaﬂ%’uﬂ‘gﬂmqa%ﬁaLU?&JUL%UIMM%N

a w

9991181955531917 FagUT 5.4 avnuaanfudunsnsn FTIR vesignsssuiiisanuvay
a o dao ' i 1 -1 @ ' o Y S a
AeRaiisuvtiaedui 1638 cm uansWuszes C=C agndaau widnduieessued

o v a1 o = a a < -1 =
Ufulgelaseainavilarieg aznudsinguan1sganaulaIsunsLIniataau 1139 cm - 99

o Y o . P -1 =t o -
u,ammmiamwuﬁmadwuaz C=0 stretching daziavmau 1730 cm  WEAINNNTAULUUYR
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284 C=0 stretching %qﬁusxﬁqaawﬁmwﬁﬂaag"luiﬂiﬁ%ﬂﬂmLaqammmqaiimw@ﬂ%’uﬂqd
Tnssafadeiiasmiedian Wunsdududnld PMMA Tu NR Zaranisnaaesaenndadfy
nae9IuINY (A%1y, 2547; 1038y, 2002; Chuayiuljit et al, 2004) d@rumegadnnsy FT-IR
494879 ENR Tiiuansdelvinilonfin (coumarone indene resin) wuslmisvonisganéu
vndu Tnsduiusiuanududuomyilaidurosasieiufiuainmssingueuaunns
cﬂmnﬁuuaqﬁ' 756.47, 835.79, 924.94, 870 way 1245 cm @Iua ey Suchat et al. (2014)
wanseaduusisssumAionsBnendiaduluansldluianasesssiud (U 4.3) uaunns

& a o i -l Y % Y
@ﬁﬂautLﬁd‘Uaﬁa@ﬂ%LLiUﬂi?ﬂgWLa‘Uﬂﬁu 800-950 cm sU‘LJ@QﬂUIﬂ‘Naiﬁﬂﬂaﬁﬁﬂﬂi%ﬁaﬂmadlﬂ

Y

a a '3

Suwedwoed awldndn Cis-1,4-Polyisoprene Mignivdeulmiulasiainues Cis-epoxy uay

o aa =

miﬂmﬂﬁuiqamamau 870 cm” (Asymmetric stretching of epoxide ringias 1245 amn’
(Symmetric stretching of epoxide ring) LLﬁzéﬁ‘lﬁdmﬁam‘Jj Cis-double bond Ui“\ﬂgLLamﬁ"\ﬁ

vdruvasaslgluanaueisssumi

ACR L e,
< TOphr

et . .
50 1 344132 5035090 1612.05 iy 70z Y

735.25

: iy 836.08
PY. 3 H 45148 137943

: L FY...2858.50 -
: 296087 3§ |
av ,

88 ¢ T 15 phr N
: 3441.50

a B E S !
3 €0 ) 1612.60 s i
s - i 4
= . 303225 Lol 195882 . v 87008 1 7ig 4
E 2 298854 " Nid o £36.20
wr H 5
S woia
(s ;
- se i T30phr <
=T :
S e 3445.50 .
1607.11 870.24-
P 302747 2856.73 137434 y
T . \, 1452.09 K 836.50 | . 736.1€
2! 2969.81 -
66 L, S .
; o g P N N
B B o A1 4 {
H X ™ Yy i ;
o T45phr 344310 4 ; N {
an L 2969.63 7 I
: 303220 : oL l738.89
2 0 2889.15
3500 3600 2500 2000

wavenumbers {cm-)

31J17i 4.3 anedy FT-IR 983879 ENR 7fiu Coumarone indene resin U3unau 0-45 phr

N3U7 4.3 nuadnadudunsisnvedngsssurfanesiulalasaaine ENR
uanmylatunarauaiisalunisididulavesdiunansneg sy ENR Iviimsiduans
1 v =1 a d’” v o« i Py =) [l 14 =] a .
reliiviisafiauntusaasliiiuil  deUsuiuarsdielvimieddia (Coumarone indene
resin) WunTuaziiTliiAanisinzinvesunisluluianasesssufiiuu Ny

117819981955 538AUT U elAT9aT 19 NR/PMMA dhandaainaiudunsiisn FT-IR

loanadudunsisauarinranisganaunasdunsisn Asgun 4.4
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#id o igd
: ¥

S0
soue e

\wavetenglty (o ) Lne

gﬂﬁ 4.4 a@UnAsy FT-IR 993813 NR/PMMA #itfisl coumarone indene resin U3unad 0-45 phr

naUasiuBususalugud 4.4 wud Unngiansgandunaidunssadiaunay
1139 cm awansianisdunuuinuesiusy C-O stretching LaslauAdy 1730 cm wanaii
msdutuudanes C=0 stretching dwituszivassrinozusingoglulaseaincluanaratens
s5TUTIRvsUUlAsIaTeRalmAsLan ueneINEIENUIINSRIUTIN Coumarone
indene resin T NR/PMMA vildenndumesiteviassdimannntu dodinis@sdina

Coumarone indene resin WnTy zviliAanisinginvadluluanasesssufiumniu

4.4.3 a‘"nwmswwnwmwwam791.157517\15/7@5551/7/75171/5’1/1/?\12};5\755’7\1
Srwsvanameeiniateiidansldenivesn oz eiaasiduigulu
WEossaundneiiun fndunouvewiens dauniiiiiy Urea formaldehyde resin findugu
gaaEaail drunniodiFnuteudusudasuddug Tnaudienaannduuts Tudw
SnumreruanandiuldElnglifansuurielifndnuasassnisanayneunsntuly

wnailavsan1a sausiinivasiueuwdswavasiurumiadnnadunanuini 4.1

4.4.4 ﬂ.i/ifﬁ?/aon77mmfwwsssmmﬁﬁd%’uﬂgafﬂwaﬁ”w

Amanthens ENR mmJﬁﬁ%mﬁwaﬂ%mﬁuwudwﬂ"]mmLﬂuﬂi@-mwaaﬁwmqag‘luﬁdw
7.24-9.18 U’%mmmaaLL%aﬁy’wu@ﬁagﬁluﬁwwag‘luﬁm 31.20-33.20% WarAumilnvesinen
at/lur9 28-32 cps paeRsyavna N nAiutens Aenudunsa-me pnuviawazdIuande
AIANLSEEIAINSAY dauAAsmEanuIIN1g ENR Tudin Urea formaldehyde resin 30
ohr flennuuilalugas 9981320  wufiwend demsamuiinsgiunendadimmvia 1500-
5000 wuAwepsLarn1a ENR Miin Urea formaldehyde resin 45 phr feanuuialugag
029.5-096 \wufnews Dadlmessiuanumilaveandall (MagSevesdailes) Saumie
150-500 LguRnoss

maﬁﬂﬁm\‘immﬁm%ammﬂﬂﬁﬁ%m Depolymerization ‘13’181\‘1@1/’38 Phenylhydrazine

) = a o} o v e as o b P t 3
e aaﬂ%wumqmmgm 60 C 1Ian 24 °U'JI§J\3 IWUWQWZJGHHEUSHUWG]']HLWEEN NUATIAILLTUNTA
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- haveniienseglugag 511-6.87 Yanmveadsimusiiogluthenseglutae 30.44-39.24%
waAuMinvDIt1e1s ogflutae 45.2-52.8 cps PRBRTY RIS

ramthorman NRPMMA wuidaaniunsa-davesieeglutae 8.24-9.18
Uninmvendaiuniaglutiensegludas 51.20-55.200% wazaundnmesihesedluti
3852 cps masnszozanafiutiens Arerudunsa-ane anuvdauazuinadennau
TPUZIAINITLAY

@ a as

mslhsnsssumAaduingiundnlumawesaunandmiuldlumudaldenmn
nslfUSuUssRunweINI YN INdE eI THVIRNYIINTNAADIAB ENR LNR Uaze1anEs
sevi1e NR/PMMA #ildansiiiupnunialawn @isiiuainsivie 3 g9ia (Coumarone resin,
Resorcinol Sumikanol 507A way Urea formaldehyde resin) Lugiuinans et ULy

< a P © o a wa v ' a &

puwdansslumainedaveann Wethnmwsvulalunaasuaudiiniilaun Yunuileans
Aaudunse-ane aunda muwds prmdumatlunstnfin  LazNITVARDUANNINYDY
aaldinezifusesdeviefuusudou yuuardnvasmsunindunsinia dnuurnsdadin

! [ L wa H aa a ! !
9895088 (Shear strensthilas peel strength) WUAY @UUATBINTIUIENISUDVIOWAEINGGD
audRsieg dvsuldifenisdafinueania n1swauitasnisuiulsdastaineveaiiens
sssumdiieriiniedmiuldlunugramnssumesdwesldenane Wundnlunisudni
finsd¥udgenuninnmiinisudsgrsiminzanlumsndnnnliiguawnuesgun
= wa i < = & = . Y o v v
FaauTAnnanmeonwliiasdudimandeans auuds @nnsveaesduluinauudsls
42+-0.3 shore A) arudavanlunsiafin savosantBvaeniniiens Wy Apnaudunse-aa
AuviianazUiunanienianuainistiviiens ENR - LNR Gagn1anineenassening

NR/PMMA WasInafinnsad 4.3



A1519% 4.3 ﬁ’lﬂ??ﬂLﬂUﬂiﬂ-ﬂl’N ﬂ’J'TiJ‘Mﬁ@LLa:iIJ%JJ’]‘{uLﬁ@ﬂ’]’MWNL’Jﬁ’W’ﬁLﬁUﬁWJN ENR LNR wag NR/PMMA Blend

iin %TSC pH Viscosity (cps) Gel Time(s) Shear strength (MPa)
n17 ENR LNR NR/PMMA ENR LNR NR/PMMA ENR LNR NR/PMMA ENR LNR NR/PMMA ENR LNR NR/PMMA
CR15 | 31.70+2 | 34.4443 | 3540+5 | 7.10+0.5 | 5.30+1 8.50+0.5 | 228+1.5 | 145+25 247+2 36+2 | 38.1+3 402 1.15£0.1 | 0.85+0.2 | 0.90+0.5
CR 30 | 33.30+4 | 36.10+5 | 39.50+2 8.20+1 5702 8.80+1 32952 | 249.0x1 | 348.4%5 40x6 | 41.5+1 46+3 1.90+£0.3 | 1.30+0.5 | 1.29+0.3
CR 45 | 35,5043 | 39.25+1 | 42.35#1 9.30x2 6.80x1 9.50+0.5 482+1 | 392.7£3 | 553.9x%1 45+2 43+4 50«1 1.20+0.2 | 1.0£04 0.9+0.1
RS 15 | 41.10+4 | 43.24+2 | 455045 6201 | 5.30+0.5 | 6.30+1.5 328+3 | 245425 | 2355+5 | 35+2,5 | 50%2 4943 0.83+0.3 | 0.87+0.1 | 0.85+0.1
RS 30 | 43.30+1 | 46.30+3 | 49.70x6 | 7.10x0.5 | 6.20+1 7.10£0.5 | 329.5+4 | 349.0+3 | 338445 4442 51+3 52+4.5 0.91+£0.1 | 0.9+0.2 1.1£0.2
RS a5 | 45506 | 49.80+5 | 52.45+2 | 850+0.5 | 6.90+1.5 | 7.90+05 | 432145 | 41312 | 542.8%3 515 | 50x2.5 60+3.5 1.07£0.5 | 1.040.1 1.15+0.5
UF 15 | 325042 | 30.44+6 | 43203 7.40=1 5.30+1 7.10x1 348%55 | 212.5+3 | 259.2+1 | 55+2.5 | 49+1.5 58+4 0.94+0.2 | 0.83+0.2 | 0.89+0.3
UF 30 | 281043 | 36.10x2 | 49.50+4 | 8.00+0.5 | 6.20+1 7.80+1.5 | 495545 | 351.1+2 | 366.1+2.5 | 59«1 56+3 62+2 0.99+0.1 | 1.040.11 | 1.05%£0.4
UF a5 | 41.50£7 | 40.25+£5 | 52.05+6 8.30+1 | 7.10x0.5 8.50+1 568+45 | 552.8+6 | 561.5+3 61+4 50+2 663 1.21+0.4 | 1.10+£0.3 | 1.1820.5
UF 60.0 8.72 280 60.4 3.0




