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Abstract

Nowadays, demands for natural woods keep increasing resulting in deforestation. A
number of research works in artificial woods have been carried out. In this work, Intumescent
Flame Retarded (IFR) Wood Plastic Composites (WPCs) were studied. WPCs were prepared
from High Density Polyethylene (Recycled HDPE) mixed with coconut fibers (F) (controlled
ratio at 50:50 by weight). Ammonium polyphosphate (APP) and Melamine (MA) were used as
intumescent flame retardants (IFRs). Factors affecting WPC properties were studied, i.e.,
MA:APP:F ratios and IFRs in masterbatch form. Raw materials were compounded by a two-roll
mill and then shaped by an injection molding machine. WPC samples were characterized for
flammability according to UL 94 (vertical testing) and Limiting Oxygen Index (LOI), mechanical
properties, density, morphology by SEM and thermal properties by DSC and TGA. It was found
that by reduction of IFR ratios (MA:APP:F) to an optimum ratio, V-0 WPCs were achieved with
increasing mechanical properties. It can be concluded that the ratio of 0.17:0.5:1 (MA:APP:F)
seemed to be the optimum ratio to yield good flame resisted WPC (V-0 with LOI of 27 ) with
good mechanical properties. The resulted WPCs also passed TIS 876-2547 standard. Moreover,
by preparing IFRs as masterbatch, it resulted in the ease of WPC production and cost saving. It
was shown that the V-0 intumescent flame retarded WPCs can be achieved with a promising

result as commercializable WPCs.

Keyword :Wood Plastic Composites, Intumescent flame retardant, Coir
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2.3 HENW313 (Coconut) [6].[71.[8]
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2.4 waﬁmﬁﬁwﬁﬂmmﬁmuﬂugq (High Density Polyethylene ; HDPE) [12],[13]

2.4.1 anvaenill

wodtefiduume S Tunarafnaiianis duasonl8onensues 5vdn
TaTasarsueuuyuy l1iduda (Unsaturated aliphatic hydrocarbon) WoALOAAUMINITOUIIIAY
T AR TR I

1€ waﬁmﬁ%uﬁnﬁﬂmmwmuﬁuﬁ?w (Low DensityPolyethylene ; LDPE) 5in713
HUWUNOY Y99 0.915 - 0.920 glem'

2. wodteAAusianNUnUIUUATUAY  (Linear Low Density Polyethylene
LLDPE) #a0ununiuy3euia 0.935 g/em’

3. wodfiausian UL ILUINLAA19 (Medium Density Polyethylene ; MDPE) )
ANUNUIUUDY TUHIN 0.925 - 0.935 g/em’

4. wodNAUrHAAMUNUIIUGY (High Density Polyethylene : HDPE) HAq1y
HUULURY 1193 0.940 - 0.960 gem’
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[/ 5
HDPE AN Lux—/“
B e, T4
LDPE

Long-Branched

uh 211 dnwaizlassadhaveswedioRauitinTmuuuiand s [14]
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a o = 1 =3 a ag a :
wodieiaustiannunuuniugs (HDPE) fluwedndauyianilfidnume Tnssai

]

3 o 1 1 g ' { oy A =
WuduasaufounasassddsznoudIngily cn), vasianwiiiuAdntooni

gunginldeuaniueadonda (Glass tansition temperature ; Tg) U3vinar -80°C uadl

W

=

QUUYUNADNINAT (Melting temperature ; Tm) U529 120 - 130°C e1150Raa IaeHIY

U

= 4 al A 4
NITUIUNTHINADT (Ziegler process) HAZNIZUINAITHARUA (Phillips process)
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2.5 MSANLAI (Additives) [15]
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2.5.1 wodtefiaunsduadnuoulalnin (Polyethylene grafted maleic anhydride ;
PE-g-MA) [12]
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2.12 ﬂﬁfcﬁ IN5L93 83 Polyethylene grafted maleic anhydride [12]
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2.5.2 M151090U00NTIATH (Antioxidant) [12],[16]
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AN H,H,C—=CHp VW — VWV HC~CH, VW
. O-OH
VWWHC—-CHy, VWV + Q) —= N HC—CH, VW
O-0OH
NNNHC—-CHy v — > W COOH + HiCwvw
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311 2.14 TwpaadwervesmaTawedwe s neuuaznasmaRalasmoen dma [12]
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o v o
1. Primary antioxidant 3/ni1ua15152n01 Phenol ©39a151/5¥N01 Secondary

aromatic amine

OH o
4 CH;

i
o 0 0
O o —
CH, (a1 HiC OOR

{1 = tertbutyl group)

3UM 215 na lnmsiAn1l 5019049 Primary antioxidant [16]
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2. Secondary antioxidant 3ntIua15Usenoy Sulfur W3 0a15152N0U Trimesters V99

Phosphorous (Phosphate)
P(OR); + ROOH — OP(OR'); + ROH

R] Ri
s + ROOH —— 0s?  + ROH
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R, R,
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2.6 a151U29 W (Flame retardant) [18],[19]
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4. 1311 IW1szian 1u Tn 5194 (Nitrogen basedflame retardants)
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2.6.4.4 nalnm3fABUGELTUA (Intumescent)
1. Iwodmesuning wu woAnseiay
J Y =Y o o w LY
2. uvad linsaeiusd azaatodialinga
0 °C

-n NH,

(HPO,),

(NH,PO,),

{ L) aaa w a o ¥
3. n3af Idnnmsaaedinlfisedumsltiduaasiudu char

(HPO,), + C (H,0),, ['C"],+ (HPO,),x MH,0

4. o3 Iinosmraeaalvivloadar

H,N N _NH,

. [\I/ A 0,
N~ N —_— H3 N2+ H20
NH,

a o @ ] a A = =
5. vaswaunau Iwveeaa Inafiunazinanisien Toailuao i

GAS PHASE
Thermal

feedback

Oxygen '

Heat
Cambustion products

Smoke
"

Char foam

Decomposition area

Carbonization

CONDENSED PHASE
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Aaw Indnveeanodionauuazmald TasvimisanyiwedieRiauuazarsvie Wifiaw
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uana1eniu 5 $1wan 1dun oon ledveslans (Metal oxide) Wuuniiidoulonson lod, Tusou
Ya [ 9/ -~ =
(Boron compound) 1¥%enavUeisn, Woawesa (Phosphorus compound) 19tteu Tuilouwod-
=Y '3 =
Womua (APP), #1Ta19u (Halogen compound) 1#ianz TusTu'lalfiaoen leruazionud Tyl
& o
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Rachasit Jeencham uazamz [24] lavmsdAnulsz@namnisviaelvvesas
1 = = " =~ 1 g dy
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= = a a an y 1 o g
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mi29 WA 3 wila Tdun unnflidouleasenled (MgoH),), uenluilsunodnemma
= ] y = 3
(APP) uazdsAveisn (zb) iimswan lavldiaTeananszuuila (Intemal mixer) nazdugillag
A a A . . i 4 ' =
1A589RAYU31 (Injection molding) udmadounsan IlamwwInTgIu UL 94 wunnou Inde
{ = o 1 =y Ad @ U
ffidasidanuos PP : F : APP 1fl1 100:30:40 (%phr) ttaznou Indafilsnsidauuos PP : F
3 w
:APP :Zb 1Ju 100:30:30:10 (%phr) Tdnanisnaaoumilu v-0 Fauaasldiiiuiuiealrud
M lnfvzngaoanielu 10 Juiue: bifimsweaveuad W uaasldaswiasInlaila

= oo
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UsgAnianangano APP uazmsieiunuvos APP LAz Zb

W.K. Patrick Lim uagamy [25] 1@vmsAapidse@niammsniaeldszuy
Intumescent Yo4uoY lmivunoaroava (APP) uazmwadnlawigion (Mo) luneauInda
syrinadnenmsdutazidulouda ﬁ?ﬂﬁ%ugﬂiﬂﬂi‘ﬁ%i%ﬁﬂﬂ1 (Hand lay-up) 899113500
Wumsnpdseansaimvesansniaalv wiialdun APP, MC uazmsaSuiuves APP
oz MC 14520y Intumescent ovminageumsanllaiuuinsgiu UL 94 waz Lo

3
(Limiting Oxygen Index) Wu31a15¥428 Ianua ldwansnaaeuniumnsgiu UL 94 (iu

L

v-0 ualflusnsraaufiesiu shufedesld App lusasdnedratevdovass dau Mc 19
ludnsidauedraioeiovay 20 aza1snu9 152U Intumescent fim APP : MC 14lu
Sardanmisudoras 41 Fevsdudnduarsndae Wild05uadesiiqa dmiud Lot
(limiting Oxygen Index) 941 5WUATIAULTINDIUDI APP minldluBnaitnniuagyi e

a o

1 o o ¢ ' = 1 { a a
LOI gatiuday Aaiunnem3deditaagl1dan AP uaz MC Humsniaeliafidsz@nsam
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Tunmsnurmsaa dgams izl lulSuaniooiga

o = = = = 4
AUNBS LEsg el [10] msany ldwaradnaeuIndavinnwedTofluduazidu
lougnia TaoAnuinavesvinadulonzwiig e, 2,3 way 4, wavesonsdIud
MINEausEHINaNeaNTeNaY (PP) Autdu lonzwig (F) [100:0, 70:30, 60:40 LA 50:50] LAy

A HauILS I INAT BN (Compatibilizer) a8 14 Polypropylene grafts maleic anhydride
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(PE-g-MA) [1, 2 8% 3 %wt] infmm‘hmwfmﬁ’amﬂ?mwﬁmmuﬁmgﬂﬂm (Two-roll mill)
T T , Y. wa

HA AN FUUA81AT 898RN (Compression  moulding) 91011 lu/Fnwreuid
A19afe aulmiFng auiAniennuiow autianiamenn uasdaugiuinet wud nisley
9 ) ¢ o ' ' d = y
wulougnirunes 2 dnsraausenane PP : F iy 50:50 1ag1Sunm PE-g-MA 71 2 %wt 9214
AANUUTING (Hardness) ﬂ’amﬁmsﬂﬁ’m (Flexural strength) Mﬂﬂﬁ)ﬁiﬁ’\‘lw (Flexural

] 3
modulus) 1AZAMNAUNIUNTTARAVBINLYINAYT (Screw holding) Fafiga UoANAT YT

'
[

= v q ¥ /d o v ¥ oo od v
PE-g-MA #12 %wt §3lvinlesiudmsgaduiimngasie
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NN 3
as ] =y = W
ABNIAUHUITHIVY
TunaseiliSumsitann i fen 1T autian I TaoldasniagIlszuudugma-

4 5 a =
1%UA (Intumescent) ¥4 19uen Tuouwednoaa (APP) Wuesldnsaotiuvse 19waniiy

MA) Hums e waglddulonzndn @ duasldidh TasvnisdnyimilSuia APP

dy o

uae MA Wlosngandsnalyss@ninmlunmsnialWng sinmsneassnuiimsndevans
! 3/ & = 1 a v v o v & ! !
12 Ilasuudulonsmualianugennlunmsuay Aanissauddududen Fsorndanado
o Y = ! wa A &2 o ) 1 9 !
autAves ldifiey 1wy auliRBanaanas Jehimsmdeuaisniie Iaswuduloedaulu
¥

