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ABSTRACT

In the plastic industry, the rotational molding has been widely used for making the large
hollow products such as water tanks, septic tanks, and ice boxes, etc., which used polyethylene
powder as raw material in the form a majority. The aims of this research were to examine the
alternative materials for the formation of product which requires different specific properties such as
higher clarity and better result in some mechanical properties.

The preliminary study found that the materials used in this work can be rotational molded
in some cases. Polycarbonate with the higher molecular weight tended to molding more difficult.
While the using polycarbonate powder particles size smaller than 250 pm could be molded more
difficult than polycarbonates in particle size larger than 250 pum in contrast to that observed in
specimens molded from polyethylene. The thickness distribution of polyethylene was better than
polycarbonate in all case. Polycarbonate made a difference on the wall thickness distribution more
than 2 times on each side when compared with polyethylene. Some mechanical properties of
polycarbonate specimens found that the surface hardness of polycarbonates was higher than
polyethylene but the resistance to penetration was lower.

It was found that the size and shape of the particles on material formation and molecular
weight affect the viscosity. All of these factors were significant within the formation process.
Rotation speed affected the wall thickness distribution. The process duration of the rotational

molding was longer than the other process as a result in some mechanical changes.

Keywords: rotational molding, polycarbonate, molecular weight, shape and size of particles
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M9 2.6 aaiaanlelumsnaaou [21]

a

Reference Color Melt Index Density Molecular
Code (g/10 mins) (kg/m3) Weight
A-1 Nature Y 934 100,300
B-2 Nature 5 924 89,550
C-3 Nature 8 935 80,400
D-4 Nature 12 937 70,000
E-5 Nature 18 937 64,000
F-6 Nature 25 937 59,000
G-7 Nature 3.2 934 99,750
H-8 Nature 5 924 92,100
1-9 Nature 8 937 77,750
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Y H I
TuaAdeiliins 19 LLDPE fvhmsnausmnuigariaagassiuuy eningau

Q
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fmnzaulumsidentditlumsinile dade i

Sample No. 1 Content 100% LLDPE ICORENE 4-3545

Sample No. 2 Content 100% LLDPE RESIN RX103 NATURAL

Sample No. 3 Content 90% LLDPE ICORENE 4-3545 + 10% Talc
Sample No. 4 Content 90% LLDPE ICORENE RESIN RX103 + 10% Talc

M13197 2.7 LaadaauiaY19senuee LLDPE uaazwiia [22]

Vicat
Sample Yield Elongation Melt Index Density Shore Softening
No. Stress (%) (g/10min) (g/ cm’) hardness Temperature

(MPA) (°sh) O

1 18.86 172 3.4 0.932 53 114

2 20 132 3.8 0.939 59 123

3 10.7 0 3.2 0.972 50 114

4 15.6 10 3.7 0.993 57 121

a 2 a &£ Ao 12 a
ETJ‘VI 2.44 LAY U ULASHIFUNIUNY ﬂHﬂ!ZvlilL gy tnavlege1na [22]
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3.3 Jagnlwluauidy

511 3.2 uan (a) wodtoniiaulavgi LLDPE (fiawana@n) uag (b) LLDPE (RAWAEAN)
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Wﬁ'l?f@lﬂW’E’JﬁLE]‘Vla‘L!“H‘Ll@ﬂﬁ1ﬂﬁu1l!uu@nﬂﬁlﬁu@i\1 ( Linear Low Density Polyethylene;

LLDPE) 1150 M3204RUP 9101389 Thai Polyethylene Co, Ltd. Auaraalugii 3.2

51 3.3 uaasweamsueiua Ineg (a) PCH2000, (b) PCHA4000
neanIsuoIUA (Polycarbonate; PC) 911 USHN Mitsubishi Engineering-Plastics Corp
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3.4.11 MINAFDUANUUUILVUITDAIA (Rockwell Hardness Test)
1 I { A 4 [ { A
WIAMANUUIINAIAIAT INATOUANULTINAL AUWIATFIU ASTM D785

, A 2 A o
m?mmﬁa‘u Matsuzawa DXT Model DXT-1 Ser.No DX1405 muﬁﬂﬂugﬂm 3. 13BUITUNUINN

