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MELAMINE RECYCLED FORMING TEMPERATURE WATER ABSORRDN

Melamine formaldehyde resin is one of the mostrtiteetting plastic used for
tableware such as plates, dishes, spoons, cupt étcwell-known that the polymer
melamine has excellent hardness and high thernwmtaece properties. In the
manufacturing process, melamine formaldehyde ress compressed and heated
simultaneously to form into the desired shape bynm@ssion molding. After
compression process the melamine product were mpeefb and scrap or waste
melamine had generated, which cannot be reformeceused. The waste disposal
might be done by using landfills or burning in amcinerator that leads to the
environmental problems and wastage cost for digpdsas this study was aimed to
recycled melamine. The recycled melamine was grdongarticle and sieving. The
recycled melamine was used for admixture with wirgielamine at various mixing
ratios. The admixture was form by hot molding wdifferent forming temperature for
mechanical test. Therefore, this study was aimedvasstigating influence of forming
temperature and water absorption of recycled natérom waste melamine. The
experimental results revealed that the 3-point lmgpdcompression and impact
properties were improved after water absorptione Thsults of 180°C forming

temperature yielded flexural properties better th&é@°C forming temperature. On the



other hand 160°C forming temperature were shown pcession and impact

properties higher than the other one.
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Uszanstininnai 2 nguludnymzvesnnunlsau Taelitoulvndoyan laninngu
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a d = a J
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I a 4 Aa J
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@ v J 1 @ a A @ Y v A @ @ = v A ~
ANUFURUT szrnIndlsdaszrseanlsauanfeInuanlsmuieadnned Tagiaa
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[

a A % 9 1 [ [] v o a a A o 9
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a v d' d' Y
2.8 UNNYIVD
Y= o @ Y 1 =
Panyakapo, P., and Panyakapo, M. (2008) lamneimsinavin g lviveusyvoude
o o < J o o U
wariulaginuasazihuuiuaiunaulunsineuniauiaw A2e8As1EIUMTHEAY
annuienlisuieuguauian155uIsINa (Compressive) LAZAMUHULUY (Dry density)
FanuauAv0INIUNI ANIALINABINIABITANUNUILHUA LA S DU I0R luA1NooNT U
9/& a o J =S A A 9 o 91@9’ = 1
& FawamsIvenuinapveadamartiuinaudn 1z v sunaasulianuruunivanas
v Ao Y Y ] = o ] I = AN Y3 o
ualuvarisuusanalddssausuiaednu eg1elsnauasuniauiawnnlanginsaniy
WATFIUVBI ASTM C129-05 Type 11
. Yeg = ¥ a @ a A P
Akil, HM., et al. (2009) laAnuinmsgaduivesnododimasnon Tnanasunsidig
Y y 12 ¥ o 3 Aa 3
wduledenszin Taelaussunaaeuluiinay, dingia wazansazaiensnesdan (dunan 3
o 4 (91}/ 1 A ¥ [ [
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o A = 3 K 2 A ¥ g a = ¥ yyw
usInagaanalenIgaduihInIu nagsunageuiusluhnauaziimsgaduii laun
A Y 1 1 2 =2 Tyyy A
Ngamuinaremsuglunsauazmauylnhmziavzgaduii ladesniga
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; . A\ /T 3 Y .2
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d’ = V) (% =< [ d’ = = %’ A d%‘
HesaIniwag Taag uazAaNaNIIFUIIIALAZIIIANAAA B NNTAAT U NN
Willis, M.R., and Masters, I. (2003) 1aAn¥INYANTTU 3-Point Bending Yo 3any InanN
a J A 9 Aa o ~ a Y I Y o 1 ] v
WoAleAMoSITFUAIMIIANIAAT lasiAa 1aeld flyash uuilu fillerdredasidiuaaug 10-50
-4 A X -y 1A a
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H LY a
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Chotirat, L. (2007) ladnu1nalnnsdanziay interfacial strength voInoN TNaN
dy d‘ d’d 1 1 (% a [ 9 1 9 a

ABS/AItApe Willdsgaiuaienu 2 siia ouldun KBMS03 1ag KBM603 Iasldimatia FTIR
YR A 9 = = 1 A a dy A [ Y
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A = ' A A 9
31U 3.3 (M wandulvd (V) WU NAIUNIINTBIAILAZLNTINTDI 100 mesh
o ~ Y o = o = Y [
waannnseuawariuudniuawuariinliliavuavesonnia s ldnadaana
. . | ! '
luasan 3.1 uazgn 3.4uaz 3.5 ugliuaasvinaeymavesnunaiiuviuag

AHNANUANEIAD

A1319N 3.1 VIARINATI LA A AT

AN a1 AN
AUNAY (Mean) 17.055 um 9.398 pm
ﬁn‘ﬁ'mmummgm (SD) 8.899 um 6.406 um
U599 (Median) 14.979 um 7.896 um
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3.1.2  MINau
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a o o a o
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a Y ¥ o g Y v 4 . . !
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Y Y v
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walusazmaiunaasluaisien 3.2
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3.1.3  MSNENTUNATIUUIINA HASTUNATDUA NIV

dy 2 A 1 o 1A s I 1
GluﬂWiﬂlugﬂ%u‘Vlﬂﬁ@‘U Lummﬂ”lummm‘wumwuwmﬂugﬂinuamum
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314 MIRSENTUNATOUNIINTZUND
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H Yy
M15199 3.3 VUIAVDITUNATDUANUATINAA §l