¢ ¢ A4 of =& aw da '
EU‘H’]HLWBSLLU‘W‘H (Masterbatch) WQuLW@@ﬂﬂﬂJW’ﬂuﬂTﬁWﬁM ANHUHUITHIVYUDILDINITNAR DN

=] A
N1 2 AOU AD
1 1 ¥

aauil Anyisasiaauvedasvig Wnldnfeudulenivuaussooniiu 2
Y P
TUADY AD

1.1 Anw1eniwavesSunuen Tudisunodnomua (APP)

= a a =
1.2 ANYIDNTNAVDIUT VAN (MA)

aauii2 Anuims ldasniae I lugiinanesuund (Masterbatch)

3.1 MG
1. High Density Polyethylene (HDPE) IN5AT lAa MFI 5.65 131N Thaimongkorn
Co.,Ltd
2. 1dulonznd 1) U5 WPC Design Co.,Ltd
3. 9151 09NUDONTIATY (Antioxidant) UTEN Optimal Tech Co.,Ltd
- Anox 20 (Phenolic antioxidant)
- Alkanox 240 (Phosphite antioxidant)
4, 415%IUNAY (Compatibilizer) YSHN Optimal Tech Co.,Ltd

- Polyethylene grafted maleic anhydride (PE-g-MA) (N77 NB 1016PE
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5. M3FWNTLUINNITHER (Processing aids) LTHN SQI Group Co.,Ltd
- PE Wax
-R10

6. 8131 U9 N (Flame retardant)
- Melamine (MA) U38% Thai KK Co.,Ltd

- Ammonium polyphosphate (APP) U5H% Clariant Co.,Ltd

3.2 n3eafioililunuise

L. 13093 ouLLNUUIA (Sieve shaker) 71 01409023 : Retsch Co.,Ltd. W3DUAUAZLAT
HIATTTIUUNIA 50-80 mesh

% Lﬂ‘%ﬂwﬁmm‘uﬁ@ﬂgﬂﬂg& (Two-roll mill) 'g'u LRM 110 : Lab Tech Engineering
Co.,I6td"

3. L'ﬂ%ﬁ ﬂduﬂlﬁﬁwmﬂa N (Grinder) :Bosco Engineering Co.,Ltd.

4. Lﬂém%ﬂ%ugﬂ (Injection molding machine) : SANDRETTO metalmeccanica
glu micron 40

5 Lﬂ%ﬂdﬂﬂﬁf}umuﬂﬂizﬁ'&ﬁ(Universal testing machine ; UTM) g'u LR 5K : Lloyd
Instrument Co.,Ltd.

6. 130 AAMIMUMUABIIINTEINALLL owen (Izod impact tester) §1 258-PC :
Yasuda Seiki Seisakusho Co.,Ltd.

7. ﬂﬁ’m@amiﬁﬁ&ﬁﬂmammudmmm (Scanning Electron Microscope ; SEM)

8. ﬂﬁ@di}aﬂﬁﬂﬁl%}uﬁd (Optical Microscopes)

0. 193 09 ns s Asuulasmennudon (Differential Scanning Calorimeter ;
DSC) §4 NETZSCH DSC 204 F1

10. w3 asAAsimaAsuulashminvesas Taverfuauiiiniesnnuden
(Thermogravimetric Analyzer ; TGA) ';'u Pyris 1 : PerkinElmer

11. §81 §1 UM 400 : MEMERT Co.,Ltd.

12. 173 09

13. 1 1A uou (Hot plate)
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14, 1950912

o a d
15. 03 INines

3.3 3MInaaeg

3.3.1 mawsesndule’lss

0 =) v Y A ° o v ¥
WINMUUENI 1IN NTLOIAUAINILAA AT DIUA FIn1sAauenvuiadule Tayld

=Y

INTDITOULENVIANNAZINTITOUUUIA 50-80 mesh nOUTIINISNAasIRosindule'lUoui

=

gaingd 60°C ifuinan 48 Falus iefumsihldanuduludulonualy
3.3.2 UHADUMSHAN
3.3.2.1 Msm3enasnia 1l (IFRs)
ManTena1svu W (FRs) v 18 Taudvuasiianazdnsidiuvesais
1 é =l = =%
M9 1A seneudae waniiu (MA) : uon TuislsuwedWedwa (APP) - idulouznd (F)

ES
o o o

1ua¢15"|mumaqmmu@mmauiﬂuumuﬂ HUHABUAN

=De

i\, ﬂmsﬁﬂumsazmﬂmmﬁu (MA)

ale o =1 { 1 %’ 1
Fauariiu (MA) ATsnya i a9 3.1 vie 3.2 Aovaazawluiingu 70°C
o o Y Y w
1511m5 500 mL wiaunaauaisazare liidiny

2. MIwsoua151123 19 (IFRs)

] ' £

W IAUAWAIT19N 3.1 M50 3.2 mndwdudulongwinauatlumsazaoman-
= Y o Y 1 = = = ] ' 3’1
HH (MA) U0 LLﬁ']‘ﬂ?]U“]LﬂmiﬂllIMLHUNWBﬁV‘]E}ﬁMW (APP) cl‘ﬁu@ﬂf}ﬂﬁ’luﬂﬁll‘ﬂ»‘iﬁﬂﬂ

Tddy Sunalszima 15 Wi mnsuildeufe guni 100°C Flunar 24 $27u4 Wi

3
TEIVUU

A:i = Y] 1 I}
ABUTN 1 ANYIBATIAIUVIAITHUY W
1.1 inu1dnswavestSnnuen Tudlouwodnoaa (APP)
defnummSinamen Tuflounodvlomln (App) fifeufigaiidensditss Andam

Tumsnua1Wng



M3190 3.1 Buadmwaui i lumswiouasniae IWsasdiuaie (aa APP)

P (g)
MA : APP: F " ;
Melamine (MA) | Ammonium Polyphosphate (APP) | Cellulose (F)
1:3:1 250 750 250
1:2:1 s 500 | 250
1:1:1 250 250 250
1:0.8:1 250 200 250
1:0.5:1 250 123 250
1:0.3:1 250 75 O 250
1:0.1:1 250 25 250

1.2 Any1ennavostF maumaniiu (MA)
4 a { P a
WensSinamon Tudluwednesva (APP) fifoufigauda AezmSunauwen-

i (MA) Meuiga e linswudndunan gAY

MmN 3.2 Pinadawauilflumaedonasmiag lardiusien (aa MA)

1310 (g)
MA : APP : F « =i
Melamine (MA) | Ammonium Polyphosphate (APP) | Cellulose (F)
0.1:0.3:1 25 75 250
0.17:0.5:1 41.75 | ; 125 250

aeudi2 Anw1ns Idesmiae I luginmaosuund (Masterbatch)
NAADUTA 1 WUEAT1TIU MA : APP : F 15lu 0.17:0.5:1 Aedasdimuuedaisniag
dl.cl. \ 1 1 g‘d = 1
TWndfiga lumsnaaesmunmsndeumsniie IWasuduleiamuainnudeennlums
= v @ q 3/ 2 U 1 wa 3 A " v A )
Wery inamss AR unon seoedinaneauiaves oy 1y auiRdinaanas Savh

mandoumsni asoudulonsduioantaymlunswey
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13199 3.3 YSuaudulofmdovarsvuae 1

1Suau(php)
MA : APP : F 9 a0 oA 1 9 Ay oroA '
wuleAmdoumsniaely wulen Limdeuesyuagly
0.17:0.5:1 100 0
0.17:0.5:1 i) 25
0.17:0.5:1 50 50
0.17:0.5:1 25 g 75

M3190 3.4 gasnldlunsuay Idwarafnnennde

aulsznew 338 (php)
HDPE (Recycle) 100
o v I :
wulenzniunaey
, 100
ashug I
PE-g-MA 4
PE Wax 8
Anox 20 : _ 0,05
Alkanox 240 0.05
T 7

3.3.2.2 mawsen 15imes (WPCs) Taesnfisasvisiadlil (IFRs)

v
o o

L FInQAUMNGATHINAINITI9N 3.4

=

1 Vv
2. MMIHENIAUGATA19AIAS DINAVIUUADIGANAY (Two-roll mill)

q

' v Y s
Taoldgungil 185°C dalldunousail Aovaeuiia HDPE Uszuin 5 wifl srmiududule

a

i kY
ugNF 1IN a1511U29 THRIMNR, Anox20, Alkanox 240, PE wax 1A% PE-g-MA YR 15Hay
e 15 i udsudy R 10 ag'ly)

o ! - ° { a |
3. thweawauuanzgash 18 I uadluda udni leuiigamgil 105°c flu

Q

1381 24 53 1344




y oo & 3 "
4. MnUMMITugURIenszuIumMsRatug1l (Injection molding) Taedy

gaungiilieglugas 170 - 185°C

3.4 mMInaaey

sy

minaaeuauinaeves lifey Tdinsnaaeumuuiasgudiens e 3.5

a Y a
131491 3.5 N']Wiﬂ’]uLlUﬂ'ﬁcﬂﬂﬁ@U]lNl'ﬂﬂN

audf masgruiinaaey HeNENYHa
ANUNUADIIIINI9D ASTMD 7900 | MPa
ANUNUABUTINTZUND ASTM D 256 kJ/m’
AT I AstMD792. | | by
LOI ASTM D 2863 %0,

3.4.1 maawld
34.1.1 miwﬂawmmm‘lﬂmummgm UL 94 (Vertical testing) [25]
=1 @ = a HAq
UL 94 ilumwsgiumsnageumsa IvesTanusvionaradni 14y
gunsaivsemseale Ivihaien Tasldsuaumaaouviin 125 x 13 x 13 HadwnT 109 5

‘g} o 3’1 %} =) = =
¥u Taovhmsrnuuuinang lduas lW@htu veslinnugevendadlvl 20 Tadwns

M99 3.6 inFinsuLanguwaAns suveaTagremsan lWauanasgL UL 94 [25]

HININ NN UL INGHAINMIATFIU UL 94
V-0 msw lnifnganiolu 10 Juad Tﬂu“lﬁ?imsﬁ&.mwﬂm"lﬂ!
V-1 e Ivalvganielu 60 3uri Taelitinsneavesnladlyl
V-2 mainlnifngamely 60 Tundi iﬂf}ﬁhﬁﬂﬂ_ﬂﬁmqaﬂaﬂﬂ

Tasdndanudumiumsaw v ensmn Indiagamuinsgiu UL 94 Seamudidude

V-2<V-1<V-0




13

125

20

! ¥ £
U7 3.1 manameumsaw Tamnnasgiu UL 94 Tasmsrnduaunuunan [26]

