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Thesis Title Effects of Pottery Stone Powder Addition in Polypropylene on

Mechanical and Flame Retardant Properties

Name-Surname Miss Watcharee Janpoo
Program Materials Engineering
Thesis Advisor Assistant Professor Sorapong Pavasupree, Ph.D.
Academic Year 2013
ABSTRACT

Nowaday, pottery stone is an inexpensive natural mineral in Thailand. Pottery stone can
reduce the size to small particles for plastic additive meterials applications. The aims of this
research were to study the effects of pottery stone powder addition in injection grade polypropylene
on some mechanical and flame retardant properties.

Pottery stone was added in polypropylene at the ratio of 0, 1, 5, 10 and 15phr. The mixed
samples were prepared by melt-blended using twin screw extruder and compression machine. The
properties of mixed samples were tesed including tensile strength (ASTM D 638), impact strength
(ASTM D 256), material hardness (ASTM ), melt flow index (ASTM D 1238), density gradient
(ASTM D 792), scanning electron microscope (SEM) and flame retardant (UL-94).

Results of the study found that the suitable amount for the addition of pottery stone in
polypropylene was Sphr. No significant effect of pottery stone addition on tensile strength was
observed. Elongation at break and melt flow index of the mixed samples was decreased. Impact
strength, density and hardness of the mixed samples was increased with increasing of pottery stone

content. The results also showed that the addition of pottery stone could reduced flammability of

polypropylene.

Keywords : polypropylene, pottery stone, mechanical property, flame retardant
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2.1.1 Improved Performance of Isotactic Polypropylene/Titanium Dioxide Composites:
Effect of Processing Conditions and Filler Content [3]
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2.1.2 The Adhesion Phenomena in Polypropylene/Wollastonite Composites [4]
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2.1.3 Tensile Properties of Polypropylene/Metal Oxide Nano Composites [7]
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2.1.4 Effects of Crystalline Morphology on the Impact Behavior of Polypropylene [8]
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2.1.5 Influence of B-Nucleating Agent on the Mechanics and Crystallization
Characteristics of Polypropylene [9]
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2.1.6 Mechanical and Morphological Properties of Polypropylene and High Density
Polyethylene Matrix Composites Reinforced with Surface Modified Nano Sized TiO, Particles [10]
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2.1.7 Flame Retardant and Mechanical Properties of Natural Fiber—PP Composites
Containg Magnesium Hydroxide [11]
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2.1.9 Mechanical and Morphological Behavior of Polyolefin Blends in the Presence of
CaCo, [13]
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2.1.10 Mechanical Performance of Wood Fibre-Waste Plastic Composite Materials [14]
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2.1.11 Dimensional Stability and Mechanical Behaviour of Wood—plastic Composites
Based on Recycled and Virgin High Density Polyethylene (HDPE) [15]
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2.1.12 Modification of Mechanical Properties of Recycled Polypropylene From
Post-consumer Containers [16]
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2.1.13 Blends of HDPE Wastes : Study of the Properties [17]
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2.1.14 Mechanical and Rheological Properties of Composites Based on Polyolefin and
Mineral Additives [18]
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2.1.15 Effect of Coupling Agent and Morphology on the Impact Strength of High
Density Polyethylene / CaCO, Composites [19]
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2.1.16 Effects of Coupling Agents on Mechanical and Morphological Behavior of the
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2.1.17 Morphology and Mechanical Properties of Polypropylene / Calcium Carbonate
Nanocomposites [21]
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3.5 masnaaavaniananmeluazanianiendiuiauvesnedlnsnauiinan
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o Y~ a 1A 9 1 Aa Aas [ ~
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Calorimetry, DSC)
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(Scanning Electron Microscopy, SEM)
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3. e I desq Inseaianamesdlenios SEM
1w a s
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5. AMUIURANITNATDY
A A o = a =) = . . .
354 naaeumadaaiesiswdsaaunuiiaunasiung (Differential Scanning
Calorimetry, DSC)
v 9 9
w3gudIpgInadol lnetuiniinasatedaiminlssuna 8 nuussgasly
MIULVTTYE5A20601 (Pan) Himsoautuauomaluansod e udrinirldnedu
1 9
1AT09 MUUATAIZTMINATOVAI]
Y1 a d' IR
1. l5y9guvgilumsnadeui 0-230 esrwaiiea Tuanizussenme
TuTasiau
@ < Y Y . [ % = =
2. 9035213 1MANUTOU (Heating Rate) 11101 10 DAY AT /11N