;4
v o A

Y
NATOUAITVIUAUTOUNININUAD LAINUUVAUNNUFIUITON (Anvil) ﬂfu%1uﬂﬂﬁ@ﬂﬁjﬂﬂﬁ

Y i1
AITUH U uliJ“I:!I’f]fJﬂ’N 6 Uaaluag 5’1%uq1uﬁmmwmﬁ’aﬂmw 6 Ualuag mmﬁamm@ﬁuq

v
(%

A Y A a" 9 1 = A o 9 =)
NUANUHRUININNINITANATOU WIDTUINTUNATDUNITOIATIUAN Iﬂﬂ‘ﬂ’)ﬁ@‘VM"liJ”lifJ\i TADIN

)}

=

WU

8

IENINATOU
b
1. Lﬁaﬂmmmmmmuazumuﬂﬂwuwaﬂ (Major Load)
Y o A A Y A Y 1 1 v 2
2. Yomvualumsiaendinane ﬂWﬁLﬂa‘ﬂfﬂul‘lﬂMﬂHﬂﬂﬂﬁ 115 “UYANUNFUITU

k4

AAd Aa <3 VA 1 9 = a o ] T A A ] dyd ] 2’,
‘LlilW‘L!‘VlW’JL!ﬂJQLLiQﬂ?TVI?JW‘L!ﬂWllﬂ FINNUAANAIAT I I VAN UTNUNDYFN INTIERSUUAIT

ﬁeg

)Y

Y]

Yt < A A ¥ @ v oq Y EY -
la@ﬂﬁ?ﬂﬂﬂlﬁmmUTQLaﬂa\?1’73ﬂla’t’)ﬂu']1’7uﬂﬂﬂﬂﬂiﬁuﬂ’]u’]ﬂﬂluﬂﬁ@'ﬁ']\jﬂ 3.3

M519% 3.3 UAAI Rockwell Hardness Scale

Rockwell Hardness Minor Load Major Load Indenter Deimeter
Scale (Kg) (Kg) (in)

(Red Dial Number)
R 10 60 0.1250+/-0.001
L 10 60 0.1250+/-0.001
M 10 100 0.1250+/-0.001
E 10 100 0.1250+/-0.001
K 10 150 0.1250+/-0.001
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4.11 MSNATDUANNUIINAIVVSBAIIA (Rockwell Hardness Test)
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4.12 NINATIUANNMUNIUNIIASNS] (Puncture Test)
1 2 A o K Y = Y
NWNANITINATDU WU 6]11!\1']1,!1/]1(]']ﬂ'l§"111!§ﬂﬂ’381 LLDPE 4ANNATUMUUTAUNENT ]
ToA o g Y @ A 2 A o g 9
UINNIN mmmiﬂmgﬂma PCH4000 muﬁﬂﬂugﬂm 4.16 LWi'l%%ui']uT]‘ﬂ'lﬂ'li‘ngﬂﬂ')El
a aa g £ Aa = ' 9 v Yo ! 9 A L

wamammﬂu%mmmummmu&J'Jﬂauﬂmqqmwa°lmuLmﬂmmzmqﬂammﬂuawmm
d A Aa 1a 2 = 1 o £ A
ANUANYTU UNITNTEIYANNHUING "lum@ﬂmmmﬁmaiu%mm SFAANANNUYUITUN

=
b\
g 9 a 14 o ay = ~ 1 o 9 1 1

mugﬂmﬂwaammam@ aﬂ'Hmzﬂf‘uiTLllIﬂ1iﬂ§$%18?]31%141!11/11%%’{%1&@’%8 ATUANUDINADN

D¢

=

H 1 Qg ay [ {
Fuauiinnununnnnnnaiuuutazesenimnaiuaaeasuuanaaslugda 4.17
9 9 (= 4 1 ~ 1 1 9 a Jd
mslranuseuuaneamivsia luriaanuy dwane Inseai1aneluveansamsveius
v A a g I A Y v 2 Ay v
nndagimtenilundalse uaziiesnndeassyoanszuiumsyugdunuvyui liusela

o Aq v K 1 9 =2 1% A A 1
mﬂizmuaxnmﬂﬂuﬂ’ix‘mum’i‘uugﬂﬂﬂuﬂmmumLﬂuﬂ%ﬂmﬂqjamwﬂ NAINANDNIT

o a 14 Y I3 [ a [ é’
‘LﬂWﬂaﬂWSUGLHQNTGIGD'!‘]JH'J@]Q@]U‘Hﬂﬂiuﬂigﬂﬁuﬂ1§ﬂlugﬂllﬂﬂﬂuu

