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JANJIRA APHIRAKMETHAWONG : MECHANICAL PROPERTIES OF
POLYMER COMPOSITES BETWEEN HDPE AND WASTE FROM
MELAMINE WARE MANUFACTURING PROCESSES. THESIS

ADVISOR : SOMSAK SIWADAMRONGPONG, Ph.D., 110 PP.

MECHANICAL PROPERTIES/WASTE MELAMINE/PARTICLEREINFORCED/

POLYMER COMPOSITES/COMPOSITE MATERIALS

High density polyethylene (HDPE) is a synthetic material which popular and
widely use. However, HDPE still need some development to improve properties and
reduce manufacturing cost. Interesting way to improve properties is development of
polymer composites. In melamine tableware manufacturing processes, waste
melamine was generated and it is cannot reformed or reused. Thus, it was needed to
dispose by landfills or incineration that leading to degradation of environment and
cost for disposal. Therefore, the aim of this research was to recycle waste melamine
by using as filler in polymer composites. This research can be separated into 2
sections. The first section was studying the effect of 2 waste melamine types on
mechanical properties. The 2 types of waste melamine were flash (WMF) and powder
(PWMF). The results show that, mechanical properties which affected from the two
types have no significant differences except elongation. The elongation of powder
type was higher than that of flash type. Therefore, waste melamine powder type was
selected to carrying out in the second section. The second section was study the
influence of filler content, particle size and adding of compatibilizers on the
properties of HDPE/PWMF composites using 2¢ Factorial Design technique. It was

found that filler content played the most important factor to mechanical properties of



HDPE/PWMF composites. Furthermore, adding of compatibilizers was deteriorated
the overall properties. Particle size shows the lowest effect to mechanical properties.
However, using of waste melamine as filler for polymer composites could improve
overall properties comparing with reference high density polyethylene. This study
could be concluded that the waste melamine might be possible to recycle by using as
filler for the product which not related with food such as bin, traffic cone and could

adding filler content up to 20wt%.
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@1 (LDPE) g4 (HDPE)
ANUWUIUY, glom’ 0.910-0.925 0.941-0.965
I =
% AN KA 60-70 80-95
gaungimalasuanzadieun, T, (°C) -110 -90
Qungiaoumal, T, (°C) 98-115 130-137
2
gaungiivugl (:C) 149-232 177-260
MINAT, NUIUKY
15-30 1-5
-CH,/100 C-atoms
YU NIHLES (Refractive index) 1.51 1.54
= % &

ﬂ15@@1@lﬁJu'l, 24 "]5'JIZN

= <0.01 <0.01
ANUHUT 1/8 U (%)
@@waanmm, °C 110-120 130-136
ANV, Shore D 41-46 60-70
ANUNULITIAY, psi 600-2,300 3,100-5,500
Tensile strength, (N/m’) (0.41x10™-1.6x10") | (0.41x10™-1.6x10")
ANIA3 89, Elongation (%) 90-800 20-1,000
WOAAANMIAN, psi 0.41x107-0.38x10’ 0.6x10’-1.8x10’
Tensile modulus (N/m’) (0.97x10°-2.6x10%) | (4.1x10°-12.4x10")
woaaa 17990, psi 0.08x10%-0.60x10’ 1.0x10-2.6x10’
Flexural modulus, (N/m’) (0.34x10°-4.1x10") (6.9x10™-18x10%)
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ﬂmﬁuﬂamqﬂauazmﬂmﬂmwmmmmﬁu—w@%ﬁ’a?ﬂaﬁ

guvgiin1Flumskaa () 149-204
AN NIUNE, Specific gravity 1.47-1.52
NULLS \‘Iaﬂ, Tensile strength (MPa) 34-90
NULTI0A, Compressive strength (MPa) 227-310
NULLS Qﬁﬂ, Flexural strength (MPa) 62-110
Tuﬂﬁﬁ Iﬁ}ﬂﬂﬂ, Flexural Modulus (GPa) 7.58
mmmdm, Hardness M115-M125
NULIINTLUNN, Impact Energy (J/m) 13.3
Lﬂﬂ%&%uﬁﬂ1i@ﬂc§nﬁ1 4 514 FUNUNN 1/6 f?a) 0.1-0.8%
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a a d a d
24 wodwdduanunmiuganNWamadnueulalasa  (High density

polyethylene graft maleic anhydride, HDPE-g-MA)
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2.5.1 M3Kay (Mixing)
a I Y = @ a 19 ¢ a
manamwneay fumswauldmaainszanedrlunaraan Taeglildwaraan
Yo = o A ~Aq Y = I . = o Y
Ta5uusunouumin wiesnaunldazianyazlumsnauuuunun (Batch mixer) 4331119
a o Y o a A ~ Y o as dy [ Y
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MALA D
< L. 2 A Ay Y} a
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dd‘d d’d ] [ % ] d‘ a dy ]
HazAIANNTVUIAYDIOYMANTUVIALANANNY AIDEINVDAUATOINTUFUAT 19
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A A 9 < o 9
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d' da/ d‘d < Y 9 (] ~ a A
nIoIHAuLUUTaNTaNanasntlS naanies ldegaiidszansam
Y
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naouLdInszaea 11 1 luna1aAnFIgIn a0 1UZ YDAV AI1BE1UATOINANLUVT U 135U
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2.5.2 M3nen1hIn (Compounding)
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1. M3neu1IAuDUIUN (Batch compounding) UM sHayNaI@ANALAI5AI
v v Pl v
Tagns lasoawaunaneg 2 viia Ao 1IATPINANUULABINNAY (Two-roll mill) 1Az 1ATDY
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ANWAUNA (Compressive strength) Tagaziunuany (Neutral axis) [B1 TR AIRIR HIDYUILIN
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nenanveIrunage Azl 2.8

@ < @
MINATOUUITIAALUY 3 99 (3-Point bending test) 1lumInadouusinnlaslng

%

=) o ] = A @ @ o < @ [ @
HYATITUDY 2 0 HaguNINA 1 0 Iﬂﬂ‘ﬂﬂqﬂiﬂ\i§U!La$ﬂjﬂﬂﬁaﬂﬂm$lﬂuwjmu FANUVDINN
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a uazyaliinsanszidedisaliodnee 3.2 Tadmas uag Usalgegalumu 4 mivesnnu

2

v v

WNTUNUNATEL SMUIINA uaz 1.5 whvesnnurinsunadeud i uyasesiy tilean
sEduANURIAIuR Ry AUNINIFIU ASTM D790-10 fufifmuaszeziesy g
9039951 (Span length) AeANINIFUNATeURand 16:1 Touda 60:1 Tﬂﬂsﬁuaejﬁuﬂixmm
nazANUUI IV eiag u@mmﬁiuumsgmf]”qszumsmﬂ'wmmﬁ’mmumasﬁ”ﬂ (Flexural

Y
strength) ttaz Tuga 1596 1A (Flexural modulus) 133
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Load Neutral

71U 2.8 MInaapUILIRALDL 3 99

Y Y I A @
ANUATUNIULTIAA (Flexural strength) uJuﬂWﬁUaﬂmmmmmiumiiuuﬂ

@

H Y Yy
AAGIFA W%@i%ﬂﬂﬂ?WNLﬁMﬂﬂﬁﬁ@ﬂﬁlﬂﬂ%UUil’JﬂlN’Jﬂlﬂﬂ%uﬂﬂﬁﬂﬂ ﬁ'ﬁﬂiﬂﬁ”l‘h!’)iu”lﬁ}ﬁ]”lﬂ

Q U

aunsi 2.4 (ASTM D790-10)

3PL
o, = 2.4
" 2bd? e
Tay
o = ANUAUMIULTIAR (MPa)

[ v
= U59INNTLINNUTUNATOU (N)
= JYYLUNITHINYATOITY (mm)

Y
= aAnunNIvIFUNATDY (mm)

o T -

vy
= ANUNUIVONFUNATOD (mm)

[ o <
uoAanIINA (Flexural modulus %30 Modulus of elasticity of bending, E,) 13u

A 9 1 . @ = Y = a ] A ] [
ﬂ'l‘l’lﬂlslﬁ_l@ﬂﬂ'ﬂilllﬂﬁﬁ (Stiffness) VDI G]N"lﬂmﬂmiﬂﬂy1Wf]@]ﬂﬁiumwﬂﬁqui$ﬁan
ANMUAULAZANMUATEA TAge 115041 1A 1NANNFUTEHIINTINTETINAE T2 oL gUAN

(Load-deflection curve) A4aun15N 2.5
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3
o 4Lb(r1n3 >
Tag
M, = ﬁmaﬂﬁ’ﬁmqﬁ’maﬁumaau (MPa)
m  =anuFuveudududasistunguFudureins1iauszniians

NILIIALTTEZYUAI (N/mm)

A o o ' & o o < {
fedhagdnauriindmsumInageuasnWEIN 1un150a (Crosshead speed)
) . L . .
auuIasgIudsasuaalannaunsi 2.6 uaed1elsnamaisonalamaouIINg

' lduInan 10% (ASTM D790-10)

R= Z—L2 (2.6)
6d
Tag
R =awiaildlunisna (mm/min)
z = 9ATIAUATYA (mm/mm/min)

[

Y 9
WasgIumrualy Z = 001 mm/mm/min UITBUFUNATOULANNHU

v
=

9
szunal 3 mm ﬂ\11!1!53ﬂ%ﬁNi%‘H’JNi}ﬂi@ﬁﬂ‘Uﬁ’ﬂ 16 IMUDIANUHU BIUAUNINY 48 mm

9 H
v W I

<
PNUUNTUNITN 2.6 %gi%ﬂﬁiﬂ\lﬁﬁiuﬂﬁﬂﬂﬂiZNWﬂ! 1.4 mm/min

2.7.3 MINATOUNIINTZUND (Impact test)
< y o & v
MInaaeuusInszunn Wunisnaaeulagliusinszyunaaeudie
< : @ o ' a g ' o
AMNGIGY FANNETa lumssunsanssunnuesiaquaaz ytianazuanaianuesn 11
- 42
Tag1lsziliunif5uaueanaaany (Impact energy) Nidgamsagasy ineunsunadonas
a @ A 1% A o Y o a @
maMsuanyn viodsunamasnunmlviiagnanisuaniin
[ Y dy Fal dyl 1Y) A [ =}
AmANNeI0 lumsaumuusanszunni sy niagulnzse Taqmiied
18 TagiinsannAIndsuigady 13oa1ANua 1150 TUNTATUNIULTINTZUNN 1IN
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Lﬂu?ﬁﬂ!ﬂufﬂ "]Nﬁ@ﬂﬂﬁﬂ\iﬂﬂWH‘ﬂi@ﬂiTWﬂ’ﬂNﬁﬁJWH‘ﬁ53’;1’?QTQﬂQTNLﬂHLLagﬂQTNLﬂﬁﬂﬂ N7