o <3 a " w
3. 905152 TuMsanguHgil (Cooling Rate) 1M1 10 dIFIsALFER/ 1IN
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AWITNITNAFOUAIIY AD NINATOUANUNUNIUABLTIAY (Tensile  Strength) NMSNATOU
1 I ia A
ANUNUNIUABUTINTZUND (Izod  Impact  Strength)  M1sNAAOUANUUIINA Tas1H3F
Shore Dorometer
3.6.1 MINATOUANUNUNIUADLTIAY (Tensile Strength)
o % Qy A Y o 4? 43'
1. simsdaguauildnnmssaiugl dusuaunageuauuiaigiv

ASTM D638 #9317 3.19
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UNN 4

Han1Ineae

= a Ay 1 =S -d' 3 |
1INNTIATOUNDA INTWAY (PP) HAZUINOAADT A lAU (Pottery Stone) NoNINTIU

5YMI9 PP/ Pottery Stone (3oazlagiimiin phr) @199@dl fio 100:0, 100:1, 100:5, 100:10

9
v A

o dgl [ 1 A o a1 Y
iag 100:15 °VI']ﬂ'liGUug‘l]!fl]uLlwuﬂﬂﬁﬂULWﬂVI'IﬂTﬁ‘ﬂﬂﬁ@Uﬁll‘U@]@n\‘l“] ﬁ']ll']ﬁﬂﬁﬁ;ﬂwaulﬂﬂ\iu

4.1 wamsasIvaeUanMyFug1IHINeIMIENdeIgansIANdIanATeUIUUTRINTIA

(Scanning Electron Microscopy, SEM)

(a) SWOAADTE 19U (Pottery Stone)

51 4.1 JUaeSEM Nifdsvens 2,000

Y



(b) woa lnsnau (PP)

51U 4.1 JUa19SEM Niaavens 2,000 1911 (79)

L
HMERHMLTT

(c) PP : Pottery Stone (1phr)

511 4.1 JUoeSEM Nifdswens 2,000 111 (si0)
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CSELN 5KW - wD1amm
_MME RMUTT.  »

(d) PP : Pottery Stone (5phr)

517 4.1 3Ua19SEM Niaawens 2,000 11 (A9)

(e) PP : Pottery Stone (10phr)

511 4.1 JU019SEM Niiawens 2,000 11 (Ap)
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IRRMUTT

(f) PP : Pottery Stone (15phr)

511 4.1 JU019SEM Niaawens 2,000 11 (Av)

Y

1 I 1 { ia < 1
UM 4.1Gab) WugiaenldninndesganssmioianasounuudeInsia (SEM)
NMAIVE18 2,000 (MVBULTNOANDT & 1AU (Pottery Stone) LLAZWOA INTNAY (PP) WUMANHUE
1 =® 1 = ~ Q dsl a a

31519 oumARANYR I WoMNBT A laudlualseuial 10 um HasANYUSNUHIVRINDA TNT

an A v dy A Aa ~ A =) v @ A A I 1
Wau (PP) NaNHUSWUAINITIVUINNYAUDNIUNUVITANTNOU) [1] gﬂ‘w 4.1 (c-g) Lﬂugﬂmﬂ

[ ~ sa d [l {o o ]

o1e7 1d1nndesgansssmioanasounuudoInsia (SEM)  Nf1adue1e 2,000 191909
PP : Pottery Stone 91 1, 5, 10 a 15phr NSummoaneidlauiios(l, Sphr) WUOYNIAUDI
uiweataeialaulinisnsznearddinavenglumda PP lilinisusniaszning
. 4 3. = o 2 .
PP : Pottery Stone @2U3UN 4.1 (e-g) Woilsuimmnaamasa TauuInuu (10 ag 15phr) WU
= = v @ o Y = ldgl =\ Y]
PUNIAVBINDANDI A Tal IMamzdnui lnvinavoaneamoia lau Ingyuinsnizaedd

Tuminaue [44]
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4.2 HAMINATOUATIMS 1@ (Melt Flow Index, MFI) MulAs§1MASTM D1238