Force (N) NALEAIWANITNATOUNTIIENE])
2500 5300
2000
1500
1000

500 428.5

195.8 200
0 - - Polymer
LLDPE PCH4000(Mix) PCH4000 > 250 uu PCH400 > 250 dw

31 4.16 uaaIWaMINATEUANNAIUNIUMTINIZNZQ PCH4000 118V LLDPE

97



' v v
3ﬂﬁ4.17 HUaAd (a) FUINUHIININITNATDUNITIIZNNATDUVDI LLDPE, (b) FUNUHAINM
v
NINATDUNITIENSINATDUVYDI PCH4A000, (¢) FUNUHAIMNITNATOUNITG
v
NeANATOUVDI PCH4000 91YN1A > 250 pm mﬁ'muuuaz (d) FUNUNAINING

NAABUNITZNZQNAADUYBI PCHA0000UN 1A > 250 pm Hiduag

98



UNN 5

aswamsnaaeg

Ay 9 v aw o A
1INHANITNAAeIN lana 119 19dY dimtsoasUraaiuiteluiive5os
3 a 4 Y] 1 y
anuamnsalumsiuglvesneamivena ldasaelai
JUsdugIINm
[ a 1 a 14 A Y Aauv A 1 1 9
HADINAIATIVADVTUFIUINGT WU WoamSvoruan ¥ uanddeiglaeneudig
A = @ Aa ag 1 ] Y I a Y 1 a P
nay WwonlFsumeunuwedenay luaiuvinamuisantaeen ladly 2 viialauns weamesny
[ [ a P <3 1
YNATHYNI 250 um HATWOAINDINNYUIAE@NNT 250 um

Y
umuﬂimaqammwaamag

=

¥ y ' g o
Haa M snimin Tuanamesiimsafiesuiiou wua PCH2000 Himviin Tuana

A

1 U v 90‘ o { 1 . 1
g4n71 PCHA4000 1azdaiinsniz1eavedtitmiin luanaiuinna1 PCH4000 Fadmaldduiia

=1

dgl U = a P 901 o Y =
ﬂ?iulﬁm!,'dﬁﬂiﬁ].l')uﬂWﬁﬂTﬁ"ngﬂ NA1IND waamawuumuﬂiumqaqwzﬂlﬁmmmwuﬂwm

U

a3

J a o o o @ 3 o U 7
ANweawes NN Twanad tagmMInIzaed1veivin luanadInanoTUADUN TN
Y o 9y Y a 4 1 [B-)] Y] [l 1 é!
Tudvhldmawn ludvesnedmesuaazoynia linseunudawasonszuaumsyugil
o a 4
auians lvavewedwes
A a 4 J A A 1
HAN1IATIVAOUANIIANS LHaveanoaos w11 PCH2000 IA1anuvHaigand
a ay é A ﬁy 1 ! da! d‘ ds!
WoaNauIay PCH4000 33ANUNHANdINanonTz1IuMsvugY 1109919052 UIUNITUY
=} o 9 Y Aq ¥ a A ~ 1 =
JUnvunyulnsImsuenuINIZIADUTIITBY 1IN 1HNATININTHYUIKIBNEI0E191A87
é’, a SAA A 1 9 = dsf 9 a dy U 9
RLUUNDAWDINNAINNUNUAABUVNFIVIVUIUAIENTZVIUMIFUATADUUIEIN 1LAZIIN
msAnpIanan1s lva nuvuaveseynIAiuana1eny lidiwanon1nuniave
a 4
WoAIWDI
o a 4
auianANuSouveIND AW
A a 4 U a 4 g}/ a
HAN13ATINAOUANTANTANVFOUVOINOAWDS WU NOAMITUBIUANT 2 Fiiad)
oA Y A @ A a = 9 I o Yy A [l
anlndifesny uaiosninwednueali lassai1uily Amorphous ldlganasumari i
v Y

[l (Y = U a Aad dg! = 9 Aan 1 =
HUUBU LUASIAINATIZININDANAY 111ﬂszmumsmugﬂmhqmwgwqqmmizmumsmu