Y
NMINATOU FUNATDU UYUIA

TENELS 12.7 mm x 80 mm x 2.7 mm

UIINTTLUND 12.7 mm x 63.5 mm x 2.7 mm

ANUUA 25.4 mm x 25.4 mm x 2.7 mm

159NA @ 12.7 mm x 25.4 mm
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321 MINAAOUNIINAUVDAINYA (3-Point Bending)
AMsnageuuTIfauuuaIuga tilun1sviaInuudauseden1ida
(Flexural strength) ¥947a93 lastAaanabmaiiu Tagn1snaaouzd1989aIun1InTgIu
ASTM D790 naaen Tagtnieanadouounilseaed (Universal Testing Machine) Tvaniwad
5kN ﬁ"miz:azﬁwizwini]mm%’uﬁﬂmaﬁ’qamﬁ'mwhﬁu 48 Taawas waganuE lums
namol 2 Hadwasani 193unulunsagouudazsas @ IuNa 6 3UUEMITN
ﬂ'wm?;mmzmzﬁmmummgm
322 MINAaausIInITUNn (Impact testing)
AITNAAOUHNIINTLUNAUVY Tzod 1tV UAITHIAIAII WY UM T8
(Impact strength) 1AON1TNATDVILB19OIATNUIATFIU ASTM D256 &r01ns0anaaoy
usanszunRFIFUNATeuR 19T se011n (Notch) TumsnaaeuLsassasIdIUNATO
6 A%
323 MSNATaUANNITY (Hardness testing)
msnageuANuiuiunsnageun VLT DD Rockwell #ina M tlona
anuuisveeians lyda Tasvznaaow s ﬂﬂ@iacﬁumﬁau 1 5w HAZUARZYAITHIAUDE
ou s aawas 195unulummaaeuudassasd1unau 6 Fuudmsmamaoay
fiuﬁ'mmummgm
324  mMInaaaussing (Compression test)
NISNAABUNSINA LT UNITNATOUINDHIAIAIINIAULTIEA
(Compression ~ stress) Y041a93 lastAaninAbiua1Iiu 1agn1snadoUIZ0198IA1uNIATIIU
ASTM D695 ‘V]ﬂﬁ’ﬂUﬁ?ﬂlﬂé@ﬂ‘ﬂﬂﬁﬂﬂlﬂﬂﬂﬂixﬁﬂﬁ (Universal Testing Machine) vua lvian
1538 50 kN AnuEalumanaaey 1.33 Tadwasani 195uaulunmsnaaeuudazsni

Y v 1
TIUNTUY 6 “HULL%’J‘Vhﬂ”IiVHﬂ”ImaEJLLﬁ%ﬂ”ILﬁENL']J‘L!?JWﬁ;@WH
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Y v 1

Ed Y b4 ' '%I
e L UHUNHTAUFUT— UIHUNADUUY U
Weodiruamagauil = PR 3 X100% (3.1)
UIHUNADUUYU
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uazvuaougahenemnihFunagen lunadeuauiAaminaais q laun msnagou
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a v a
wamsIvauazmsenUsena

o A o = = a o = Y 2 Y
mﬂmimmumiunﬁymamumﬂ%ma Iﬂﬁlu%ﬂ‘ﬂLﬂJﬁWﬂJuiﬂUﬂiﬁﬁglﬂﬂﬂL!ﬁgi“ﬁ
I [ 3 2 ) ] wa A v [ 1 o o
nJumuwauﬂlumﬁugﬂ%u‘mﬁau FIUNITUNATDUAUUALYINAA N ) muammauﬁ@mﬂu
d’! Y 1a Y = a 49! A = A
Tagn1svugdateuinunsou dagungilunsvugnanyine 160°C 180°C uag 200°C
A a 4 = A A =< Y [
LW@’J!ﬂi1$ﬁlﬂ%ﬂﬂlﬂﬂﬂﬁwﬂﬂl"h’\‘lﬂﬁ%\iﬂﬁ%ﬂﬂﬂﬂ?ﬂ NITNATDULUIIAA NITNATDULIING
< t 2 1 I 1
AITNATDULIINTEUND HASLHITNATDUAITNLUS %\1GIf‘L!‘VIﬂﬁﬂﬂﬂ%uﬂﬂ@@ﬂlﬂuﬁ@ﬂﬂ@m
] A tay ~ [ ] = %’ z:" A =< %‘ Y a o
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Y
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4.1 NANNINATOUUIING (3-Point Bending)

v 3 4 @
i ) exural strengt
Tumsnago s IaaumsnATa UMD HIAIANUNULTIAAID (F1 1 h)
Y

Hyugl

ao a

[ = a = d‘ dyd = a
maq’m@s“lwmammﬁymamu 1eenlunis? YUUNITANHIDNTWNAVDIQUTY
a = 2 Y

E Y
F¥NI 160°C 180°C taz 200°C TududuazAnvigumgiivugiimuzay Taviugilsu
nagoummizwaiiulng 100% (lunauebwaiiiu) Areguugi 160°C 180°C uaz 200°C
Y Yy 1] v H
nnnhFunadeuagoLusIaa 1egLud 11uUoaaT Flexural strength Fawad laainnis

nadouaaasluzli 4.1
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Flexura strength compare with forming temperature
1904
180+
€ 170 L ®
£
= 160 ®
‘c-‘» T
§ 1504
B 140
E 1
g 130+
T 1201 ®
110+
100+
160 180 200
Forming temperature

{ v v 1 2
gﬂﬁ 4.1 BEANANNTUNUTIEHIN Flexural strength YBIFUNATDU

a1l 100% gunaN 160°C 180°C Lag 200°C

{ o v J 1 2 { 1
5UN 4.1 naaens1WANUFNRUF 521319 Flexural strength ¥03FuNadou linan
Y
AN UHTOINAITY 100% Hazguuluugil 160°C 180°C ag 200°C 31nNT WU

Y H 1
gavalaugl 180°C UA1NA8UD Flexural strength g4 A 509090170 §aUn 71 160°C

U

Y
HazUH {ififiA Flexural strength uE)EJ‘VIﬁﬂﬂEJ gaurglangil 200°C

qu 3
4
y

101ATIEHHAaNITNATOUAR18TN19adDAan 2811 1NT U Minitab 16 428

9

One — Way ANOVA (viuaszauiiodinay o = 0.05) waf lauaasluaiined 4.1

M13199 4.1 One - way ANOVA 1J3g0ieugaungil 160°C 180°C tag 200°C

One - way ANOVA: 160 C 180C 200 C
Source DF SS MS F P
Temp 2 6573 3286 21.97 0.000
Error 12 1795 150
Total 14 8367
S=1223 R-Sq=78.55% R-Sq(adj) =74.98%
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~ a 4 Aaa 9 =] =
1NA15199 4.1 LFAINITAUATIZHNINT DA Laaly One-wayANOVAL“]JiEI‘UL‘WEI‘U

a

Y vy
72 131901 Flexural strength m@qsnuwﬂﬁauﬂﬁugﬂﬁjwamwnu160°C 180°C ttag 200°C

Q a
[

a 4 v 1 1 1 o o
INNITAUATICHNUIINT P UDI Tempﬁﬂ1ﬁ@&lﬂ’]ﬁ$ﬂﬂ Hod fy 0.05 “]Nﬁ’ﬂﬂﬁﬂﬁ Uulﬂ’31

v v Y] v

ugﬂﬁmmuuwamm Flexural strength 881901 8dAY

2De

QUNAN

M13199 4.2 General Regression 1/381Meuga¥gil 160°C 180°C t1ag 200°C

General Regression Analysis: Flexural strength versus Temp

Regression Equation

Flexural strength = 320.45 - 0.93865 Temp

Term Coef SE Coef T P
Constant 320.450 55.1580 5.80968 0.000
Temp -0.939 0.3052 -3.07573 0.009