MABINS Ina (MFID)
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ana

v A

U 4.2 mdxiimslvaveaneamwes (Melt Flow Index, MFI) 494 PP : Pottery Stone

Qo

307 4.2 1innInadeumIAwing 1Maved PP : Pottery Stone tiiniAunoamaId Inu
U ] 1 T v A o Y1 v A = 1 1 =) 1 =)
wuNdawaaemariin Ina hldmasiinig lvaanas delina lagaseaonnnumila na1iae
d‘ a = a dg, A Q' dgl [ 1 = 09/1 csy
eduwenaesa laulualSmannnyuanuniamuiumudadiuvesnoamosd Iay Nl
iesninmsiweamesidn lunsnareglunedInsnau ep) Fadrldavreanis Inaves

v 9
wod Insiay (PP) JeaanaldnamanuuiiamiuIu [45-46]
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4.3 HAMSNATOUANNTIHIUY MANNINIZIH ASTM D792

Density

1.2
o~ 1 2
E
2
s 0.8
=
2 0.6 -
A

0.4 -

0.2 -

0 1 T T T T
Pure 1phr 5 phr 10 phr 15 phr
aas

31 4.3 AmNuMUIUUYEI PP : Pottery Stone

MINATOUNIAINNINHUMUUYES PP : Pottery WUIIMOAIADIA lauitana 11
] Y [ = 9 A 43} A ~ =} (Y] & J
dawalimnnurnuduloud Tdamuay orlSeumouny PP Fuilunauininnisway

=} dy a J 14 J (=) 1 A o 9
voaneanes a launtelwilonedmes uaned lulinanemsilasunlasnninudnauasly
4 ' ] [ va o [ qa/l
WINDN 15phr tdesnnama N uauiamnizaivesidaiug uazwoamosidalau
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HanuruuunnWed lnswau asiulunsiaunldsnadosaae 1phr woamesea lau
AaAa A ' ] a A A d dy v oA 3 9 0 Y1 '
zlonFnaneaNurUILLUYeINea Insnaunillwieoraniieudaniios i luannuruy
a o Aa A dg’ [ J X ER = A dg’ |

voanoamesnoy Indanuiu luun uaiielidSinuweanes a Tawmuawiu 5, 10 uag 15phr

a a = ~ I = dgl Y
aﬂ‘ﬁwaﬂjmwam@@iﬁiﬁuﬂwﬁuﬂﬂzumﬂﬂmmu"lﬂmﬂ [46]
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a A d = a ! =
4.4 wamwmaaum&mmﬂMmsimwammumgmaaﬁmm

(Differential Scanning Calorimetry, DSC)

M99 4.1 auianeanuiouves pp: Pottery Stone

PP:Pottery Stone (phr) | T _(°C) T, (°C) AH U/g) % crystallinity
100:0 169.0 114.1 83.13 40
100:1 170.1 117.0 89.34 43
100:5 169.7 117.7 91.53 44
100:10 166.0 117.6 87.43 42
100:15 169.5 121.0 80.96 39

169.0 C +——

. Pure
170.1 C
. 1 phr
169.7¢Cc
95 ¢ + S phr
' Ay =~ 19 phr
\ ‘ 15 phr

(a) i T_ UBIPP : Pottery Stone

4' U a a 4 = a = =
31]7] 4.4 mannmsnageumaiaalimes s uTsaaUAUIILARDTIUNT

(Differential Scanning Calorimetry, DSC)
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Pure

141 ¢c 1 phr
; " 1177 C  <«—
i 10 phr
F e °
117.6 C <+——— 15 phr

121.0 C or—

(b) Al T, Y0IPP : Pottery Stone
d‘ 1 a a L4 = a =l =)
E‘]J‘Vl4.4 ﬂ'li]'lﬂﬂ'li‘]/lﬂﬁ@ﬂ&‘ﬂﬂuﬂ@]V\ILV\IﬂﬁliulﬂfﬂaﬁL!ﬂuu\iLlﬂﬁﬂilll‘ﬂ5