67

N w
02} w w1
H i

B ENR

=
|92}
4

BLNR
@NR/PMMA

Shear strength (MPa)
— [\

I
S

0 15 30 45 TIS1, UF
Coumarone inden resin (phr) and UF

JUR 4.5 1WSruiflouaauinumuisadeuvesnioniiviulsdanaiiailagieg

ey CR fu Ur

a

NseREuNINIYNsTsHEANTn s UTudsdlassadansomsiaudslasiainania

v
@

WAIViae1e ENR, LNR waz NR/PMMA Blend welvenssssuandiarududndunediuasiil
arunhaulaluionisldussleniifiesnnnisiiussaed vuaneldwediweindndsiedlisianis

Wedfisematseiin dmswsvuesdnnslassaine didnluanan uazngiteidudwenled

v '

wiilaiduiumvsenda vulasadeweienesssuuAduuenssssua it dniauniu

[%
Qo 1a

vsniBwenled uasnwvvsondadidirmuiedldenisiufisefivainuaruintunionas
naufuNIF AT TN LS U MY IE AT L iR D AR ATILYEIN 115 LT AR e W
mudAuliveneagllawisSedaineaudRnisdun1imniy Aanuudausaves
nstadaduandiniddyunn %qmmma‘am%ﬂumﬂqmammimzmmsmﬁugaﬁhLLazaﬂ

& @ o [ [ 4
ﬂ']i‘ll’]ﬁﬂaiﬁﬂﬂ'ﬂ'ml,w\‘iLLSGHQLUUWUBN'?UI@

4.5 AUNUMUADLN

ma%1ﬂmimamrmmmfwm&ﬁwwﬁiimwﬁﬁﬁmsﬁuﬂ'@qlmqa%’w wiitluneaey
Auvuvwsieilaon1sinnud i fuliveaeuluugtily wud nmaintens ENR i
waiAnasiiumLmile? Ao Phenolic resin, Urea formaldehyde resin vannisluiial 15
Fu d1unma1mine1s ENR Buasiiienumien Phenolic resin anunsonudildie 60 Tu
LAaENAIINAITUAADUNITIIAAIVDINIITLUANILG WUIITLELLIa A5 wne 2 Ly
lownan nilansuszneudiunnanadu WeRansana Boiling Point 283 NR PMMA @y

PVA dlfnagit 100-200 °C warduiuArnuviamszdnvarnislvaszdmadiedmvinluana
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wazn1snIzagivesvdnliena fMvindianunilaganisnszaodiuudauinldazyinle

87N AUAANITUIFVDINITY AN RS LU IaNURINITEAFIUIY 91NNISNAZBY WU1T N9

'
o <

waeaglugiaa 0.5-1 uril aziinnuainsalun1stedeiis WeRnisuiainAinnud unnu

wsadauvasniaz el

A5199 4.4 mmuniusiedilaonsfinniainiiesssunAniinsuiuusalaseaiie

. AUYUsotn ( Fu )
4dan
H 0 15 30 45
MUY N
ENR | LNR | NR/PMMA | ENR | LNR | NR/PMMA | ENR | LNR | NR/PMMA | ENR | LNR | NR/PMMA

CR15 x | x x x | x X x | x v v | v v

CR 30 X X X X X X X X v v Vv v

CR A5 x | x x x | x x x |V v v |V Vv

RS 15 X X X v X v v X v v vV v

RS 30 X X X X X X X v X v v v

RS 45 x X X X X X v v v v v v

Ur 15 X X X X v v v v v v v v

UF 30 x | x x x | x x v | x v v | v v

UF 45 x | x x x | x x v | v Vv v | v v
LEINEI 1. CR: Coumarone resin, RS: Resorcinol Sumikanol 507A, UF: Urea

Sformaldehyde resin suavuansuSuaarsiay wiag: phr
U CR 15 viaefia n1ae99ld Coumarone resin Tuvsurar 15 phr

2. wgnysmiuaeu lagiifus: x vneielunan, v naedoigelunuseu

4.6 nsvudesidunasiianlansass
nsmdesiduneiiailoddasyaindesluniseassiinunndunisiaseuniaenn
thenssssumAiinsuiuUsslasaine (ENR, LNR uay NR/PMMA Blend) el dlusuly]
p19w137 Tnewnounnimugnsiiinisusuupamnmgesnilaomsidiuansiiuanumien 3
31 lewn Coumarone resin, Resorcinol Sumikanol 507A, gz Urea formaldehyde
resin fiuUsU3ialuliuna 1545 phr Wuin LﬁaLU%UULﬁauﬁwwmgmqmammimnma

o ] ]

(W9N.521-2527) HANTURNULNLI NOIVUA LTUAIAIILAIUNILLS LD DUYBIN18799E Ao bl
dpundn 0.22 MPa UsinginmadiAuaisifiuainumieifiddueinsgu lnoildnaiveyi
1.00 MPa lagil Coumarone resin Jaud@n17lanas @y Aud U ILLILiey AunuvIy

faul sraziatlunsiensa AR dunse-rte Usuiaideniuazminuviaueanid Wusy
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Jenveasumuiinafinsanlufwansenuiifdedildanuuszannznindendoniaw
wWadiuesiiadladdasy (Formaldehyde emission; % by mass) ﬁEJgJJSLUﬂﬂﬁjIWUNGﬁJJ?ﬂa
(A1579% €.3) Iﬁwaﬁ'WWa%ﬁaalaﬁﬁmsﬁaglumﬂmUéﬁ@%ﬁ%ﬂwwaaU%@’mgmmﬁqLﬁa
Wisuieunisulesidunasiiadilasdasyainsegsluntsveassd srwazdomfuiulu

IMARNUIN U

MINN 4.5 anusuvnuusedeunazaAesiadlendaszegluniiiesssuriiiuiulselaseaiig

Y AWAIUNIULTUTaY (MPa) Wastianlanddss (% by mass)
Coumarone
_ , ENR LNR NR/PMMA ENR LNR NR/PMMA
inden resin (phr)
0 0.63+0.40° | 0.55+0.15° | 0.5120.35" | 0.15+0.10° | 0.16x0.09° | 0.20+0.10°
15 1.2240.25 | 0902035 | 0.96+020° | 0.36+0.15 | 0.26+0.17° | 0.24+0.09°
30 1.9540.10° | 1.26+0.20" | 1.35+0.10" | 0.5020.12" | 0.45+0.15" | 0.52+0.13"
a5 1.18+0.20" | 0.93+0.20° | 0.89+0.20° | 0.85+0.19° | 0.78+0.10° | 0.89+0.21°
UF 3.05+0.20 198+0 27

6. od ) o . ; L ] :
" pata bearing same letter within a given column are not considered statistically different according to ANOVA

test (9>0.05). Mean + SD: Standard deviation values are expressed as mean of samples analyzed in triplicate.

25 -
£ 2
E
>
=]
& 15
=
L
2 1
g
o O ENR
£ 05 -
L 8LNR
§ 0 7 CINR/PMMA
< 0

Coumarone inden resin (phr) and UF

UM 4.6 malSpuvisuaesdailandass oy coumarone inden resin 0- 30 phr ffu UF

9NAN519 4.6 nrthsssurAviulslasaadie A1 mufunulsadeu (MPa) 7
{f1 coumarone inden resin 0 Aufiy 30 phr WU 0.9-1.95 MPa uAdaunin the JIS
standard éaumWa'ﬁ(ﬂaﬁlam‘%aizﬁaq’lumuu?wmaﬁiimmﬁﬂ%“uﬂjqimqa%ﬁqaQIuﬁaaﬁﬁnmwn 0.2%
Tneviludesiarlandassiioglunimisiasguisuandonvosglsy (U Formaldehyde

Emission Standard) azaglutitesnit 0.2% dadunn £, dnsdandaesviesifanlondase
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Yot By (<0.2%); 11 E; (<0.5%) LLaxﬁwWa%ﬁaﬁiaoﬁ@aixﬁa@ummzagﬂuﬂmmmh 0.5%
vun £, (Vargha V, 1998) LLﬁ'JWU’jwmaﬁ'wammﬂiwmq‘o‘ﬁmw&fmlﬂﬁﬂﬁﬂmﬁﬁmuﬁmﬁm
a1n1sui warlildmansyvusoanizmedouiiesanidunda s Green Product %aﬁwé’aaq
IummﬁaamiﬁuaaQ’U%Iﬂﬂimaﬁlmaﬁwmﬁiﬁumaﬁmﬂuma Eo (<0.2%); N1 E; (<0.5%). R

A1RANANITBENIINTT synthesis adhesive
4.7 W3suisuautif v inenss TR AU I wAT SRR IUNTIE A ASTUR wATIZA

4.7.1 msnSeuiisuanBuesn iR unmduns e

sl eediurean1a Urea  formaldehyde fidnw éun Usunanilania (%Non
volatility) mumile (Viscosity) audunsa-ang (pH) szoglianisenAwa9n1d (Gel Time)
autAFUEUMILLSe Samadileniul

A5 4.6 audRvein1duasIzd (NTeMs19gRaIunsy, 2530)

Shear % Free
- Viscosity Gel
BUA % TSC pH strength Formaldehyde
{(cps) Time(s)
(MPa) Content
a1 UF 60.0 8.72 280.0 60.4 3.0 1.98
wmsgiunien | ey 7-9 1500-5000 - 0.22
N1 15