=) %

9
NAABVUTINTZUNMIUI 2 dnBMEAeAU fp LU pendulum test i8¢ filling weight test LI§

e

[ U =

] < a J éy.;
@EJN"l’iﬂG]”IiJGhN”IH’J gUIZVINANIDINITNATDULITINTSUNNLUDY pendulum NIUU
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MSNATOVUTINTZUNALUVINUAAY (Pendulum  test) vz 1dFRoUMABIAIIN
Y v 9 [
NIZUNNFUNIU Wasudunilggade i ldsunadeuinamsuandn Feeuisoeiu
1 ] { <3 4 o {
anasnun sl ldnnunidaveunssanaasy Tagsiuialdainaunisn 2.7 vin
Y v '
nagouudIFuIu ldnuaasimasaulune THmuvmanadsnuveunugdau Tagiiy
Y Y ' H
Uszmaniminvesiadeu Tasiminiireuniasgiuedn 2.7 38 MsnAdoUUTINTZUNN
o 9 I 9 % 9 [ d’dy
uuuwuganansonenoen lailu 2 dsziandlenu laun msnaaeuusinszunnuuusi
Y k2

g’.l A A
(Charpy test) Lo uuv lowsen (Izod test) 1ABNITNATOUNI 2 ﬂizmmuuwu;@mmsmaau

Y v
wwRgInuuauana R U ludn Bz v IMIFUNAdoD AI31N 2.9

E=mg(h-h") (2.7)
Tag

E — Wdanui aaaaty (J)

m = yavesrneu (kg)

9 — SasusaiiosonusaTiugaalan (9.81 m/s)

h = AnugevedIdeunauldosnszunn (m)

h =anugevesiddeunainszunn (m)

.:'}1 fzod test

Charpy tast

A 2 X {
Eﬂ‘ﬂ 2.9 gﬂllﬂﬂﬂ’liﬂ’l\if’]fuaﬂﬂﬂlﬁﬁﬂigll‘ﬂﬂllﬂﬂﬂf’liﬂllam,lﬂﬂklﬂcﬁ@ﬂ

2 1% a X o kS
%uﬂﬂﬁ@ﬂ%ﬂﬂﬂﬁ@?‘l@ﬁluﬂiuuﬂ%ﬁ'lll'liﬂﬁ]ﬂ%‘ﬂl!i\?ﬂi%llﬂﬂulﬁjll'lﬂﬂéﬂﬁlﬂﬂuu
2 Y @ v ! o v @ < 1
%u@Qﬂ‘]Jﬂ"liﬂiSil"lfl@]’Jlei’NWﬁQQ"lu‘ﬁQﬂ@‘ﬂcﬁﬂlslghclﬁ] MINNAWIUTNITNTEIIAININN VT TING
9

Y Y
Trunaasuimadeniotsy A3UMINATOULTINTUNNNISTANTNATOSLIN (Notch) 11
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Y Ad I o A 9 a 9 ' . A a

ninnuiugagues s iodanalinan MUIAUK UMY (Stress concentration) N1/3179)

[l ] 9 Y
598010 M IHaAN1InIZeVeINaINUNDHe IR FUNAdoURAMT T on18UT UL

= 9 s 2 ° Y a = )
winlufisevun usuduaznszae lligunaageuinldinamadezluuuoiisanmsaa
MNNNAILNANMTUANKD FIMTUMTNAFOUUTINTZUNALUL 10%DA AINNIATIIU ASTM
Y H H Y

D256-10 Mnualdhamazunadeuaszili 2.10 Tashinnurunvessunagdeuainisneg

114974 3.00 — 12.70 mm

“7\_ ~==- DIRECTION OF
w [ —————
< IMPACTEND o COMPRESSION
MOLDING
T b—— i
k- T &4
o c —1
mm in.
A 10.16 = 0.05 0.400 = 0.002
B 318+ 10 1.25 + 0.04
o 635+ 2.0 2.50 + 0.08
D 0.25R + 0.05 0.010R + 0.002
E 12.70 + 0.20 0.500 + 0.008

v Y
511 2.10 VUIAUBIFUNATDULTINTEUNALDY Toea (ASTM D256-10)

v 9

NNMINATUIZANNIADIUMNAINUNTUNATe T ITagasy 1318 Tagns

] Y
mmmwﬂ’ﬂmﬁaw¢1mu TﬂEnJﬂmué’aﬂzi1&mﬂiuwuaﬂwmﬂummmﬁﬁwawmm

] Y 9 Y
umﬁmmnmmmmmmiumiﬁmmuuﬂﬂizu,mﬂuﬁuﬂummwuwewumu
9

IFUWALINY AITUTITOULAAS AIANUAIUNIUITINTZUN (Impact strength) TUW1I28 3D

A1319AT Faeunsomus laasaunsn 2.8
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E
Impact strength = = — (2.8)
A
Tay
E  =wdsnunsunadougasy (J)

4
a

A A 2
NUNUITUTBYIUIN (M)

>
I

2.7.4 MSNATOUANNUUY (Hardness test)
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a9 IBMINado
AN Shore A
PVC Shore A
LDPE Shore D
HDPE Shore D
PP Rockwell R
Toughened PS Rockwell R
ABS Rockwell R
PS Rockwell M
PMMA Rockwell M
Melamine Rockwell M
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2.8 aNUAMeANNIOUVBINDAINBS (FIzNa WATUNYAL, 2556)
d' a d
2.8.1 mslasulaslunednies (Transition of polymers)
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HDPE IFHDINNIZUIUNSHANNAAST UMY

d
(FTUAZUNTAUVDBS 100)

L uDUAIY (WMF) 2. Uiy (PWMF)
]
v

Wad HDPE tlay mmumﬁuﬁamﬂ%a Internal mixer

1. HDPE 95 wt% ttag WMF 5 wt%

2. HDPE 95 wt% t1ag PWMF 5 wt%

UaIipanuIA
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v

WA A 1
NATBVANVALBINAAN

- NAFBUUIIA
- NAEeUNTIAR
- NAFDUUTINTEUNA

nSaumevanif@inavesnoamesnanInan 2 ¥iia Ae HDPE/WMF a2 HDPE/PWMF
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HDPE
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mmnnnszmumiwaﬂwaﬂnmmmmﬁugmm’ju (PWMF)

v

1 J
- U7 325 (P1)

ANVHNADYNIAGIINITTOU

1 4 9 J
- WIULUDT 100 ANVULILBST 230 (P2)

v

Savinaeunndeiases
- P1 v lagmaey 23 um

- P2 ywalagnaey 36 um

v

99NUUUNIINAAD] 9’1”381 Zk Factorials (k = 3)
1. §aaIUMIAN PWMF = 5 wt%, 20 wt%
2. 990 UNIA PWMFE = 23 um, 36 um

3. msanasiyou Toq = 0 phr, 5 phr

v

WNad HDPE uay sﬂymmﬁumuﬁaamm‘umsmamv’w’wm?’m Internal mixer
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34 ITAUHUNIINAAD]
3.4.1 MSAENTTAUAN
1) Msua
~ = 1 3’/ 9 1 k)
FHIUANULUUATY DL UAIBEVUIANINUA 2 50U 1AUN UANSIUAY
) Y
IA5091UA PRM Plastic recycling machinery Model MGK 2121R-2 Na9INHUITUATLIBEARIY
[ < o o a a [ 4 1 4
Tnsauaoldlivuaan dmsuabnnnszuiumswaanaasaaimaiuuuuduiionini
<] Y = 1o & Y A 1% o A 1 Y A
vinaandl99 lusuudosuaiioaavriig 1ad91AMTUAILA UL UNITIOUAIIALLATUND
Anvuane 11
2) M33UNONAVUIABYNA
ao X P} ! A A Y Y
NUIVBUIZ IFAzNTITOU NUFONI1INITAII Retsch YUIALTUHNIY
J ay Qy H ] [
AUINANN 8 12 g9 2 112 ATIAWNIATFIM ASTM E11 (1195) Tagazunsaildsouivuiazes
a d' 1 % 4 o [ 1 di [ 9 1 d’d 1
Alanuanaanuly mauesveazinia d1usumsounonavun l¥azuniasounlive
a [ 1 % ] a < 1 o [
Maluagalideounay lasgdvaunldvumaseulladngalidieas Taseziinise
' . I
ATUNTIAIYATOITOUALLNTA Vibratory sieve shaker ANALYSTTE 3 PRO Huia1 s wih
a a a Aa o da/ ] I J 9 [ | A =
HONWAYU 2 Vadwas UITeNIzuLNeaNd)Y 2 dIuAtenuy aunsnaenfTeueuny
[ 1 =3 1 1 ¥ Y J [ g’;
uanANszEMeAbUUATY waznuudy lugauiieg ldeynafiduazunsuues 100 iy
H ] H ~ 1 wAa a J
TuvaziludiIunaosazinsANBINANITZNUYBIVUIAOYNINADTNUAVOINOAINOS
a U 2 9 oA J Y J
Ao Inan Tagluarutiaz lnauunudunmuazinsUes 100 ANDUASINTALDT 230 (P2)
1, d' ] 4
wag WU UAUNAIUAZINT UL 325 (P1)
3) MIMVHIAUNA
[ 4 [ 4
midiavuineyninz ldiniosinvuiaaioiaires (Laser particle size
. 4 < @ o o 1 { g
analyzer) (Horiba, LA-950V2) TAgiA3 04 a131503avH1ALasnINTEea1veaa 108190110
Y
@ ) I v o
pandaazasuuaIuaey luminaassinvuiaeynmaiuz ldemueailudiviazates Tag
o ] 2 ~ 1 1 < < o Y A
wiluasuuuduas lazaneluenuwea lunsuztiussliunasimanvuadnimiininiu
Y
] 9 =~ a 4 1
Tdeplanszaneluasazarvodiue Miniuaziimsguares ldvuiaeynialuaisazaie
] Y
MBIAVUIA LAZNITNTZIIBAIVDIDYNIAAHINAIUY HAIINNITIAVUIALAZNITNTLIIIAD