9 a A
silanenoaonay

U



ANMUHUMUUT AL MTIATOUNVOINO LD

=

' 1 a a { <]
WARTNNITATIVFDUUIANUUUULUUTIY WUN Wﬂﬁl@%ﬁﬂﬁﬁ@h}ﬂ?ﬂGU‘LﬂﬂLaﬂflﬂ’ﬂiJ
1 d' :) ! ] d' 1 d' 1 o Y a 1 1 Y
wmuummmmmmumﬂmmﬂiwmmmmﬂgﬂﬁm”luﬁumm ‘V]ﬂﬂlﬂﬂ"]f’ﬁ]\n'lﬂellﬂﬂﬂ1ﬂ1ﬁulﬂ
[ 1 1 a 14 A 9 U a as o Y A A
071 ludiuvesneanIsueiua BUNIANADUVNNANNITNDALDNAY ‘VHGLW@L‘!ﬂ'IﬂVIiJ“UuWﬂ
< 1 ] { 1 ] 4 { a 14 J
Laﬂﬁﬂ1mm°ﬁumuumuﬁqqmmumﬂmumiwﬂg N@%Wﬂﬂ'lﬁlﬂﬁﬂu‘ﬁﬂlﬂﬂW@ﬁm@ﬁ WU
] A Ay Yo ' < o A <
f)15!ﬂ'lﬂGUL!1@1Wﬂ]uﬁ1u1§ﬂlﬂﬁ@uﬂulﬂﬂﬂ31@1§ﬂWﬂ‘llu"lﬂmﬂﬁlunﬂﬂﬁﬂl IHBIINDUNIAUVUIALAN
a Y 1 1A g 1 A 1 2 A a
Lﬂﬂﬂ?i!fl’lﬂ@\iulﬂﬂ'lﬂﬂﬂ']ﬂlgﬂWﬂsUlﬂﬂelﬁﬂJ ’E]ﬂﬂﬁgﬂﬁ?ﬁﬂﬂﬁﬂﬁ]gcﬁ?ﬂlw3J‘1J'§$ﬁ1’l‘ﬁﬂ"IWGLL!ﬂ"Ii
A A a s ¥
maaummwaamaﬂﬂ
a A da@j
ﬂﬂﬁWﬁﬂJ@QﬁﬂT?gﬂTﬁﬂJugﬂ

= A Y éj 1 [} ds!
HA9INMIANEIAN1IZA 1F UM IuINNTULTY Wua1 PCH2000 luansotugal]

U

D-Q EQ

[ A 1 A A s gJ/ a A A dﬂg A 9 a o
BUIBANININAINNUN AN BnNIganglgaganinTesuugluuunyunlyluauisel
' Y o w ' A ' 2 V. Y = o
Apud1931na Tudauves PCH4000 Tagaymiafiivuialvgaimisavuglidlndineeny
a an J A <] = av A v X
WOALNAUNINAIIBYMANNVUIAEGN DINNMIANBINUITENGINUNVNTEVIUMTVUFU UV
' ~Aq Y ] a A [ = ]
vyu Wy oymanldlunszuiumsyugUriiatioglueia 150 pm 949 300 pm FIVYNIAVA

a J = A o ' o 9 A ~ 1a  Jg Y
WA ITUBLUAVHIALGNNUVUIARAYATNIT 150 pm T]Wiﬂﬂ'lilﬂﬁﬂuﬂﬂWEJGlLlLHJWMWHJullﬂvlﬂ‘(’l'lﬂ

da! 1

Y H
ﬂ’J1E]1§ﬂ1ﬂ"Uu1ﬂchﬂlu ﬂmﬁaﬂcl%’naﬂumzmumﬁugﬂ WU NIATNUIUVUTINAADAIY
Y
ITYVUDINIVUITU

2 Aa
ﬂ’lﬁﬂﬂﬁ@ﬂﬂ?’lullﬂlﬂ‘ﬁﬂﬁ

a v

< { a ' a 4 U 3 A

Wai]’lﬂﬂ’]iﬂ@ﬁ@ﬂﬂ')’]ﬂumﬂﬁwj NWUI W'E]aﬂ’liﬂ@l,u@ﬁﬂ']ﬂj'lﬂl!ellﬂﬂW'Jll’]ﬂﬂ')
a aa A I a A < ! 9 < o a S
noaNau Lumi]1ﬂL‘1JuWaamaiﬂummmlmﬂﬂE]u"UNﬁ;N !ﬂuﬁﬁﬂﬂ’]ﬂ?ﬁﬁﬂiiﬂﬂﬂ

)
NANITNATDUAINATUNIUNITINIENE]