NA19199 4.6 audRuaanty Urea formaldehyde resin (UF) fiUssunaitaniiissay
33.0 A1 pH 7.65 Anuwia 600 cps wazwsndau 1.33 MPa Wiguiilguandfinnainiiens

a o ar ¢ =l & ar & = = dy =]
sssupAfuAmduaszd (ngiseeddailed) lasAnwidiuaiiienia aumie A
WUNSA-A19 SLELIIAINTTIEAGITINIT AINAIUNIULSITeULArATWeS AR lanodasy

fioglun1iinenasTTuYA wUITL R uatsiRuAunilaiUs i den1deunItnduAs e

(%
<A o

nanigesssuaiiaamiunse - dvainiinndsase Aanuviayeaniiaind

955 IUYIFUINNIINTIRAATIEY ATLAIUNTULT U UVDINIIUDIETIHVIRLALDEAIINT

‘
=

duasedt dauanesdadladdasziiegluntinuinfidvesiadladdasviiatluniniens

595uY1RTLALATIANAI LRI A TRENIINIEUATIEU

462 wWheuiisuaveIn I e NETIRIAT RS AT AE T U AT
dewspuifisuantivesnniainthenesssuend (msedl 4.3) Aunesgiunniias

unmsgun Ui uassidn Ul (e 4.5 wui AanthensssuAnaniieg

sssuvtRiiUSinandontii unmeiiansgu ausiinumdedininnusiinnsgy daueay

FuLsAdauilAuNN IR EINN287e (1BN.521-2527) wae U ukTReuilnfing
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ingesgIunstudnaszdmiuldeniiun1mine19du60%DRC n1atnenadu 30%DRC
wazn1heneana 30%DRC Mdnudauiuduzudaiinuiunuisadouainiminsgiunia

84 (18n.521-2527) é’ﬂwmwwﬁ?mésuaamaé’amiwﬁuaxmmgmmamq

A19199 4.7 1IN5FIUNIENMAENIETUd AR s A mSU LR

= P @ « 1 a 2 o € o ') %
WsuLigy ANIAWASIEY  UBN. 1128714 Uon. N11sTU” daesizrdimsuls
Shear strength (MPa) 3.0 0.22 1.7 a 13b
; 1 2
737 : NIENTNONAIMNTIY, 2527 NIENTWONEIMNTTY, 2530
a ViiNete ATILAUMIUADUNSaU b w1 ARURUURABULEUY

4.8 furufununmandnidasdu

4.8.1 T1A1Y09INgAVLATEISIATYEIE 1N
msiBeuiiiouduyunandanniesssumituniuess  laemsfumsun

mssdnwenithesualasein 3 win nndhesrundfiduseslilduas ey

vila AnsmdunusiailansuiuSunaiiionn vy 33.0 Wesidud

A1599 4.8 1euunsHEnvesingiureInINessuAniinssulsdaseaing

P . IMAuYUN1/Alansy
dstiuauwilyD

ENR LNR NR/PMMA Blend

Liduasifiuaumiles 82.89 51.75 78.25

CR 15 64.91 37.9 60.07

CR 30 55.71 28.75 51.49

CR 45 48.26 20.5 44.4

RS 15 55.47 30.5 50.8

RS 30 38.95 20.15 37.73

RS a5 253 195 21.44

UF 15 57.89 31.19 5322

UF 30 43.33 20.35 39.11

UF 45 31.3 10.25 27.44

ﬁﬂw’iuv!um'ﬂmmaﬁ'a 46.79 24.34 42.86
HUYLIA CR: Coumarone resin, RS: Resorcinol Sumikanol 507A, UF: Urea

formaldehyde resin falavuansUuiuansiin wuae: phr

U CR 15 wuneds n17813ld Coumarone resin TuuSunu 15 phr
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915197 4.8 5111171879 ENR LNR LasNR/PMMA Blend ARainsnendunumas
fmgRunaransialifliluviinm wudnamiesssunaiiind fudsdassaseilddioas
Lﬁummmﬁmmmﬁuwﬂumsmﬁm@am'ﬂmu1:1’/7m@ﬁﬁumaﬁﬁﬂﬁU%Uqﬂmaa%ﬁqﬁgamms
Wupumilos wazwuin ENR ﬁmm(ﬁunumﬂmLa?{aqaﬂdwﬁ%mwﬁmﬁuq 511 46.79 UM

mantansy %ﬁqmdﬂﬁwma LNR taz NR/PMMA Blend winnu 24.34 uag 42.86U1% A1UA6U

(%
' o

N1 ENR ‘v!ﬂsufmmﬂmsLLUi‘fﬁﬁmLLa::U'%mmsuaam3L‘17v'ummmﬁmwudﬁwmqqmwmamsm
yiindug uezn1miiensiiy Cournarone resin FIANFNI mijmaﬁﬁmwaﬁﬁmiﬂ%ﬂia
Iﬂida"{’mﬁﬁmmilﬂmmiﬁmam U Resorcinol Sumikanol 507A waz Urea formaldehye
resin MUY Sanrsldarsifinmnumisaludadiuiiatunuiinsdiaiinaasiiuean

willendawalisamauyulunsednn1iuiens ENR uaz LNR anasmnuis

'
fa o [

UagiunmiililugramnssuldilunmduasisiihidndsUssmasinannigSo-
woiifadlad (Urea formaldehye) Zlorasoddadilanmingaaudilianng engazvinldiennis

uien wduvihenuasdeinlaluiign (U 2533) uenaniudinindayanisndnnig

]
=

winnngie-lesiaflanindnanuidvlulszvdlneg laoddiamsarsiaiindnain
Andszive ludasinisuanlull 2557 Ussanu 86000 ¢u/A taedilddwmiuliinneg fisan
Uszanw 40 viwn/na. nlddmiunssnuseanuiifein1snnuudusgs siangse-vesia
Aladl 60 uw/nn. Tan1IRNeY Aesldsaniu Haedener NEsIANUSEAINM 200 UW/NN. S1ATUTE
d v v ¥ o
WAYYRINIFINEINTIATYTELNM 90 Uv/nn. satiuieauUasndy
nsWRINIseIBNN19InUIsNessuRdnsuldlunudalionawis Tnenigly
Usudsinaniweasn i miensssugdwasnisuiuuelasiasassdie19sssueii
4" o o Qs & e v d‘ 3 2/ ’oj =3
dovinndwivldlunuenamnssueddweslivrmsluunidusnlagldinaasssuend
&, a a o e o o o o a vl
Wuvdnlunisada Ainsusudgsnmunimniiviiniswdsgasivanzanlunisaianid vl
AMAINAILNIATEIUNN lasRnwviauazUTunamesasitielsulanisinfauasaisiis
Anuniialaunasiiuanumiled 3 ¥ia (Coumarone resin, Resorcinol Surmikanol 507A
waz Urea formaldehyde resin) sauvisldansinumauniia 3 afe (udaiugdzuds wilednn
=4 L4 = ‘SI 1 a o :‘)l al 1 %4 ) !;
wilgawazuladnilue) wedidwneiazduasunisiiiieissssuedluldiniouniiaindiens
sssuvRdmiuldlunuialiormislesldmaluladivuzay namdsutanniiaindions
a ) d‘ R 2C% o a = & 1 = L= d“ l QV [ Qs 1 2 o
ssTNAvANAsINsldMYhara1e8unid wu ngduviaisuiny Jsarsiwariidusanelniia
uaiy lutegiuiimandnniiiundusnaisazaty (Water based adhesives) 1103101294
fvinavany (Solvent based adhesives) wsantivilavasy (Hot melt adhesives) Lilasa1n

winsanwaudufivdedlduazduanden Jadonsesssuvidfiilu Water based adhesives

Jaud@nsdadefidon vuwsaiiawazdaveulad nsuiudsdiaunsaldouiunaios ol
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uni 5
Ajunauasdotauanuy

5.1 d@unan1inaass

Mnmsfnwanifivosnmanihessund dweldlunuliormisdy detinnen
thenadiu 60 9%DRC thensdu 30 %DRC thansan 30 %DRC way thonsafu 30 %DRC 3
Usuuglaemsifsansifisaumiin léun wdwiudwends wdstralue ulsbrumiler as@y
ansiiuanmiles 1iud Urea formaldehyde resin Coumarone resin tlagResorcinol fiu
Sumikanol 507 A Taghamegeuandiiane Taun Usunanidents aruuida audunse
-9 5¥BEIAINTWARIYeINYY duUAnuiuniuessdeu dnvurnisiain a1gn1s
dmuiu u,a3ﬁ1Wa§ﬁaﬁiaﬁ§aizﬁag}1unnﬁwwﬁssmwﬁ wui1 Usnandleniavesntith
o9t 60%DRC MAnutlafuduends nazutatramiles 60 uaz 70 phr funahoredu
60%DRC  Tanudet1alnn 50 60 waz 70 phr ANty 60%DRC FAvasiy
Aumisamnuie Tuioudonladideatun Urea formaldehyde natenssssumiil
A dunsa-anelssunm 12 i.;v,EJ.;U,Laaﬂumswmﬁwaqﬂ’n‘\fwmaﬁiimﬂaag:iwﬁw 28 fia
66.5 Junil Tnan1 e 60%DRC dnutlafudruznds 70 phr fA1nnumiingagn 312
cps warsraziiatlunisionds 31.5 Juiil nathessssuwaiiduududatosnit 90 o
damavinlinmannsadendifoniliuazunsndundrlvludolslef wolas nistaaan1afulsl
famuinimiensdu 60%DRC duuilaiudzngs 70 phr 3in151A failure Usuwuadaia
nfulEilFFninesssuadedy Wewdsuieunihensssumatunndanse
AIASEIUNIELAE LT UA AU N the sty 60%DRC TiAnusiudUznds
70 phr fifAnuiunuusadauaIn A IuN s RLaEN s FUd Az iuariia lndlde
funmduasiedt uasildaudununsadouldaumnsgiuamniwnutdildiulisaves
UszinawauuIal (CSA 0112.2-M1977)

Faannnansnaaesimuawuinnahensdy 60%0RC lHnutufudends 70 phr
Wunmfimnzasasziluldlunulinndas leanaudase nmiviiaimiensdy 60%DRC
Aduuaiudends 70 phr eiiesh U lundasnsilidnuaranns ol lunanduei
LLNu%ulﬁayﬂLLGi(;ljax‘lﬁﬂ’liﬁﬂw’lLLﬁSU%UUEQaNﬂJaGiWQ‘] WU A1 pH AMAIUNER dnyuEnISERae
Lazmsunsndmiandy uenvnididesinuitenruduldldlunsimunthul9sundn fasi
qumawwﬂiiMLLdu%ulﬁé’mLLasqmaWﬂﬁmQﬂuaaLmuaﬁazawmmaxmaé’dmﬁ'}:ﬁﬁ Ing
dailfu Green products mMsfauUasgasmataounufiomgnsinzaufumuusasUssan
fifinrmazmnlunisldnuwarnsinfuifoausaudeduiunndanssiazasonasoluly