3.4.1.2 N5 Limiting Oxygen Index (LOT) [18]

Limiting Oxygen Index (LOI) 130 Oxygen Index (OI) AoUSuannmdudy

VBI0BNTIUAIGA (Minimum oxygen concentration) Nvivliiaamanisanludesnaiiio
9 A o = @ o I~

melavssermaiinig lvaveseendounaz lulasmuraysy Tasinozsioauiiy

- & a
esidud dae1mana lUTSnnveseondioudseuin 21%

y a ' 1 = LY 3 =
ﬂﬁNﬁ 3.7 mmmmmmnq;uwnﬁﬂﬁiwumm@mam'mﬂ”anmmgm LOI

LOI (%) Uszinnvesdag
<21 fargiinn W14 (Flammable)
21-28 fﬁﬂﬁaﬂqﬂﬂﬁ% (Slow burning)
29— 100 Tarfiansadyiniog 1§ (Self - extinguishing)

o

> 100 el ﬂﬁv[ﬁi?lﬂvlﬂ (Intrinsically non - flammable)

q

39



0y

Pilot Flame

Specimen

N2/03

31 3.2 MInadew Limiting Oxygen Index [27]

3.4.2 anUAwIna [28].[29]
1 v
3.4.2.1 ANNNUADNTIIAI9D
1 Y d ' Y ANy Y a o
ANUNUNMUADLTI IR0 1WumnNuaun ldonmsnageuldinanissofa

% né gx a ﬁy ﬂi ' v @ g
Tagl41i30a (Indentor) Fenaasdsminiuiunasevfiogludnyazuniuen laeddsossy

¥
=2

I~ v o 1 [ 3 @ 3’/
(Supporting jig) WUAIMNUAY I (Span) AsnAToULUUHTU N UNATo UL TASUNIT
Y . ) [ & ) - A =y
IAUAY (Tensile stress) UALITIUAUNA (Compressive stress) WIULTIUAUNATLNAVUUUTUNIY
1 e C? o
naaey uusuRufwsfaldiuaunaaey Tagynsnagoua1AIgIN ASTM D 790

a

v 3 9 ¥
T¥ruaumamon 5 aulundazass uazianzlunisnaaeusail

4
- Tnanwaa (Load cell) SkN
- ﬂ’JWﬂJL%’ﬂ‘LJﬂﬁﬂﬂ (Compression speed) 10 mm/min
| 2
N §$U$1’TT\75$WFJWQLLWHSB\T§U (L) 15 IMUDIANUHUIBHITU

o3| @
managaunuNuLse Idweuu 3 99 iumsnaaouanudulasidna

; 1 & 19 v e T 1 |
dmTuusang 198 wegduuuinaunaaoy uaziidsesfuiimuuaszeyinegduan

1)

Y =
FUNUNATOD 2 90 A9317 3.3

40
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F

R i i,

y.

P Y
31N 3.3 msnaaeuanunuis IfseuU 3 99 [29]

'
=

[~ 9 2 ) A EY) ¥
ANNUVTA 1A990 (Flexural strength) ADANUANIINNgAKToA AU TRe-
) k)
10 (Maximum stress or lexural stiess: QL)) Nnan TINDNTUNAAVUN AT IUAIUDN W1 IRA

qaung
3FL
Wh?

Flexural strength =2

1
=

w5 9 - 2 a v A v
NDRAT 17998 (Flexural modulus) fioszusfiduenuians Idssailognnaday

[

1S9 @TRAILIU IRINAUNITAI
I13F AF
4Wh3 "~ Ad

Flexural modulus =

[l v

=

o 2 a 1 = A e
Wo - Ffonsenagegaiihiduanuiams Iee fmisefudiaf o)
H £
L fApszozrNIgnindunisweianisosiurununagen (Span length)
& = ' dfoa a
w Asnun hevessuaumaaoy Tnthodluiadmns (mm)
A & by g oo
H AoAnumuvesiuainaaey intoduiaduag (mm)
=1 ] 1 Y~ ] 3/ =) ] I~ a o
AF Aonaa1vaausanalugasnnuduniluduass Tniodluiadu (v

" 3 a oA
Ad faszoz Tna9e Intniluiafwas (mm)

3.4.2.2 ANHNUABDUIINTZUND
1 I~ N @
ANuNUABNIINTEUNN IuMITannuansalunisganiundanuves

1 a o o oo T =
?ﬁ@ﬂ?ﬂ‘liﬁfﬂ’]iﬂﬁguﬂﬂ ATMUNUADUTINTEUNAUNISTUWHFNUAIANUH L7 (Toughness)

e J < a a a o
ﬂ'l‘i‘l"lﬂﬁ'ﬂﬂﬁlmﬂﬂ’l’lﬂﬂ"luﬂﬂ!ﬁﬂﬂiw‘ﬂﬂlﬂuﬂ"l'iﬂﬂﬁﬂﬂl“lﬂﬂﬁiuﬁﬂ‘ﬂﬂwﬂ"l'iulﬁﬁuuix‘iﬂig‘lfi']



pdrviuiiulalasimsnameuauinasgiu ASTM D 256 aailunuylowon (1zod type)

fa519 3.4

a

a

AT weRmHEI UgnATy
- A
(3‘ 4, (absorbed energy)

310 3.4 MmInaaeuANUNUIMLABISINTZINNL Tz0d [29]

v y ) g N
Taglaguaunaaey s 3u luuaaznss uazaunsasiwan ldonaums e

W
Impact strength =Z

'
=) 1

[ ' g a
e W AsmIAMUMUABLIINTLUMA uiseilunlega (k1)
¥

A A A Y v & = v o~ ! =1 2
A ADNUNHUINAVDIFUIIUNUANYID ‘JJ?T‘H’JEJUJHW]‘ENHJG]S (m")

3.4.3 aNUANIMEMN
3.4.3.1 ANNHUIUY (Density) [30]

' & : < o &
I NUAUIMUUUDIB U UNATDY cﬁﬂ%’%mm‘ﬂﬂmmmau 5 YU Tﬂﬂﬂ"l‘i

] Vv
o s

Y 1 T 9 E) . i
PN FUNUAIAT O 4 FHunia ud a3 masduay 1aiumusiaduaunisite

WIAMUUUIUY A9TUNS

M
Density =;

2 - oA ] = @ 1 o a 3
e DAANNMLILUY IvvluiluniudegninanmuAnms (gem)
= = ] I~ o
M AowIa Unuuunsy (g)

= ' < o -
v Aotfimas fivhoilugauadiaufiwas em)



3.4.3.2 AU INEN (Morphology) [10]
= [ a Y A Y 9 da o 1
ﬂ"l‘iﬁﬂ‘]el"lﬁmg’lu’JV]EH“IJENIINW]U?J i]%gl‘b’ﬂﬁﬂﬂi]ﬁi’liSﬁuﬂlﬁﬂﬂﬁﬂuuﬂﬂﬁﬂﬁ

- . % I~ U [ -1 =Y Y] 1
N319 (Scanning Electron Microscope ; SEM) c‘?mllumiﬁﬂa@anymzﬁummmmﬂama

q

2
=

: @ @ a 4 a o o
aziden ilagmsniznedveadulovgninlugninvemedmefiuning Tasthiueu

! . i I = 3 o o &£ ar {
nAAoUN LY U TAT9UMAT (Liquid nitrogen) Huaan 30 wif udrnIsEaTUL LG

S
@ o w 1

a o o = o A g = 2
gamgua ninuhaesuuadeunewazth hainmziinednuiuivesduay

e
3.4.3.3 ndosganssasiliiuas (Optical Microscopes) [31]
£y a'y W 4 : Y 0 9/ = a
naBagans sl lduas (Optical microscopes) ndvsganssenilduaaiindnnis

o A 3/ I~ " ° Y] 3 a2 Lo =
aufe lduaaiudimiolumsilfueadiunin Tpguasagisiusstuaudaaguagil

1 = o ' ~ 1 1 ) & - ' = 9 @ EY
msﬁm"lﬂmmqﬂaumma%sﬁmmumgmﬂm aumnogmuluszuufiaziounduidng

o 9/ [~ 1 o
g s uiun @ Taensuesruaud
aw g 9 g dq 3/ o .
lunAssildndesganssmilFuaauuuwnm (Digital Portable Microscopes)

@

TauiifasgegamIn 200X (Optical 40X and Digital 5 x)

Protruded Lens design - easy for observation and focus

*+ Li-ton battery

Transparent cover

Functional keys «——

314 3.5 ndesgansseni lFuaauuunam (Digital Portable Microscopes) [31]
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s v
3.4.4 aUUANIANNIOU

3.4.4.1 Differential Scanning Calorimetry (DSC) [10]

o
Y w [

DSC L?Jumﬂﬁﬂﬁlﬁﬂ?ﬂ]ﬂﬁﬂﬂﬂ'lE’Jﬂﬂﬁi"lﬂ"l‘ihlﬁﬂﬂl@ﬁﬂ’]'lil%f@u (Heat flow) #

o

Tunasmehufisuiumssnddfiduilsdduiunamiogangil sunsaefueauiifves

w

a ' 1 =1 =
JagaonInda 191 A1eemANUIUKAD (Degree of crystallization ; X) 9auvging

o

= < ¥
naeMMaINan (T,) uazgamginsansdn (T) fudu Tavanzmsnageuiiudadl

=

BRI TLAN QUMY 10 °C/min

F9gangiinldnadeoy 25 -200°C
ansamuInnIerna NUEIuKEN (Degree of erystallinity ; X)) 18dsaun1sil
ﬂHf 100

= X X 100
.f_in 06 vo:HDPEluiua

Degree of crystallinity ;X (%)=

=)

- o
119 ﬂHf fAo1ouNall (Enthalpy) ¥94MISHADNINAIVEINOAINDS
AH; ADEUNMATUDINITHADNINAIVDINDANDS NUKNAN 100% IneTia

AU 293.6 I/g [12]

3.4.4.2 Thermogravimetric Analysis (TGA)
[~ a A g 4 = w Y 9 ) T
TGA lﬂumﬂuﬂﬂ‘ﬁ?mﬂgﬁ@mﬂﬂuhﬂ’]’iﬁﬁ’lﬂﬁ’m’JEI?"I’J'}NEE)H“UE]W]'J?JUN TﬂU

o o a a g < @
vased 1 dvnadnuaziih heufigangld 10s°c flunan 3 ¥1Tus wdsudaetaname

3

[

Vv
Uszanm 15 Jadanfuudvimanadounisldaniiznmsnagouaail

a

8031 IANAUNYI 20 °C/min

G

w19gungiiildnadoy 50 - 900 °C

a

waznaaoumeldussemalulnsaunazoondiau

3.5 agidszidufinm

1. Anudasiauvesasnug 1n

2. Anwms ensuiae I lugiinamesuuna (Masterbatch)
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UNN 4

WanInaaouazefUsenanisnanes

£4
a e oA

| = @ oY - a 1 a a
auItsiumsanpmsiann ldwarafinaeu Indagainuasmsaalinaned-

AauYIaAUHL NG (HDPE) wauidulougniia (Coir ; F) 1wes4 (1119 50-80 mesh)

=

Y a 1 1 a ad = ] 1 kY y =1
w“lﬂf'am'lmumesxmwwaammwuﬂﬂmwmLguuqdmmmﬂﬂmwsmﬂu 50:50 (Ia
%’ L] o -~ 1 a d & 9 = a
U11in) Mmsniasniae sy uuBuguueaud (ntumescent) e l9uou Tuiilounwod-

= = o
Woala (APP) Wluensldnsaefiunid wardu a) dhuas1¥es uazidulovznin @)

Fumsldidh TasvhnsfnpmiBunauen Tuflownedvoama (APP) uazwariiu (MA)