[ A = Yo
%ﬂﬂﬂuﬂ1ﬂllﬁﬂﬂﬂﬂgﬂ“ﬂ 3.6 Ling 3.7 G]i\iﬁ11l1‘iﬂﬁ§ﬂvlﬂﬂ\1@niN 3.1
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{ 4 1Y 14
A15190 3.1 Gllu']ﬂ@klﬂ']ﬂﬂ']ﬂm‘%ﬂ\‘]'Jﬂﬂlu’lﬂﬁaﬂml“]f@i

P1 P2
AUPAY (Mean) 23.25 um 35.97 um
daugﬁmmummgm (SD) 13.38 um 29.53 um
158511 (Median) 20.43 um 26.48 um

3.4.2 M399NUUUNITNAN0N (Design of experiment)
H H Y
iﬂﬂﬂ15ﬁ1ﬂ151ﬂﬂﬁ@\iﬁ’3ﬂﬁ 1 ‘ﬁﬁﬂynﬁmﬁ'ummNaﬂizmumawumﬁymﬂ

a a o 4 = J ~ J J
ﬂi%ﬂ’)ufﬂiwaﬁNﬁ@lﬂmmmanlu581‘Vi’JNLL‘]J‘lJﬂﬁ‘lJLm3LL‘U‘]JPJL!ﬂ$WU31LﬁHLLUUﬂ%ULLa$!LUU

S

Auldaudadana lunanarenu egrelsndtiosnnasuuuduainisaldauldiaeli
=1
7

[

o 9 1 [ [ gJ/ a t:all A [ = 1 1
NWUABINIUATEUIUMTUATDY AIUUITUIVEN \3La@ﬂLﬁELLTJ‘]JPJ‘uﬂluﬂ'lﬁﬁﬂH'l@]@ulﬂﬂluﬁ'Ju

A Ao v 9 ' = = o A
12 ¥o3u3989z 19M s NUDUNTNAaBUTINIFIY FiazAnbInanssnUveavenaduls
ApaNLAA1g ) YoINoAINDIADL INANTLHINNOADNAUANUNUIMHUFILAZIABIIN
a a [ o = = [ g’/ v 9 [ 9 L 1 a 3
nszUIUMIRAaRAaSaaIuaNY Faladanirua 3 Tadeaieny laun dadiumsianaisan
1AL VUIADYNIAVOIEIIAUAN 1AZ HANTENUVINMTIANETITON Toa
9 [
AMTPRALULUNITNAADILILOBNUUAIY 2° full-factorials design 1A8f k Ao
o [ d‘ 9 =2 = [ A [ ; [ dg
TuvefavendeInsanyl Tagl 2 s2Al Ao sEAUA (1) tag 5zAUg (+1) Tunsail
= [ (2 =i = g’/ A A [
Any1 3 P99 Awaadlunisnan 3.2 §391nmsesnuuUNINAasIly leWasan 3 Tadeay

Y i
ulﬁ}ﬂ1iﬂ@ﬁf]ﬂﬂ0ﬂhﬂ 8 NINAABI ANANIT NN 3.2

15199 3.2 davenaulaluauive

Low level High level
Factor Name
QY] (+1)
A FATIUMSTIAN PWMF (%) 5 20
YUIADYNIA PWMF (um) 23 36
C M3ANa15¥on Tog (phr) 0 5
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A13197 3.3 MIVBALUUMINAABIAIEIT 2" full-factorials design (k=3)

Design PWMF | Particle
Compatibilizer
Run Code content size Name
(phr)
A|B|C| (%) (pm)
1 - -] - 5 23 0 HDPE/5SPWMEF/P1
2 -+ - 5 36 0 HDPE/5SPWMEF/P2
3 + |- - 20 23 0 HDPE/20PWMF/P1
4 + |+ | - 20 36 0 HDPE/20PWMF/P2
5 - -]+ 5 23 5 HDPE/5SPWMF/5HDPE-g-MA/P1
6 -+ |+ 5 36 5 HDPE/5SPWMF/5HDPE-g-MA/P2
7 + | - | + 20 23 5 HDPE/20PWMEF/5HDPE-g-MA/P1
8 + |+ | + 20 36 5 HDPE/20PWMEF/5SHDPE-g-MA/P2
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1 Y
Scientific HAAKE PolyLabOS, RheoDrive?) tiio991nsz@nsninlumsnangs onnaldia

a

oo Tasldgangil 170 °C Wlunat 15 Wil A2wE50U 70 rpm Tagazraunsaaz 200 NS
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344 mMsvugliunaaeudeIsmsan

A A < o9 vy & 2 v = g A
Wonseuuaneulaieusaenad mumumzﬂm’mwumuuazmu'lﬂu

2 ) [ K ES Ay A A a X A a X d a 9
misuugﬂ ﬁ"l'ﬂi']Jﬂ'li"‘lJujjﬂ‘L!‘LN'I‘L!’J%]EJ‘L!LE]E]ﬂﬂ'liﬂW"ngTJL“L!ﬂﬂﬂ1ﬂﬂ1§ﬂﬂﬂ]uiﬂuuuﬂni‘ﬂn1ﬂ

U

e

¥ Y

a ¢ oqw < A o 1o o a X [ 9 4 =
1‘1!@@]@"]'Hﬂ55‘n annedslvanuiluiio@ernuuinnin mmummmugﬂummamsmm
Co-injection molding machine ’gl 1 TRX-60C Iagu3Hn Hangzhou Tedric Machinery Co.,Ltd

' 1a A o 1 ) o a1 [ v y o
Tagaalduinuindluzliwazvinadmiunadevaniiana  de31 3.10 vananuuda

Y
v A

v )
FUNATOVOONIIN runner LAINNLAIAD d1viSudou lulumsnaliaail

- gamgivesuusa ('C) N3 5 Twu Av 180, 175, 170, 165, 160 AaIAY

1A 4

- QUUQUUUNLN (mold temp) 30°C

<3 @ 1a o . .
- e lumseua luuUNLN (cooling time) 30 sec
- ANMNAULY (hold pressure) 100 bar

- anwaulumsaa (injection pressure) 80 bar

Y

~ ay ~ 9 S R a 14 a 1
gﬂ‘ﬂ 3.10 %u‘ﬂﬂﬁauw‘lmmmmmugﬂmmwaamaiﬂauTwamzmn

WRADNAUANUUUIMUUINUABUDURY
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wAa d a
345 MINATBIANTAVDINOANDIADNINANITZHINIWB AP N AUANNHUUUG I
a a (Y] 4
HAZIAHDINATZUIUNSHNAANAAH UNINAITY
3.4.5.1 MInaaauanliABIna (Mechanical properties)
1) MSNATDUNSTIA (Tensile test)
2 Aq ¥ &
NAAOUAINNINITFIU ASTM  D638-10  Tasxunaaoui b iy
~ 2 ] A P
Uszand 1 aNUHUIFUIUYsTUIN 3.2 mm  NadeuAlgnIeINadaUUNlsEaen
4 y a 4
(Universal testing machine, INSTRON, model 5565) ¥11a Tnaaisad 5 kN Nguwgiivod tive
MIAIANUAIUNIULTIA (Tensile strength) ?’1'13\16@5’@’5116%5@ (Young’s modulus) Lag

1 I J A o . 3 A [ dy
Ao FuANTIAA? (%ElongatlonﬂﬂElﬂiﬂlmmflu]lﬁllsluﬂﬁﬂﬂﬁa‘u PNU

S28yH193ENIeTHIUTA (Distance between grips) 115 mm
AN (Gauge length) 50 mm
ANuEluMInaaoy (Speed testing) 50 mm/min
SuFUnadey 10 Fu

A 2 =
EL]JVI 311 YUNATADULLIIAN

2) MINATOVUTINAIAG (Flexural test)
v
A I
NATOUAIUNIATTIU ASTM  D790-10  lasFunaaouiilu
A A A 9y~ Y A 7
FMAIUAUAITUUIA 127x12.7 mm AINHUI 3.2 mm NATOUAIYIATOINATDUIDUNYTL AR
(Universal testing machine, INSTRON, model 5565) vinalvaawad 5 kN ﬁqquﬁﬁ’m (e
WIAANUATUNIULTIRA TR (Flexural strength) A10Q@ 13969 19 (Flexural modulus) Tag
o d‘ % da’
fMruadeu lvlumsnaasy aall
32821 199AT0I5 (Support span length) 48 mm
mmﬁiﬂumimﬁau (Crosshead speed) 1.4 mm/min

Y Y
NUIUFUNA T 10 WU
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' v
507 3.12 Funadounsiaa 1A

3) MINAAIUUITINIZUNN (Impact test)
NMINATOULUIINTZUND ITNATOUUUY [zod MUNINTIIU ASTM
D256-10 T@ﬂ%yumﬁamﬂu?{mﬁﬂuﬁu%ﬁmum 63.5x12.7 mm AUHUI 3.2 mm 508UINAN
(Notched) 50811AAN 2.54 mm mﬁauﬁ'aﬂmdi'mmaauuiqﬂizgmﬂ (Impact testing machine,
INSTRON(CEAST)/CEAST 9050) ﬁqmwgﬁ 23°C ﬂﬁzﬂiillﬁsl%} (Energy load) 2.7 J gﬁam

1 Y o Qy
ANNNUATUNIULTINTSUND (Impact strength) Iﬂﬂﬂ@ﬁﬁ]ﬂﬂ'lu]u 10 ¥U

rll ™\RAs tll_. T

v v
319 3.13 FunaaeUIIINITLUND
4) MINATOUANNUYS (Hardness test)
9
mﬂﬁ@‘umummgm ASTM D2240-05 Gluﬂ1‘i‘ﬂﬂﬁﬁ]‘ﬂui]$‘ﬂﬂﬁﬁ]‘ﬂ
o 4 <
Tﬂﬂ“l%'mﬂmmu Shore D ﬁ'wm’%mmﬁaummum (Hardness testing machine, DUROTECH,

BENCH STAND, Model BS550) 5 00931414 311491 5 U
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3.4.52 MInAaaUaNTANIININIOU (Thermal properties)

a 4 = a a =~ . . .
Ao s wFeadunuilaunaosuns  (Differential  scanning

9 v 1

I a 4 A a I'd a 1
calorimetric, DSC) 1Y un1sins1gimguyiindidya1e q vesneaweinouIndn laun