(Differential Scanning Calorimetry, DSC) GH))
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Y
Woa Insnay (PP )ﬁ’u"lmmwaﬂizmumaqmﬁ{]ﬁmiwaamwm (T,) Vo3 PP VINUN 1agIN

d' a a = dgl [ 1 d' a' dal =
gﬂ‘n 4.4 (b) qmwgﬂumimﬂwaﬂ (T) gy AUBATIAIUNFTUNNUUINVYUVBINOAADI T 1A

a a

d’ =y 9 a a = 1 =® 1 o Y =
L'Ll'éNiﬂﬂWf]ﬁmfliﬁiﬁuslﬂf’égmﬁ@jhcluﬂWilﬂﬂNaﬂq\iﬂ’ﬂ PP iNﬁ\‘lNﬁﬂﬂWQﬂ!WﬂﬂJﬂ?ilﬂﬂNﬁﬂﬁjﬁ

u

E4
1 (% |l Q' 1 Y

o . A A &2 A 1 A = add & o A~
ANNDAITTIUNNUUU IDATTIAIULNUNINUVU NITNANANNDLIIVHUINATUDAIT 1A IUAIYUDINYD

e

[ A a A < A d? Y
NU PP 1ag NMInumMgangugIvl LUaadaNuAINIuLUILETANNIUAIY [44]
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4.5 HANINATOUAIINNUNMIUABUIING (Tensile Strength) MNNINTFIU

ASTM D638
Tensile Strength

50
=
& 40
2
=
<, 30
=
=
v 20
-
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E 10

0 T T T T 1

Pure 1phr 5phr 10phr 15phr
gas
gﬂﬁ 4.5 AMMINAAOUANNNUNIUADLTIA (Tensile Strength) Y84 PP : Pottery Stone
Elongation at Break

1500
—
E
g
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€ 1000
==}
=
=
2
% 500
80
=
=
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0 T T T T
Pure 1phr 5phr 10phr 15phr
a3

Y

519 4.6 AMsNAdoLTART w 99719 Elongation at Break U943 PP : Pottery Stone
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Young's Modulus
2500
=
-»
< 2000
S
= 1500 - T T
=
[=]
= 1000
E;
= 500
=]
b
0 T T T T 1
Pure 1phr 5phr 10phr 15phr
gas

gﬂﬁ 4.7 M Young's Modulus U84 PP : Pottery Stone

d' 1 =) =} a as 1 1 1
UM 45 wunmsauneanoidlauasluned Inswau (PP) ludiwansznuse
AANUAIUNIULTIA (Tensile Strength) 411 uAszeHn (Elongation at Break) VoINOA INTNAY
anag auaaalugii 4.6 iesninneameia launizaiedleg luned Insiau (PP) uazl
= 1 (; A a [ = dy
w3aagaserIudadInsoeIanaINNIsUNINAlIveIe A IANeaaeI d Iauluiie
Wod InsWau(PP) dunaningilais SEM n13n3za18@Iu0anonines e 1nufidns1aiy 100 : Ophr
= ~ v o ' ' = ~ o VA Yo
nSeufieunuoasdau 100 : 15phr WUTIWOAMBS T IAUTNITNTE A MNITNOY 10 1A5D
=R KX o ﬁlay 1 a 1 =) (9 dy a Y a
159999 15U uIaieasausnasennaaneaeesa lauw NUena1aan PP a1
1 a Aas @ = 3 A 1 = 1 1 1 YA o Y
wlaseraned Insnauduneanese lautulireadnada lausoadariiuuselaa i 14
a 4 a 1 1 =) t:' dgj d' d' a =
wodwesnoN INGAY1A dI1A1 Young's Modulus HANNNAY 1HOIDINLUDIANNOAADT A 1A
A 12 v ' a 4
ludsmaimviudiwaldweanes alawd ldyrenisidegiveaneawes Jedoeldusa

A g 1 a 4 a 3 !
NI danaliwedwesaon Tnd@mdegl Tavnunau [47] awgii 4.7
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4.6 HAMINATOUANUNUNMUABUIINTZUND (Izod Impact Strength) MNNIATFIU

ASTM D256
Impact strength
60
E 5o
=
= 40
)
g 30
E
w
< 20
=]
g
10
£
0 T T T T 1
PURE 1phr 5phr 10phr 15phr
gas
317 4.8 ANTNATDUANUNUNIUABUTINTZUND (Izod  Impact  Strength) V04

PP : Pottery Stone

JUN 4.8 NUNHAMINATOUNIINUUIINILUNAYRINITAN WRANDT A Tauadlu PP
= o K 9 A\ 2 ' A A ~
Trai limanuaiun s ainseunniuIulugan1s@y 1 1ag Sphr ilosnnoamasda lau