Wansaiundanas Susniduinsiuaanadsuwazidundnsuniifedastuian
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nsUdudgalastaiiewos NR Tasthwuaudiu PMMA Tibesdiiiamundudaunniu
[esnfinnuannsotuntsBeisdulfanan ity dowFsuiivuivinnsgiugaaimnsau
2878 Wen.521-2527) it wunUinaniionnlivesninfesay 15 Arenuuialitosnia
150-500 cps WazAmnnusuniunoLsudsulidesnin 0.22 MPa MU WUIIN1I99N
NR/PMMA %qﬁﬂ%umeﬁaﬂwaag”Luﬁiaa 25-55% ANAUMiInEYsEning 50-950 cps uazilen
ALUMURBLs udeuaysTUIne 0.8-2.52 MPa anFsuifioutuinnsgiunuinniinanald
fA s uazAATNAU LA douganITiness i vue WAl
setfesnitArfiuinsgiudivug Lﬁaqmmﬂlumuﬁﬂﬁlﬁﬁwmsamﬁmﬂﬂimaqasuaaﬁfwma
iielinannsoiveunsndudluludelilaady Feviliunalianavosiiensdsaalie
Amvinonineisanas drudieaaniiunsa-sisweints NR/PMMA fiAogsening 8-13 dadl
AEINIIN1ENATIEN Urea Formaldehyde Resin %’:dﬁma&ujiwdw 7-9 \flesnnnafies e
feafinmsuiumnuiunsa-sssosaniiuanumiodiduadlulunhendiiilnddes
fuasunsa-mwesnheniielilénnodusadutoulunszurunisnandwhliain g
Wunse-aavesnifindudnion ludrurosdunumsnanszuinn NR wasndansies
WUTIAUNUNITHAAN1IIN NR ﬁﬁﬂ?SU%/UUEQI?W‘NZ‘{%WQQ‘SWQWLQ%‘Uagjjﬁ 54.46 UM Gagenin
SIMVRINITUATIEN ﬂlasjﬂsxmm 20-25 UM 31017390 NR/PMMA Aninsiasuingau
wazarsiadluni1sviinig ‘wmfwm’gmmfwmqﬁlm@mmiLﬁmﬂ’mJmﬁmﬁﬁméfw;w‘hﬂiwma
Pimhenidsanivenunies Sanannisudsvin wasiinauvesasiinaumien N
heassauei Tudaduiivanyan Urea formaldehyde aRAUNY 70/30 NR/UF @13150an
funu 55 uvtw/Alansu TasfidnAnuudausaeamsinfadsnaduiivonsulusnsgramnssy

lugnamnssueiiiaesazdonldn1idaunsien 1wy Urea  Formaldehyde  Resin
Wudngivlumsfinuszarutunu Ssiinssnuseauamuasduaadon witagduduslaaviumn
qualdlaluiFesguam nslimnuddyfundnfusiidu Green Product inndy dufuiitoan
nslénnadansisd lunuddediddtinstaminnmnhesssu Adtermaununisling

FuAs1en W99 MnauiAveIn1191nue9sssuTanle atanuduvnuwsadeulndimeaiu

117 Urea Formaldehyde Resin
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5.2 YaLauatuy

521 msAnvidenavesengnisdaivdeandinuuduseiiAatussainainnduly wa
andvedliiAndundsmninnithensssudy msins udu

522 msﬁmﬁ%’aﬂﬁimamﬂnﬁwmﬂmnmﬂgsumﬁmaaﬁwmaé’ameﬁﬁﬁauﬁ’amm%ﬁzﬂa
wavannsodiuinendls ilerfislszavsninsasnmlildaunasgIumniy

523 msiinsAnwidvdwaresansiiuanniiuazasiiiuauminvdasug fannsadi
ﬁuﬁw&J1alﬁLﬁ'aLﬂuﬂszawﬁmwiumiﬁmamLLazLﬁummLL%@LLiwaamaiwmaﬁsimwaqmrﬂ'ws]
’Lﬁqﬁu

5.2.4 ausnyiAdoanmiululdlunisiinaiossarnaluldlueaavn ssusuiulisa
WAz OREIMNTTUGNUOALNUAITALANYINULAZNIEUATIT tAgLalu Green products

5.2.5 Anw13ITunsaauUaigninisinseuni? Lﬁamqmﬁmm:ﬁauﬁ’m’nmwiaxﬂizmmmn?ja%”u
iiorfinanuazmnlunisldauuasmsdaiuiieannsaud sfuiiunm duesisiuasvsnona

solUludensaAiiundandasurnduinstudanadounazidundnfusiheideatuin
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NTENTNYAMNTTU. 2527, WIATPIWHAASLANGAAMNTTL “N1I88” (Wen. 521-2527).
NTANW
NIENTIPAMNTTY. 2530, IATFIUREAAUFigaamnTsy “nnsudunsied Wludn
wazariilulanadin) dwiulsl (Wen. 360-2528). nyunwe
miﬂiz‘?guﬂiuﬂﬂﬂ. 2557. Urea Formaldehyde Adhesive Resin For Wood
[Furupaulai: http://www forest.go.th/WP_Publications/ 2555, (Gufudlo 2
WOFRAN8Y 2557).
11 Jagusyanu. 2557. [uAuesulad: http//www.radompon.com/resource] Euduidie
16 woAIn1gy 2557).
Tassmswaunaaled. 2557 [@uAussulail: http://www forest go th/adhesive web)]

(Gududlo 6 woednieu 2557).

Insidnnn dnandwidind. 2507, mawieusnsssmmimiudnlaanamlag sl
Usaneaudde aduil 54, pagivendians univendouiing. v 20.

W3 WevasAazany. 2508, lassmsndanninliuaznifalanzaniiessssueni
anwdatlutana anginetmansuazmalulad. Lmingiauaaiuasuns

Snsunsal tunied wavans. 2567, nsiinwuariuUnuawIanTINIENs
sssumiswenladiielilugnamnssuve el augianssumans
UWIINGIRYERUATUATUNS TN WNIRMIN TR,

ATUNT @VFYNINAL 2547, NTATEUNTIENUIN WAL, UnfAndaratn@nwisziu
Ustyayns. azmaluladens. swivedvasaiuaiunsd nenanlaai.

yaysseu T5avte. 2534, UfRnsinalulafihens. auzinemaniuasvalulas
UATINEIFYEUAUATUNS

finrudunu 3ls9u wazalgninau weaeEwy, 2005. NsAnyinavosuaRllooiidens
fnfnuarnsaeneentasniinieunIninessssund. undadovasinAnwssiy
Usyaywis. Agdneimansiazivalulad. uwinedomaluladasuis.

funudung 91591 2508 n1aWa pressure sensitive adhesive 11N1ENNETINER
Weniwusunidudin w.fauing 98 ni '

17 uslnndes. 2543, prgmiaiuuanisUiuusmadaivesn e nendnudsedy
Usues awwmeluladons. auginemansuazivalulat.
UMINYIRUAIVATUASUNT

295591 guinfide. 2503, Malennnuassaun iUt livEaEUl . lenaisusznauns
duiunmlugeamvnssuednduriuiulivsznou. inine1duinensmans

00 wenileg uazae. nswARnIEsIntheadielfuily. aniuidess nsy

JNSAEAS. 2541
mild Bavsziasy. 2548, navesnnauiueaeiialed/lolulvounsoaifues

el



Toweauoaiuanunauwlionwng. Inendwusinermansumnsudin auie
InermansuazimnssuTan wineduauanual
Amssn fSing uwavain fufovea. 2509, mawauInaIntheawsiefiunsiedin,
UMINYIBUAIVATUATUNS TN NIRNIALNEY.
AudansaunANITNEAs. 2557, erdnasygianainuns. absend. [Fuduseulal
http://www.rubbercenter.or¢] (Gudile 30 WEAINNBU 2557).

abnoUszindlng. 2557, andensdszinalng. duaueaulad http://www.thainr.com
@ufwiie 25 uns1ey 2557).

anUuidyeng. 2557, nafivinisinens [@uAueaulad http//www.rubberthai.com]
(Fuduidle 23 fqueu 2557)

giien AU, 2555, BosTIR. Ruiadad 3. Auginermaniuazimalulagnaiunsiy
g9 3071, 208 v,

a3fy dudiedainuazany. 2543, ﬂ’\iLm%‘EJNLLaSBWQﬂWiLﬁUﬂTAWjﬁUN. 11981587948
wedlwas U1 4 atufl 4. wihil 11, anzivenaans. uuiverdvamaiuaiuns

aus wanmanae. 2549. Mawnisunihennnnsilanedesuesnssvatuia
wvAsian. unAnterssinAnwiszauuiygeg. anvmaluladend
IInedvasratuasung Insrantaaiil.

dnnuasugianisinees. 2557, anunanikaziualiidudinunsiddy U 2558,
NIENTANYATUAZEUNTA]
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AMAKNUN 1

1. 41ASFIUNTIATIZRUANAGIULIEN
ANTHMANUINT 1 NSIATIZRUATVAFDULILNT 6195)

nsAassiuammadautingns 11995 U Vnauni1eng (mL)
Unawosdaimue (Total Solid Content: TSC) IS0 124 50-100
Uiauiiostauis (Dry Rubber Content: DRC) SO 126 50-100
Usunauanlindle (Alkalinity as NH3 Content) 1SO 125 50-100
Frnunsalutufisumeld (Volatile Fatty Acid Number) 1SO 506 100-200
Funulnunadoulensonlen (Potassium Hydroxide Number) 1SO 127 100-200
ANLEDESAaUTING (Mechanical Stability Test: MST) 1SO 35 100-200
USuaensduiluieu (Coagulum Content) ISO 706 200-300
Aulunse-ang (pH) 1SO 976 50-100
Aunle (Viscosity) 1SO 1652 600-1,000
UTuauuunilidey (Magnesium Content) RRIT** 50-100

* vaneg: PRRIT Al I5msnadeunuan U Tige 1 (audilviasinunanamnssuenilug)



AANUIN 2

2. mswanansaiiiuihensdedinseisusseiliidnvasadotieaiterinnen
Thenssadnedefd
sadnmanssuiudulugufameddu 50 Wesidudlagldssezinalunis
un (Ball mill) [ ran 72 alas IG]EJI%QMiﬁGWﬁNﬂ’]ﬂNU’mﬁ 2

ATNAIRKUING 2 nsinssumusdulugufameidu

1nvasansiadl Fadrulagruiin .. J3ung
Aszay 50 2.07 24.15
Dispersing agent 1 - -
wulnlus 1 - -
vhndu a8 | a8
FPRY 98 72.15

3. WNTFIUHTANUNYAEINNTSY “N18N” (Wan. 521-2527)
3.1 unileny
aanevosnillunasgundadusionamnssuil ddsdalui
3.1.1 N19874 (rubber-based adhesive) s nmfildaNssIRTTe
g9dunsient wiediisBuludlvliens (resin modifier) {Wud unausie
3.1.2 gaaamials (open tack time) v31883 THHTIAWIUABUINTIE1 T
NuuirTanauiisdssnuintaniinideeiy
3.1.3 gaaaauiaia (drying time) vnefly seozmdausisznuinTanfniy
waranndrudesiislfaunnreuieiaiui
3.1.4 AruAIuRsIasn (peel strength) vinnafi LLiaﬁv‘iwlﬁ‘?ﬁs}ﬁﬁmamﬁuﬁm
nmeLenvievaasenaniy Ineduniusnuiengaoonandndunils mnaenisidnes
vilmasauuaiofionnvedludnuusivuisahuiuwiovimenduiufudlnglfindosds
wiogunsniduladinsziiludnuayd
3.1.5 arudunsadou (shear strength) wunot wssnewhofiuil insevinly
fnn 2 usudsBafintusen1adeunaneanaintu luiimmeuiuiudingefady
3.1.6 uthifu (oil-resistance) ey audivesTaniianusonusonisazans

vsaUfAsenfuiniuvnyila



3.2 AUANYALYDINTIYN
A1519NIARNUINT 3 Qmﬁﬂwmxmqﬂﬁﬂé%amamd

S8NS . LUNANI U
. ARIENYUE o T
7 nlavly AU
1 Wian1a : Seway ludaenin 15 18
2 AMUVa - Uanaiuni (wufiwesd) 1.5895.0 1.0 8950