1NA15199 4.2 11ETAS General regression analysis V941 Flexural strength Lzazqmw@,ﬁ
dg! é 1 1 . Qda! s 1 a 1 %
‘UM;:::']J FIVSWUINAN Coefﬁment"ll’f]\i’qmﬁ{]iﬂlugﬂ (Temp) 3Jﬂ”|11!1/]ﬁ‘1/]”|\1€1ﬂl1/]”|ﬂ‘].| -0.939

1 Y v H
G'Tﬁmmsaﬁ;ﬂ"l@’fm gargivugdideul)danalial Flexural strength ana 0614

[

v o A 1 Y~ % é 1 ng; = 9 d‘
HyaInY W'i’f)@”ﬁ]ﬂﬂ”l]llﬂi’]ﬂuﬂﬁuﬂ’ﬂ qm‘wgmmﬂ 200°C N1 Flexural strength U9gNgA

U
v Y

d v Y

iieaninwanisdiasisHaanantedu Yaaiaugidauqun gl 200°C e

q

(43

[ Jya o

~ Y A = A a ds!
Flexural strength NUBYNTA AIUUFIVYIUADNYUN Y 160°C e 180°C1uﬂ15ﬂ1u3ﬂ

Q

Y 1
FUNATOUTMTUNATOVANTATINAA il G]EII’I,‘]J
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4.1.1 dnswaveudesiFunaymuaIiiu (M3naaey 3-Point Bending)

200
180
160
140
120 —
100 —
80 —
60 —
40 —

—H

——
HH

H—

Flexural strength (MPa)

0 10 20 30 40 50

IAHINANY (%)

{ o o 1
gﬂ‘ﬁ 4.2 LAANANNTUNUTISH I Flexural strength
J I J = a
wazioSiuaAb AN gUNYN 160°C

= o v J 1 J 2 J
5UN 4.2 ugaansMANNFUNUTTZ11I19 Flexural strength wazilosiF ULy

U
Y

=~ = 9 a 1 z:y ~ 1 =
waliu 0 -50% yugareguiingil 160°C vinns WD NFUNAdoUR lunauAbILaINY
(0% 1#1b1a1NY) UA Flexural strength §aNgA L1azA1 Flexural strength ABY ) aAad 10.4 13.7

14.0 17.5 1Az 18.7% Mua ey oo S uaaHuaItun 10% 09 50%
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180
160 ] , .

140 I T { |
120 -
100 -
80 - -
60 -

—H

Flexural strength (M Pa)

20 +— -

0 10 20 30 40 50

IAHINANY (%)

31 4.3 uaAInWAUNUT521I19A7 Flexural strength

J 3 d = a
uamﬂmmumﬁymamuqmw;}u 180°C

= v o 1 1 = s 3 o
31]‘1/] 43 UaANANUANNUTICHINAURAY Flexural strength naztosisua
Y Y
eIy Yugildregungil 180°C WaN1TNATOUNUINTUNATDY 0% 1A INaIHuiin
A ' a Y} A A A 2
Flexural strength gaN§A LLAS A1 Flexural strength Huvn Tdvaeauilolsuausuma iUy
1 A 2 I 4 1w
91 10 - 40% 1AAN Flexural strength (AyAanoailoirbmaiumny 50%
Y ' '
d1M5VA Flexural strength Y95 unadouinausmaiiv 50% ethdeya
a 4 aa T 2 4 (%
VNUATIEUNNADANDVIA Flexural strength VOITUNATOUNTUIABINAINU 50% Lﬁﬂlﬁﬂllﬂll

Y] [ [T

Y v
FUNATOUNTUIABINAINU 40% UANUUANANNURI NI IAY Adaadlua1T1an 4.3

MTNN 4.3 1 Sample - t Flexural strength VOUABINAIU 40%: 50%

AL eV REVAY, Variable Mean StDev | SE Mean T P nsulswa

40%: 50% 50% 180 152.32 5.25 2.15 3.61 | 0.015 Significant

Y Y
‘NﬂNﬁfﬂTVIﬂ’d@'ﬂLli\‘lﬂﬂell@Q“Huﬂﬂﬁﬂﬂﬂdjugﬂg]}ﬂﬂqmﬁgﬂ 160°C tiag 180°C
VoA A = =\ [ Y A 3 ] dy A A
‘W‘U’NHJ’EJLW?J‘IJiNWﬂlLﬁ‘HLﬂJﬁWNuﬂ%ﬁiWﬁiﬁﬂ1 Flexural strength 29914 G AR (AT R DR TR TR

= daf =\ a s 9 Y 1 Y v =\ da! A
IAHINATUUUINUU LUATUHIUNT N UDYINIY mwa“lmﬁﬂummlﬂiwummu IHBDNN

q
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=) 3 Y ' =\ = g‘/ A A 9
mmuulﬂumwmuixmnwmﬂmmzﬁmuamu DNNUARINATNUNNT LU

[

= v v o = R A a o A = 2 v o o A g
"I,ﬂllﬂ"lii]ll@]'JﬂLl'JﬁﬂﬁNlliJL']J‘L!LLl@LﬂEJ'JﬂH SAUAHLNATUUNINUUNITIUAINUUDUAYIUATNUN

a

9 1

ntude duna’laainmmaisnnmsanydugiuing @Tﬂgﬂﬁ 4.20 GT'Nmsﬁ'j"ﬁ@gllmﬂmﬁa
Lﬁmﬁuﬁﬁﬂﬁ’msdqa'1ausqmmw’%ﬂcﬂﬂf‘hwmmmmymmﬁmﬂu"lﬂ‘l@’fmﬂ Wi
Aua u1salunisnuusidannat dananisnaae i ldnaisuidendy
Willis, M.R., and Masters, 1. (2003) ﬁ"ls?f?iﬂmwqaﬂimusqﬁﬂmmﬂauTw%mwaSmﬁma%ﬁ

a % =

Auaes lsAaanHu1a08FIHAVDINITNATOUNYIIAT Flexural strength Huud Tiuanaq

Y Y Y x
iiomiutSunandiaos aua 10 - 80% 1A 1UN19A5IAUY I Flexural modulus Hnlim1getuiie

mnlSuaiass lwAanndass

a

412 dnswavesgurgivuzl (MInaaey 3-Point Bending)
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80 | 0160C

60 L @180 C

Flexural Strength (MPa)
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IAHINANY (%)

= v o & ' sS o =
31N 4.4 uaAInNNFUHUTIZHI Flexural strength tazilosiduaruimaiiiug
UNAN160°C tag 180°C
A @ o 4 1 1 J 3 J
JUN 440090 UFUWUTILNI19A1 Flexural strength taz o5 1dua
=) = 1 stl 1 1
WAl ufIe eIz nugNIugl 160°C tay 180°C wanmisnaaoulsing el
Y
Flexural strength 4999 @v iUz 160°C uaz 180°C iarlnaifssnulunn q oasiaiu