Q

Y
HaINNITNATBY WU ﬂ1i§1}1u‘1/ﬂufﬂiLﬂ1$VI%QGUEN%u@WHW@meﬂauﬁﬂ1N1ﬂ’N

2 a 4 [ 4 2 a a ' !
FUITUNDANITUDLIURA 6‘L!Lﬁi’)Q?JWWﬂbluﬂi‘éf]J’Juﬂﬁ“ﬁugﬂ ‘waamwﬁuﬁmﬂﬁmummm?eu

] 9
= S 1 =S 4

[ Y A 1 a 14 Qy ~ YR LV d' dy ~
ﬂaummmmaamiumummmﬂﬂmmummﬂ 1 @ﬂms’emmsmgummmsmmugﬂw%

2

a

Y
Tuauive gnoonuuuldimuizaununedenauuinnil ildlunszuiunisyugl

Rl

a 4 ] S 1 A
Waamsuamm"lmw}smmmms

100



T ATGIAIE:
= ' A A ' K A 2
ﬂ'JﬁﬁﬂH"lﬁ’E]Glulﬁ’EN"’IJ’EN5’E]°JJﬂTi‘HiJu‘lﬂL‘ﬂiJ'lgﬁﬂJ@’ﬂﬂ'lﬁengﬂ PC INF1ZATDIUU

A Yy o YR o q YN Y o 2

gﬂmmmguma11%‘1uﬁ1u1sa1Js1Js’01Jm:mHu‘lmmﬂwmamﬂ@iumsﬁuugﬂm‘nzseumi
Y

[ 1 o [ a a 1 ] @ a 4

TYUUDUNANADLUNUID 6:1 mmzmmumﬁugﬂwaam‘nﬁu Lmlllllfﬂ?ﬂzﬂﬂ NWoANITUDIUA

a

o A4 2 = a 9 X vl
Lm%ﬂTi‘]J‘iUﬂ?\ilﬂ3?)\‘1‘1]ugﬂllfﬂ‘ﬂ‘Vii?l.u!.l,‘U‘Uﬂi%’d’J‘c’JLﬂEJ'JEIJf)\iﬂTﬂ’JG]ﬂﬁh”iﬁWiJﬁﬂ"’lJl!g‘]Jllﬂ‘l’]Qﬂ!ﬁﬂiJ

U

v Y Y
gan1 280 °C Fai lmsvuguTuun Iuanudul 18 wniiu

101



UIFAIYNIN

[1] Nugent, P.J. and Crawford, R.J. (1992). Rotational Molding of Plastics, Crawford, R J. ed.,
John Wiley and Sons Inc., New York, USA.

[2] Chiu, FC,and Ting, MH. (2007). Thermal Properties and Phase Morphology of Melt-Mixed
Poly (Trimethyleneter Tephthalate)/Polycarbonate Blends- Mixing Time Effect.
Polymer Testing 26 (pp338-350).

[3] lenansszneumsdeu “msduanzvimeslunanadin” u.al1l. mndnImnsiiag
uazTanms auirmnisuenani uminodoma Tulatsvusnasas

[4] Biron, Michel. (2007). Thermoplastics and Thermoplastic Composites. (1st ed).
Burlington: Elsevier Ltd.

[5] Legrand, Donald G., and Bendler, John T. (2000). Handbook of Polycarbonate Science
And Technology. New York: Marcel Dekker, Inc.

[6] [Online] Available: http://pslc.ws/mactest/pe.htm

[7] Banu Kog, Ismail Eren, Figen Kaymak Ertekin. Modelling Bulk Density, Porosity and
Shrinkage of Quince During Drying: The Effect of Drying Method. Original
Research Article. Journal of Food Engineering, Volume 85, Issue 3, April 2008, Pages
340-349

[8] Gupta,R.K. (2000). Polymer and Composite Rheology. Marcel Dekker Inc, New York.

[9] Dealy J. M. &Saucier P. (2000). Rheology in Plastic Quality Control Hanser
Publishers,Munich

[10] Saini D. R. & Shenoy A. V. (1983). Viscoelastic Properties of Linear Low Density
Polyethylene Melt, Eur Polym. (J.19 pp. 811-816).