(1500 fi% 5000) | (1000 §i3 5000)

ALY ; NSUABgNUIARTLRLLAT 0.72 14 0.92 0.72 §4 0.93
ANUAIULTIADN ; TIFURBANUNTIN
25 fiadums hiveunin

(1) Taflduaimdothsu 50 70

(2) nemdanisugin 50 50

(3) nomdanisugisiu - 50
5 ANURMULsLday : Alavrania Ldssnin

(1) Tafldugidorsty 220 550

(2) Anoudansusun 220 330

(3) Mondansusguingiy - 330

711 1 NFENTNONAMNTIY, 2527

4. MATFIUNEAA IR IMNTTH “N1AsTuduasizidwiull” (wen. 521-2527)
2.1 unflenn  prwminevesddldluinmsgusdnfusigramnsui ddsielud

211 nsBuduasien (Synthetic resin) vinedis naildaniludnisdunde
seillutanadnisdu atdhslnedamils vievedetognasuiu

212 #udnsdu (Phenolic resin) mneds sdudnamzisiniludniiléan
nsviuisemnuaiivesiiueaiuvesdadlan

213  aziludardin (Aminoplastic resin) v IsFudiasiziuiinozi]
Tularadnitldanmeviiujisemanivegse nlegidy waniuvdeansuszneusunm
iienfusdidlaethamilndernamn saufufudesdadles

2.1.4 nssafiu (Cold setting adhesive) 1a8fia NTsTUSUATIZATIAIA
wazudemalaffiaamaivies (27 + 2 ssrnwaiua)

NI orldnudeunnndaduiiasamsnsiauasudedalmniduld

215 nisenfau ( Warm setting adhesive) vingis maisdudansziiiag
Fuazudsilddnonmgiiginingumyiivies

2.1.6 &u3In13 ( Glue line) Lﬂu%y’waamaﬁ%awiaawiwﬁwﬁfﬂﬁﬁagﬁmﬁu




2.1.7 sewssaliuuuaiv (Gap joint) vineis seosavesiunadeuiilingiaey
@mé’ﬂwmwaam’;ﬁﬁLmemmLﬁu 0.13 fiadluns

2.1.8 soumaUUUEDIN ( Close joint) vauis seusevesiunaaoufildnsinasy
ANz RN LAY 0.13 faduins

2.1.9 nmldiusesdslinuvain ( Gap-filling adhesive) wunefia N1LsTU
Fumszaiinnzdmiuldlunisiauidoafioveinly Ssensuuvainvdelduuvaivsaiiosty
10 udnmwdndaglimnzdmivumnmiivuniiu 03 fadiwns uenaingynmasszylidu

2.1.10 n1aliusesrawuuadin (Close-contact adhesive) N1Ls8uduATIZAT
winzdmduldiawidoafandinliansavirliiuainlduasuunivuiliiy 0.13 mm

2.2 auaNvAzYaINBsTudLaTIzRdmiulidn

A159NARUINT 4 nsBuduasistdmsullisn (nsyvsenaivnssi, 2530)

UseLnn

AANYIE

sy
YaduAAnuudansieIsounoveIn? - - - 1.7
Lideyni wnunania

AduunSeuvdolonn
FaduAanuudansiveisounaunen? 1.3 0.7 13 -
Lidsonin wmunania

AIIAUNIUABNTYINENEYEIRAUNTE
duAnnuudaussvedsesnavednd 1.6 1.6 1.6 -

litsunin wnuiania

*

winewme - nsduduasiziudesnidu 4 Yssan auanmilentessesneniuiinsgu

1. Useiam n nuuseanmRuienawazien
saudevasnTIMUUREan WALRe N e 9Aun3s Ty uavaudeuluaninusisldies

2. Usslav @ frunmusioiiiien
so8sDYBINMEUTIURBAN AL N ALz B enldRllwinUsEAn N muiuEuldvansd
Lazsu BN T IAIoTe ALV LARDS

3. UsHAv A fuvURBAILEuLaTSUYuRBANWRLTo N elEULnaNg
sousoveInMEuURean MALTe N rldUsTIna 2 B9 3 Twiiu vumuiduldunu
wilivinusziom v vudethdeulusrozianside udlivuseiiden wazduniusionis
Maneveqaunsdla

a. Usziam 1 Mnnelusesrevesnndumusiesibuusdlivusenisyiiaisses
AUNSY



A519A1AKNUINT 4 ANURYR9819 ENR 25

Property ENR 25
Epoxide Level (%) 25
Glass Transition Temp. "0) -47
Density (Mg/m3) 0.97
Solubility Parameter (jme) 0.5 174
Mooney Viscosity (ML 1+4, 100 "C) 70-90
Protein level (mg/g, rubber) 0.0008
Latex allcreen activity 2-4
AFUMARUINT 6 audRveanndaunsiei
Shear % Free
- Viscosity Gel
LYUR % TSC pH strength Formaldehyde
(cps) Time(s) :
(MPa) Content
n UF 60.0 8.72 280.0 60.4 3.0 1.98
wnsgunen | lddes 7-9 1500-5000 - 0.22
N1 15




& o & a
ANFINNIANUINTT 5 ANBULNINNYUATIWIRINIUIYWNETTHTIR

ANHUSNINILNIN
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When looking around us, we would
find chemical substances near by, the
substances that are necessary for us to
depend on by making uses in various
applications. i.e. glue, which is the
substance used to hold 2 materials
together with the strength of adhered
materials sufficient to make use of it in
many works, such as, office automation,
furniture, household furniture, that’s
necessary to use glue to hold together,
especially at present, there has been
expansion in bringing rubber wood to
produce woodwork products, such as,
plywood sheet, plywood fibre, and con-
nected sheet, these are the products
required to use glue. 70% of furniture and
household furniture production factory
made from rubber wood which has more
than 1 hundred factories especially the
assemble sheet factory, such as, PB has
used approx. 3 million m3. It’s popular
to use synthetic glue made from urea
formaldehyde (UF type El or E2) with
value worth several billion baht to buy
synthetic glue material from oversea,
popular synthetic glue often composed
of formaldehyde substance because it
has good properties, easy to use, conve-
nience & inexpensive, but it's also has
some disadvantage points, such as, the
smell of formaldehyde is the problem in
processing because it has released toxic
formaldehyde substance which is
endanger to the tissue to cause irritation
to the eyes, respiration system and to
prepare for market demand according
to the global changing tendency to use
products with FSC certified and to use
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NR liquids glue Characteristic of wetness & adhered 2 material surfaces to stick tegether.
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green products and o help reducing the
foss of trade bulance. So, we should turn

to rescarch & anzlyze new ghie sources
obtained from-natmeal latex o replace
synthetic glue and to develop the glue
quality from natural latex to suit the

working application withou! buyving
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Tunrmminenass suanA 19 phenolic resin,
urea formaldehyde resin, wood rosin HaY
coumarone indene resin MR AISIALAMY
N1i8 (thickener) fin utlafud e nda ulls
1A uay methyl cellulose WU shear
strength [AR13111953711U ASTM D 2339

synthetic glue material from oversea. From
distinguish propertics of natural rubber
that enable to make glue. t.e. natural
rubber has glutinous, well adhered and
water & flame resistance, non-toxic, non-
toxic relcase, casy to find, inexpensive due
to abundant growing in our country, able
to make casily by using latex from planta-
tion to use as glue for envelop sealing,
boxes or containers & paper without
adding any additive. So, it has become
the main analysis topic to produce natural
glue to replace imported synthetic glue
and to reduce the loss of trade balance to
foreigner. To reduce the use of synthetic
glue that has the effect to the environment
& health, together with, Thailand is the
world’s largest NR producer & exporter,
which is considered rubber as main
economic crop of the country that has
earned more than hundred billion baht
to the country. With 0% is exporting in
the form of raw matenal but there's only
10% that has used to make rubber product
with value addition which has similar
exporting value. So, it’s clear that, it's
necessary for Thai to increase the ratio
of value addition products from NR by
developing the reprocessing of NR into
rubber products & others, etc.

For the experiment, 1t’s found that,
NR is able to produce rubber glue for gen-
eral application & quality rubber-wood
works according to rubber glue standard &
enable to implement the glue quality by
changing the type & the amount of tackifier
to improve the stickiness & adhered
strength from natural latex such as,
phenolic resin, urea formaldehyde resin,
wood resin & coumarone resin and the
thickener substance, i.e. tapioca flour,
wheat flour and methyl cellulose. 1t’s
found that, the shear strength value has
the standard ASTM D 2329 and has
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better glue properly zccording to the

amount of tackifier substance and
additional thickener substance. Glue
that used wood resin would have high
water resistance both with soaking in
water and using force to pull out and

soaking in water and let it peeled off. The
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shee-tormutrinT S ST BETOrE Using
would give property on shear strength &
cleavage peel strength higher than
non-cured formula and it would take
shorter time to stiffen than using couma-
rone indene resin. NR &SR liquid glues
bave not much difference in physical
properties,

Rubber wood products that have the
properties of cellulose core as component,
but NR has no core. Therefore, it has to
implement the natural latex structure to have
the core property, such as, epoxy latex,
reducing of molecular weight, fluid rubber
to mix with synthetic glue or natural
latex. it's found that, the implementation
of natural latex glue structure from 25%
natural latex epoxy by changing the type
and the amount of substance has helped
to implement the adhered & thickener
would have cutting force resistance, value
of the peeling force resistance & water
resistance have passed the Thai Industrial
Standard 521-2527. The implementation
of natural latex glue structure by preparing
flutd rubber from NR that has high
molecular weight by chemical method.
The reaction of natural latex to chemical
substance would obtain clean, clear,
colourless & constant structure fluid
rubber with low production cost, enable
to use in making high quality glue with
high pressure resistance.