Y

a a a L @ a 4 s 2
guugiinaouyal uazguugimsnanan uennnidsansaldlumsinaizinulesidu

mMsnananlaondie ??Wi%l‘]Jﬂﬁ‘V]ﬂﬁE]‘]Jilzi‘ff}Lﬂ%EN Differential scanning calorimeter
(PerkinElmer instrument, Model Pyris Diamond) m‘%amﬁumaauiﬁ’ﬁmmmﬁﬂ ‘l%l?}THﬁ’ﬂ
Taotszanm 5-10 mg U359 ludavegiiv himsnaaeumeldanzussemealulasiou ae
803113 112 20 mL/min iedlosdunstfnseniihifiaszeasd Taoifingangil (Heating rate)

10 °C/min NAFOUFINQUNYUH 03 DIgUNY1 200 °C (1" Heating scan) WOAVANUNTITIGD

@ E]

@

Aa 1 Y o agq Y A I A A o o g
UNITAUAYNIUNN Lla’JiﬂHWQmﬁﬂuﬂﬂﬁﬂﬁﬂ (Isothermal) 1Wuaa1 5 W 1200 °C Ha91nuy

e

a

ARUNAINIBDA51 (Cooling rate) 10 °C/min 910 200 °C DgmuYINeI ganeaoIugungll

QU

o)

? o o . ! a o T . S & I 3
9nATIA208A51 10 °C/min $299MYI 30-200 °C (2 Heating scan) dmTurlosiiudnisnis

= Y ~
NAN ()(C) ﬁ"]i“ﬁﬂﬁﬁlulﬂ%']ﬂﬁmﬂ']ﬁ‘ﬂ 3.1

7. =—2n 900 (3.1)
W, xAH |
Tasfi  z, = % nsthadn
AH, = manfeuudauSinaanudeulumsvnaeuman
AR’ = mswdsundasSuannudenves HDPE il
MAKAN 100% (293.6 J/g) (Wunderlich, 1990)
W, = dagruveshimin HDPE luwedwesnenTndn

3.4.53 mIsnaaaumsayll (Flammability test)
mInageumsainliiznagoumuuIATgIU UL-94 LuniuIueu
v
(Horizontal Burning Test, HB) lag¥unagouiuuia 125x12.7 mm AINHUI 3.2 mm lagagdl
o = £ o Y] a Y a9y A a °
mstugarunadenludnyuzuuiueundlna lnnazmessionlad lvaih Tasazinei
v v 9
YU 45 pamnUuUITEAUIITUNAdeU A3l 3.14 dmsumsau ldhsunaaevusz1dinar 30
v v
=) = 1 5% % -7

Y ' Y
IUININMIUU 'ﬁﬁ\i%1ﬂuuiﬂﬁlﬁ}%uﬂ@ﬁﬂﬂ!,N15\16‘],1L!1/iu\151\16\1ﬁ 1 !Lﬁ”J%‘UL’JQW "lﬂ%umwu

v o v Y a A 3’, o v A a dy ]
“I/lﬂﬁ’é]ﬂi]%LN1U1’1JENGHLL‘H1N®N®W] 2 mﬂuummim@mmﬁam"an@mu“lumq 75 mm
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2nd gauge mark ist gauge mark

Flame height:

Test piece 20mm +/-1mm

Fine wire-mesh

25mm 75mm 25mm

Burner

317 3.14 dnvazmesnadeumyaw luaumuiuen

(N : http://www.ulttc.com/en/solutions/test-methods/

combustion-fire/flammability-ul-94-hb.html)
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" pannmsanyielieumees 2 ¥iia
2. HAMIANHINANTZNUVBITATIUNITIAY YUIADYNIAABIINNTZVIUNITHAN
a [} 4 =1 1 a d'
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Impact strength (kJ/m’) 3.30 0.19
Hardness (HSD) 58.92 1.12

42.1.1 WAINMTNATOUNIIAY

(%

9
5’1143‘]JﬂWSVIﬂﬁﬂ’UﬁM‘U@]LLiQﬁQ%%W%WSmW%QﬁNﬂ 3 ﬁuﬂﬁﬁlﬂﬂﬂu
£

Y 1 EY = o o = I4 A o R Y o
"lmm AITUATUNTIULLIIAN Iilij]ﬁﬁﬂlf’)x‘]ﬂ\‘] uazgﬂaiwummsaﬂm %Q%Tﬂﬂﬁﬂﬂﬂﬂ\illﬂwﬂﬂﬁu
' 9 = Ay ~
?’nﬂ’3111G]TLJ‘1/111!Lli\1ﬂ\1‘1/]hlﬂ%?ﬂﬂﬁﬂﬂﬁ@ll@ﬂu'ﬂ@@ﬂlmﬂﬂﬁ‘ﬂﬂﬁﬁlﬁ
9 v [ A < 1A A a 1 (3K I A A
VNAU Llﬁﬂ\iﬂﬂg‘ﬂ‘ﬂ 4.6 fl]1ﬂﬂiﬁ/\l%3mu’JTLiJ’e)iJf‘ﬂﬁL@]NLﬁ’HLLUUPJ‘HlIN’N%&ﬂuVI 5% 1199 20%

A g’/ aA a A = a
VUIABYNIA 23 150 36 hliJTﬂﬁLllG]i ‘1/NLHJ‘U‘Vlllfﬂimllﬁ?i!ﬁfﬂllTﬂﬂllﬁ%llui\lﬂiilﬁllﬁii

De

A’ g’/ 1 Y Y = A 1 Lé s ~
Wwou laaty ?NNﬁGlfﬁﬂ”Iﬂ’J”Ill@]TL!ﬂ?ﬂlliﬁﬂﬁﬁﬁﬂluﬂ’l”lﬂ”li”lumMLﬁ‘HPJ‘L! FIUANUNY

U

'
A a

[ < { 1 o 1 a J
21.80 % 2.57 MPa sgaztiiuldnna1s1ehl 4.3 ualenasandadrumsauerunuduly
a a ' 1 4 A o 3 1 ]
Waammﬁummwmuuuq&wum Lﬁ@!fWilﬁﬂﬁ'Ju%'lﬂ 5% 1w 20% “lmﬁma”lﬁ’mmm
9 = o y A 2 A A 9 ' 2
Gmmmmdmmmﬂumwnummu Gl,u"Umg1/]ﬂ'liIJJﬁElullﬂaQﬂlu’lﬂ@uﬂ’lﬂi'ﬁiﬂi‘gﬂ’lﬂmu%’lﬂ
<3 Y] 1 Y 9y = 1 <3 Y o ~ A T
23 nJu 36 UlllIﬂilllGli ﬂa‘ﬂﬁ\‘]WaGlﬂﬂ'lﬂ?'lllﬁ'luﬂ'lul!iﬂﬂﬂaﬂaQ@EJ'I\?Lﬂuulﬂ%ﬂﬁluﬂimﬂ yu

a 4

a d' 1 d' = a d' a [ o Y1
MTANaIsIeu Teg uatlsun1sauaiIstyen e lunsauesaen Inannavunilininiuy

=~

Aumuussasanadnn q msanyl endulunsainlins@udadiwauduin 20% vuia

oyA 36 lulasung



61

28 4 %
®x
—_ 27 4
)
S
< 26 4
=
N
: ? o
ﬁ s
w
D
= 24 ]
=
%)
[
o g TH s
22
HDPE-g-MA (phr) 0 5 0 5 0 5 0 5
Particle Size (micron) 23 36 23 36
PWMEF (%) 5 20

gﬂﬁ 4.6 HANTZNUYDITATIUNTIAN ﬂluiﬂ@lgﬂiﬂﬂl@ﬂLﬁ‘]&ﬁ]"lﬂf‘lﬁ%ﬂ’lluﬂﬁNaﬂ

a o J a 4 1
Na@mﬂ!“ﬂ!,llﬁ?ﬁulmzﬂ'l'i!ﬁllf"ﬂﬁLGTJ"EJ?JTﬂﬁ@f’)ﬂ’ﬂﬂi‘%ﬂ‘l’ﬂﬂlliﬂﬁﬂ

d‘ [ d' 1 9J 9 1 Y v d‘ 1 1 1
1n3UN 46 asnnanddu auwsanan ldnidieidinanen
9 =K A A g}.z 1% dy l a = [
ANMUATUNIULSIAIAD VUIARYMNIA tazasyonTes naaestladeiidewalufianiafenu
1 A A 'dg! = a A 1 1 Y 9 =
na1fe evueoymalugau uagimuauainvonles arvdawaliainuaunsada
[ <3 A o 1 9 < A 9 a ~
anad 8g1a lsnauiinihAnNudIuNILLTIaan IdnnsnaasusnneSsauuuaes
9% a 4 =Y aa a 4
szau 11z iat83TmIneaan arensuaszinnuulslsiu (ANovA) Taelds

0o < .. @ { X a o Qady =
Tilsunsudu5og) Minitab 1Akadagiin 4.7 FagiuuumsnsiziinaneadaiioznSouiou

' 1% ' v v o w A o ] 1
A1 P-value NUAITEAUTEEIATY (O0) WIANUI1AT P-value vosfadola o nawdeenin

[ v o w a 1

' H 1 o ¥ a
mszauisdiny (Taona lddmuaszaudediagh 0.05) vaasnidideduionswanins

Y
% 1

v o @ a 4 ' @ @ .
NATDUUU ’t’)fJNﬁ‘L!EJ?f”IﬂﬂJ taznamIuaziaNuulslsuwundatevan (Main effect)

9 ]
133 1998 An dadiums@ueuuudu VineeuMARELUDAY tazmaAudITven Tog

1 <]

[ 1 [ [ v o w [ 3 { [ 1
mQﬂtNWammmmﬁ)mmumQﬁmfmﬁuﬂmmg m%zmu"lﬁ)mﬂgﬂﬁ 4.7 HANNHanITNy

D

1 1 o

[ Y =< 3‘1 n g A o v A ] = 1 =
NdwanemnNumumunssaaiy ildlimealatsnaniiesediufen uadilinansznuves
938590 (Interaction effect) NAIHAADAIMINATUNULTIAIOI T Tod YR8 Fe1lsznou
lide dnsnavesieteson 2 szav laun ansnasimvesdadrumsiAuasuuudunas