¥ Qs S

vesigandensidszamimmwlumsmiae aduazdneinsldasmiaewlugdmames-

G4 4 1 q/
HUNY (Masterbatch) Lﬁﬂf’lﬂﬁiy?‘i'I‘ﬂ?nllqw‘lﬂﬂlumiwﬁll mﬁmmﬂuﬁau (Agglomerates)
v

dwnaldanifizenaanas sousinauyAdeqves nanadnaen Inde wu auiifdena

s [ a o = =1
AUVANIMINMN FUFIUINGT auan1inudon uazanuanisalunsan vl dudy

== r 1 1]
4.1 ANYIOATIAIUVRITITH LN

o

1 | a 3 1 = J §
151199 A1 Ty dseildluarsviae sz uuduguaaud (ntumescent) 1ilo

g = g

% [ v o @ & o @ 1
Fag Idsuanudousynosduiusulanynzade Iy dehwmihidunuiudosvumsuns

Muvesnnuioutazoondion hilvdgasenisgn lnfuuugnledugans

s

1 a o = o o A A
13149 s UDBUGINAIAUA (Intumescent) I 3 paRsynoUVANAS fie

]
=

- @15 1¥nseeiiunid : 1duon Tudlouwednomma (APP) aaedalinsanoanesnd
gaumnilszum 250 °C

-3 e : Tdwariiu (Ma) aaeda ldudmenTude (N0, vazude lulasiou

=

(N,) Ngaumngiszunm 345 °C

a

-3 nd : 1hdulenzwd ()
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4.1.1 finndnswavefSinawenlintuunwedneawla (APP)
4.1.1.1 finwavtianmsain lWa1uainsgu UL 94
= o = = = d' = [ =1 =
109498 [23] Anv1seansanias unuveaieny Tuilsuwednoais (APP) Line
o) I a = = = & ° =
watlu (MA) Wuasvilansaa liveswedeendmfiadu Fevin1snaaeudseuifiey

TENINMTNUN I VUBTINALAZTZUUTUGWATUR  (Intumescent) WUDIATHH4 Tl

d‘.dw )

TZUUTUQNAAUS (Intumescent) NISATIAIU MA : APP : Novolac iy 1:3:1 T¥wanisa

9
@

] v & a o 1 i a
Trlaasnagu UL 94 i v-o e 3deiiSeinydandiuvosmsmiag nszuudug-
o 2 =2 a a a = a
WA UA (Intumescent) (FUINNIANEIDNTWAVDMFuamen Tuiflvuwedvoavla (APP)
od o1

A o 5 1 A g g 1 Y ey 8
IHB3910 APP Lﬂu’ﬂ"]ﬂﬁmm\i‘ﬂ TIALINN LD lf’{ ],‘L!lrﬁ"lJ"I‘E!liJ']ﬂ%$ﬁﬂﬂﬂ1ﬁﬁw‘ﬁm‘]ﬁ\1ﬂﬂﬁﬂﬁﬂﬂﬁ

mn1sandSuia APP lua98as1aauv9d MA : APP : F i3/ 1:3:1 69 1:0.1:1 Taof MA uag

-=;sf as

A A =3 - P =] a o 1 aa
Foasiionnfsuia App vfesnigaindenstiysz@nsamlumsniaaung Taowanis

NANDILTAIAINITINN 4.1 az3U 4.1

M 3190 4.1 wansa Ilawunsgiu UL 94 voa liwaradinnen Inda (wecs) fithf5mm

wou Tuilouwearaava (APP) uan@19iy

MA : APP: F AHANTINATIUMIHNIAIFIH UL 94
Control . ; ._ / llﬂfl}‘l’mﬂ
18571 V-0
1a2:1 | | g ‘ i WV—O
Jiz1ied V-0
1:0.8:1 V-0
140.5:1 V-0
| 1:0.3:1 i V-0
1:0.1:1 Iniivua

91A1519% 4.1 wu Idwamadnaon Indan lulamsuile liilonaaesunisain v

MUATTIN UL 94 agdia Iuazgn Indfounue douldwaradnaen Tndanldearsniaed

46



d'l = 1 = -3 A d:l Qy s

wenaaoumsam Izlnnuasalumaniieasaa lwinnvu fesvindoguau 185y
¥ £ a a = = =

AnuTounNMI vy szifamsaaodveaen Tuilsunadnoaa (APP) uazmaiin

a g @ 3 v )

MA) @Aaitlulaseadednsazadie Ty Wuaundlesdumsunsiuvesanudounas
= o 9 a g (7 {a 3 ! o ar

pondu M InSuaremas udanaa lild sausisnnwfeuunindatag Idiosas uaz

y a & | a 1 =3 T = 4
WeiifSinuesddsznounldlunisia v lifieanefez dawaldmsmn nddugaauionn
T APP WUMBRI1EIUUDI MA : APP : F #1 1:3:1 B9 1:0.3:1 1&wanaaeunisaw vl

@ 1

g " A =t <
WINTII UL 94 110 V-0 usifioani/5uiar APP A8AT189UUD9 MA : APP : Fiflu 1:0.1:1

¥
v

v ¥ o
wuNFUNUAR Iuazgn Indewnua natlilesnintiSuna App Yemdu 1y aulyannse

@
& £

a oA ¥ s A A v Ao Y Yok Y,k

nalugu Tlnaquitudruauldnanya Wesuau ldiuanuiousunansaa Tnidlu
' 9 ¥ ¥

v il Tludnaquituia dewaldifamsanrliuazgn lnfuvua uonainiinisan

L2 1 QA ‘g =)
U3um APP Saye T aui@ginaunssemsavunazaadunu lumsnas

(e) () (2) (h)

3UN 4.1 ms@a lWvedlifnara@naeu Tuda (Wees) ievhmsga liidunm
10 391 Taeilions1dau MA : APP : F (a) Bildmswiaalil, o) 1:3:1,

(c) 1:2:1, (d) 1:1:1, (e) 1:0.8:1, (f) 1:0.5:1, (g) 1:0.3:1 uag (h) 1:0.1:1
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4.1.1.2 Anwauidi®ena
= = i =1 9 1
110307 4.2 uazgUh 4.3 uaaaninnuudansa1Aege (Flexural Strength) HAZAIAINY
= 9 = a et =t
UAULIINTEUNA (Impact Strength) vo4 ldwaraanaon Tnda (WPCs) nufsuamon Tudiow
woanomwa (APP) uana 1A uaINaIay wu Wwolmsmuasvuae lwasldly ldwaadn
= o YT =] 9 1 =1
nauIndavzihldarnnundaus s 18990 (Flexural Strength) HazmIn1uLTwUsInTEUNA
4 1 N =] =3 1 = !
(Impact Strength) HuuaItuanas iileesnnmanuie Iiduas W dedums@uudsrianis
it o = [ = a o 3 1 i~ q»
g lvmstadanuveanedmosuazidulevn 1doniiu uazasviie Wfiduaslld i aa
= o & I~ = A = " = {
PSinmveswedmesFuiluunsng woaduarsvuieasldSnmamnevnfanisnizaien
Vel - o - W w L 9 A't = 7
lidlunedwes inanisdusailunguiou (Agglomerates) uazifiesainanuidiveans

] 3 = =~ & o = 1
nias IWonagaanuiu Aadluresernmaluiuau ildiRadugaunnsos (Defects) 1n

=y 1 J 1 @ Qy
SATRRITRAL DXBRE 'i‘]?ﬂmwa“lﬁmmmmiﬂ“lumﬁmﬁwawmmaﬁaa

Flexural Strength

34.93 3447 3415 33.85 3343

1]

without  (1:0.1:1) (1:0.3:1) (1:0.5:1) (1:0.8:1) (1:1:1) (1:2:1)
IFRs

Flexural Strength (MPa)

(MA : APP : F) Ratios

UM 42 Mnuudons 18598 (Flexural Strength) vos liwana@naon Tnda (Wpcs) 7l

Usnaen Tuilouwadavleama (APP) ana19ny
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Impact Strength

3.00 , S G —

2.50

257
2.13
2.04
2_00 4+ S 185 — SENEERE N
1.50 - ——
1.00 -
0.50 -
0.00 - : ‘ ; 1

without IFRs  (1:0.1:1) (1:0.3:1) (1:0.5:1) (1.0.8.1]. (1:1:1) (1.2:1)

Impact Strength (kJ/m?)

(MA : APP: F)Rauos

517 43 Annundausenszunn (mpact Strength) vos ldwarafnaouInda (WPCs) i

15uaen Tudiounoanoama (APP) uana1any

Flexural Modulus
3500 —
3088.30 3131.84
3000 —— 2873.34 290966 297718
2500 538340
= 2000
£ 1500 +— . -
Z 1
£ 1000 -
-
o
=
500
D T T T T T
without IFRs  (1:0.1:1) (1:0.3:1) (1:0.5:1) (1:0.8:1) (1:1:1) (1:2:1)
(MA : APP : F) Ratios

i

51 4.4 mmﬂaﬂimd@ (Flexural Modulus) maq"lmwmﬁﬁﬂﬂaﬂwm (WPCs) ‘ﬂmﬂ?mm

a4

wou luiiauneanaama (APP) LLANAIINU
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01037 4.4 wun dednasmingdvas il waradinnen Tndaszsi ldame-
. 4 8 4 . { o < -
AT 1A990 (Flexural Modulus) Tl Tuifindu ifosninensmsiag IWAiduas lfueyma
< P { g a ¢ Lt g
ianuudsnanhidmiiunedweiuazidule Fauilu'llmunguesveanan Rue  of
. d oA A a o d < o q w2 ~ d
mixture) UnABBANIYMANTANBLTIINas T TulSmamnfeih s uauiianunds

3 T 1 -7 ‘3
AU dana limwenda 1898 (Flexural Modulus) 11031

4.1.1.3 Antamnianianionn
- ANBIMIANUAU LY (Density)
1gUa 4.5 wun Wedumsniigvas iy ldwarafinaen Tndasziliann
] 4 = A :3 4 1 A a ) I~
WY (Density)  Huna Wiy diosnnmsnia IWfiduas liddnsaziueynia
=1 = ' T a o { 1 a ad =3
VBILVIASUANUAUILUUNINNINOAWDS TaeNaun LYo fenausian1u
' = = a 3
HUUNGY (HDPE) waniiu (MA) wazien Tuiisunwaawomna (APP) 1)1 0.941, 1.57 unz

3 o _far ek T 9 1 d =l Y = 3
1.90 g/lem” @U@y Nmﬂatlwﬂ’mmmuuu (Density) NLLH?IUNLWM‘MHW'}NﬂQﬁ!@ﬁWE]\‘iWﬁiJ

(Rule of mixture)

r Density

1.4000 i . _
| 1.2589 1.2679 12703 . L3290

1.2042

1.2000

1.0000 + [ '

0.8000 -——

Density (g/em’)

0.6000

0.4000

0.2000

= —

0.0000 - — . e .
(1:0.1:1) (1:0.3:1) (1:0.5:1) (1:0.8:1) (1:1:1) (1:2:1)

without IFRs

(MA : APP : F) Ratias

U0 4.5 Annaumu iy (Density) vos ldwanafnaon Tnda (WeCs) #if3uiamen Tufiow-

woaveawe (APP) uans9ny



4.1.2 fnedninavesSunaunaniiu (MA)
4.1.2.1 AnvreiAansan Iauunsgin UL 94
nnMsAnmnoud 4.1.1 1 183 namen Tiflenwednemla (App) i Toungauda