In future, it’s hoped -that, there will
be the development on research work
to implement the glue quality & price
suitable for applications & to reduce the
use of synthetic glue in other application
as well. To increase the value, increase
rubber product potential, to benefit from
NR would create income to rubber farmers
& the country.
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JAPANESE INDUSTRIAL STANDARD JIS

General testing methods for adhesives K 6833-1994

1.  Scope This Japanese Induth 131 fntanddrd S}}ECIfleS the testing methods cf

general test items for abraswm v B S
adny iy
Remarks: The standards cited in this Standard are listed in Attached
Table 1.
Q\’)ﬂ“uﬁ‘&iﬂ'}«oﬂ OY) N

2. Definitions For the main terms used 111 this Standard, the definitions in
JIS K 680C and JIS K 6900 apply, and the rést 'of the term is as follows. Y4

A ANED Yo vt 0100 )3 4
mamfestﬁltmn of adhesive str engﬁ}‘w Adhesive strength shown at every lapse

of spécified time after adherends were stitked under the condition specified

by the manufacturer of the adhesive referred. to.,
1S, o ey 10

3. Kind of test Kind and iteras of tests shall be as follows:

(1) Tests for general properties

(a) Density

(b) pH

(c) Viscosity ‘

(d) Nonvolatility
(2) Tests for working condition

{a) Working life

(b) Quantity applied
(c) Manifestation of adhesive strength
(d) Storage stability _ scoee @™

e b

(3) Tests for characteristics of adhered layer a
(a) Blocking

(b) Softening temperature

wen
4.  General coudition for test, c
[ABR3 w e
4.1 Temperature and humlé}t} in test room Test roomm shail principally be in
standard temperature condition grade 2 and standard humidity condition grade 2

[temperature 23 + 2°C and reiailve hx;mldlw (50 + o) Yol fspcmﬁed in ,}JXI\S K 7100
0o agne .

The agreement between pari,m&; concerned hewe;ver can nermlt adoptmg
standard temperature condition grade 5 and standald humidity condition grade 20
[temperature 20 4+ 5°C and relative humidity (65 + 20) %] specified in J1IS Z 8703.
In this case, the adopnted temperature and humidity in test room shall be recmd(‘d
in test report.

1N
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Title of Paper (Total = 100 Items)
Carbon Nanotube T-junctions Architecture
Development of Rubberwood Adhesives from Natural Rubber Latex
NATURAL RUBBER [ATEX FOAM
Intercalation of 8-hydroxyquincline into interlayer space of saponite by solid-solid reaction
THE EFFECT OF SILICA FUME ON COMPERSSIVE STRENGTH OF PORTLAND-FLY ASH CONCRETE
INFLUENCE OF FLAME RETARDANT ON FLOTATION OF ABS IN WATER
PROPERTIES OF Mn-DOPED 0.95Na0.5K0.5Nb03 - 0.05LiTa03 LEAD-FREE CERAMICS
GENERATING HYDROPHOBIC FIBER MATS BY ELECTROSPINNING OF POLY(VINYL ALCOHOL) AND
SILANIZATION

Modification of Multi-walled carbon nanotubes to enhance Fe(I1I) adsorption

Application of Power Ultrasonic in Production of Biodiesel from Jatropha oil

Microstructures and Mechanical properties of Heat Treated Aluminium alloy 6063

Hydrogenation of Crude Soybean Biodiesel using Pd on supported Zeolite-A as catalyst

Straight Joint Butt Resistance Welding of Aluminium Alloys

WATER DISPERSIBLE MAGNETITE NANOPARTICLES STABILIZED WITH POLY (ETHYLENE GLYCOL)
METHYL ETHER-b-POLY(?-CAPROLACTONE) COPOLYMERS AND ITS DRUG-RELEASED BEHAVIOR

SURFACE-INITIATED ATOMIC TRANSFER RADICAL POLYMERIZATION (ATRP) IN THE SYNTHESIS OF
POLY(TERT-BUTYL ACRYLATE)/MAGNETITE NANOPARTICLES

DISPERSION OF MAGNITITE NANOPARTICLES STABILIZED WITH METHOXY POLY(ETHYLENE GLYCOL)-
POLYESTER BLOCK COPOLYMER IN AQUEQUS SOLOTION : EFFECT OF COPOLYMER COMPOSITION AND
ITS MOLECULAR WEIGHT

INTERPENETRATING POLYMER NETWORKS OF POLYDIMETHYLSILOXANE /CHITOSAN HYDROGELS

SYNTHESIS OF WATER DISPERSIBLE MAGNETITE NANOPARTICLES BY ONE-POT THERMAL
DECOMPOSITION REACTION
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E E0056 DIELECTRIC PRUPERTIES OF (Zn,Mg)Ti0, CERAMICS

Pacharaporm Yabu,' Prachst Elemetstions,| Terdtoon Dumrongrittarnatt,” Nikom Choosigi?

"Department of Physics, Faculty of Screnee Thaksin University, Songkhla 90000, Email: prachité@isu.ac th
*Sciencetific Equipment Centgn, Fance of Sengkla Univerity, Songkhla 90110

Abstruct: The ceramics (Zny Mg, TiOy where x = 0.0, 0.1, 0.2 and 0.3 are prepared using conventional
solid state reaction methad. Microstructure and diclectric propetties of these ceramics were characterized.
The result show that the crystal structure of the ceramic are cubic. The average gram size of the ceramics are
3,2, 2 and 3 micron when x= 0.0, 0.1, 0.2 and 0.3 respectively, The maximum value of conlraction, density

and e minlasn-relative-porssity-ratueotthese Teramies Were To0ad 4l X - 0.2, The dielectrie values of the
ceramics are large at 800 kHz and these diclectric value are 43,33, 29.77 and 33.4 when x + 0.0, 0.1 and 0.3
respectively. At the | MHz, the ceramic dielectric is 47.81 when x = 0.2, [t was alse found that the dielectric
loss tangent values would be increased when & lemperature was increasing at every frequency
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Abstract: In this article, we theoretically studied the complicated T-junction architecture of stngle-walled
carbon nanotubes constructed from fusion of two different-diameter nanctubes. This T-junction oceurs at the
irterface between joming zigzag (n,0) nanotube onto the wbe wall of zigzag (9.0) nanowbe. In other words,

Apzag (9.0) nanotwbe is fixed, while the jouung zigzag (#.0) nanotube has 2 varving value of # [rom 3 o
10, Practically, thet9 03p40,0) T-junctions are constiucted by tnsertion of pentagon, heptagon, and their pair
defects into the perfect hexagonal lattice. The tubule length of T-junction was also varied by adding numbers
of cyclacene up to | unit cell. In the present study, the structural and electronic properties of (9,034(a,03 T-
junction models was investigated using molecular mechanics (MM+ pacametenization) and semi-cmpirical
AMI techniques. The study shows that nanotube diameter and its length have an mpodunt role on the
HOMO-LUMO energy and energy pap.

E _E0058 DEVELOPMENT OF RUBBERWOOD ADHESIVES FROM NATURAL RUBBER LATEX
Sunisa Suchat
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Prince of Songkla University, Surat Thani Campus, Thailand. Email: sunisa.su@psu.ac.th

Abstract: This research was study and development of rubberwood adhesive from natural rubber latex and
modified natural rubber latex (NRLY, experiment to produce NRL adhesive for application and quality
rubberwood work accordisig lo standard and enable to implement the adhesive quality by changing the type
and the amount of tackifiers and thickeners and it has to implement the natural rubber fatex strosture to have
the polar property, such as 25%mol epoxidized natural rabber (ENR), it was prepared fram reaction ol an
epoxidation of 90% formuic actd solution and 30% hydrogenperoxide solution at 35-60°C for & hours, and

reducing of molecular weight, such as liquid natural rubber (LNR),it was prepared from polymerization of

NRL by 1% pheayifiydrazine. So that propped a chain of melecule unt viscosity is low and fluld at room
temperatyre or inferior than 100°C. It was found epoxy group on natural rubber molecule was determined
by absarbance measurement using FT-IR spectrophotometer and GPC-SA. Expenimuent o produce NRL
adhesive (o improve the stickiness and adherent strength which was not filled tackifiers and thickeners,
filled tackifiers and filled thickeners. The kinds of tackifiers were phenolic resin, and urca formaldebyde
resin were varied quantity; 15, 30 and 45 phr per tackifiers. The kinds of thickeners were tapioca starch,
wheat starch and methy! cellulose which were varied quantity, 5, 16 and 15 plr per thickeners. The study
properties of NRL adhesives, found that; it had total solid content, pH value, viscosity value, deying time,
water resistance and shear strength have passed the Thai standard for riubber-based adhesive. The result
comparison properties of NRL adhesive and synthesis adhesives. Found that synthiesis adlesives had less
total solid content than NRL adhesive, but higher viscosity and shear strength than NRL adhesive.
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Abstract:
This research was study and development of rubberwood adhesive from natural rubbcr latex
and modified natural rubber latex M experiment to produce Y

application and quality rubberwood work according to standard and enable to implement the
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adhesive quality by changing the type and the amount of tackifiers and thickeners and it has
to implement the natural rubber latex structure to have the polar property, such as 25%mol
epoxidized natural rubber ENRy,-it was prepared from reaction of an epoxidation of 90%
formaic acid solution and 50% hydrogenperoxide solution at 55-60°C for 8 hours, and
reducing of molecular weight, such as liquid natural rubber (LNR),it was prepared from

polymerization _of NRI. by 10% phenylhydrazine, So that propped a chain of molecule until
AL phenyiny }

viscosity is low and fluid at room temperature or inferior than 100°C. It was found epoxy
group on natural rubber molecule was determined by absorbance measurement using FT-IR
spectrophotometer and GPC-SA. Experiment to produce NRL adhesive to improve the
stickiness and adherent strength which was not filled tackifiers and thickeners, filled
tackifiers and filled thickeners. The kinds of tackifiers were phenolic resin, and urea
formaldehyde resin were varied quantity; 15, 30 and 45 phr per tackifiers. The kinds of
thickeners were tapioca starch, wheat starch and methyl cellulose which were varied quantity;
5, 10 and 15 phr per thickeners. The study properties of NRL adhesives, found that; it had
total solid content, pH value, viscosity value, drying time, water resistance and shear strength
have passed the Thai standard for rubber-based adhesive. The result comparison properties of
NRL adhesive and synthesis adhesives. Found that synthesis adhesives had less total solid
content than NRL adhesive, but higher viscosity and shear strength than NRL adhesive,

Introduction:

Since 1997 to 2006, Thailand has been the first producer of natural rubber with an estimated
total output of 2.89 million tons in 2006. Fortunately, intends to develop adhesive products
from natural rubber latex material resources to cut importation of adhesive products and to
increase from 10% to 20% the ratio of raw natural rubber used in rubber products in
Thailand, instead of the current exportation of 90% as raw material, a major export
commodity. Rubberwood is the timber of rubber tree. This provides substantial additional
incomes for the farmers at the time of rubber replanting every 25-30 years. It is considered as
a high quality eco-friendly wood. 70% of furniture production factory made from
rubberwood. It is now one of the major resource for making furniture for export and for the
production of panel product such as particleboards and other products. It’s popular to uses
synthetic adhesive such as urea formaldehyde (UF type E, E; or Eg) with value worth several
billion baht to buy synthetic adhesive from oversea. But urea formaldehyde is toxic and has
an impact on environment pollution. Many countries have banned its use. Adhesive have been
extensively used in human life for a long time, not only by various industries but also in
domestic life. Therefore, a market value of adhesive is very important. The production and
use of adhesives including associated products is a major industry around the world.
Approximately ten billions pounds of adhesives, with a market value of about five billion
dollars, are produced annually in the U.S. By comparison, Thailand alone represents a market
of half million dollars. A Thaibuild.com web-site investigation for Thailand shows that 148
companies are dealing with adhesives. The majority of these companies are not producers but
distributors. Most adhesives are consumed in two forms, natural and synthetic adhesive.
Synthetic adhesives are one hundred percent imported products while natural adhesives are
mostly produced in Thailand, although still some being imported but not as much as for the
synthetic adhesive type. Nowadays, synthetic adhesives can be performed only in a simple
process as it is used in the rubberwood industry but need the import of raw materials. As far
as we know, few manufactures are currently using natural rubber latex as adhesive.
However, NRL adhesive isn’t used in rubberwood industry. Since the main industry that
consumes adhesives in Thailand is the rubberwood industry, it is wise to target this sector as
a possible opportunity for incorporating more natural latex based adhesives. To achieve this
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goal there is a need for new fundamental science studies to insure reliability and long term
durability of adhesives prepared from NRL. Perhaps the most fundamental issue is
quantification of the interface, associated effect of moisture intrusion and - possible
improvements from chemical modification. Apart from that, it will increase natural rubber
uses in Thailand as well as to increase income in the field of rubber technology for the Thai
industry. This will promote a cooperative atmosphere which promotes and sustains industrial

development, ccononiic growih and environmen{al well being of the nation,

Methodology:

The scheduled project activities will be the following:

1. Samples preparation: Three basic types of samples preparation :
1.1 Concentrate latex
1.2 Modification natural rubber latex for adhesives applications (ENR and LNR)
1.3 Synthetic adhesives (UF) for comparative adhesion properties

2. Adhesive formulation

Table 1 Suitable formular adhesive, mixing additive into latex

Components Ratio of Dry weight | Ratio of Wet weight
60% Concentrate Latex (ENR or LNR) {100.0 167.0

50% Sulphur 2.0 4.0

50% ZDC 1.0 2.0

20% Potassium Oleate 3.0 15.0

10% Bentonite 6.0 60.0

50% ZnO 2.0 4.0

50% Wingstay L 1.0 2.0

10% Potassium hydroxide 3.0 30.0

50% Tackifier® or thickener** varies ratio varies ratio

Remark: * Type of tackifier (Phenolic resin and Ureaform aldehyde resin)
Ratio of tackifie are varies : 15 phr, 30 phr, and 45 phr
** Type of thickener (Tapioca starch, Wheat starch and Methyl cellulose)
Ratio of thickener are varies : 5 phr, 10 phr, and 15 phr
3. Adhesion properties
3.1 Latex characterization (Appearance: viscosity, pH, total solid content)
3.2 Physical properties test of adhcsives (Appcearance: viscosity, pil, total solid content)
3.3 Drying time of adhesives
4, Strength of rubberwood adhesives (Shear properties)
5. Comparative adhesion properties of synthetic adhesives and NRL adhesives

Results, Discussion and Conclusion:

This project was study ENR, LNR and NRL adhesives for rubberwood which was not filled
tackifiers and thickeners, filled tackifiers and filled thickeners. The kinds of tackifiers were
Phenolic resin, Urea formaldehyde resin and Wood rosin which were varied quantity; 15, 30
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and 45 phr per tackifiers. The kinds of thickeners were Tapioca starch,Wheat starch and
Methyl cellulose which were varied quantity;5,10,15phr per thickeners.Results show in table2

Table 2 - Comparative properties of synthetic adhesives and NRL adhesives

Type of Adhesive TSC | pH | Viscosity| Drying time | Shearstrength
(%) ©ps) (min) (MPa)

NR adhesives 56.40 112770 | 74.30 53 0.15
(UF;Ureaformaldehyde adhesive) 33 7.65 175.00 50 1.33
Tackifier -Phenolic resin

15 phr 5240 |12.07|72.30 29 0.54

30 phr 56.10 | 12.20 | 56.60 25 0.62

45 phr 54.70 | 12.25}52.00 24 0.64
-Ureaform aldehyde resin

15 phr 55.70 | 12.04 | 84.10 89 0.17

30 phr 53.60 | 11.84|85.10 82 0.34

45 phr 52.10 1 11.65188.10 81 0.48
Thickener; -Tapioca starch,

5 phr 5520 112261 94.50 66 0.93

10 phr 57.80 |12.27]100.00 |54 0.96

15 phr 59.50 |12.241157.20 | Sl 0.80
-Wheat starch

S phr 55.80 | 11.73 [ 75.90 24 0.32

10 phr 55.80 | 12.46 | 83.40 26 0.34

15 phr 59.00 |12.22|90.30 29 0.35
-Methyl cellulose

5 phr 59.50 |112.64 | 83.40 23 0.25

10 phr 60.30 |12.62{197.00 |24 0.59

15 phr 61.20 |12.601136.20 |27 0.67

Preparation of modified natural rubber latex for rubberwood adhesive. Could be prepared 2
types of modified natural rubber latex , i.e. ENR and LNR. ENR was prepared from reaction
of an epoxidation of 90% formaic acid solution and 50% hydrogenperoxide solution at 55-60
°C for 8 hours. It was found epoxy group on natural rubber molecule was determined by
absorbance measurement using FT-IR spectrophotometer, found that the wavenumber has
absorbance of epoxy at 870 cm’™, calculate absorbance ratio find % mol of epoxidize is 25%
mol epoxy. LNR was prepared from polymerization of NRL by 10% Phenyihydrazine. So that
propped 4 chain of molecule until viscosity is low and fuild at room temperature or inferior
than 100 °C. Molecule weight of LNR 83,323 measurement using GPC-SA. Adhesive was
prepared from ENR and LNR varies type of tackifier, i.e. phenolic resin, urea formaldehyde
resin, which were very quantity 15, 30, 45 phr per tackifier respectively. Results;

Table 3 Comparative propertics of synthetic adhesives and ENR and LNR adhesives

TSC
(%)

pH | Viscosity

©ps)

Type of Adhesive Drying time| Shearstrength

(MPa)

(min)
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ENR adhesives 3052 | 876 2859 16 0.15
(UF;Urea formaldehyde adhesive)} 33.00 | 7.65 | 600.00 |50 1.33
Tackifier; Phenolic resin 15 phr | 28.14 18.91 |32.00 8 0.39
30 phr | 29.56 847 |44.06 12 0.51

45 phr |30.64 18.67 |45.53 11 0.46

Ureaform aldehyde resin 15 phr 1 33.96 | 8.50 | 462.10 |24 0.62
30 phr { 31.09 | 7.00 }998.10 |27 1.58

45 phr [ 3042 1679 |429.50 |20 0.46

LNR adhesives 42.82 1853 |88.00 73 0.11
Tackifier; Phenolic resin 15 phr | 49.70 | 10.36 | 43.20 84 0.25
30 phr | 51.68 {10.40]46.60 78 0.30

45 phr |49.28 |10.4442.50 93 0.36

-Ureaform aldehyde resin 15 phr | 51.47 | 10.24} 41.20 24 0.31
30 phr {5159 1998 |42.00 28 0.59

45 phr | 5586 | 10.17{41.80 29 0.62

This project was study natural rubber latex adhesives for rubber wood which was not filled
tackifiers and thickeners, filled tackifiers and filled thickeners. The kinds of tackifiers were
Phenolic resin, Urea formaldehyde resin which were varied quantity; 15, 30 and 45 phr per
tackifiers. The kinds of thickeners were Tapioca starch, Wheat starch and Methyl cellulose
which were varied quantity; S, 10 and IS5 phr per thickeners. The study of modified natural
rubber latex for wood adhesive. Could be prepared 2 types of modified natural rubber latex ,
i.e. prepared of epoxidized natural rubber (ENR) and liquied rubber (LNR). ENR was prepared

from reaction of an epoxidation of 90% formaic acid solution and 50% hydrogenperoxide
solution at 55-60 °C for 8 hours. It’s found epoxy group on natural rubber molecule was
determined by absorbance measurement using FT-IR spectrophotometer, found that the
wavenumber has absorbance of epoxy at 870 cm™, calculate absorbance ratio find % mol of
epoxidize is 25% mol epoxy. LNR was prepared from polymerization of natural rubber
by 10% Phenylhydrazine. So that propped a chain of molecule until viscosity is low and fuild

at room temperature or inferior than 100 °C. Adhesive was prepared from ENR, LNR varies
type of tackifier, i.e. phenolic resin, urea formaldehyde resin and wood rosin, which were
very quantity 15, 30 and 45 phr per tackifier respectively. The study properties of natural
rubber latex adhesives and synthesis adhesives such as total solid content, pH value, viscosity
value, water resistance and shear strength. The result of comparison with standard for rubber-
based adhesive. Found that natural rubber latex adhesives had more total solid content than
standard, in line standard and shear strength of natural rubber latex adhesives which was not
filled tackificrs and thickeners; 0.15 MPa which was less shear strength than standard. The
shear strength of adhesives which was filled phenolic resin, urea formaldehyde resin, methyl
cellulose, tapioca starch and wheat starch was 0.62, 0.48, 0.29, 0.59, 0.96,0.34 MPa
respectively which was higher than standard. The result comparison properties of natural
rubber latex adhesives and synthesis adhesives. Found that synthesis adhesives had less total
solid content than natural rubber latex adhesives, but less higher viscosity and shear strength
than natural rubber latex adhesives. The study of modified natural rubber latex for wood
adhesive. Could be prepared 2 types of modified natural rubber latex , i.e. prepared of
epoxidized natural rubber (ENR) and liquied rubber (LNR). ENR was prepared from reaction
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of epoxidation of formaic acid and hydrogenperoxide. It was found epoxy group on natural
rubber molecule was determined by absorbance measurement used FT-IR spectrophotometer.
LNR was prepared from polymerization ol natural rubber by 10% phenylhydrazine. So that
propped a chain of molecule until viscosity is low and fluid at room temperature,inferior than
100°C. Adhesive was prepared from ENR, LNR varies type of tackifier, i.e. phenolic resin,
urca formaldehvde resin, which were very quantity 15, 30, 45 phr per tackifier respectively.

The study properties of modified natural rubber latex for wood adhesive such as shear
strength, total solid contant, pH, viscosity, water resistanec and drying time. Found that, ENR
latex adhesive which added urea formaldehyde resin 30 phr cause of it had viscosity during
998-1,320 cps, shear strength was 1.58 MPa that in line Standard for rubber-based adhesive,
pH during 6.7-7.0 and total solid contant during 30.45-31.09%. Adhesive was prepared from
LNR added urca formaldehyde 45phr. Shear strength was 0.62 MPa that in line standard for
rubber-based adhesive, pH during 10.00-10.65, total solid contant (%TSC) during 45.50-

55.86% and viscosity during 40.00-43.50 cps. Compare this with that property natural rubber
latex adhesive and synthesis adhesive find an ENR latex adhesive which added urea
formaldehyde resin 30 phr was more viscosity and shear strength than it.
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Abstract. Both commercial cntities and the government have expressed interest in safe and
environ- mentally friendly adhesives, ECO-adhesives, containing no volatile harmful or toxic
chemicals. In the wood industries, currently common adhesives such as urea formaldehyde (UF),
phenol formaldehyde (PF) release formaldehyde vapors that are a human health concern, with
unpleasant odor. We examined the potential of modified natural rubber latexes (MNRL) for use as
ECO-adhesives. Three latex types were used, namely epoxidized natural rubber (ENR), liquid
natural rubber (LNR), and NR/PMMA blend. The MNRL was characterized by FT-IR, NMR, and
GPC. The proportion of tackifying agent to the dry weight of latex was varied in the range 0 to 60
phr. It was found that the MNRL uniformly mixed in the latex form. All MNRL adhesives would
have passed the Thai standard for rubber-based adhesives, based on their: total solids content
(TSC), pH, viscosily, shear strength, and emissions of formaldehyde. Up to 30% fraction of
tackifying agent, tack and shear strength increased with its content. Compared to a commercial UF
adhesive, the MNRL had lower emissions of formaldchyde vapors, lower shear strength, but higher
TSC, and higher viscosity. In summary, for sclect wood applications with moderate bond shear
demands, these new rubber based adhesives could provide a health conscious and non-toxic
alternative, with the further advantage of low odor.