YaeyMAaREIUDHY dnEwasiuseunuasnuuduaMsAuairen Toe ONTwas



62

sErIvIReYMALaz asen Tee uazoninasmveaeian 3 s2a laun aninasioy
YoIFATIUMIAUABIUVAY Vo ymamELUUAULaz MTANE T Feu Toq HoWnsana
' ' 1
Fudszansmsdadulanysuuds (Adjusted R-squared, R-Sq (adj)) F90A1 79% LiaA43I1N3
d‘ 1 9 = g’/ a d‘ [ d‘
wasuulaannnumunuusIaaiy 79% mavinmsntuaumslasunilasvestfedehn
anw Taefiaunlsharugu1u'l| (Eror) og 21%
HoNMTUUNIINANTZNUVDITITGNANILNUNTZAVHANTENUVD
TasendananoanuMuNIuLTIRIgIgane dadiums@usBuuuHY 599891A0YUIA
[ Y d' A a zﬂ' a 9 1 aa é S
pymarELUUAY Meligado maduanFonTos Taenarsan 1avna1ada F aeiia 100.57
o w é 1 aa dy 9 [ 1 ] d'd d‘
4773 1ag 637 My Handoa F ulduenszaunaniznuaenimadounany lagh

'
(g =

2’, A o A 1 v A " Y A [ [ 1 a
mu,a611ﬂuaﬂuuﬂamu’au%umﬂ’nﬂm&ma’mﬁ]aJ”lu"lmﬂumm U dATIUNITIANIAYLUDY

Y
AUIAIana F 1Ay 100.57  %118a21071 dadiumsianasuuuiuiidananoninanmy

q

Y =2

1 @ H 1 ] e a 4
aunuussasinandatenaiuguli'la (Error) 100.57 111 uon11ALINMITAATIZHNG
AADAAINTOVIVDNHANTZNVITIVIN HIoFaavuedTase ldaron1I NI AT 091U

[ 4 [ g Aaa =Y % { . 4
lunoduil Effect %30 noauiaana T wienananusuuesnsinlugli 48 Fuie
a [ d‘ 1 9 9 a 1 1 9 = Y d‘ =}
NTAAINAAINVNAUIZAINTDOTUIEHANTENUADAIANUMUNMIULITIA 1A 1o TNg
PudadIuauUAUIE dINATIUINADAIANUATUNIULTIAY NA1IAD MINGATIUNNIIN

3 o Y Y =3 49! v o 1
5% 111 20% 2N 1HMANVAIUNIULIIAIGIUY TUNRAAUAY VAYMARBULUAY 1ag
4 1 a 1 1 v [~} 1 |91
151 ¥0u TeadINAFIaUADAIANUATUNIULTIAT FINHNIBAINI MInUUIneY I Tnaau
uazimaauaswou Teeaslu HDPE/PWME Aoy Inan a2 ldaianudiumunsdaanad
aninaveslavenanarudadiunmsiamasuuuduiauasly
Aa Aas [l ~ VA A a J I
WOARNAUANNHU UG 1NJUN 48 WA UMTAMABUVVAY 910 5% 111 20%
! Y1 A ) = E < ~
A9Ha INAURABVDINIIWATUNIULTIAIGIVY 1052110 23.6 MPa 11U 24.8 MPa dunah
I 1 k4 = I Y A A a v A A v R A v [
dhuguruiianuduldldiudelinsduarsdandn Aoeyuuudu Fealidnyuzudalu
a P Yy A =K o Y o @ = Y 3 zg dal v A
wnInsAAe U1ty 397 1 au1ia Tags e Tagluud THULIIUY URNIINUNMITEITANAY
A 2 °o w A " oa 79 ¥ A Ay vy A o ¢
v lldnamsnasu lvivesae Tawedwes 1viadaoun lariesas Quadnyal tay
= U Y 9 = da!
AL, 2554) AINANTENU THANNEINITO IUNTATUNIULTIAININUY
answavesatoranaruvuiaeynatAsuuuAunauasluy
A aa 1 A A A ' 9 2
WoAPNAUANUNUIMUUGY  WUIUNIMSINNVIIARYMAAEIDUAY IR 1M uueIn 23
d ' Y A 9 =2 o
TuTaswas ity 36 lulaswas aawaldaundevesnanudiuniunsinadias 1ndssuu
A dyQ a @ v 9 a A A A 9
24.6 MPa 189 23.6 MPa H0n91n1l answavestlaserandiumsduarsason Teanmuan il
9 1 1 1 9 = 1 d' =\ a d‘ 1 Y d'
HANFINANTZNUADAIANNAUNIULTIA MU M TANaTsou Toe danalinundevoq

mmﬁ’mmmmﬁw‘hm 1nUszana 24.3 MPa Mae 23.9 MPa



63

Factorial Fit: Tensile stre versus PWMF(%), Particle Siz, HDPE-g-MA (phr)

Estimated Effects and Coefficients for Tensile strength (MPa)

(coded units)

Term

Constant

PWMF (%)

Particle Size (micron)

HDPE-g-MA (phr)

PWMF (%) *Particle Size (micron)

PWMF (%) *HDPE-g-MA (phr)

Particle Size (micron)*
HDPE-g-MA (phr)

PWMF (%) *Particle Size (micron)*
HDPE-g-MA (phr)

= 0.567562 PRESS = 28.6335

S
R-Sg = 80.86% R-Sg(pred) = 76.

Analysis of Variance for Tensile strength (MPa)

Source

Main Effects
PWMF (%)
Particle Size (micron)
HDPE-g-MA (phr)

2-Way Interactions
PWMF (%) *Particle Size (micron)
PWMF (%) *HDPE-g-MA (phr)

Particle Size (micron)*HDPE-g-MA

3-Way Interactions

Effect Coef
24.1864

1.2728 0.6364
-0.8767 -0.4384
-0.3202 -0.1601
-0.3497 -0.1749
1.0807 0.5404
0.9922 0.4961
0.3642 0.1821
37% R-Sqg(adj) =

(phr)

PWMF (%) *Particle Size (micron) *HDPE-g-MA

Residual Error
Pure Error
Total

Source

Main Effects
PWMF (%)
Particle Size (micron)
HDPE-g-MA (phr)

2-Way Interactions
PWMF (%) *Particle Size (micron)
PWMF (%) *HDPE-g-MA (phr)

Particle Size (micron)*HDPE-g-MA

3-Way Interactions

(phr)

PWMF (%) *Particle Size (micron)*HDPE-g-MA

Residual Error
Pure Error
Total

(phr)

(phr)

RFRP PP WRERP P WS

~J
N =

72
79

51.
100.
47.

47

72.
61.

SE Coef
.063406
.063406
.06346
.06346
.06346
.06346
.06346

O O O OO oo

0.06346

79.00%

Seqg SS
49.823
32.398
15.374

2.051
45.498

2.447
23.360
19.691

2.654

2.654
23.193
23.193
121.168

56
57
73
.37
.08
.59
52
13
.24
.24

.000
.000
.000
.014
.000
.007
.000
.000
.005
.005

O OO OO OO OO o

T

381.16
10.03
-6.91
-2.52
-2.76

(coded units)

8.52
7.82

2.87

Adj SS

49.
32.
15.
2
45.
2.
23.
19.
2.
2.
23.
23.

8229
3979
3738

.0512

4981
4465
3604
6912
6536
6536
1931
1931

[cNoNoNoNoNeNe]

P

.000
.000
.000
.014
.007
.000
.000

.005

Adj MS

16.
32.
15.

15.

23.
19.

o OoON

6076
3979
3738
.0512
1660
.4465
3604
6912
.6536
.6536
.3221
.3221

A a 4 [ 1 9 =
510 4.7 wamsuns1ztinNuLlssiuveefadeneAn VAU NIULTIAY

U



Main Effects Plot for Tensile strength (MPa)
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Main Effects Plot for Modulus of Elasticity (MPa)

Data Means

PWMF (%) Particle Size (micron)
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Factorial Fit: Modulus of E versus PWMF(%), Particle Siz, HDPE-g-MA (phr)

Estimated Effects and Coefficients for Modulus of Elasticity (MPa)

(coded units)

Term Effect Coef

Constant 398.81

PWMF (%) 66.58 33.29

Particle Size (micron) -4.62 -2.31

HDPE-g-MA (phr) -49.57 -24.79

PWMF (%) *Particle Size (micron) 6.93 3.46

PWMF (%) *HDPE-g-MA (phr) 9.07 4.54

Particle Size (micron)* 15.37 7.69
HDPE-g-MA (phr)

PWMF (%) *Particle Size (micron)* 1.82 0.91
HDPE-g-MA (phr)

S = 14.9134 PRESS = 19769.8

R-Sg = 90.09% R-Sqg(pred) = 87.77% R-Sqg(adj)

Analysis of Variance for Modulus of Elasticity (MPa)

Source
Main Effects
PWMF (%)
Particle Size
HDPE-g-MA (phr)
2-Way Interactions
PWMF (%) *Particle Size
PWMF (%) *HDPE-g-MA
Particle Size
3-Way Interactions
PWMF (%) *Particle Size
Residual Error
Pure Error
Total

Source
Main Effects
PWMF (%)
Particle Size
HDPE-g-MA (phr)
2-Way Interactions
PWMF (%) *Particle Size
PWMF (%) *HDPE-g-MA
Particle Size
3-Way Interactions
PWMF (%) *Particle Size
Residual Error
Pure Error
Total

(micron)

(micron)

(phr)
(micron) *HDPE-g-MA

(phr)

(micron) *HDPE-g-MA (phr)

(micron)

(micron)

(phr)
(micron) *HDPE-g-MA

(phr)

(micron) *HDPE-g-MA (phr)

SE Coef T P
1.667 239.19 0.000
1.667 19.96 0.000
1.667 -1.39 0.170
1.667 -14.87 0.000
1.667 2.08 0.041
1.667 2.72 0.008
1.667 4.61 0.000
1.667 0.55 0.586

= 89.13%

(coded units)

DF Seq SS Adj SS  Adj MS
3 138226 138226 46075.3
1 88645 88645 88644.6
1 428 428 427.8
1 49154 49154 49153.6
3 7334 7334 2444 .7
1 959 959 959.1
1 1647 1647 1647.1
1 4728 4728 4727.8
1 67 67 66.6
1 67 67 66.6

72 16013 16013 222.4

72 16013 16013 222.4

79 161640

F P

207.16 0.000

398.56 0.000

1.92 0.170

221.00 0.000
10.99 0.000

4.31 0.041

7.41 0.008

21.26 0.000

0.30 0.586

0.30 0.586
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Factorial Fit: %Elongation versus PWMF(%), Particle Siz, HDPE-g-MA (phr)

Estimated Effects and Coefficients for %Elongation (coded units)

Term Effect Coef

Constant 414.9

PWMF (%) -756.5 -=378.2

Particle Size (micron) -36.6 -18.3

HDPE-g-MA (phr) -34.3 -17.1

PWMF (%) *Particle Size (micron) 30.8 15.4

PWMF (%) *HDPE-g-MA (phr) 33.3 16.6

Particle Size (micron)* -45.8 -22.9
HDPE-g-MA (phr)

PWMF (%) *Particle Size (micron)* 38.3 19.2
HDPE-g-MA (phr)

S = 66.4359 PRESS = 392331

R-Sg = 97.34% R-Sg(pred) = 96.71% R-Sqg(adj)

SE Coef
7.428 55.
7.428 -=50.
7.428 -2.
7.428 -2.
7.428 2.
7.428 2.
7.428 -3.
7.428 2.