Fanstilsz@nsamlunmsniae1Wia Aesasrdin MA : APP T 1w 1:03:1 lunsuisg

v
= a

vmsfnemSunameiiv (Ma) idesigaidinedidssdniamlunsviied 01n

uITeRNeIdeeiedy (23] wundasidauves Ma : APP : F idosfigaiiliwansan vl
¥

ANIIATIZIY UL 94 1510 V-0 Aedamdan 1:3:1 dndudaiinisaatSuna Ma 188 ey

adInAINa1 udinalFiandulumiduie IS naigniniiaa Iw ldiduyngas T

WANIINARDILTAIAINITIN 4.2

M99 4.2 wamsa awuasgu UL 94 vealdwaradnaeu Tnda (WPCs) RS wa

WA (MA) LANATIAY

MA : APP: F Nﬁﬂ]iﬂﬂﬁﬂﬂﬂ1uu]ﬂ§§1u UL 94
0.1:0.3:1 : V-2
0.17:0.5:1 V-0

VINAI51971 4.2 HUTIINABUT 4.1.1 SATIAIUUBY MA : APP : F fififiga fio 1:03:1
TumouiisaimsanBinamaii (ma) aeldd lnudadoy 131 wuh devhnisas
Usina Ma asily 0.1:03:1 Wnanagounisarn Ilamnasgin UL o418l v-2 Aogaluli
Umodagilunm 10 3u1i msen Tnstnganiolu 60 3urfl Taefimsneavesnlad vl Fagui
4.6 flpsnnTvFana Ma Jooiiu 'l dewali¥aareda iudaitluan livios sldiaadh T
funete liamnsatlostunisuniruvesnudouuazoondionldedaiilss Ansnndana
TS ueudanuamnsalumsminglih Favziitu180n3u7 4.7 wazifierhnsdiu e
MA 11y 0.17:0.5:1 “T;’uqmﬁgmmﬂzﬁﬁ“ﬂymmﬂu%’u‘Muﬁﬁ;w;uum%m uagliwanaaoy

I~ 1w T c%’cs. = = o Y
M3a1w IaunnsgIu UL 94 i v-0 uaasisasidiiviuime MA foawefiogvihls

nan1svue Ied1eliUseant o
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(a) (b)
31U 4.6 msda lvlves ldwanadnaen Tnda (Wpcs) mammnﬂ“hnhﬂunm 10 311 el

031834 MA : APP : F (a) 0.1:0.3:1 1% (b) 0.17:0.5:1

(a) (b)

3UM 4.7 mm OMes WPCs i 03917 HDPE Herua1sniag Tnlszuudugmand

(Intumescent) luons1a91 MA : APP : F 5w (a) 0.1:0.3:1 1ag (b)

4.1.2.2 Anmainifdana

P a 1 [~ 9 i

1In3Ui 4.8 uazgili 4.9 uaaaminuutansa 1899 (Flexural Strength) 1Az AR
<1 9 = = e =
HUALTINTZUNA (Impact Strength) ¥o3 ldwara@nnenInda (WPCs) ATSmauuaniiu (MA)
' Y o w ' A o Y1 < F

HANSATNNUAINUAIADY WU Luﬂﬂﬂlﬁﬂﬂm MA a3 ﬂ’]iﬂﬂ?ﬂ'J'IiJLL"UQLL'NIﬂ\NE] (Flexural

! I P A A A 1
Strength) HAZAIANIULUUILTINTTUNA (Impact  Strength) IWNAUY 1TD9 N a@ua1TvL99 W
= Y o ) KR a w a o 9 dg =t 1 A = o
GLU?J'iiJ’iﬂluﬂffﬂq ﬂ'lalﬁﬂ'lﬁUﬂ@]ﬂﬂu“u@ﬁWﬂﬁlu@ﬁuﬁ?ﬁlﬁualﬂﬂm‘L! UANUNBDLIUDIUBDILUNT N

L 2 o = @ 1 a o 9 o A Vg =
WY ijﬂJT’]\uﬂﬂﬂ'ﬁﬂigﬁnEJ@']'J‘U@QET'ITHuqquUuW@aLN@ﬁllﬁzlﬁuﬁlﬂﬂ INeJognouoy U

y ; o 2 2 &
IAUNNIB (Defects) ﬁ@ﬂ mwaiﬁ’mmmmsﬂ“lumﬁmsiwawmmmugwu



Flexural Strength
41 41.43
40
34.47
z
B
g
7
L
&
(1:0.3:1) (0.1:0.3:1)
(MA : APP : F) Ratios
v I~
(@) lAWamsnAaoUAINIIATEIN UL 94 151 V2
Flexural Strength
45 L« . - TN — PARARARAARS - -
40 &ils R R, oo = i1
AR 34.15 Y,
:
E 2 - )
- 1aa
(1:0.5:1) (0.17:0.5:1)
‘_ (MLA : APP: F) Ratias i

(b) lawamsnaaoumuNAsgIL UL 94 511 V-0

3UM 4.8 MAmuTa5T7 990 (Flexural Strength) vo4 i wana@naou Tnda (wpcs) 7

Siauuaiiv (MA) uana1eny
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Impact Strength

2.50

2.04

Impact Strength (kJ/m*)

1.00 - e

0.50

0.00 == T
(1:0.3:1) IFRs (0.1:0.3:1)
(MA : APP :F) Ratios

(@) lAManIINAUAININATIIY UL 94 111 V-2

Impact Strength
2.50

2.00 -

1.00

Tmpact Strength (kJ/m?)

0.50 +—

0.00 -

(1:0.5:1) (0.17:0.5:1)
(MA : APP : F) Ratios

(b) ldWamInaaounINIAIgIL UL 94 1311 V-0

U7 4.9 Arwnundausansziunn Impact Strength) ¥o4 I waafinnon Tnda (WpCs) #if)

Sy (MA) 1ana1anu



Flexural Modulus

3500

2909.66

3000

2500 -

2000 -

1500 -

Flexural Modulus (MPa)

1000 -

(1:0.3:1)

{(MA : APP : F) Ratios

2081.58

(0.1:0.3:1)

(a) lawanisnaaeuaunassy UL 94 i v-2

Flexural Modulus

2977.18

Flexural Modulus (MPa)
g

500

(1:0.5:1)

2358.96

(MA : APP : F) Ratios

(0.17:0.5:1)

(b ldwamsnaaeunumAIgIL UL 94 151 V-0

31 4.10 Aoadad IR0 (Flexural Modulus) ¥ed lsiwma@naon Inda (WPCs) i3

WANY (MA) HANAINNU

=1
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137 4.10 o illeafSinauaiiu (Ma) assesh ldmwoadalne (Flexural

b oy i A aa
Modulus) Suu Tiuanas Faifuluamngvesveanay (Rule of mixture) Aoiiloifuoyniaiii

= < o 2 < 1 ' @ £
anwndannas lluSinadesasih lisuaniianuuiasas denalddweada e

(Flexural Modulus) afing

4.1.2.3 fauauiianienionin

-ANYIAIANUHUILNY (Density)

1AgUR 4.1 wudh eanSmawarliu (MA) asezvh ARy

(Density) aaad e na1snyiae induas ldanumuiivminndmeawed deduasly

Tufsuatos Tadanaliaumumiu (ensity) TnuaTifuannsmunguosvosnay (Rule

of mixture)

Density (gfcm")

1.4000

1.2000

1.0000

0.8000

0.6000 -

0.4000 -+

0.2000

0.0000 -

(1:0.3:1)

(0.1:0.3:1)
(MA : APP: F) Ratios

(a) lAHANISNATOUATNINATIIU UL 94 11U V-2
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Density

1.4000 —

1.2589

1.2000 -+

1.0000

0.8000

Density (g/cm")

0.6000

0.4000 -

0.2000 -

0.0000

(1:0.5:1) {0.17:0.5:1)

(MA : APP : F) Ratios

(b) ldwanisnaaoumumnasgIu UL 94151 v-0

Ui 4.11 Manwviu (Density) vod lwara@naen Tnda (WPCs) ATl naumaiiiv

G

(MA) 91901

' d
a2 finnmslinsmindluginamesuund (Masterbateh)

- = 2 o = = a
VNNFANEINDUN 4.1 aviimsAnemUsnaen Tuilsunweaomula (APP) 1az
= :i Y ~ A o = a A T Aa )

wanu (MA) Wdeshgandinaddseansamlunisniaedang Tasanmsnaasanui
o ! et 3 4 ¥
PATIAIU MA : APP : F Riangariy 0.17:0.5:1 iloanin Tawanisain Ielausnasgiu UL 94
< ¥ o i = wa A ¥ w 1 :
it v-o edsliluSmadesdinalilianifnad thmiann uazsivandunu Fean
nsnaaoInuNMIHaNmITL asuudulenanuaiinnugannlunsuean fanis

o o 9 o v A & - ¥ wa
ﬁﬁi.l@'l’rlﬂuLﬂuﬂﬂuﬂlﬂlgVﬂﬂﬁNﬁhﬂ?ﬂ!ﬂi@ﬂwﬁuﬁﬂﬂgﬂﬂﬁﬂ (Two roll mill) “N’CNNﬁGL“H’L’I'ﬂJ‘LIﬂ

4 ] [l
@ R o w 1 A A 9/

iFenaanas Auiuinhdanduidngadieduuniinsinuinsdasmiaglelug)

]
= =

WIERD5UUNY (Masterbatch) Taon18as1d1uSnaudulefindouaisniae I - U3 raudy

'
= o

Joi litnAoue1511ia9 1 (Coated : Uncoated Fiber Ratios) figansldwanisnagounisats 'l

o

I 5 @ ' & ' =
AWIATFIU UL 94 11U v-0 eaatlymaing1n uennniidimuisasisaanalunisnie

0 0 Yo & ok E ) o a9
wlivan lumskdaiugaiv uazaaduyulumsnandndae
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4.2.1 finvauiamsann Ilausnsigiu UL o4
ﬂi Y a = c.{::
M99 4.3 iamsann Tlawaasgiu UL 94 ves liwana@naen Tnda (WPCs) ffl 31

@ulonmaouasnuig Iuandiady

MA : APP : F dilefindeu ialeilimdeu M54 UL 94
msnua il (%) arsnnalil (%)
0.17:0.5:1 100 0 V-0
0.17:0.5:1 75 25 V-0
0.17:0.5:1 50 50 ' V-0
0.17:0.5:1 25 75 V-0

1INA131991 4.3 WU evhmsindouasvua Wasuwdulelus maiuanaasy
=] 3‘3 J ]
wan1snaaeuMsam lawuinsgn UL 94 135 v-0 vaviua neasliiiuan BSunanduled
A i re 1 ey g’/ g A‘i é’a 9 d‘l
waoumsnu I ludswadeantidnisan W vatlieswninludunouns waudonie
2 ! ) A A ' = o A
WAUTBIGNNAY (Two roll mill) tdu lemaouasnuiae lWinsnseaeea luvoawey

liiimziuilungudou (Agglomerates) 39 18T auiAnadi
] g

(a) (b) (c) (d)

Ui 4.12 msfialrlves liwanadinaen Tndn (wees) idevhmsya lilfunan 10 5undt Taud
Punadulenndevmsnuaala : Wuanduloi liwdovarsviag il §lu

(a) 100:0, (b) 75:25, (c) 50:50 La (d) 25:75
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422 AnvmnimiFana
4 { T <4 1
110314 4.13 - 3UN 4.15 ueraed 1AL TR0 (Flexural Strength) A1
< 1 o
ALY IULTINTZUNA (Impact  Strength)  UAZAINOAAA 17999 (Flexural Modulus) o'l
= = cld 3 a;. & 1 z Qs o o 1
waradnaeu Inda (WpCs) filSunanduloimdeuasnua Muanaesduaiudidy wuqn
A o & 1 g/ =Y Pa 1 a <] T | " [
wommamaouasnia IasuwdulelulSuaiuand ety szmiun lidamanesinii
3 ;Y 1 [~ ! a k4
uiqseTReee (Flexural Strength) AMAMNLUALTINTLUNND (Impact Strength) Lmzﬂm@ﬂﬂﬁjﬂ\‘i
b w8 2 -
99 (Flexural Modulus) 081393 1AY NatliioannnluduaeumsHaudunToInaua o

& . § 1 o T ]
AN (Two roll mill) ifuleTndoumsniae liinsasynedialuvoanay limeduih

vy £ o q YA v A
AQNNDU (Agglomerates) 39¥1 1A N auAnaR

Flexural Strength
50 — | - - | . .