U

=
IAYIAINY



a Jd a aAa o @ 9 dy 9 Y d v
Tunisasieiidegon divsuveyayatlenisnagoualoanyu

U q

a

a 9 1

A = o A Y ng!
Two — way ANOVA esnnialsaesdindsnaesnisuasizy ulﬂl!ﬂ @mﬁﬂvﬂﬂlugﬂllﬂg

I 3 14 = a Jd v A
WoSIFUARBINAITY HAMTIAATIEHAWEAL AN 4.4
Y

A a <Y ana J @ AR Y a
1,11ammwwmayjammmwmwﬂmaqmwgmuiﬂ (Temp) TimansuasizH

U

a,

=

Y a dg! d' 1 v A 1 1 = 1 =
‘nmmsaﬁ;ﬂ"lqumwgumimugﬂmmﬂmaﬂuuwammmaEJ Flexural strength 881393
v o w ) o @ J < 4 = Y a A Y v W @ a
Hya1nY dmsudwsdesiuairymariulvnansinsizinaaienunudatesiave

= Y1 J 2 4 =\ A v Aa A 1 1 A
NITNATDUY G]Nﬁ”liJ”Iiﬂﬁ?ﬂllﬂ'J”llﬂﬂilgﬁu@LﬁHLiJfI”IﬂJHTW]"NﬂH?J@TI‘ﬁ‘Wﬂ@]ﬂﬂ"l!ﬂﬂEJ
] A o o [ [ J 3 J = = 1 1
Flexural strength ® 4 19U U & 191 Y gazdeveveutdosiFuatAyiva i ulnanon

1 @ A2 3 9 & 9 ]
Flexural strength 11nn11lassvesguigiivugiianiessag 1aninar F

A1519N 4.4 Two - way ANOVA Flexural strength qmﬁgﬁ 160°C e 180°C

Two - way ANOVA: Flexural strength versus Type of test % waste

Source DF SS MS F P
Temp 1 1014.90 1014.90 24.19 0.000
% waste 5 5802.29 1160.46 27.66 0.000
Interaction 5 612.08 122.42 2.92 0.020
Error 60 2517.24 41.95
Total 71 9946.52
S =6.477R-Sq = 74.69% R-Sq(adj) = 70.05%

a d 1w kS 1 1 1 1
Tumsaasizrnaunydsuu 9 ﬁ\iWﬁﬂﬁlNulﬁﬂ’ﬂﬂW Flexural strength 114159
a S Y ax o & a 1 1 1 YA
'Jl,ﬂi”lzWllﬂﬂﬂﬁ‘ﬁﬁuﬂcb’\‘]f’ﬁu”liﬂUﬂﬂ“l/lﬁ‘ﬂ”l\iﬂ"liﬁ\iﬂaﬂig‘i/]ll@]ﬂﬂ"l Flexural Strengthul,ﬂﬂ@

a 4 [ {
M35 1% Regression analysis HANTAATIZHUAAIAINTIN 4.5
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A15199 4.5 General Regression Flexural strength Qm‘wgﬁ 160°C 1ag 180°C

General Regression Analysis: Flexural strength versus Temp % Waste

Regression Equation

Flexural strength = 93.3041 + 0.365444 Temp — 0.406476 % Waste

Term Coef SE Coef T P
Constant 93.3041 17.9217 5.20620 0.000
Temp 0.3754 0.1049 3.58066 0.001
% Waste -0.4065 0.0614 -6.62058 0.020

a 4 { 1 {
1ANANITILATIEHAIY General Regression 11UA1514% 4.5 A1fiLaUonDd 4
dNFNavai999A19 9 AOA1 Flexural strength AOA1 Coefficients FIWA15119 71 Coefficient

Qé} = a 1w é Y d' a d%’
yoagamglvugUlm luiianauinminy +0.3754 aeansaagil 169 egamginmsyugl

U q

[

wasu T 160°C 1510 180°C dawa 11 Flexural strength HiA1gaduod1aiifod 1Ay

g

. AR~ 4 1 a [ Y]
Tuvaz Nl Coefficient Yoo T g uAIANINAINUTA T UNANIIAUNIND -0.4065 AU
A A A P P ~ ' v ° 1 A v o W
Ao ot Ntde i udiayiua Il uaInaly Flexural strength i1a9408 1900 d 1A
= ¥ a ' o A Vo ~ A P-4
FI0uUToUNUTLHINA09T 98 ©) NUNAADAT Flexural  strength WINNYAAD 11051 UA

AHAINY
Y

a d aa v 2 {
iﬂﬂWﬁﬂTﬁVIﬂﬁfNLLﬁgﬂ1531ﬂ313ﬁelgl}'ﬂlluﬁﬂWﬂﬁﬂ@lWU?W“ﬁuﬂﬂﬁﬂﬂﬁﬁugﬂ

9 ' v ]
Aol 180°C i1 Flexural strength ganFuUNAdouNIUIUA10901YN 160°C 11109910

U

v v
=K o a2 (% 1

Y H v
nMsvugUfIsgungil 180°C HszAUNITLY (Cured) Ngan1 FeTagniiszaumsuigann

o Y o 2 < 2 = o Y a o o al 1 v v W Ay ¥
%%‘V]ﬂ‘ﬁ' TANANUUUILITININUY %QﬂWiﬁﬁNU@lﬂWiiUlliﬂﬂﬂﬂﬂlu !mﬁluﬂ%‘]ﬂﬁﬂﬂu’)ﬁﬁmviﬂ
= A 1 'o d‘ A =) d‘ . Y g‘l d’ d'
UANUIATYUANT1AN Lu@ﬂ%']ﬂﬂ1ilW3J1Jiiﬂﬂ!ﬂTin’E)ﬁJIEN (Cross - link) ﬂ%qﬂﬂﬂﬂﬂﬂWilﬂﬁﬂu‘ﬂ

E]

[ IS

Y
Yoo 1a Tuana Jagaalianunlsiznniu

q



42

413 BNEWAVLINIIPATHI (M5NATDY 3-Point Bending)

200
180 T
=

160 T 1 { I I I
140 T T -
120 1 -
100
80
60 — mWith WA
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Flexural strength (M Pa)
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A v o ' s d A
g']J‘VI 4.5 UaANANUFAUNUDT TN Flexural strength LLE‘]%L']J@SL"HU@]LWBUJQT?JH

a 2 2 3
UMYV 160°C 53‘Vi’JN"B‘L!‘VIﬂﬁﬂﬂLLﬁQLLﬂ%“ﬁUV]ﬂﬁ@U@Jﬂ@NU”I

A ol A A ' ' P-4
317 4.5 naaans AN UANHUFIZ119A1 Flexural strength taz o sidue

= d’! 9 a = ' £ Y .
AN YUFUAIegurigll 160°C NITEUIMEVITLHINFUNATOUUNI (Without WA) tag