= 97.08%

Analysis of Variance for %Elongation (coded units)
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Way Interactions
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Way Interactions
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Pure Error
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22133
41951
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4414
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93.
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Main Effects Plot for %Elongation

Data Means
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Factorial Fit: Flexural str versus PWMF (%), Particle siz, HDPE-g-MA (phr)

Estimated Effects and Coefficients for Flexural strength (MPa)

(coded units)

Term Effect Coef SE
Constant 25.2181 O
PWMF (%) 2.5038 1.2519 O
Particle size (micron) -0.2097 -0.1049 O
HDPE-g-MA (phr) -0.7312 -0.3656 0
PWMF (%) *Particle size (micron) -0.0612 -0.0306 O
PWMFE (%) *HDPE-g-MA (phr) 0.3022 0.1511 O
Particle size (micron)* 0.8888 0.4444 O

HDPE-g-MA (phr)

PWMF (%) *Particle size (micron)* 0.2432 0.1216 O.

HDPE-g-MA (phr)

S = 0.522425 PRESS = 24.2603
R-Sg = 88.80% R-Sg(pred) = 86.18% R-Sqg(adj)

Analysis of Variance for Flexural strength (MPa)

Source
Main Effects
PWME (%)

Particle size (micron)

HDPE-g-MA (phr)
2-Way Interactions

PWMFE (%) *Particle size (micron)

PWMF (%) *HDPE-g-MA (phr)

Particle size (micron) *HDPE-g-MA (phr)
3-Way Interactions

PWMF (%) *Particle size (micron) *HDPE-g-MA (phr)

Residual Error
Pure Error

Total

Source

Main Effects
PWME (%)

Particle size (micron)

HDPE-g-MA (phr)
2-Way Interactions

PWMF (%) *Particle size (micron)

PWMF (%) *HDPE-g-MA (phr)

Particle size (micron)*HDPE-g-MA (phr)
3-Way Interactions

PWMF (%) *Particle size (micron) *HDPE-g-MA (phr)

Residual Error
Pure Error
Total

= 87.7

Coef

.05841
.05841
.05841
.05841
.05841
.05841
.05841

05841

1%

431.
21.

-1

-6.
-0.

(coded units)
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P
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Main Effects Plot for Flexural strength (MPa)
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Factorial Fit: Flexural mod versus PWMF (%), Particle siz, HDPE-g-MA (phr)

Estimated Effects and Coefficients for Flexural modulus (MPa)

(coded units)

Term Effect Coef SE Coef T P

Constant 735.12 3.548 207.20 0.000

PWMFE (%) 100.05 50.03 3.548 14.10 0.000

Particle size (micron) -23.53 -=11.77 3.548 -3.32 0.001

HDPE-g-MA (phr) -109.76 -54.88 3.548 -15.47 0.000

PWMF (%) *Particle size (micron) -0.91 -0.406 3.548 -0.13 0.898

PWMF (%) *HDPE-g-MA (phr) -33.80 -16.90 3.548 -4.76 0.000

Particle size (micron)* 26.37 13.19 3.548 3.72 0.000
HDPE-g-MA (phr)

PWMF (%) *Particle size (micron)* 1.63 0.82 3.548 0.23 0.819
HDPE-g-MA (phr)

S = 31.7330 PRESS = 89509.5

R-Sq = 87.09% R-Sg(pred) = 84.06% R-Sg(adj) = 85.83%

Analysis of Variance for Flexural modulus (MPa)

Source

Main Effects
PWMF (%)
Particle size
HDPE-g-MA

(micron)

(phr)

2-Way Interactions

PWMF
PWME (%) *HDPE
Particle size

(%) *Particle size
-g-MA

(micron)
(phr)

(micron) *HDPE-g-MA (phr)

3-Way Interactions

PWMF (%) *Particle size

Residual Error
Pure Error
Total

Source

Main Effects
PWMF (%)
Particle size
HDPE-g-MA

(micron) *HDPE-g-MA

(micron)

(phr)

2-Way Interactions

PWMF
PWMFE (%) *HDPE
Particle size

(%) *Particle size
-g-MA

(micron)
(phr)

(micron) *HDPE-g-MA (phr)

3-Way Interactions

PWMF (%) *Particle size

Residual Error
Pure Error
Total

(micron) *HDPE-g-MA

(phr)

(phr)

(coded units)

DF Seq SS Adj SS Adj MS
3 452223 452223 150741
1 200205 200205 200205
1 11076 11076 11076
1 240942 240942 240942
3 36774 36774 12258
1 17 17 17
1 22845 22845 22845
1 13913 13913 13913
1 53 53 53
1 53 53 53

72 72503 72503 1007

72 72503 72503 1007

79 561553

F 3

149.70 0.000

198.82 0.000
11.00 0.001

239.27 0.000
12.17 0.000

0.02 0.898
22.69 0.000
13.82 0.000

0.05 0.819

0.05 0.819

s

a 4 [ 1 [ o
4.19 Waﬂ??ﬁﬂi?%ﬁﬂ31Nuﬂiﬂ§3u%ﬂﬁﬂ%ﬂﬂﬁﬂﬂWTNﬂaﬁuiﬂﬂﬂ



Mean

Main Effects Plot for Flexural modulus (MPa)
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Factorial Fit: Impact stren versus PWMF (%), Particle siz, HDPE-g-MA (phr)

Estimated Effects and Coefficients for Impact strength (kJ/m2)

(coded units)

Term Effect Coef SE Coef T P

Constant 2.2239 0.01551 143.35 0.000

PWMF (%) -0.3700 -0.1850 0.01551 -11.92 0.000

Particle size (micron) 0.2090 0.1045 0.01551 6.74 0.000

HDPE-g-MA (phr) -0.0278 -0.0139 0.01551 -0.90 0.374

PWMF (%) *Particle size (micron) 0.0688 0.0344 0.01551 2.22 0.030

PWMF (%) *HDPE-g-MA (phr) 0.04064 0.0232 0.01551 1.49 0.139

Particle size (micron)* -0.0143 -0.0071 0.01551 -0.46 0.647
HDPE-g-MA (phr)

PWMF (%) *Particle size (micron)* 0.0272 0.0136 0.01551 0.88 0.384
HDPE-g-MA (phr)

S = 0.138756 PRESS = 1.71140

R-Sqg = 73.18% R-Sg(pred) = 66.89% R-Sg(adj) = 70.58%

Analysis of Variance for Impact strength (kJ/m2) (coded units)

Source DF Seq SS Adj SS

Main Effects 3 3.62686 3.62686
PWMF (%) 1 2.73773 2.73773
Particle size (micron) 1 0.87369 0.87369
HDPE-g-MA (phr) 1 0.01543 0.01543

2-Way Interactions 3 0.14159 0.14159
PWMF (%) *Particle size (micron) 1 0.09454 0.09454
PWMF (%) *HDPE-g-MA (phr) 1 0.04300 0.04300
Particle size (micron)*HDPE-g-MA (phr) 1 0.00406 0.00406

3-Way Interactions 1 0.01479 0.01479
PWMF (%) *Particle size (micron)*HDPE-g-MA (phr) 1 0.01479 0.01479

Residual Error 72 1.38623 1.38623
Pure Error 72 1.38623 1.38623

Total 79 5.16948

Source Adj MS F P

Main Effects 1.20895 62.79 0.000
PWMF (%) 2.73773 142.20 0.000
Particle size (micron) 0.87369 45.38 0.000
HDPE-g-MA (phr) 0.01543 0.80 0.374

2-Way Interactions 0.04720 2.45 0.070
PWMF (%) *Particle size (micron) 0.09454 4.91 0.030
PWMF (%) *HDPE-g-MA (phr) 0.04300 2.23 0.139
Particle size (micron)*HDPE-g-MA (phr) 0.00406 0.21 0.647

3-Way Interactions 0.01479 0.77 0.384
PWMF (%) *Particle size (micron)*HDPE-g-MA (phr) 0.01479 0.77 0.384

Residual Error 0.01925
Pure Error 0.01925

Total
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Factorial Fit: Hardness (sh versus PWMF (%), Particle siz, HDPE-g-MA (phr)

Estimated Effects and Coefficients for Hardness (HSD) (coded units)

Term Effect Coef SE Coef T P
Constant 62.0500 0.06300 984.95 0.000
PWMFE (%) 3.2200 1.6100 0.06300 25.56 0.000
Particle size (micron) -0.8000 -0.4000 0.06300 -6.35 0.000
HDPE-g-MA (phr) -0.3600 -0.1800 0.06300 -2.86 0.005
PWMF (%) *Particle size (micron) 0.4800 0.2400 0.06300 3.81 0.000
PWMF (%) *HDPE-g-MA (phr) -0.7200 -0.3600 0.06300 -5.71 0.000
Particle size (micron)* -0.2600 -0.1300 0.06300 -2.06 0.040
HDPE-g-MA (phr)
PWMF (%) *Particle size (micron)* 0.7400 0.3700 0.06300 5.87 0.000

HDPE-g-MA (phr)

S = 0.890926 PRESS = 165.365
R-Sg = 80.40% R-Sg(pred) = 78.73% R-Sg(adj) = 79.68%