Flexural Strength (MPa)

(100:0) (75:25) (50:50) (25:75)
‘ (Coated : Uncoated )Fiber Ratios

N

)}

31 4.13 A nuudansa 18990 (Flexural Strength) vaa lifwana@naon Tnda (Wpcs) 7

PFinadulonaaeuasvuae Wuanaiadu
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Impact Strength

3.00
~ 250
E 2.25 2.23 2.28 2.24
2
£ 200
1
g
E
c 150 -
2
E

1.00 -

0.50 +—

0.00 +—— - - -

(100:0) {75:25) (50:50) (25:75)

(Coated : Uncoated) Fiber Ratios

:5. 1 [~ Y = = o
3% 4.14 MANVIAWSINTEUND (Impact Strength) U949 liwara@naeu Tnda (WPCs) ATl

Punaudulemadouasnuae Iuandedy

Flexural Modulus

3OOOT i

3500 2358.96 2446.32 2384.46

S
5

1500 -

1000 -

Flexural Modulus (MPa)

500

(100:0) (75:25) | (50:50}) (25:75)

(Coated : Uncoated) Fiber Ratios

31N 4.15 Awoqdad 18990 (Flexural Modulus) ¥o4 linmadnaon Tnda (WpCs) Al inm

Wulenmaauarsviag IWuand1aiy
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4.2.3 Anauianiesmann
-ANYIAIAMUNUILNY (Density)
1ngUi 4.16 wud dehinmsmdsumaniag IasuuduleluSinaiuandeiu
=1 1 [ 1 T T : ' A @ oo W ¥ 2 A )
giitud hidawademnianumuuiu (Density) otfifod vy neiifoannlutuney
9 A 2 y o — ' -~ o A
MINANAATOINAUTDIGNNAL (Two roll mill) iduleduadouaisniaeIniimsnsznoda

' LY ] " o = sy 1
Tuveanay Tumeziudunguiou (Agelomerates) S9v1 18 aufRn

Density

1_60 ——— - —— L L Ll = T — . . NEEE——

1.40 > - : —
1.1754 1.1833 1.1821 1.1780

1.20 +—

1.00

0.80 -

0.60 -

Density (g/em?)

0.40 -

0.20

0.00 —+

(75:25) (50:50)

l (Coated : Uncoated) Fiber Ratios
U 416 Aanumuniu (Density) voe lifwara@naon Tnda (Wpes) iinBinauduled

= 1 1 [
NaoUaI5HL9 lWuana19niy

= o = 2/ v ia g ' -
4.3 ANEITUFIUINGINIYNABITANTIAUBANATDUULUADINI A (Scanning

Electron Microscope ; SEM)
=< [ = 3 9 da o T [~
ﬂ’]ﬁﬁﬂﬂ"lﬁﬂlj;’]u';lﬂﬂ']Iﬂﬂi%ﬂﬁ@@?ﬂ“ﬁﬁﬁﬂﬂmﬂﬁﬁ'EluLHJ'LIﬁﬂﬁﬂi'lﬂ (SEM) UJH
=2 J = @ 1 = A kY =K w 3/ &
ﬂ']ﬁﬁﬂi&l']WHN'J“U@\T'JETQ@U'N?I??L@U@ LW@iﬁﬂﬁWﬂﬂﬁﬂﬂngIﬂﬁﬁﬁ'ﬁ’]qﬂ'lﬂcluﬂfuﬂ']u VHIA
@ 1 = T s 4 g}a
2UNIN ﬂTﬁﬂﬁgﬂ’lﬁlﬂ’JﬂJaQﬂ‘LﬂlﬂWﬂ Lm:ﬁﬂ‘lﬁﬁﬂlﬂ’lzﬁi’ﬂqwﬂl&!ﬂTﬂﬂ1§LFI1JLL$]QﬂUWE]ﬁ13J853’«]111’!\1

[ 1

1 1 cg‘ o = = d‘.d
¥o3inumeluzuau Tashimsdnu ldwaradnnouy Indafiilsnsidiu MA : APP : F (5l



1:2:1 wag 0.17:0.5:1 iegminsznedveaduloileldaianiae i lufFinanauastos

ANAINY

Scan Speed =6 EHT =15.00 kV Signal A = SE1
WD= 9mm Mag = 50X

j : X : .
Scan Speed =6 EHT =15.00 kV Signal A = SE1 Date 4 Feb 2014
WD= 9mm Mag= 300X Time :16:05:14

(b) AMAIVEE 300 (91
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Scan Speed =6 EHT = 15.00 kV Signal A = SE1
WD= 9mm Mag= 500X

(¢) MV 500 1N

311 4.17 21w SEM w09 WPCs a3 o191 HDPE warsansniiaa IWszundugquanasud

(Intumescent) A1 0.17:0.5:1

q' 1 9/ a; 9 5 a o =) od A =
gl 4.17 wud idulenszaedr ldaduaue luwedmefiuming imsnganio
) 9/ ) = I~ 9 & (- (= 1
navesaymaaulelulnssadeiagaon Indaandos ilesnamsrinsuay Tufivesing
=Y 1 1 a & 9 Y 3 " = o 3/ =2 a a Yt 1
UsnusoansgnIweaweinudule uaasldifiuimedmesuanduletafanu 14a dana

MeniaFnan
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Scan Speed =6 EHT =15.00 kV Signal A = SE1

WD= 9mm Mag= 50X

(a) MAIVLIY 50 191

Signal A = SE1
Mag = 300X

(b) ARV 300 1

Date :4 Feb 2014
Time :16:41:06

Date 14 Feb 2014
Time :16:36:06

64



Scan Speed =6 EHT = 15.00 kV Signal A = SE1
WD= 89mm Mag = 500X

(¢) MAIVYIY 500 1N

3U 4.18 71w SEM w09 WPCs MisiSuuan HDPE wamansnsiae Ilssuudugmmand

u

(Intumescent) DATIAIN 1:2:1

~ 1 g o a o d '
1zl 4.18 wud1idulenszaieda I miuaue lunefmes s nd uatiSuandu

¥
[ -7

— < s g ¥ L 1 ' - | o 2
loeuilaiouilunlesisud Taohmiinmsz ldas v Wl lusasdauiuaniy wadad
1 J 1 9 wa a =) =l v v [
¥992719 geraldauiRFinaanas umsngansevinveseymadulelulnssadraingaou
a A o & a1 1 = v v a o o 3 Y 3
Tndaiiesnnmidnsuau lutsesiasnusosaeserianeamedsnduls uaaliisy

1 a 4 9/ < a w Gt
'J']W@ﬁlﬂﬂﬁl!ﬁ&ﬁuiﬂﬂﬁﬂﬂﬂuiﬂﬂ

= e b4
4.4 ADEITNUANMEIANNTOU

4.4.1 Anen Tael4naiia Differential Scanning Calorimetry (DSC)

nsfnuanianenmioulavldinaiia Dsc annsaesvmuiidnevesiag
a o 1 1 =1 =2 ! 3 T4
aouIwda ldunue 1wy A0 UNER (Degree of crystallization ; X) QuuguNII

=2 = =2 = ] o =
HaouuaWan (T.) LLﬂ%QWW{]NﬂﬁWﬂNﬁﬂ (Tc) HJ“HWL! PAULTAIAINTI9N 4.4

m
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91151\1‘“ 4.4 ﬁﬂJ‘]Jﬂ'Vl’NﬂTIJJ‘iBuﬂJBQMlﬂJWﬂ"Iﬁﬁ]ﬂﬂ’EJSJIWﬁﬂ (WPCs) Llﬂﬁwﬁﬂi‘ﬁ Lﬂﬁ’l%ﬁﬁ'ﬂﬂ

MANA DSC
MA : APP : F T, (°C) T, (°C) AH (/g) pam AN UNAN (%)
Control it 130 99.8 94 Rl egia
0.17:0.5:1 134.9 101.1 71 68.9
i 131.3 114.2 35 63:2

1
= 1 9/

= =1 1 o 0 o
guniinasumanan (T,) \Wumvswendgamgi i ldwanifamsvasuman

1 = R 1 [ o 1 1 =1
NAMINAABINUTIgUUINaoUmMaInan (T,) A lduand1aduunn daumesmanuiiy
[~ VoA { & .%’ 1 ] o a U
wanitumnwendalsnananinaty mslaaisnule M ldnisfanananas dawals

1 o e A
ﬂ'l’ENﬁWﬂT]mﬂuNﬁﬂﬂﬂﬂﬂ Llﬂi’ﬁﬁﬂﬂﬁi‘ﬁﬂﬂﬁﬂﬂﬁd

4.4.2 dnun laeldimain Thermogravimetric Analysis (TGA)
=1 = a o 9 g 1 o @ 1
Llluﬂ’]'ﬁﬁﬂ‘kl']ﬂ']f]mﬂﬂi]ﬂ’]'iﬁﬁflﬂﬁjﬂ'IlfJﬂ'J'INSFJ‘LI1ul!ﬁﬁ$@\7ﬂﬂ'ﬁ3ﬂ'ﬂﬂﬂlENG]"J?JEJ'N
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—_— 1:2:1

—— MA
HDPE Control
- APP & — 0.17:05:1

Coconut fiber
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i |
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(a) (b)
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4.5 fin¥1A1 Limiting Oxygen Index (LOT)

=1 a = :’ iy v
Wumsdngimdiviunnududuveseon®udiga (Minimum  oxygen

. ai 9 o a v Y A 9 Ao
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panFouay T InsnupauAy A1UINATIIN ASTM D 2863

15197 4.5 71 Limiting Oxygen Index (LOD) ¥4 lifwaa@naon Tndngasdian

MA : APP: F Limiting Oxygen Index (%)
HDPE 24.45
Control 19.82
1:221 38.17
1:0.5:1 28.32
0.17:0.5:1 27.00
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DSC /(mW/mg)