9

Y Y o ] 2L ) %’
FUNAADUNHIUNITAATUUL (With  WA) Hal 310 Funade Ui IunNIs9aT N1

s 1

v 2 ] 1< 2 { o J
WA Flexural Strengthg\iﬂ’ﬂ“ﬁuﬂﬂﬁﬂ‘ﬂllﬁj\‘] E)EJNVIJ'ﬂ@niJ‘]fuﬂﬂﬁf]‘U“ﬁ@@]ﬁWﬁ’Ju 0% tag 10%

v 9
IAHINAINY WUINAT Flexural strength Y04¥UNagoUniaensaiia1 lndlfeenu
a d Aa AaAa o [ 9 dy 9 9 d v
TumsTasigiiriand divfudeyagatilynisnadeualreiandu
di A o @ ~ Y a 4 9 U

Two - way ANOVA 111999 1ndiaaudsaesdaudsndesnisinsigd laun Useinanveenis

" =3 = 2 s & A a ¢
nadou (lgadhuazgaduii) uaznosduamymariiv kanmsinsiziawaalunsg
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H Y Y
15799 4.6 Two - way ANOVA Flexural strength 9191l 160°C Funadouniaazgaduiil

Two - way ANOVA: Flexural strength versus Type of test % waste

Source DF SS MS F P
Type of test 1 5672.7 5672.72 114.50 0.000
% waste 5 2967.4 593.48 11.98 0.000
Interaction 5 977.5 195.50 3.95 0.004
Error 60 2972.6 49.54
Total 71 12590.3
S=7.039 R-Sq=76.39% R-Sq(adj) = 72.06%

a 4 ana 1 o a
MINMIAATIEHNNEDA nufaderiiavesnianaaeu (Type of test) 1¥kHa
a P Y a 3}/ ~ J 9 Yy A [
msansizdnamsoaglldnytiavesmsnaaeunaeslsznniinanudeduiinane
ANNAY Flexural strength 081901197y

) ] ] S <3 4 = 9y a P 9y @ @ (% a
dnsvdatadesuaruuariulinanisiasizinaarenunudavtevila

v
a 1 1

= Y1 S I 4 = A v A
YBINITNATDU mmmma‘gﬂ'lmuﬂmmumﬂmuamummmuuamwa@mmma

2

A

Flexural strength 9819UNsd1AnY taziladoNadInanonl Flexural strength W 1NNTAND
FIAYDINTNATOU FUNAIINATF
o Y o . 1T an I 3 J =
dm5uiade interaction 5¥1INIBTMINATOUMAz)OSIFUMABIMAN UL
Y1 a A . Y J 3 J =
lanriiavesnmsnadoull interaction NuoiIFudAABATIU
a ¢ A 1w @ 1 [ v 1
lumsinsiziive 1 lddeagUndunlsuietfadouaazladvdanandra lsao
' [ . : a 4
A1 Flexural strength @13130a@51U 1@A28n 1541 General Regression FIHAN1531AT12 W

General Regression aaaasluasnen 4.7
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v v Y
A15199 4.7 General Regression Flexural strength %1 160°C %umﬁamgﬁ’maz@ﬂ%m

General Regression Analysis: Flexural strength versus Type of test % Waste

Regression Equation

Flexural strength = 133.875 + 17.7525 Type of test - 0.336574 % Waste

Term Coef SE Coef T P
Constant 133.875 3.33067 40.1947 0.000
Type of Test 17.753 1.91162 9.2866 0.000
% Waste -0.337 0.05597 -6.0139 0.000

a o { 1 . a Aa 1Y 1 1
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o 2 Y =< ¥ A 1 a T Yy
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1 A a d' 1 Y g [ 3}./ 1
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lTuvagn Coefficient Yoo IFUAIAMINAINY (% Waste) HA1lunAN19aY
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%?ﬂdqwaiﬁ’ Flexural strength Hannau Huang, G., and Sun, H.X. (2007)
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414 nleSifudmsgadani (Msnaaew 3-Point Bending)
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One - way ANOVA: 0% 10% 20% 30% 40% 50%
Source DF SS MS F P
% waste 5 0.30856 0.06171 23.22 0.000
Error 30 0.07974 0.00266
Total 35 0.38830
S=0.05155 R-Sq =79.47% R-Sq(adj) = 76.04%
A131497 4.9 General Regression lo3iFudmsgadin1 gaingfl 160°C
General Regression Analysis: % water absorption versus % waste
Regression Equation
% water absorption = 0.803037 - 0.00387803 % waste
Term Coef SE Coef T P
Constant 0.803037 0.0243221 33.0168 0.000
% Waste -0.003878 0.0008033 -4.8274 0.000
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Huang, G., and Sun, H.X. (2007)
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4.2 NAIINNISNATDUITION (Compression)
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422 ?nswavesgurniuuzl (MInaae Compression)
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Two - way ANOVA: Compression strength versus Temp % Waste
Source DF SS MS F P
Temp 1 528.2 528.24 9.34 0.004
% waste 5 6967.8 1393.56 24.65 0.000
Interaction 5 1242.1 248.41 4.39 0.002
Error 48 27133 56.53
Total 59 11451.5
S=7.519 R-Sq=76.31% R-Sq(adj) = 70.88%
G]”ISNﬁ 4.12 General Regression Compression strength Qﬂm{]ﬁ 160°C uag 180°C
General Regression Analysis: Compression strength versus Temp % Waste
Regression Equation
Compression strength = 182.699 - 0.296717 Temp + 0.6101 % Waste
Term Coef SE Coef T P
Constant 182.699 19.4076 9.41379 0.000
Temp -0.297 0.1135 -2.61317 0.011
% Waste 0.610 0.0665 9.17637 0.000

Y A 3 a 4 1 o Qd’!
mmay,aalumﬁm 4.12 Lﬂummmiwmzmnﬂ%ﬁ]ﬂqmﬁﬂmugﬂuaz
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Two - way ANOVA: Compression strength versus Type of Test % Waste

Source DF SS MS F P
Type of Test 1 1876.34 1876.34 37.61 0.000
% waste 5 3704.97 740.99 14.85 0.000
Interaction 5 456.40 91.28 1.83 0.125
Error 48 2394.73 49.89
Total 59 8432.43
S =7.063 R-Sq=71.60% R-Sq(adj) = 65.09%

1 I a 4 aa o
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General Regression Analysis: Compression strength versus Type of Test % Waste

Regression Equation

Compression strength = 129.422 + 11.1843 Type of Test + 0.394831 % Waste

Term Coef SE Coef T P
Constant 129.422 3.68665 35.1054 0.000
Type of Test 11.184 2.11593 5.2858 0.000
% Waste 0.395 0.06195 6.3736 0.000
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4.3 NAINMITNATIVUTINTSHUND (Impact)
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msufSeuney Variable Mean StDev | SE Mean T P msutlswa