[11] Cogswell F. N. (1981). Polymer Melt Rhology. George Godwin Ltd, London

[12] m39A%e Towsny, oamn ansssuilngal, 33and Tvouiwey, uag 355 naalsma.
(2539). M3a¥19A304 Rotational Molding. In3951913ayaniinus mndndsnnssu
wil augdmnssumans aanfumaluladsvuena.

[13] R.J. Crawford and M.P. Kearns. (2003). Practical Guide to Rotational Moulding.

Queen’s University, Belfast



UIIAUYNIN (610)

[14] 5A.A5.99W3 J@NUANYIN, 19ne151/52NOUNITADY “Polymer Characterization and
Analysis” AMENG1U T wadouuazTaa 195.)

[15] Shah, Vishu. (1998). Handbook of Plastics Testing Technology. (2nd ed). Jon Wiley and
Son, Inc.

[16] tona5szneumsdou “Ufiamsnaseunmadouazmsannzi vl mndn
Aranssudaquaz Tanms aagdmnssuemnani vininnaomaluladswuenatys

[17] Dealy, J.M. and Wissbrun K.F. (1990). Melt Rheology and Its Role in Plastics Processing.
Van Nostrand Reinhold, New York, USA

[18] Malkin A.Y. (2006). Rheology — Concepts, Methods, & Applications, ChemTec Publishing.

Toronto, Canada.

[19] Shih-Jung Liu, Kang-Ming Peng. (2010). Rotational Molding of Polycarbonate Reinforced
Polyethylene Composites: Processing Parameters and Properties. POLYMER
ENGINEERING AND SCIENCE

[20] Tomasz Jachowicz, Janusz W. Sikora. (2013). Investigation of the Influence of Mold

RotaionalL. Speed on The Cast Wall Thickness in The Rotational Molding Process.
Advances in Science and Technology Research Journal Volume No. (pp. 79-87)

[21] Alvin Spence, Investigation of the Rheological Properties of Rotomolding Resins. Centro
Incorporated

[22] Peter BUTORA, Antonin NAPLAVA, Martin RIDZON, Jozef BILIK, Viktor TITTEL. (2011).

Particle Filled Polyethylene Composites Used in The Technology of Rotational

Moulding. Slovak University of Technology in Bratislava

103






MANHIN N

a A d
NAINTHANNN



Novotel Suvarnabhumi Airp
www.ienet-

Diversifying Industrial Engineering -
~ forFuture Generation >

AN
SYSTEM °

=R

105



ANSI9NISUILEUDNA Y

Sudi 30 AaAY 2557

Room1 Room 2 Rocm 3 Room 4 Room 5 Room 6 Room 7
09.00-09.25 MM 149 MM 189 OM 133 OM 123 LG 166 GE 153 QE 150
09.25-09.50 MM 162 MM 243 OM 134 OM 128 LG 182 GE 238 QE 156
09.50-10.15 | MM 220 MM 267 OM 139 OM 131 LG 208 GE 334 QE 204
10.15-10.40 | MM 292 MM 338 OM 183 OM 160 LG 211 GE 360 QE 205
10.40-11.05 | MM 325 MM 353 OM 374 OM 172 LG 214 GE 381 QE 225
11.05-11.20 WNFUUTEYUDIMNTIN
11.20.12.00 MIUTTILTLAY
12.00-13.00 Wn3uUseynumsnansiu
13.00-13.25 | MM 159 MM 135 OM 175 OM 129 LG 223 Meeting
13.25-13.50 | MM 200 MM 168 OM 354 OM 142 LG 259 Meeting
13.50-14.15 | MM 215 MM 179 OM 247 OM 152 LG 305 Meeting
14.15-14.40 | MM 229 MM 203 OM 291 OM 154 LG 377 Meeting
14.40-14.55 Break Meeting
14.55-15.20 | MM 301 MM 230 OM 326 OM 126 Meeting
15.20-15.45 | MM 355 MM 327 OM 350 OM 193 Meeting
15.45-16.10 | MM 366 MM 356 OM 352 OM 351 Meeting
16.10-16.35 | MM 132 MM 373 OM 190 OM 318 Meeting
16.35-17.00 | MM 345
17.05-18.00 ME e sUszginnsnendmnssuanaiinig 9 2557
18.00-22.00 Fulszmuamnsifu