Introduction

With increasing environmental and forest protection concerns, a search is on for alternative
wood material sources. Construction work consumes a large amount of wood materials, and global
wood products manufacturing totals about 900 tons per year [1]. Formaldehyde based resins have
becn widely used in wood products manufacturing [2], but formaldehyde is a volatile and toxic
gaseous contaminant, possibly carcinogenic, that these wood products tend to emit during
manufacturing and service life. Human exposure -appears to increase the risk of contracting tung or
nasal cancer [1], and many countries have banned the use of these resins. Also formaldehyde
emissions and worker’s exposure at a manufacturing site are major health and environmental safety
concerns. To counter these concerns, attempts have been made to develop novel polymeric
adhesives from new source materials such as natural rubber (NR). NR is generally available as a
light brown, slightly viscous latex suspension. It has good water and mold resistance, and low or no
toxicity so 1t is suited also for medical applications [2, 3]. NR has been widely used in adhesives
particularly for non-polar adherends, or when high mechanical strength is required {4]. However,
wood materials contain a variety of highly polar ingredients, including cellulose and lignin, and
polar adhesives are more suitable for wood products. On polar wood surfaces, modifications such as
ENR, NR/poly (methyl methacrylate) (PMMA) blend, and LNR may perform better than
unmodified NR adhesives. Rubber wood composites have been prepared using latex adhesive in a
hot pressing process [4, 5], and rubber wood is a major wood material source in southern Thailand.
Therefore, the objective of this study was to determine the performance of NR based adhesives in
rubber wood applications. The adhesion of NR based adhesives has been improved by modifying
the polarity of NR and by reducing its molecular weight [3). Preparation of rubber wood adhesives
from NR is particularly appropriate for local use in Thailand, but this type of adhesives might more
widely replace formaldehyde based resins.

Alf rights reserved. No parl of conlents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.tp.rel. (1D: 202.12.73.793-10/01/14,09:51:20)
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Experimental Procedure

Materials. Unmodilied NR was in the form of 60% concentrate latex. The types of modificd NR
used were ENR latex with 25% molc of cpoxide (ENR 25), LNR, and NR/PMMA (Heveagraft 505)
blend. A commercial grade synthetic adhesive (UF) was used as control or bascline for
COMPATISONS.

Sample preparation. The 60% concentrated latex; HA was used for synthesis on preparation of
MNRL,;

-ENR (ENR 25). The non-ionic surfactant, used to stabilize the latex during epoxidation, was 10%
Teric16A/29 (alkylphenol cthoxylate). The reactant was 90% formic acid, and a 50% hydrogen
peroxide solution was uscd as co-reactant, in synthesis reactions at 60°C for 8 hours to prepare
ENR.

- LNR. The LNR was prepared from depolymerization of NR by 10% Phenylhydrazine under
oxygen. The mixture was continously stirred and heated in a 60°C bath for at least 24 hours, until
the viscosity became low and the product remained in liquid form at room temperature.

- NR/PMMA blend. An emulsion polymerization process was used. An aqueous ammonia solution
was added to the latex, and the mixture was stirred thoroughly. The hydroxide and oleic acid were
mixed with polymer, and this solution was added to the latex slowly with stirring and mixing
continued for 15 minutes. Then the mixture was left to stand for 18 hours, to allow completion of
polymerization.

Oxidizing agents were used to reduce the molecular weight (Mw) of MNRL molecules, by
oxidative degradation. Latex was mixed with 1 phr of K;S,04 and 15 phr of propanal, and shaken at
60°C. The MNRLSs were characterized by FT-IR, NMR, and molecular weight analyses by GPC.
Adhesive preparation

NR latex based adhesives were prepared with the compounding formulation shown in Table 1.
The mixture was stirred for 30 min and then kept at room temperature for about 24 hours prior to
testing.

Table 1 Formulation of latex based adhesives

Ingredients Dry weight (phr) Wet weight
60% Concentrate Latex' 100.0 167.0
50% Sulphur 2.0 4.0
50% ZDC 1.0 2.0
20% Potassium Oleate 3.0 15.0
10% Bentonite 6.0 60.0
50% ZnO 20 4.0
50% Wingstay L 1.0 2.0
10% Potassium hydroxide 3.0 30.0
50% Thickeners (Tapioca starch) 15.0 30.0
50% Tackifier’ varies varies

Remark: "ENR or LNR, or NR/PMMA blend * Tackifier (coumarone inden resin) varies ratio: 0, 15, 30 and 60 phr

Adhesive properties

To characterize the adhesives, we determined their TSC, pH, viscosity, gel time (TISI's
Standards 521-2527), shear strength (JIS K6850-1994), formaldehyde emissions (DIN ENI120-
1991; European).
Data analysis

The effect of the modified natural rubber latexes type for use as ECO-adhesives was studied by
an analysis of variance (ANOVA). The calculations were carried out with XLSTAT 7.1 software.

Results and Discussion

It was found that the MNRL adhesives mixed uniformly in latex form. In MNRLs found FTIR
absorbance peaks were observed at wavenumbers for =C-H cis: 836, CH,: 2956, 1446, and for CHj:
2956, 1377 cm’. Additionally, NR/PMMA blend showed absorption at 1730, 1140 cm’'
corresponding to >C=0, C-0 groups in the methacrylate chain. Fig.] shows an example the FTIR
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spectra of ENR added coumarone indene resin. Peak around ~3034 cm’™ showed C-H stretching of
the alkenes group. Broad peak in the region --3450 em’! is associated with the_presence of hivdroxyl
groups. With the increasc in the coumarone indenc resin concentration, the hydroxyl group of the
rubber shows red shift in its peak frequency and this can be attributed to the interaction between the

hydroxyl group and epoxy group of the resin. Peak at ~2969 cm” and ~2856 cm” are due to

asymrretricmrd-symmetricstretching—~vitrationrof methyCCHEy—amd-methylene (=CH: Tronp
respectively. Absorption bands at 1455 cm™, 1376 cm™ are characteristic peaks of -C-H bending
vibrations of -CH, and -CH; group respectively. The C-O-C asymmetric stretching of epoxide
showed strong absorption cross section in the region 870 cm™. Peaks at 1615 cm™ clearly indicates
aromatic ring pattern which gradually get intensify on increasing concen- tration of tackifier.
Absorption peak at 735 com” benzene and 870 cm™ is the presence of epoxy group.
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Fig. 1 FTIR spectra of ENR 25 added the coumarone indene resin

"H-NMR spectrum, it can be seen that all types of rubber show the chemical shifts at 5.1 ppm
which correspond to the signal of =CH protons in the isoprene unit. As compared to NR, it is seen
that the new peaks appear at the chemical shifts of 2.7, 3.5 ppm are assigned to the signals of
oxyrance (-OCH), and methoxy (-OCH;) protons in ENR and NR/PMMA blend molecules,
respectively.

Mw of ENR, LNR and NR/PMMA blend were 1058, 83, 667 kg/mole, respectively, GPC
measured.

MNRL adhesives had 44-65% TSC, 40-320 cps viscosity, pH 10-f1, and excecding TISI
standards for rubber-based adhesives. Shear strengths and formaldehyde emissions are shown Table
2.

Table 2 the shear strengths and formaldchyde emissions had no significantly different across the
3 different types of MNRL, shear strengths in the range 0.9-1.95 MPa with added coumarone inden
resin
Table 2 Shear strengths, formaldehyde emissions of NR adhesives, along with UF as bascline
control

Coumarone inden Shear strength (MPa) Formaldehyde emission (% by mass)
resin (phr) ENR LNR NR/PMMA ENR LNR NR/PMMA
0 0.63+0.40° 0.55+0.15° 0.51+0.35¢ 0.15+0.10° | 0.16£0.09° 0.20+0.1¢0¢
15 1.2240.25° 0.90+0.35° 0.96+0.20° 0.36+0.15° 0.26£0.17¢ 0.24+0.09°
30 1.95+0.10° 1.26+0.20° 1.35£0.10° 0.50£0.12° 0.450.15° 0.52:+0.13°
60 1.18+0.20° 0.93+0.20° 0.8940.20° 0.85+0.19° 0.7840.10* 0.8940.21%
UF 3.05+0.20 1.9810.27

Tl s - o ) T o T : ;
e Different superscript letter within a given columm indicates statistically significant difference according fo ANOVA

(p>0.05).

Values given as Mean + SD based on triplicate determinations.
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remaining below the JIS standard and a commercial UF adhesive. NR adhesive emitted
formaldehyde less than 0.2%. MNRL adhesives 15 until 30 phr tackifier had F; less than 0.5%,
which is acceptable.

Fig. 2 shows an illustrative of MNRL adhesive, interphase and an example of bondline thickness
on rubberwood. Composites are bonded in aerospace structures the adhesive is generally a film,

e gfe-on-a-woad—textie-base—Fhisenables—constant-hondhne thickress—trad—an attects—to jk}illi
strength and fracture mechanics, and needs to be controlled. Typically, bondline thickness
increases, shear strength increases up to a maximum, and this has been explained in terms of an
adhesive plastic zone.

. e gl e ok

Rubbenwond MNRL adhesive Pentration and interprase 6f MNRL adhesive on wood surface

Fig. 2 Photos illustrative of NR adhesive bonding of rubberwood
Summary

The synthesized polar NR based adhesives with low Mw, which are suited for bonding rubber
wood. The wood surfaces contain highly polar chemical components, such as cellulose and lignin.
The NR adhesives with coumarone inden resin had high-quality adhesive properties in compliance
with TISI’s standard for rubber-based adhesives. For up to 30% tackifying agent additions, tack,
shear strength increased with the addition. Compared to a commercial UF adhesive, MNRLs had
lower; emissions of formaldehyde vapors (<0.5%), shear strength (<1.95 MPa), higher; TSC
(>30%), viscosity (=200 cps). The synthesized ECO-adhesives without volatile harmful or toxic
chemicals, in particular with low free formaldehyde emissions, appear suited for wood products
requiring medium strength adhesive bonds, especially indoors uses formaldehyde emissions would
be of high concern with conventional adhesives.
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