30%: 50% 50% 160 0.9991 0.0861 0.0385 1.35 | 0.249 No Significant

40%: 50% 50% 160 0.9991 0.0861 0.0385 1.72 0.16 No Significant
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AN 4.16 1 - Sample t Impact strength qmﬁ@,ﬁ 180°C

msfseungy Variable Mean | StDev | SEMean | T p msualswa
30%: 40% 40% 180 0.9220 0.0873 0.0352 1.21 0.293 No Significant
40%: 50% 50% 180 0.9822 0.0763 0.0312 193 | 0.111 No Significant
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432 dnswavesgnniyuzl (MInaaew Impact)
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A15199 4.17 Two - way ANOVA Impact strength Qﬂ!’ﬁﬂ"ﬁ 160°C Hag 180°C

Two - way ANOVA: Impact strength versus Temp % Waste

Source DF SS MS F P
Temp 1 0.09497 | 0.0949699 8.89 0.004
% waste 5 0.34555 | 0.0691095 6.47 0.000
Interaction 5 0.02252 | 0.0045049 0.42 0.832
Error 60 0.64071 | 0.0106785
Total 71 1.10375
S =0.1033 R-Sq=41.95% R-Sq(adj) =31.31%
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A15199 4.18 General Regression Impact strength 160°C t1ag 180°C

General Regression Analysis: Impact strength versus Temp % Waste

Regression Equation

Impact strength = 1.67572 - 0.00363184 Temp - 0.00265173 % Waste

Term Coef SE Coef T P
Constant 1.67572 0.225029 7.44668 0.000
Temp -0.00363 0.001317 -2.75859 0.007
% Waste -0.00265 0.000771 -3.43980 0.001
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433 BNEWAYLINIIPATHI (M3NATDY Impact)
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H Y Y
A15199 4.19 Two - way ANOVA Impact strength wuwmauuﬁmazﬂﬂﬁum

Two - way ANOVA: Impact strength versus Type of test % Waste

Source DF SS MS F P
Type of Test 1 0.26084 0.260839 19.50 0.000
% waste 5 0.27735 0.055470 4.15 0.003
Interaction 5 0.01867 0.003734 0.28 0.923
Error 60 0.80243 0.013374
Total 71 1.35929
S=0.1156 R-Sq =40.97% R-Sq(adj) = 30.14%

' & 3
A1519% 4.20 General Regression Impact strength %umﬁauuﬁ'auazaﬂﬁuu”l

General Regression Analysis: Impact strength versus Type of test % Waste

Regression Equation

Impact strength = 0.960982 + 0.120379 Type of test - 0.00212133 % Waste

Term Coef SE Coef T P
Constant 0.960982 0.0495365 19.3995 0.000
Type of Test 0.120379 0.0284312 4.2340 0.000
% Waste -0.002121 0.0008324 -2.5485 0.013
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4.4 NAANMINATIUA MUY (Hardness)
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M13°99 4.21 Two - way ANOVA Hardness Qmwgﬁ 160°C uag 180°C

Two - way ANOVA: Hardness versus Temp % Waste
Source DF SS MS F P
Temp 1 0.6 0.60000 2.72 0.106
% waste 5 15.3 3.06000 13.86 0.000
Interaction 5 1.0 0.20000 0.91 0.485
Error 48 10.6 0.22083
Total 59 27.5
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INFLUENCE OF WATER ABSORPTION ON THE MECHANICAL
PROPERTIES OF RECYCLED MATERIALS
FROM WASTE MELAMINE
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Abstract Melamine crystal, alpha cellulose and
Melamine formaldehyde resin is one of theformaldehyde.
most common thermosetting plastics used for It is well-known that Melamine has
table wares. Its best known properties aresxcellent hardness and high thermal resistance
strength and hardness and also high thermptoperties. [6] The general properties [of
resistance. In the manufacturing process, wastellulose filled Melamine formaldehyde (MH)
Melamine cannot be reformed or reused. It willvere shown in Table 1. In the manufacturipng
be more environmentally friendly if the wasteprocess, Melamine formaldehyde resin was
Melamine could be reused or recycledcompressed and heated simultaneously to form
Therefore, this study was aimed at investigatinghto the desired shape by compression molding.
water absorption of the recycled Melamine andhfter its formation the Melamine product wds
its mechanical properties. The recycledransferred to the grinding and surface finishing
Melamine was formed at various mixing ratiosmachine and when finished it was packaged.
The water absorption, 3-Point Bending anduring the formation and grinding processegs,
Compression test were carried out. It wascraps and waste Melamine were generdte
found that the recycled Melamine samplegannot be reformed or reused. The walste
showed higher water absorption level tharlisposal might be done by using landfills pr
virgin Melamine. It was also found that theburning in an incinerator [7] that leads to
flexural strength and modulus of the waterenvironmental problems. Therefore, it will Qe
absorbed samples was higher than in the drigdore environmentally friendly if the was
samples. In contrast, the compression strengiMelamine could be reused or recycled.
and modulus of water absorbed samples wasowever, the recycled material should be tested
slightly lower than the dried samples.for stability, its effects on human health and the
However, at the lower mixing of 20% wasteenvironment such as water dissolution and
Melamine, the compression strength of recycledvater absorption. Moreover, mechanidal
Melamine and virgin Melamine was statisticallyproperties of the recycled Melamine are also
equivalent.  Therefore, it is assumed that thgnportant due to safety of use for desirgd
recycled Melamine could be usable in manwpplication. Therefore, this study was aimed| at
applications. investigating the water absorption of recycled
Melamine and its mechanical properties.

1. Introduction
Melamine formaldehyde resin is one of the

most common thermosetting plastics [1] used able 1. General properties of melamine

for kitchenware such as dishes, jars, cups; Properti

spoons etc. Melamine;B¢Ng (1,3,5-triazine- Molding Temperature[10] 129200

2,4,6-triamine) was used with formaldehyde 38pecific Gravity 147152

a raw materials to form products for more thap, ;e Strength

X 34-90 MPa
60 years ago. [5] The Melamine producf:Iexural Strength 62-110 MPa
industry was began in Thailand in 1973. Its ra\@ompression Strength 297-310 MPa
materials consisted of 3 major components, .o M115-M125

Water absorption 24 hr 0.1-0.8 %
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The water absorption was calculated followi
2. Experimental Procedures the equation (1)
2.1 Materials , _ % Water absorption %52 % 100 (1)
Waste Melamine was pound into particles Fo

and sieved with a 150 um sieve. Industrial ) .

grade Melamine powder (ready mixed withWhere Py =weight after absorption
cellulose and formaldehyde), virgin Melamine, Po = weight before absorption

was used as a binding material. The virgin ) )