Y o Y A @ tgl AA a v XK 1 o Y
nszaealu PP uazimtinnyelumssunsanszuna lunuinninasoeuanyin 39aanani v
' 9 A 2 = Y A A A A 2
AANUATUNIUUTINTSUNINUNINYY [48] tazluur IHuNanasn s snay iy

v Y
(10, 15 phr) FI91UAATUIINAITNZNGUTINAINUUDIOYNIANDAIADI F TAU FINA1HAIAIIN

é]ﬁﬂ‘i’l'l‘l!!.tix‘]ﬂi&lﬂﬂﬁﬂﬁﬂ [49]

82



4.7 HaMSNATOUANTANNUUTINA MUY Shore Dorometer MNNINIZIY

ASTM D2240
& Ao
ANHUUVINAHI (Hardness)
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60 I

50 T T T T 1

Pure 1phr 5phr 10phr 15phr
d' J wa va 2 Aa
g‘lJ‘Vl 4.9 MAMMINATDUTNUATUUAANNUUINANIUDY PP : Pottery Stone

{ I A 3 Aa
gﬂﬁ 4.9 TUNaNSNATOUANUANIINLYINAILLY Shore Dorometer MUUINTIIU
4! d‘ a =) a A 1 1 ) 9
ASTM  D2240 U@ Nonaaosa lauadlunea Insnay (PP)  wuaddanani v
a an A s A 2 A o a Aa
WOAINTNAYN (PP) UANNUUUNNUY LuE]Qiﬂﬂﬂﬁﬂizmﬂﬂ’ﬂl’ﬂﬂﬂlgﬂ1ﬂW’Omﬁ’e’]iﬁiﬁuﬂwﬂ
a Aam 1 o Y 2 Aa a an A dgl
VDINOA INTNAU (PP) danaih lvmanuuvanavesnea lnsnau (PP) tWuNnUu [50]
vAa < { A
ANANITNATOUANTAANINUYINFNILDY Shore  Dorometer ANNIATTIU
o a 4 1 a [ 1 < { A
ASTM D2240'5@"lé’f‘ﬂ1ﬂ15’Jmiwwagﬂmamnmi@ﬂﬂﬂwmmsmﬂﬁ’oummmumﬁm
a ag Y 9 4 [ o tay d' o
YOINBA INSNAY (PP) AINADIVANTIAULVVADINTIA (SEM) Tae11suaIuniiIng

< Ao < 2 v o d'
‘VIﬂﬁ'ﬁ)Uﬂ'JUJLL"]NVIN]MTLﬂu%uﬂﬂﬁﬂUTﬂﬂqﬂWaﬂTﬁﬂﬂﬁ@UﬂQEﬂ‘ﬂ 4.9-4.10
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Y 1 a @ ' < { A a a
sun 410 3o SEM  U5I08nanaInITnaaeua1nNuIINHIveIned Insiay

(PP) 100%

SEI Sk
MME RMUTT

(a) PP : Pottery Stone (1phr)

d' 1 a @ 1 3 Aa a an
g‘l.l‘ﬂ 4.11 gﬂﬂ'lﬁl SEM Uilﬁmﬁ@ﬂﬂﬂﬁﬂ\iﬂ']iﬂﬂﬁf]ﬂﬂ'lﬂ'ﬂiJ!HNV]N’J“UENW@ﬁIWiWﬁu (PP)

4 -
NHAUNOANDI T 1A
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SEl  SkVY WD~ 8
MME RMUTT

ceul2e12

(b) PP : Pottery Stone (5phr)

q‘ [ a o 1 2 Aa a an
sUfi 4.11 31019 SEM 15005980 IN 1 NAdoUAIANUIAINHIVINDa TN WAL (PP)
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(d) PP : Pottery Stone (15phr)
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4.8 wanmsnaaoUaNDANIHUITIW(Flame Retardant) Ma3nnsg1u UL -94
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M3199 0.1 wanmsnadoumayiinig lvamas (Melf Flow Index) A11@5911 ASTM D1238

gas MA¥UMS lvia (MFI)
Pure 15.762
Iphr 13.152
Sphr 12.150
10phr 12.120
15phr 10.536