106




AN919N1TUNLEUDNA Y

Sufi 31 AaAY 2557

Room1 Room 2 Room 3 Room 4 Room 5 Room 6 Room 7
09.00-09.25 | MM 253 | MM 167 | OM 209 OM 138 QE 244 PL 127 WE 146
09.25-09.50 | MM 361 MM 206 | OM 221 OM 155 QE 245 PL 140 WE 233
09.50-10.15 | MM 358 | MM 347 | OM 252 OM 254 QE 271 PL 186 WE 235
10.15-10.40 | MM 331 MM 357 [ OM 328 OM 224 QF 282 PL 201 WE 250
10.40-11.05 | MM 276 | MM 367 | OM 339 OM 263 PL 323 WE 251

11.05-11.20 WnFuUsENUIMTINg
11.20.12.00 MFUTIENYRAY
12.00-13.00 finfuuszmuemenansiy
13.00-13.25 [ MM 274 MM 176 OM 187 OM 312 QE 283 OR 147 WE 368
13.25-13.50 [ MM 165 MM 188 OM 255 OM 321 QE 306 OR 158 WE 272
13.50-14.15 | MM 303 MM 202 OM 256 OM 322 QE 320 OR 212 WE 359
14.15-14.40 | MM 198 MM 210 OM 284 OM 372 QE 324 OR 290 WE 365
14.40-14.55 PnFuUsENUIMTINg
14.55-15.20 [ MM 194 MM 273 OM 378 QE 329 OR 298 WE 370
15.20-1545 [ MM 195 MM 375 LG 260 QE 349 OR 299 WE 371
15.45-16.10 [ MM 151 MM 304 WE 184
16.10-16.35 [ MM 170

MM Material and Manufacturing Processes Room 1 Suvarnabhurni C

QE  Quality Engineering and Management Room 2 Chiang Rath

OM  Operation Management Room 3 Chiang Ruth

OR  Operation Research Room 4 Chiang Tung

PL Plant Design Room 5 Nan Chao

LG Logistics and Supply Chain Room 6 Lad Chang

Management Room 7 Crew Lounge
GE  Green and Sustainable Meeting  Usvyuadeyiuthanein
Technology Management FANTIUGAAMNT 04 VB Crew
WE  Work Study, Ergonomics and Design

Engineering
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Abstract

In the plastics industry widely used the rofational molding to make the large hollow products such water
tanks, septic tanks, ice boxes, etc., which use polyethylene in a fine powder form as a raw material
mainly. This research aims to use the new materials were tested up to the other alternatives for the
desired product properties in other areas, such as clarity. The results of the preliminary frial found that
polycarbonate can be molded with the rotational maolding process in some cases Such as poly-lactic acid
(PLA) with a particle size of Micro-pellet and sfill have quite a rounded morphology.Can be formed similar
to LLDPE. The polyethylene specimen were found that the thickness distribution were similar in all
pieces. In contrast to that found in specimens molded with polycarbonate, the wall pieces on each side
with different thickness. This study found that the size and shape of the plastics particles and the rotation
speed of the molding machine are all affecting the thickness distribution of the specimen.

Keywords : Rotational Molding, Polylactic Acid, Shape and Size of Plastic Powder
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Customer
Project Name: Defaults_1
Reported by User: System
SAMPLE INFORMATION
Sample Name: PCH 2000 Acquired By: System
Sample Type: Broad Unknown Date Acquired: 11/27/2014 5:30:57 AM
Vial: 4 Acq. Method: East Tawat
Injection #: 1 Date Processed: 11/27/2014 7:17:52 AM
Injection Volume:  20.00 ul Channel Name: 410
Run Time: 30.00 Minutes Sample Set Name: 4
Autoscaled Chromatogram
16.00-] A
q I
} ] |
.00 18
12,004 [
] =S
10.00H \
] | \
8.00 | |
b ] f \
s i | \
6.00 | \
i [ \
4.00-] "‘ '
2,004 /
E /
] /
e A\AL N
200 T
"200 " 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 30.00
Minutes
GPC Results
Elution Retention Adjusted
Dist Name | Volume Time RT Mn Mw MP Mz Mz+1 Mz/Mw
(ml) (min) (min)
1 12.439 12.439 12.439 | 18661 | 58563 | 58925 | 115638 | 190871 | 1.974587
GPC Results
Mz+10h Area o, Height A\ Integration Peak Points _?tan
- W (W*sec) ¢ P2 () ) Type Caodes | Across Peak (rlmanne‘;
1| 3259247 | 2597868 | 100.00 | 16615 | 100.00 | bb 491 | 10.067
GPC Results
End Baseline Baseline Slope Offset
T\me stan End (Wisec) ()
(min) (min) (min)
1118267 10.067 18.267 | 1.141671e-003 | -4.468120e-001
Printed 10:15:46 PM11/28/2014 Page: 10f5