Melamine was mixed with waste Melamine2-2.2 ~ 3-Point Bending Test

powder at a ratio of virgin:waste 70:30, 80:20, _ The test followed the ASTM D790 standa
90:10 and 100:0 by mass. [9] The mixe 3]. The sampl_es were cut mtoarectangular
substance was formed by compression moldinghape for testing, 5.7X5.8X100 mnusing a

heated at 160° C, pressure 200 bar for 15@€echanical saw and polished with sand pa
seconds. #600, 1000, 1500 and 2000 respectively.

samples for each substance were tested, u

[V|rg|n Me|amine] [Waste Me|amin} the Universal Testing Machine (UTM) with
I kN load cell, support span 90 mm maintaining

[
span to depth ratio of 16:1 and a speed of
@ mm/min. [8]
2.2.3 Compression Test
The compression test was followed t
Compression molding
I I

ASTM D695 standard [4]. The samples we

cut into rectangular bar shapes, 5.9X6.0X1
Samples for Samples for
3-Point Bendin Compression

mnT, using a mechanical saw and polished W
I I
Water absorption test
I |

sand paper #600, 1000, 1500 and 2(
] respectively. 5 samples of each substance

[B-Point Bending tesﬂ [ Compression tes] 3.1 Water absorption _
Figure 2 and 3 show the water absorption

tested by using the Universal Testing Machi
(UTM) with 50 kN load cell and a speed of 1
mm/min.

3. Results and Discussion

Fig. 1. Process flow chart the recycled Melamine. It was found that t

sample of virgin Melamine showed the lows

2.2 Testing water absorption. Whereas the other 3 group
2.2.1  Water Absorption Test samples showed higher, or levels of wa

The water absorption test followed the@Psorption than the virgin Melamine. Due to t
standard ASTM D570. [2] The sample wereS@mples having been immersed in water,
dried in an oven at a temperature of 50+3°C fopydrophilic group of fibers in the cellulos

24 hours and cooled in desiccators at roorttracted water molecules [12] and water

temperature for 1 hour. The dried samples wer@olecules penetrated into voids or cracks in
weighted with analytical balance (4 digits) ands@mples. The higher level of water absorpti
dipped into a bottle of distilled water. TheOf the recycled Melamine could be consider
samples were removed from the water aftel0 relate to the porosity of the recyclg
periods of 24 and 48 hours, then all surfacd/€lamine, because the waste Melamine v
were wiped with a clean dry cloth, and ther$0lid, which could not be melted and could n
immediately reweighed. be combined when merged with the virg
The samples for the 3-Point Bending andVelamine. Therefore the recycled Melamif
Compression test with different percentages diad porosity greater than virgiMelamine.
waste and virgin Melamine were measured af/hen the immersion time increased we fou
57X5.8X100 mm and 5.9X6.0X12.1 min that water absorption for each conditig
respectively, 5 samples were made of eachcreased.
mixing condition. All samples were immersed
for 24 and 48 hours in distilled water.
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recycled Melamine, leading to improved
flexural properties. It was found that the

13 7 flexural strength and modulus of referen
. samples slightly decreased when increasing
z percentage of waste to virgin Melamine.
g 19 i On the other hand, the strength ahd
05 - 045 modulus of the water absorbed samples seefmed
2 not to be significantly different from the waste
é 03 1 ﬂ Melamine containing samples.
z o -
30 20 10 0 _ 1801
% wasra melamine 3 140 4
Fig2. Water absorption of Bending sample % 120 1
g 100 |
I8 A £ gg I Wit WA
= 72 _ S a0 OWithout A
2 2 20 -
518 =24 hr o
'-2 ;2 4shr oW 10 0
3 % waste melamine
* 4 - . :
. Fig4. Flexural strength of recycled Melaming
) 0000 4
30 0 10 0

% vwaste melamine

anon 4

{MPaj

Fig3. Water absorption of Compression sampleé 5000 4
Table 2 shows water absorption ratio of theg 7000 -
surface area, over a 48 hours immersion time. IE Cthout Wi
was found that Bending Test samples, thei %0 |
surface areas had water absorption ratios higheér s -
than others. Although the surface area of both 0 7N 0 0
samples were quite similar, and only the length “waste m elamine
differed. It could be considered that the waterFig5. Flexural modulus of recycled Melaming
absorption of the larger samples was higher
than the small samples. 3.3 Compression properties

miAh WA

Table 2 Water absorption per surface area ~ The compression strength and modulus|of
the 48 hours dipping sample shown in Fig. 6
Bending test Compressiontest| and 7, respectively, compared to refererce
% Water :g’sa;%_ Water ;’g;‘;‘:‘f)_ sample (no water abso_rption). It was f0L_md
melamine | apsorp-| tion/ | absorption| tion/ that t_he_: strength of dried recycled Melam|_1e
tion(g) | surface (@ surface | containing less than 20% waste Melamine

area area showed the same strength as the sample made
0 0.0325 | 0.00101| 0.01110] 0.00030 py yirgin Melamine. It was also found that the
;8 8:823& 8:8812? 8:81288 8:8882; strength and modulus of water absorbed
30 0.0552 | 0.00166| 0.012921 o0.0003k Samples is slightly lower than the reference

samples. It could be discussed that the swel
3.2 Flexural properties of the fibers in the Melamine might lower th

The flexural strength and flexural rigidity and therefore be more flexible thg
modulus of the 48 hours dipping sample, showsdried Melamine. However, theater absorbed
in Fig. 4 and 5, respectively, compared tcsampled showed the same level of compress
reference sample (no water absorption). It wastrength whether containing waste Melamine
found that the flexural strength and modulus opure virgin Melamine. It can be assumed tl

the water absorbed samples showed statisticalige recycled Melamine might be useable [i

higher than the reference samples. These resuiisme applications.
could be due to high uptake of water, which

caused swelling of the fibers in the cellulose,

and that filled in the voids and cracks of the

ing

ion
or
nat
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Abstract

This paper is investigated on the influence Melamine formaldehyde resin was not ahle
of forming temperature and waste melamingo melt after heat and pressure forming procgss
content on flexural strength of recycled materiadue to three dimensional networks (crosgs-
from waste melamine. Recycled melamine walinking). The general properties of the
scraped from manufacturing process of théelamine formaldehyde adding cellulose wegre
melamine product, which cannot be reformed oshown in Table 1.
reused. Due to melamine was a thermosetting In the melamine forming process, the
plastic which was a three dimensional networknelamine was compressed and he