15199 1.2 HANIINATOLAIANUNUILUUIRGY fUNINT31U ASTM D729

an9 Density
Pure 0.855
1 phr 0.879
5 phr 0.981
10 phr 1.020
15 phr 1.021
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19199 0.3 WaﬂTﬁ“I/Iﬂ’c’f@U?]"lﬂ’J'IZJVIuVI']uGI'@L!'J'QﬁQmaEl (Tensile Strength) AMWUINTIIU

ASTM D638
g9 Tensile Strength (MPa) Elongation at Young's Modulus (MPa)
Break (mm)

Pure 34.14794837 1181.191923 1441.9376

Iphr 33.5204767 883.7241723 1387.328592

Sphr 33.05271231 831.6395507 1391.696021

10phr 30.35909203 699.2960907 1501.006252

15phr 26.09609053 496.129655 1706.837843

13199 .4 HAN1SNATOUAIAIINNUNIUABLIINTEUNNIRAY (Izod

AUNINTITU ASTM D256

Impact  Strength)

9NN oy Impact strength (J/m)
Pure 34.31996
1phr 52.94452
Sphr 54.73224
10phr 41.53908
15phr 37.98112
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M3197 1.5 HAMINATEUAANULTINAURGY AUIATTIU ASTM D2240

gas AMandafina (Hardness)
Pure 63.7
1phr 71.5
Sphr 70.6
10phr 72.1
15phr 70.6

M3199 0.6 wansnadoUaNAN1511U 11l (Flame Retardant) @11a1asg1u UL-94

(28] Flame retardant
Pure 171.00
Iphr 189.00
Sphr 135.00
10phr 212.00
15phr 192.00
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Effect of Pottery Stone Powder Addition in Polypropylene

on Mechanical and Flame Retardent Properties
SLiE] 5’qu dage mnmuuqmz FTNIE n'nqﬂ"?ﬂ(s*
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Watcharee .Ianpnc)1 Amnuoy Laepkasernsukz Sorapong Pavasupreey

s Department of Materials and Metallurgical Engineering, Faculty of Engineering,

Rajamangala University of Technology Thanyaburi, Pathumthani 12110, Thailand
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unaada
swsillumsiinsnansnurasmsifiananan slow lunodlnsiindorutfifnanszautiding
s Fimstiuwaniand slaulunadlnsaunaasisin 0,1, 5, 10, 15 uaz 20 phr navlaglfiaios
wapudaTaTiannge mnmfuﬂﬂﬂ‘fugﬂﬁunﬂ‘a‘:mum‘sﬁﬂ‘fugﬂ anasausuaGona leur suans
NUAIUTIAS (Tensile Strength, ASTM DG38) FUUAMTNUABWIINIZUNN (Impact Strength, ASTM D256)
sutifauudsfif (Hardness, ASTM D758) sheaitnslug (Malt Flow Index, ASTM D1238) n1556a5125%
MINIEIUAIVDINDALADT ﬂIﬂu@T’Jmﬂ%a:1ﬁ;mmiﬂﬁﬁlﬁnmammuﬁaan'mﬂ (SEM) uazgutanisatulu
(ULa4) madtldannmsfinsmoin é"mﬁﬁ*mﬁﬁﬁqmﬁaLﬁwwamﬂafs slanaslunadlnsiauda 5 phr 1o
dwaalaas alaw (5 phr) tavadluned InsiaulignansznudadinnudIumnesIaauIntin &uenis
fads m a1 ehaniimsinaddaman fananuusInszennmanuud i LRsin uznumaay
waaLaes alangansaaaaamnsay iivaswad insiau e
AvAN WaAlwIdan waslaa3 slau sudanisaal
Abstract
The aims of this research were to study the effect of pottery stone powder addition in polypropylene on
some mechanical and flame retardant propertiss. Pottery stone was added in polypropylene at the ratio
of 0,1,5,10,15 and 20 phr. The mixed samples were prepared by melt-blended using twin screw extruder
and compression machine. Mechanical properties of mixed samples were tesed including tensile strength
(ASTM DG38), impact strength (ASTM D256), material hardness (ASTM D758), melt flow index (ASTM
D1238), scanning electron microscope (SEM) and flame retardant (UL94). Results of the study found that
the suitable amount for the addition of pottery stone in polypropylene was 5 phr. No significant effect
of pottery stone addition on tensile strength was observed. Impact strength of the mixed samples was
increased. Elongation at break and melt flow index of the mixed samples was decreased. Hardness
of the mixed samples was increased with increasing of pottery stone content. The results also showed
that the addition of pottery stone can reduce flammability of polypropylene.