14 exo

Complex Peak:
Area 93.98 Jig
Peak*: 135.93'?C
Onset: 122.87 ?C
End 143.21.7C
Width: 15,79 2C(37.000 %)
2 7 Height 2.126 mW/mg

Complex Peak:

Area.  94.18 J/g

Peak*: 132.98 ?C

Onset: 124.64 ?C

End: 143.82 ?C

Width:  15.56 ?C(37.000 %)
Height:  2.142 mW/mg

1 1st heating scan

[1.2] control.ngb-dd5
- DSC
[1.4] control.ngb-dd5
= DSC

[1.8] control.ngb-dd5

DSC
[1.2]

[1.6]

2nd heating scan
e

[1.4]

cooling scan

Complex Peak
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Temperature /?C
Main  2014-04-02 08:23 User: eic_dsc
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200
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Created with NETZSCH Proteus software
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DSC /(mW/mg)

1) exo
3 i Complex Peak
Area 77.88 Jig
] Peak™: 132.68 ?2C Somplex Peak:
Onset: 123.17 ?C Area: 71.57 Jg
End 140.32 ?C Seak*: 134.89 7C
Width: - 13.50 ?C(37.000 %) Onset 124.01 ?7C [1.2] 0.167-0.5-1.ngb-dc
Height: - 2.029 mW/mg =nd: 14273 7C S — L
1 Width:  14.86 ?C(37.000 %) [1.4] 0.167-0.5-1.ngb-dc
2 - Height  1.673 MWimg ——————DSC
[1.6] 0.167-0.5-1.ngh-dc
| y ———— DSC
)
- ,'/
el
] 1st heating scan \H
'
i 1
0 - 2nd heating scan
[1.4]
I
-1 1 cooling scan
] Complex Peak
Area. . -71.67 J/g
4 Peak*: 11201 ?C
Onset 101.14 ?C
_2 - End 118.64 ?2C
Width:  13.78 ?C(37.200 %)
Height 1.862 mW/mg
L] L L T T L] L L] L L]

Main 2014-04-02 09:55 User: eic_dsc

Temperature /?C

E

u

7

Created with NETZSCH Proteus software
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DSC /(mW/mg)
|+ exo
3 -
4 Corplex Peak:
Complex Peak: Area 35.96 Jlg [1.2] 1-2-1.ngb-dd5
1 Area. = 38.59 Jig Peak*: 131.36 7C - DsC
2 - Peak*: 129.88 7C Onset 122.70 7C [1.4] 1-2-1.ngb-dd5
Onset: 121.53 2C End: 138.357C DSC
End:  135.84 2C Width:  12.06 ?C(37.000 %) [1.8] 1-2-1.ngb-dd5
Width:  10.88 ?G(37.000 %) Height  1.084 mW/mg ——————DbsC
Height:  1.272 mW/mg s '
1 - [12]
1 2nd heating scan 1 +’,
!
1st heating scan [1.6]
0 -
Whdth
____h_'_‘_\_ﬁ-\ Heighi [1.4]
cooling scan QO N AT—— T\
_1 E “‘“\\
-2 -
T 1 B T T L T * L) - L M T i L]
40 60 80 100 120 140 160 180 200
Temperature /?C
Main 2014-04-01 14:59 User: eic_dsc <
|

Created with NETZSCH Proteus software
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Filename; C\Program Files\Pyris\Da . \control 3.th1d 6022557-1: control 3
Data Coflected: 21612014 2:42:49 PM Unau:;mclad Weight % (%) - Step: 1
Operator ID: WpPC ————— B022557-1: control 3
Sample 1D: 6022557-1 Derivative Unsubtracted Weight % (%/min) : Step: 1
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Operator 1D WPC _ sorgzssn Oisgqs EA
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Filename: C'\Program Fles\Pynis\DataiWy \1-2-1 1h1d 29/01/2557: 1.21 ‘
Data Collected 12972014 14145 PM Unsubtracted Weight % (%) : Step 1 [
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TESTING LABORATORY OF EPG INNOVATION CENTER COMPANY LIMITED 83
/1 MU 2, TUMBOL MAKHAMKU, AMPHUR NIKOMPATTANA, RAYONG, THAILAND 21180.
EPG INNOVATION CENTER CO., LTD.  TEL. 66-3889-3599-610 (Ext. 2507). 089-8348243  FAX: 66-3889-3599-610 (Ext. 2507) E-mail: Sales@eic.co.th

Report No.

Customer / Applicant : Name

Customer / Applicant : Address

Sample name

Sample description

Test standard

Test condition

Measurement equipment name
Sample received date
Testing date/period

Test results

Examined by

(Amnat  Srisa-ad)

Engineer 3

19,198,204

Reported by Nittaya Toeyla

TEST REPORT

T10-0331
WPC Design Co.,Ltd
121/168 Soi Thanasit Moo. 11, Teparak Rd T. Bangpla
A. Bangphlee, Samutprakarn 10540
1. HDPE
2. Control
3,8.167: 0.5 ;1
4. 1:05:1
6=t 2]
Composite material
ASTM D 2863 (Test method A)
1. Specimen size: 100 x 10 mm, thickness 4.0 + 0.25 mm.
2. Specimen type I and gas measurement type A
3. The specimens are mark drawn across the width 50 mm.
4. Atmosphere of 24.6 °C and 53.2 %RH.
LOI set
February 20, 2014
February 28 — March 4, 2014

Details of test report show on next pages.

o y
Approved by ......... L5 40 ) \Tq@)

(Pachareeya Suriyachai)

The Deputy of Manager
a9 ae
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I'his report is certified only on the sample tested. This report shall not be reproduced except in full, without approval of EPG Innovation Center Co,. [L1d
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Test results

No. Sample name Oxygen Index (%)
1 HDPE 24.45
2 Control 19.82
3 0 L6705 : 1 27.00
; 1: 3N 28.32
5 ! 38.17

Before testing After testing

Figure 1 The appearance of HDPE sample.
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Before testing ¥ § w8 After testing

Figure 2 The appearance of Control sample.

Before testing

After testing

Figure 3 The appearance of 0.167 : 0.5 : 1 sample.
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Before testing

After testing

Figure 5 The appearance of 1: 2 : 1 sample.
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Appendix A
Table 1A The properties of HDPE sample
Number of specimen
Test item

1 2 3 4 5
Test specimens Thickness (mm) 53 ) 33 32 33
Burning period (sec) 5 5 >180 5 5
Length burnt (mm) 0 0 >50 0 0
Oxygen concentration (%) 23 24 24.5 243 244
Responses the measurement*® | (o) 0} X (o} o)
Final value of oxygen concentration: Cf (%) 244
The interval: d (%) 0.1=(24.5-24.4)
k value®* 0.50
Oxygen Index: OI (%)*** 24.45

*Note O- neither the period or extent of burning exceeds, X- the period or extent of burning exceeds (Burning period not
yver 180 sec and extent of burning not over 50 mm.)

**Note k value refer form Table 2 as ASTM D2863

***Note Oxygen Index = Cf+kd
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Table 2A The properties of Control sample

Number of specimen
Test item

1 2 3 4 5
Test specimens Thickness (mm) 40 4.0 4.0 4.0 4.1
Bumning period (sec) 5 >180 >180 >180 5
Length buint (mm) 0 32 225 19 0
Oxygen concentration (%) 20 22 21 20.5 20.2
Responses the measurement* (0] X X X 0]
Final value of oxygen concentration: Cf (%) 20.2

The interval: d (%)

0.3=(20.5-20.2)

k value**

—=ih

Oxygen Index: OI (%)***

19.82

*Note O- neither the period or extent of burning exceeds, X- the period or extent of burning exceeds (Burning period not

over 180 sec and extent of burning not over 50 mm.)
**Note k value refer form Table 2 as ASTM D2863

#**Note Oxygen Index =Cf+kd
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Table 3A The properties of 0.167 : 0.5 : 1 sample

Number of specimen
Test item
1 2 3 < 5
Test specimens Thickness (mm) 3.7 37 38 3.7 3.8
Burning period (sec) 5 5 36 99 >180
Length bumnt (mm) 0 0 3.6 11 24.3
Oxygen concentration (%) 20 29 25 25.5 26.0
Responses the measurement™ 0 O (0] 0O X
Final value of oxygen concentration: Cf (%) 26.0
The interval: d (%) 0.5=(25.5-26.0)
k value*®* 7 201
Oxygen Index: OI (%)*** 27.00

‘Note O- neither the period or extent of burning exceeds, X- the period or extent of burning exceeds (Burning period not
wver 180 sec and extent of burning not over 50 mm.)

*Note k value refer form Table 2 as ASTM D2863

**Note Oxygen Index = Cf+ kd
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Table 4A The properties of 1 : 0.5 : 1 sample

Number of specimen
Test item
1 2 3 4 5
Test specimens Thickness (mm) 39 42 4.0 38 39
Buming period (sec) >180 104 >180 >180 >180
Length burnt (mm) 324 3.7 32.7 289 248
Oxygen concentration (%) 30 28 29 28.5 28.2
Responses the measurement* X 0] X X X
Final value of oxygen concentration: Cf (%) 28.2
The interval: d (%) 0.2=(28.2-28.0)
k value** 0.61
Oxygen Index: OI (%)*** 28.32

*Note O- neither the period or extent of buming exceeds, X- the period or extent of burning exceeds (Burning period not
over 180 sec and extent of burning not over 50 mm.)

**Note k value refer form Table 2 as ASTM D2863

k**Note Oxygen Index = Cf+kd
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Table 5A The properties of 1 : 2 : 1 sample

Number of specimen
Test item
1 2 3 4 5
Test specimens Thickness (mm) 4.0 3.8 39 4.1 3.8
Burning period (sec) 29 >180 33 37 >180
Length burnt (mm) 4.5 334 Bl 5.8 39.6
Oxygen concentration (%) 35 38 7 375 37.8
Responses the measurement* 0] X 0 0 X
Final value of oxygen concentration: Cf (%) 37.8
The interval: d (%) 0.3=(37.8-37.5)
k value** L 1.25
Oxygen Index: OI (%)*** 38.17

Note O- neither the period or extent of bumning exceeds, X- the period or extent of burning exceeds (Burning period not
ver 180 sec and extent of burning not over 50 mm.)