used as binder materials. Specimens wengrocesses, scraps and waste melamine
formed by compression molding machine atenerated, which cannot be reformed
160 and 180 degree Celsius. The experimentatcycled. Therefore, the disposal is usudlly
results revealed that the virgin melaminedone by landfills or burning (S.J. Pickerin
behaves the highest flexural strength and th2006) that leads to the environmental problems
flexural strength slightly decreases byand wastage cost for disposal. It will be mare
increasing waste melamine content. Whilenvironmentally friendly if the melamine can
forming temperature seem to be no significanbe recycled.
effect to the flexural strength of the recycled In literature review, Hasan S. Dwei
melamine. Mohamed M. Ziara& Mohammed S. Hadidoun
Keyword: Melamine, Recycled, Flexural (2008) have studied to improve properties |of
strength, Compression forming, Thermosetting structural concrete with ground melamine. The
thermosetting plastic waste was used as a sand
1. INTRODUCTION replacement. The results indicated that
The melamine formaldehyde (MF) resin isreplacing sand with the waste melamipe
one of thermosetting plastics made frommproves the mechanical and thermal
melamine and formaldehyde by polymerizationcharacteristics of light weight concrete.
Thermosetting materials are generally excellent In the same way, Phaiboon and Mallika
hardness and high thermal resistancg2008) studied the utilization of recycled
(Phaiboon & Mallika, 2008) melamine as an admixture in the mix proportipn
The Melamine formaldehyde resin is oftenof lightweight concrete. As the result, the
used in the tableware manufacturing because oécycled melamine was able to reduce the
low cost, relatively light weight and concrete density due to low specific gravity pf
unbreakable characteristics (Chao-Yi Chien, enhelamine. Although the compressive strength
al., 2011). of the lightweight concrete tends to decreass, it
The melamine products were found for 60nvas acceptable for some type of lightweight
years ago (W. Gindl, et al., 2003). Thenconcrete.
Thailand melamine product industry was beguin this study the waste melamine was used| as
in 1973. Raw materials consisted of 3 majothe admixture to form specimens at various
components; melamine crystal, alpha celluloséorming temperature and waste melamine
and formaldehyde.
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content. The specimens were tested the flexural.3 Preparation of test specimens

strength.

The mixed powder between the virg

=]

Thus, this study was aimed to investigatanelamine and the waste melamine was formed

the influence of forming temperature and wastby compression molding machine,
strength ofCHANG 100 TON, Srithai Superware Publ

melamine content on flexural
recycled material from waste melamine.

Tablel General properties of melamine
formaldehyde resin (Sidney H.Goodman)

Properties
Molding Temperature[10] 149-20€
Specific Gravity 1.47-1.52
Tensile Strength 34-90 MPa
Flexural Strength 62-110 MPa
Compression Strength 227-310 MPa
Hardness M115-M125
Water absorption 24 hr 0.1-0.8 %

(1/6 inch thick specimen)

2. EXPERIMENT

2.1 Materials

LON

Co.,Ltd, heated at 160° and 180°
compression pressure 100 kgfcnfor 65
seconds. The melamine was formed in pl

G

o

~
—

ate

shape, then cut into a specimen shape by rafius

saw.
2.4 Testing
24.2  3-Point Bending Test

The samples were cut to a rectangular

for testing by using a radius saw. The samp

were 2 mm-thickness, 13 mm-width and
mm-long. The specimens were polished

bar
les
53
all

edge with sand paper #600, 1000, and 1%00
respectively. Ten samples of each mixing ratio

were tested, using the Universal Testi

Machine (UTM) INSTRON with 5 KN load
cell, support span 32 mm maintaining a span

depth ratio of 16:1 and a pressing speed of
mm/min (H.N. Dhakal, et al., 2007).

- Waste melamine was scraped from o _
forming process which ground into powder by2.5 Statistical analysis method

ball mill and sieve shakers with particles size

about 1-60 micron.

- Virgin melamine is industrial grade significant level {) 5% was employed tq
melamine powder ME6033 (ready mixed withanalyze the experimental data.
virginwas carried out using Minitab.

cellulose and formaldehyde). the

Analysis of variance (ANOVA)

Analysis Of Variance (ANOVA) with

melamine was used as a binding material. The

experimental procedure was shown in Fig 1.

Grounding and sieving waste melamine

N

3. RESULTS AND DISCUSSION

3.1 Three point bending test
3.1.1 Flexural strength of 160°C forming
temperature

Mixed virgin melamine and waste melamine

N

Forming specimen by compression machine

N

Flexural test

N

Statistical analysis

Fig. 1 Process flow chart

2.2 Mixing
Mixing ratio of virgin Melamine and waste

Flexural strength of 160 degree celsius

170

160

150

140

HAexural strength (MPa)

55

20 »
waste melanine (%)

1204

1104

Fig. 2 Flexural strength of 160°C forming
temperature.

melamine were 10:90 to 50:50 by mass, by ball

mill with batch size 300 grams for 20 minutes.

The analy

ng

to
2.0

Sis
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The flexural strength of 160 degree Celsius3 -2 Statistical analysis method: ANOVA

forming temperature was shown in Fig. 2. "shown below
was found that the flexural strength of virgin '
melamine (0% waste Melamine) showed the source DF SS| MS F P

highest value of flexural strength. The flexural Temp 1 27.4 271 032 057H

strength was found to slightly decrease by owaste 4227  84% 977  0.0(
7.43%, 7.98%, 11.47%, 12.75% and 15.89% |nterac-tion 5 130 24 030 0.91
with increasing the percentage of wasté g, 108 9349 86
melamine from 10-50%. Total 119| 13735

[$2]

3.1.2 Flexural strength of 180°C forming Fig. 4 2-way ANOVA (Minitab software)
temp

Flexural strength 180 degree celsius

flexural strength of the specimen. The F fac

3

8

results shown in Fig. 4.

Hexural strength (MPa)
8§ B 3 8

-
=
S

virgin melamine was used as binder materia
0 0 % 0 P 0 various mixing ratio and various formin
waste melamine (%) . . .
temperature by compression molding machi

Fig. 3 Flexural strength of 180°C forming statistical analysis (2-way ANOVA) wa
temperature

The flexural strength of 180 degree CE|3iu§vas the main effect that affected the flexu

forming temperature was shown in Fig. 2. l'strength. The virgin melamine (0% was

was found that the same trend of flexuralnelamine) showed the highest flexural stren
strength as 160 degree Celsius was exhibitelng the flexural strength decrease w
Moreover, the flexural strength of SpeCimeﬂncreasing of waste melamine percentage.
formed at 180 degree Celsius was slightly lowep-way =~ ANOVA showed that forming
than that of 160 degree Celsius.  Thaemperature had no significant effect to t
comparison result was shown in Fig. 3flexural strength of the recycled material fro
However, it was statistically no significant waste melamine.

different between 160 and 180 degree Celsius

forming temperature. ACKNOWLEDGEMENT
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