Analysis of Variance for Hardness (HSD) (coded units)

Source DF Seq SS Adj SS
Main Effects 3 556.900 556.900
PWMFE (%) 1 518.420 518.420
Particle size (micron) 1 32.000 32.000
HDPE-g-MA (phr) 1 6.480 6.480
2-Way Interactions 3 40.820 40.820
PWMF (%) *Particle size (micron) 1 11.520 11.520
PWMF (%) *HDPE-g-MA (phr) 1  25.920 25.920
Particle size (micron)*HDPE-g-MA (phr) 1 3.380 3.380
3-Way Interactions 1 27.380 27.380
PWMF (%) *Particle size (micron)*HDPE-g-MA (phr) 1 27.380 27.380

Residual Error 192 152.400 152.400
Pure Error 192 152.400 152.400
Total 199 777.500
Source Adj MS F P
Main Effects 185.633 233.87 0.000
PWMFE (%) 518.420 653.13 0.000
Particle size (micron) 32.000 40.31 0.000
HDPE-g-MA (phr) 6.480 8.16 0.005
2-Way Interactions 13.607 17.14 0.000
PWMF (%) *Particle size (micron) 11.520 14.51 0.000
PWMFE (%) *HDPE-g-MA (phr) 25.920 32.66 0.000
Particle size (micron)*HDPE-g-MA (phr) 3.380 4.26 0.040
3-Way Interactions 27.380 34.49 0.000
PWMF (%) *Particle size (micron) *HDPE-g-MA (phr) 27.380 34.49 0.000
Residual Error 0.794
Pure Error 0.794

Total
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Main Effects Plot for Hardness (HSD)
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FROM WASTE MELAMINE FORMED BY COLD MOLDING
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111 University Avernue, Muang District, Nakhonratchasima 30000, Thailand.

* E-mail: somsaksi@sut.ac.th. Tel: 0-4422-4566, Fax: 0-4422-4494

Abstract

Melamine formaldehyde resin (MF) is one of
famous thermosetting plastic and commonly known
as melamine. There are typically used for tableware
products. Scrap and waste melamine were
generated in manufacturing process and there are
cannot reformed or reused. The previous report of
the same authors was announced that the waste
melamine can be recycled as admixture to virgin
melamine. The forming of specimen from waste
melamine was success by either hot or cold forming
processes. Therefore, this paper has studied the
joining process of the recycled material from waste
melamine after formed by cold molding process.
The joining using virgin melamine itself as adhesive
was proposed in this study. 3 Parameters of joining
process including joining humidity, heating
temperature and heating time of joining process
were selected. Each of specimens formed by cold
molding, pre-heat for 15 hours at 100 °C, sintered
for 1 hour at 160 °C and joining at room temperature
by 2° factorial design technique. The flexural
strength of joined specimen was evaluated as
response in the study. The experimental results
found that all 3 parameters significantly effect to
flexural strength and the highest was joining
humidity. The appropriate joining parameters were
proposed by heating temperature at 180 °C for
humidity 10% and heating time at 90 minute. These
results might yield the more complicated geometry
of product from waste melamine.
Keyword: Melamine formaldehyde resin, Joining,
Flexural strength, Cold molding, factorial design

1. INTRODUCTION

Melamine formaldehyde (MF) resin commonly
known as melamine is one of famous thermosetting
plastic which cannot be melted and re-shaped after
it is cured. Thermosetting plastic are generally
excellent hardness, high thermal resistance

(Phaiboon & Malika, 2008) low cost, relatively light
weight and unbreakable characteristics (Chao-Yi
Chien, et al., 2011) which suitable to use for
tableware products. Hence, scrap and waste
melamine was generated in manufacturing process
and it is cannot reformed or reused. Therefore, it
needs to disposal normally by landfills or burning
(S.J. Pickering, 2006) that leading to degradation of
environment and cost for disposal.

The interest in recycled materials has been
growing rapidly during recent year cause of
environment concern and wish to reduced energy
consumption. (Chaitongrat, C. et al, 2013).
Therefore, waste melamine was selected to this
study and general properties of melamine
formaldehyde resin are shown in Tablel1. (Sidney
H.Goodman, 1998)

In literature review, S.J. Pickering (2005) carried
out studied on technologies for recycling thermoset
composite materials by use of grinding techniques
to comminute the scrap material for reuse as fillers
or reinforcement in new composite

Hasan S. Dweil Mohamed M. Ziara&
Mohammed S. Hadidoun (2008) have studied to
improve structural concrete properties with ground
melamine. The waste was used as a sand
replacement. The results, waste melamine that
replacing sand can improve the mechanical and
thermal properties of light weight concrete. In the
same way Phaiboon and Mallika (2008) studied the
utilization of waste melamine by filled waste
melamine in mix proportion of lightweight concrete.
The results, waste melamine can reduce light
concrete density due to low specific gravity of
melamine but it tends to decrease compressive
strength.

Wonglene K. (2013) studied influence of forming
temperature and melamine content and found that
difference forming temperature leading to difference
strength and flexural strength decrease with

[0S06] 13
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increasing of waste melamine percentage. Mahai M.
(2013) studied influence of pre-heating in cold
forming of melamine that found new forming
process and suitable condition is pre-heated for 15
hours at 100 °C.

Although, previous study have a study to formed
by cold molding but no one study about joining
process of thermosetting plastic or melamine. Then,
joining process was selected in this study.

Table1 Properties of melamine formaldehyde resin

Properties
Molding Temperature 149-204 °C
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 0.1-08 %

(1/6 inch thick specimen)

Target of this study was focused on joining
process and determined the suitable parameters for
joining process. 3 parameters including joining
humidity, heating temperature and heating time of
joining process were selected. 2" factorial design
technique was employed to screening significant
parameter. The specimens were tested for the
flexural strength as response of the factorial
experiment.

2. EXPERIMENT

2.1 Materials

Virgin - melamine powder, industrial grade
melamine powder ME6033, was used in this study
(ready mixed with cellulose and formaldehyde).

2.2 Design of experiment (DOE)

2 factorials Design of experiment (DOE) with
significant level 0.05 was carried out with using
Minitab16 in analytical process. 3 Parameters for
joining process are joining humidity, heating
temperature and heating time was selected and
summarized in Table 2.

2.3 Preparation of test specimens

The specimen was formed by hydraulic press
controlled pressure (25 tons) without heat, pre-heat
for 15 hours at 100 °C, sintered for 1 hour at 160 °C
(Methinee, 2011). Procedures of experimental are
shown in Fig. 1

2.4 Joining Specimens

Cold forming specimens were prepared by pressed
forming and joined by virgin melamine at small area
of specimen (3.2 mm x 12.7 mm). 2-level of 3-

parameter was specified as shown in Table 2.
Each case of experiment was carried out by 6
replicates.

Table 2 Parameter for joining process

Factor Name Low  High
level level
A Humidity (%) 10 50
B Time (min) 0 150
G Temperature (°C) 160 180

Weight melamine powder

Pressed forming without heat

Pre-heat for 15 hr. at 100°C

Sintered for 1 hr. at 160°C

Joining at various 3 parameter

3-point bending test

Statistical analysis

T FPaesW- __yoaa Voo ¥ S

Fig. 1 Experimental procedures

2.5 3-Point Bending Test

The samples were 3.2 mm-thickness, 12.7 mm-
width and 125 mm-long. The 3-point bending test of
specimens was conducted on Instron testing
machine with 5 kN load cell, span length 51.2 mm
and a pressing speed of 2.0 mm/min as specified by
the ASTM D790

2.6 Statistical analysis method

Analysis Of Variance (ANOVA) and contour plot
with  significant level 0.05 for analyzes the
experimental data.

3. RESULTS AND DISCUSSION

3.1 3-point bending test

Average flexural strength of each case was
shown in Table 3. It was found that the flexural
strength was high when joining at low level of
humidity (10% humidity) and joining temperature at
high level (180 °C). However, the significant level of
each parameter, both main effect and interaction,
was discussed later.

[0S06] 14
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Table 3 Design of experiment and Response Data for 3-point bending

Standard order Humidity (%) Time (min) Temperature (°C)  Flexural Strength (MPa)
1 10 90 160 420
2 10 90 180 9.10
3 10 150 160 528
4 10 150 180 7.41
5 50 90 160 5.99
6 50 90 180 542
7/ 50 150 160 2.03
8 50 150 180 3.74

3.2 Statistical analysis method: ANOVA
The ANOVA analysis result from Minitab was
shown below.

Source D SS MS F P
Humidity 1940 19.40 17.36 0.002
Time 970 970 868 0016

2-Interaction 14.99 749 6.71 0.016
3-Interaction 6.38 638 570 0.041
Error 8 999 125

Total 15 77.23

Fig. 2 Analysis of Variance (ANOVA)
for flexural strength

F
1
1
Temperature 1 1669 16.68 14.93 0.004
2
1

Humidity

Fig. 3 Contour plot of Flexural strength

From Fig. 2, the p-value of all parameters was
found to significantly effect to the flexural strength.
From F-factor, humidity and temperature for joining
are the most important effect to flexural strength.
The rest parameters also significant to the flexural
strength, but in lower degree. Furthermore, it
should be mentioned to the interaction, both 2 and 3
interactions, from the analytical results. It was
implied that the joining strength might be
complicated results of selected parameters.
However, for ease of discussion and practically
used of parameters in joining process, the only
humidity and temperature for joining are chose to

build the contour plot, indicated in Fig 3. It was
found that the high value of joining strength will be
achieved by using joining conditions at low humidity
and high temperature. Thus, suitable values of
parameters are heating temperature at 180 °C for
humidity 10% and heating time at 90 minute.

4. CONCLUSION

The 3 parameters of joining process including
joining humidity, heating temperature and heating
time of joining process were chosen in this studied.
The flexural strength was selected as response to
determine the appropriated joining conditions. The
2 factorial design was employed to analyze the
tested data. It was found all 3 parameters have
significantly effect to the flexural strength, that the
percentage of humidity was highest effect to flexural
strength and least effect is heating time and known
appropriate value of joining parameters are heating
temperature at 180 °C for humidity 10% and heating
time at 90 minute.
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Abstract

Waste melamine formaldehyde powder (PWMF)
was generated by grinding process of Melamine
products and there are cannot be reformed or
reused. PWMF was used as filler of HDPE matrix by
2 factors, particle size and content of PWMF.
HDPE/PWMF composites were prepared using
internal mixer and test specimens were formed by
injection machine. Mechanical properties including
tensile strength, tensile modulus, impact strength
and hardness of composites were investigated.
Influence of 2 factors on mechanical properties of
composite was examined by using the analysis of
variance (ANOVA) with the level of significant 0.05.
The result was indicated that hardness is increase
and impact strength is decrease with increasing
PSMF content. It was also found that decreasing of
particle size leads to increase of tensile strength and
hardness, but impact strength is decrease.
However, Young's modulus and hardness of
HDPE/PWMF were higher than reference all
whereas impact strength was lower.
Keyword: Melamine formaldehyde resin, factorial
design, particle size, particle reinforced, HDPE
composites.