Keywords: polypropylene pottery stone flame retardent
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2. Yaquaziinimaaas
2.1 INDALUATNITHAN
WORLNTAAW (PP IN5A1100NK) UAzUIWaa
1985 Flan (Pottery Stone)HFANUATUIATIHIWAI

AN 1

@159 1 WERIGASIRIWVEY PP : Pottery Stone lun1siassu

wanuasnaulnia
PP (phr) Pottery Stone (phr)
100 0
100 |
100 5
100 10
100 15
100 20

msssunaiwainanlndadaniassaie
LLUUﬂﬂEf}' (Twins Screw - Extruder, CHAREON TUT
CO.LTD ) ﬁqmmqﬁ 210 asanaargaaLantiide
wamwasaanInfadldlliadondusunasandie
ta3a3804u31 (Compression  Molding, CEAST
TELEX 220147)

2.2 MTIATEHIATNIINAFDL
vialdifanatiwainanlninuaduinm
nagauuss tlinasausuifdro e asmanan
snumrEmEwIngImendasansiandifinasau
WUUEAINTIE (Scanning electron microscopy, SEM)
FTRNTIARTRINDRLNET (Melt flow index, MFI) @1
19571 ASTM D1238 nasaumaiaaniiasisu
LIURFLNUIAILARETLNNT (Differential
DSC)

scanning
calorimetry, ﬂmmua'amnumuﬁauﬂﬁq
(Tensile strength) 133109314 ASTM D638 naway
AUNUNIUADLTINTZUNN (Izod impact strength)
ANNIATIU ASTM D 256 ﬂ@ﬁﬂﬂﬁuﬂwﬁﬂ'ﬂuufﬂ'ﬁl
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3.1 HAMSATIVNOUSN B FUFIWINBIG Y

nﬁaoa;amsﬁﬁ'étﬁnmauuuua'aans'm (Scanning
electron microscopy, SEM) gasnadtuasnaulnia

32%WI9 PP : Pottery Stone
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10 pm

(a) uswaaaas alaw (Pottery Stone)
b) Waalwswau (PP)

c) woalnasnaulwda s¥mine PP : Pottery Stone (1phr)

(
(
(d) wadwasaaulnda s2ning PP : Pottery Stone (5phr)
(e) woAwasaaulwda s2wine PP : Pottery Stone (10phr)
(

f) woaasnaulwaa stwine PP : Pottery Stone (15phr)

(9) woRuasnau WA s2ning PP ; Pottery Stone (20phr)

gﬂﬁ' 1 (a-b) LEAINIWENY SEM Amaseng
2,000 WiNTBILSWAALADT Flaw (Pottery Stone) LAz
waRlwsiiau (PP) wudanumzgUine aunandn
PgIuswaalaas alandruiavszanm 10 pm uaz
Snwniuiivasnan Insiaw (PP) SenumeRuion
Suumnﬁqma‘jmﬁnuﬁuquwwuﬁ'us] M zﬂﬁ' 1
(c-g) unmwgny SEM fifssaane 2,000 tinwes
wodwasnaulnia 52119 PP:Pottery Stone 7
1,5,10,15 uaz 20 phr lsuunwaaiass slautas
(1,5 phr) WuayNINTBILINEALABT slauins
n'i:mn@hm‘iuauaag;lmwﬂ pp liidnisusmina
3213 PP:Pottery Stone ﬁ"]u;a;ﬂ‘ﬁ. 1(e-g) WarSunm
WoaLaas slauundn (10,15 uaz 20 phrywuin
AUMATBINAALADT glau dmamzaanurinliumea
vaswaaiaas slaulwadu Fnisnszarnaaly

sahiawa [5]
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3.2 HANMINARAUATRNITInavaInafiuas
(Melt Flow Index, MFI) zaiwafiuasaaulnia
352WIPP : Pottery Stone

aipimlne (MFI)

_ 15 o:
1
el ne
10 i <
o : .
Pure 1Phe 5Phr 10Phr 15Phr 20Phr

o

3U7 2 daziimsinazasnadiuas (Melt flow index, MFI) 389

waswasaaulndaszning PP : Pottery Stone

sun 2 ANMINARAUANGTIANT INAD D
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a a 2 . v a 4 a
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2 (. G o %
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