*Note k value refer form Table 2 as ASTM D2863
**Note Oxygen Index=Cf+ kd
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HDPE Red (Thai)

1. Izod Impact Strength ASTM 0256 5.45 (kImr')
2. Tensile Strength ASTM D638 22.6 MPa
3. Elongation at break ASTM D638 19 %

4. Young's modulus ASTM D638 552 MPa
5. Flexural Strength ASTM D 790 284 MPa
6. Flexural Modulus ASTM D 790 1100 MPa
7, Density ASTM 792 0.83 gem’
8. Melt Flow Index ASTM D 1238 5.65 g/10min
9. Hardness Shore D ASTM D2240 50.7 -

3
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MATERIAL SAFETY DATA SHEET

1. IDENTIFICATION OF PRODUCT

CHEMICAL NAME: Melamine ‘
MOLECULAR FORMULA.: C3HG6NG
MOLECULAR WEIGHT: 126.13

CAS NO. 108-78-1

II. PHYSICAL / CHEMICAL DATA
A. APPEARANCE: Fine, white powder
B. SPECIFICATION:

Melamine: 99.8% min.
Moisture: 0.1% max,
Ash: 0.03% max.
Turbidity(Kaolin):  20max.
Color(APHA) 20max.

pH value: 7.5--9.5

C. Packing: 25/500/1000kg p.p. woven bag with p.e. inner bag.

IT1. FIRE AND EXPLOSION HAZARD DATA

A. FLAMMABILITY: Can’t be run on powders.

B. FIRE-FIGHTING METHOD: Water fog.

C. THERMAL DECOMPOSITION: Pyrolysis can form toxic materials: carbon
dioxide, carbon monoxide, hydrogen cyanide.

D. SPECIAL FIRE-FIGHTING: Self-contained breathing apparatus with a full

facepiece operated.

IV. HEALTH HAZARD DATA
A. EFFECTS OF OVER EXPOSURE: May cause irritation of eyes, skm, nasal and
respiratory passages; may cause gastrointestinal irritation if swallowed.
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C. FIRST-AID PROCEDURES:

1. Eye Contact: Flush with water lifting eyelids occasionally.

2. Skin contact: Flush with soap and water.

3.Jnternal Ingestion: Gave two glasses of water; induce vomiting by ipecac syrup or
by placing finger in back of throat. Call a physician.

4.If inhaled: Remove individual to fresh air. ¢

V. PROTECTIVE EQUIPMENT

A. VENTILATION: Provide sufficient mechanical ventilation to maintain exposure
below levels of overexposure.

B. PROTECTIVE GLOVES: Wear resistant gloves.

C. PROTECTIVE EQUIPMENT: Normal work clothing covering arms and legs.
REACTIVITY DATA

A. HAZARDOUS POLYMERIZATION: Can’t occur.

B. STABILITY: Stable :

C. INCOMPATIBILITY: Avoid contact with strong acids.

VI. ENVIRONMENTAL DATA

A. HAZARD CLASS: Non-hazardous

The information contained herein is correct to the best of our knowledge. The
recommendations or suggestions contained in this bulletin are made without
guarantee or representation as to results. We suggest that you evaluate these
recommendations and suggestions in your own laboratory prior to use.
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Anox® 20
Phenolic Antioxidant

Anox 20 is a high molecular weight hindered phenalic antioxidant that provides very low volatility and excellent resistance to
extraction from polymer compounds.

Chemical Structure

Tetrakismethylene (3,5-di-t-butyl-4-hydroxyhydrocinnamate) methane
CAS Req. Number: 6683-19-8

EINECS-Number: 229-722-6

Typlcal Physical Properties of Anox 20

Appearance White, free-flowing solid
Bulk density [kg/m"] Powder 650 / Granular 570
= o & Molecular weight 1178
Melting range, °C 110 - 125
OCHy+C (Flash point, °C 299
Thermogravimetric Analysls (10 mg @ 10°C/minute under N2)
HO Weight Lose, % 5 10 25
Temperature, °C 350 365 387
L -4 Solubllity @ 26°C (g/100g solvent)
atar <0.1-. ‘Acetone 75
Benzene >100 Chloroform >100
Methanol <0.1 -Hexane <0.1
Ethyl Acetate 66 [Toluene 50

Application

Anox 20 is particularly effective against polymer degradation during long-term aging. ltis also very effective as a process
stabilizer. Anox 20 exhibits good resistance o discoloration at the high temperatures that are encountered in thermoplastic
polymer processing.

Food Contact
This compound has broad food contact approvals; for details please contact Chemtura, Regulatory Affairs
Polymer Additives,

Storage and Handling

The use of proper protective equipment is recommended. Excess exposure to the product should be avoided. Wash
tharoughly after handling. Store the product in a cool, dry, well-ventilated area away from incompatible materials. Unless
stated, proper storage will permit usage of the product for 3 years from the date of receipt.

For additional handling and toxicological information, consult the Chemtura Material Safety
Data Sheet.
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Alkanox® 240

Phosphite Antioxidant

Alkanox 240 is an organo-phosphite antioxidant that exhibits excellent hydrolytic stability.

Chemical Structure
Tris(2,4-di-t-butylphenyl) phosphite
CAS Reg. Number: 31570-04-4

Features

Alkanox 240 effectively reduces peroxide induced oxidative degradation of most polymeric substances during processing. The
low volatility of Alkanox 240 allows for use at the high temperatures required for processing thermoplastic polymers. Alkanox
240 is suitable for use in a multitude of polymers such as polyolefins, polycarbonate, ABS and polyesters.

Typical Physical Properties of Alkanox 240

Appearance White, free flowing solid
, 0.55 (Powder
Bulk density, Kg/L 053 {(Granula:)
Molecular weight 647
Specific Gravity @ 20°C, g/m 1.03
Melting range, °C 180 ~ 185
225

Flash point, °C
pt oL ¥ A [ thermogravimetric Analysis (10 mg @ 10°Clml~£er_nz'_'

‘ Weight Loss, % 5 10 25
=0 3 Temperature, °C 239 250 272
Solubility @ 20°C (Walght %)
Water Insoluble Acefone ‘)
Ethyl acetate 4 Chloroform 36
Benzene 34 Hexane 11
Methano! Insoluble

Food Contact
This compound has broad food contact approvals; for details please contact Chemtura, Regulatory Affairs
Polymer Additives.

| Storage and Handling Precautions

The use of proper protective equipment is recommended, Excess exposure to the product should be avoided. Wash
thoroughly.after handling. Store the product in a cool, dry, well-ventilated area away from incompatible materials. Unless
stated, proper storage will permit usage of the product for 6 to 12 months from the date of receipt.

For additional handling and toxicological information, consult the Chemtura Material Safety Data Sheet.

The Information confalied herein relates'to a specitic Chemtura product and Its use, and Is based on Information avallable as of the date hersol. Additionsl

Information relating o the'product can be chiained from the pertinent Material Safety Data Sheats. Nothing Ini this Technical Data Shest shall Be constroad to

madify any of Chemtura standard terms and conditions of sale under which the product is scld by Chemturs. NOTHING IN'THIS TECHNICAL DATA SHEET.

SHALL BE CONSTRUED TO CONSTITUTE A REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED, REGARDING THE PRODUCT'S GHARSCTERISTICS, -

'USEQUALITY, SAFETY, MERCHANTABILITY OR FITNESS FOR'A PARTICULAR PURPOSE. = Nothing' containgd Hersin shall constinte permissfon or "
'\ recommendation fo practice any intellectual praperty without tha permisaion of the ownar. ¢ | { Hoty ; 1

i i‘ Chemtura and the Chemtura logo are trademarks of Ghemtura Corporation or ane of its subsidiaries,

Vs } ]
11 Gopyright © 2007 Chemtura Corporation, All rights resarved.




98

NEXTSTEP CHEMICALS CO., LTD.
121/ 60 Soi. Tanasit Moo. 11, Taparak Road, Bang Pla,
Bang Phlee, Samut Prakarn, 10340 Thailand

Tel: +662-7507771-2 Fax: +662-7506446

E-mail: E-mail:sales(@ nextstepchemicals.co.th, http://www.nextstepchemicals.co.th

PE WAX H110
SPECIFICATION

PE WAX are low molecular weight polyethyiene waxes derived from HDPE, The careful process control by Nextstep.

They are hard, erystalline materials that melt 1o & low viscosity. The product range as follows:

Applications

: Candles, Crayons : Thermoplastic road marking : Rubber

: Hot melt adhesives : Plastic additives : Polishes

: Color concentrates : Petroleum waxes blends : Asphalt Coating

Typical Properties { CAS no - 9002-88-4 )

Properity Unit | Test Method 110 110 110
Molecular Weight Mn GPC 1500£500 1500=300 1500+500
Viscosity at 140°C cps | Brookfield Type 10-80 80-200 200-400
Density gicc | AsTMDIsos | 0.92-0.96 0.92-0.96 0.92-0.96
Penerration Hardness | dmm | ASTM DI1321 3-8 3-8 3-8
Sottening Point T ASTM D36 105-120 105-120 105-120
Color White White White
Appearance/form flake flake flake

Packing : 25 kg./Bag.
Origin : Thailand



WOOSUNG™ NEOBOND® NB1016 PE

Product Information
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Product Data Sheet

WOOSUNG™ NEOBOND® NB1016 PE

Description and Typicial Properties

Description

Woo
LS‘I-'I}\"

WOOSUNG™ NEOBOND® NB1016 is a anhydride modified polyethylene.

Availability
Globally

Typical Characteristics

Compatibilizer, Coupling agent, PE-WPC compounds, Adhesive Resin for Steel Pipe Coating

Table - Properties

INSPECTION | TesTMETHOD | UNIT | SPECIFICATION
Appearance(Yellowness Index) ASTM D1925 - <3
Melt Index(190°¢/2.16kg) ASTM D1238 ¢/10min 1x 3
Tensile Strength(500mm/min) ASTM D638 kgf/cm? min. 100
Melting point by DSC ASTM D3418 © 118 ~ 127
Moisture ASTM D4019(1507) ppm max. 500
Peel bond strength WSC METHOD kgflem? 5~7
Density ASTM D1238 g/10min 0.925+0.005
Elongation at Break ASTM D638 % B600~800
Impact Strength (lzod with Notch) ASTM D256 kgfcm/cm >S50
Softening Point (Vicat) ASTM D1525 % 100

Read and understand the Material Safety Data Sheet (MSDS) before using this product

WOOSUNG Chemical Co., Ltd.

267 wondang-Ri, Bukahn-Myun, Youngcheon, Kyungbuk, The Republic of Korea
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WELL IN ENTERPRISE CO., LTD.
Office : No.151, Sec.2, Chongde 2nd. Rd.,Taichung City 40653, Taiwan.
Tel:+886-4-22436789 Fax:+886-4-22439863 E-mail:huroger@ms45.hinet.net
Factory : No.110, Si-Wei, Shanhua Chen, Tainan Hsien, 74163, Taiwan.

EASYFLOW R10

*DATA SHEET*

COMPOSITION : Blend of unsaturated fatty acid soaps with Zn and Ca.

SPECIFICATION :Appearance: light beige pastilles
Soften point (C ): 87.6~92.0
Specific Gravity: 1.03

CHARACTERISTICS AND APPLICATION:

R10 is designed to reduce viscosity ( internal friction ) to improve the flow

properties and decrease the sliding friction (external friction) in rubber compounds.

The release effect of R10 is remarkable. It can eliminate sticking and improve

mold release, especially for complicated mold designs.

Being consisted of Zn soap and Ca soap to be multifunctional,
when it is used as Peptizer, added in the first stage ;

when it is used as Lubricant, added in the final stage.

With Zn soaps, R10 has a slight activating effect on curing in sulfur containing

compounds.

DOSAGE : PHR 1«5

STORAGE / STABILITY : At least 2 years under normal storage conditions.

PACKING : 25kgs in paper bag.

RECOMMENDED FOR : NR, SBR, EPDM, CR, IIR, CM, Halo IIR, NBR, and BR.