1. INTRODUCTION

Nowadays, Polymers have used widely and
more desire to use especially plastic because light
low-cost and suitable for various application. So,
could increasing concern regarding the environment
and plastic waste disposal problem. The alternative
methods for handle plastic waste and decreasing
environment problem from plastic include burial,
incineration, de-polymerization and recycling which
recycling is convenient way to manage waste
problem. (Rapisa & Kasama, 2013) The interest in
recycled materials has been growing rapidly during
recent year cause of environment concern and wish

to reduced energy consumption. (Chaitongrat, C. et
al., 2013).

High density polyethylene (HDPE) is the most of
thermoplastics used. HDPE is chosen to produce
the composites since it is a major portion of used. In
addition, HDPE outstanding properties such as high
toughness, good impact resistance etc.

Melamine formaldehyde (MF) resin commonly
known as melamine is one of famous thermosetting
plastic which cannot be melted and re-shaped after
it cured. Thermosetting plastic are generally
excellent hardness, high thermal resistance
(Phaiboon & Malika, 2008) low cost, relatively light
weight and unbreakable characteristics (Chao-Yi
Chien, et al, 2011) which suitable to use for
Tableware products. Hence, waste melamine
powder was generated in manufacturing process
and it is cannot reformed or reused. Therefore, it
needs to disposal by landfills or buming (S.J.
Pickering, 2006) that leading to degradation of
environment and cost for disposal. S.J. Pickering
(2009) carried out studied on technologies for
recycling thermoset composite materials by use of
grinding techniques to comminute the scrap material
for reuse as fillers or reinforcement in new
composite. Hasan S. Dweil, Mohamed M. Ziara&
Mohammed S. Hadidoun (2008) have studied to
improve structural concrete properties with ground
melamine.  The waste was used as a sand
replacement. The results, waste melamine that
replacing sand can improve the mechanical and
thermal properties of light weight concrete. In the
same way Phaiboon and Mallika (2008) studied the
utilization of waste melamine by filled waste
melamine in mix proportion of lightweight concrete.
The results, waste melamine can reduce light
concrete density due to low specific gravity of
melamine. So, waste melamine powder was chosen
as filler.
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In this study, consider the effect of waste
melamine powder on mechanical properties by
various particle size and content of waste melamine
powder. The study results will be discussed by
mean of statistical design of experimental (DOE)
approach.

2. EXPERIMENT PROCESDURE

2.1 Materials

High density polyethylene (HDPE, EL-Lene
H6007JU, SCG) was used as matrix composite.

Waste melamine powder (PWMF) generated by
grinding process in Tableware manufacturer was
used as filler with two difference particle sizes
consist 23and 36 um, Code P1 and P2 respectively
(ready mixed with cellulose and formaldehyde).

2.2 Design of experiment (DOE)

2* factorials Design of experiment (DOE) was
used to analyze the significant effect of 2 Factors
summarized in Table 1. Therefore, total of 4 runs
are shown in Table 3. Influence of 2 factors on
mechanical properties of HDPE/PWMF composite
was examined by using the multi variance analysis
(ANOVA) with the level of significant 0.05 or 95%
confidential. The significant effect was calculated by
Minitab16 software.

Table 1 Factor in this study

Table 2 Condition for Preparation of Test

Specimens
Method Conditions
Mixing
- mixing temp (°C) 170
- mixing time (min) 15
- rotor speed (rpm) 70
Injection
- melting temp (°C) 180
- molding temp (°C) 30
- cooling time (min) 30
- holding pressure (bar) 100
- injection pressure (bar) 80

Low  High

Factor Name level  level
) ()
A Content of PWMF (%wt) 5 20
B Particle size (um) 23 36

2.3 Preparation of Test Specimens

The specimens were mixed by internal mixer
(HAAKE PolyLab OS, RheoDrive7). Formed by Co-
injection molding machine (TEDERIG, TRX-60C).
Conditions are shown in Table2.

2.4 Mechanical Properties

Tensile tests according to ASTM D638 using a
universal testing machine (Instron, 5565) with 5 kN
load cell and crosshead speed of 50 mm/min. Ten
samples were tested.

lzod Impact strength of HDPEPWMF
composites was performed according to ASTM
D256 — 10 were using an impact testing machine
(Instron, CEAST9050). Notched impact strength
was tested using the impact pendulum with impact
energy of 2.7 J.

Hardness according to ASTM D2240 test with
Durometer hardness scale shore D. Five samples
were tested.

3. RESULTS AND DISCUSSION

3.1 Mechanical Properties

The mechanical properties of HDPE/PWMF
composites by mean of tensile strength, tensile
modulus, impact strength and hardness are shown
in Table 4. Effect of PWMF in this study found that
Young’s modulus and hardness increase with
adding PWMF all case in the other hand impact
strength are decreased.

Two factors DOE was analyzed by box plot,
normal plot and ANOVA are illustrated in Fig. 1-6
respectively.

Table 3 the design of 2 factorials for 2 factor (k=2)

Design Code PWMF Particle size | Compatibilizer
Rl B (Wt%) (um) (phr) Name
1 - 5 23 0 HDPE/SPWMF/P1
2 + 5 36 0 HDPE/SPWMF/P2
3 + 20 23 0 HDPE/20PWMF/P1
4 + + 20 36 0 HDPE/20PWMF/P2
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Table 4 Summarize of mechanical properties of HDPE/PWMF composites

Tensile strength | Young’s modulus | Impact strength
Name ( MPa) 9 g(MPa) P (kJ Im’) 9 Hardness
HDPE 2453 +0.63 376.60+£10.94 3301019 58.92+1.12
HDPE/SPWMF/P1 2484 +0.52 407.40 £20.19 2361022 60.40 £ 0.87
HDPE/SPWMF/P2 2367 +0.46 382.30+13.84 254+014 60.12+0.83
HDPE/20PWMF/P1 25731072 45980 £13.50 1.90+0.11 64.60+1.12
HDPE/20PWMF/P2 2315+034 44490 +11.53 216 +0.08 63.80+0.58

3.2 Tensile properties

Fig. 1(a) shown box plot of tensile strength of
HDPE/PWMF composites. It was found that tensile
strength increased with adding PWMF small particle
size but content of PWMF no effect to tensile
strength. In addition, between statistical analyzed
results and box plot (Fig.1 — Fig.2) are the same
trends, particle size have significantly (consider from
p-value less than the critical value,0.05) of tensile
strength which is negative (-) effect it mean if large
size of particle heading to tensile strength
decreased and content of PWMF no significantly.

Young's modulus are increased with adding
PWMF all case cause of PWMF high stiffness than
HDPE which matrix (S-Y Fu, et al., 2008) more over
filler prevent capable rotational movement and
change shape of matrix (R. D. K. Misra et al., 2004).

3.3 Impact test

Box plot and normal plot of impact strength of
HDPE/PWMF composites are shown in Fig.3. It was
found that impact strength are increased which
increasing particle size in the other hand impact
strength deceased which decreasing content of
PWMF. The ANOVA results, content of PWMF
significantly negative (-) effect and particle size
significantly positive (+) affect to impact strength. In
addition content of PWMF is more effect than
particle size.

Cause of impact strength decreased with
increasing content of PWMF due to poor
compatibility between PWMF and HDPE, the poor
interfacial adhesion resulted in voids between the
interface of filler and HDPE. Under the impact test,
these voids acted as stress concentration at which
the impact stress was magnified and made the
composites fractured at  lower stress (P
Pakdeechote, et al.,2009)

3.4 Hardness

The hardness results were plot by box plot and
normal plot are shown in Fig.5. From Fig. 5(a) was
found that increasing content of PWMF heading to
harness increased. The ANOVA results (Fig.6) can
expand that content of PWMF is significantly
positive (+) affect to hardness on other way particle
size has negative (-) effect Moreover, content of
filler have a too large effect which compared with

Tensik strength (MPa)
RO R

Particle size (micron
Contert. of PWIVF (%) 5 0

Normal Plot of the Standardized Effects
(response is Tensle strength (MPa), Alpha =0.05)

7 et Type
/ @ not sarifnt
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Percent
B8s588d8 88
S,

-
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o & 8 4 2 0 2
Standardized Effect
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Fig. 1 Box plots of tensile strength (a) and
normal plot of tensile strength (b)

Source DF SS MS F P
PWMF (%) 1 0369 0369 090 0.349
Particle size 1 34931 34931 8527 0.000
Error 37 15158 0.409

Total 39 50459

Fig. 2 ANOVA test results of Tensile strength

particle size. Hardness increased which adding filler
due to PWMF is high stiffness than HDPE that
heading to improve the matrix surface resistance
(S. C. Nwanonenyi, et al., 2013)
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Fig. 3 Box plots of impact strength (a) and Fig.5 Box plots of hardness (a) and
normal plot of impact strength (b) normal plot of hardness (b)
Source DF SS MS F P || Source DF S8 MS F P
PWMF (%) 1 2231 1734 7941 0.000 || PWMF (%) 1 3838.090 383.090 493.18 0.000
Particle size 1 1733 0498 22383 0.000 || Particle size 1 7.290 7.290 926 0.003
Error 37 0808 0022 Error 97 76.330 0.787
Total 39 30839 Total 99 471.710
Fig. 4 ANOVA test results of Impact strength Fig. 6 ANOVA test results of Hardness
4. CONCLUSION ACKNOWLEDGEMENT

Young's modulus and hardness of HDPE/PWMF
were higher than HDPE all whereas impact strength
was lower. With increasing content of PWMF
hardness increased, impact decreased and content
of PWMF no effect to tensile properties. With
decreasing particle size of PWMF tensile strength
and hardness increased but impact strength
decreased.
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