Report Method: Untitle

d
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Customer
Project Name: Defaults_1
Reported by User: System
SAMPLE INFORMATION
Sample Name: PCH 4000 Acquired By: System
Sample Type: Broad Unknown Date Acquired: 11/27/2014 6:04.08 AM
Vial: 5 Acqg. Method: East Tawat
Injection #: 1 Date Processed:  11/27/2014 7:17:39 AM
Injection Volume:  20.00 ul Channel Name: 410
Run Time: 30.00 Minutes Sample Set Name: 5
Autoscaled Chromatogram
14.00 i}
f©}
o\
[ D)
12.00 | ®
10.00] |
| I“
8.00- /
! \
| \
2 600 { \
\
4.00 | \
{ \
2.00 .‘I‘
0.00————_ /
T A\ 1Y — - — _
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Minutes
GPC Results
Elution Retention Adjusted
Dist Name | Volume Time RT Mn Mw MP Mz Mz+1 Mz/Mw
(ml) (min) (min)
1 13.203 13.203 13.203 | 10419 | 31168 | 30069 | 60413 | 93796 | 1.935265
GPC Results
Mz+1/M Area % A Height % Heiaht Integration Peak Points :_lan
Sl (o (Vsec) | P2 ) |° elo Type Codes | Across Peak (rlr:Tne)
113.009341 | 2651842 | 100.00 | 14943 100.00 | bb 484 110.767
GPC Results
End Baseline Baseline Siope B
Tlme Sta rt End (Visec) )
(min) (min) (min)
1| 18850 10.767 18.850 | 2 258390e-002 | -8.095363e-001
Printed 10:15:27 PM11/28/2014 Page: 1of5

Report Method: Untitled
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DsC Amidiimg)
1 exo Feak 2355 °C, 06636 mWimg

0.6 Onset 217.9°C

End: 243.1°C
1.2

0.4

Area 24 9 Uy

02

[1.4]

00

-02

04

50 100 1:'50 200 250 300
Temperature /°C

W8 DSC UDI PCH2000

DsC Amidiimg)
1 oexo Peak 2346 °C, 0.716 mwWim

06

Onset: 2196 °C
End: 2404 *C

04
12

02 Area 46 84 g

00 [14]

-02

_0 4 T T T T T T
50 100 150 300 350 300

Temperature [°C

WA DSC VYD PCH4000
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NANINATDUNIFVIENLAQ (Puncture Test)

Curve for Product Code: 47,1

Force M

2500
2250
2000

Extenzion mm

Curve for Praduct Cade: PCriix

Force M

1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1
T [ T Y My F
1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 I 1 1 1

| R B Y U\ TR\ R A 1 N A T. .
1 1 1 1 1 1 ] 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 I 1 1 1 1

Lo ek = de - LANMNSTLI T = 192 Sy
1 1 1 1 1 1 1 1 [ I

1 1 | 1 I 1 1 1 1 1

1 1 1 1 ] 1 1 1 i 1
AL o - DRI = g iy i _
1 1 1 1 1 I 1 1 1 1

1 i 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

[ IS P/ JP A/ o A IR Y W R
1 1 1 1 ] 1 1 1 1 1

1 I 1 1 1 1 1 i 1 1

1 1 1 1 1 1 1 M1 1 1
[ERWA SN IHeNR 7 Vil AW,
1 1 1 1 ] 1 1 H. 1 1

1 1 i [ 1 1 1T 1

1 1 1 1 1 1 [N T 1

[ g () L 1 A4 4 A AP/
1 1 1 1 1 1 1 i

1 1 1 1 1 1 1 1

1 1 i 1 1 1 1 1

Le el = L [ [N A e
1 1 1 1 1 I 1

1 1 1 1 1 1 1

1 1 1 | i 1 1

Le el = L [ T
1 1 1 [ 1 1

1 1 1 1 [ 1

1 1 1 1 1 |

' ' ' ' n

250
225
200
175
150
125
100
Mmoo
&0
25
1]

Estenzion mm
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Curve for Product Code: PC+2502

Force M

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

A T N Y RNV SO SN DU R R
1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

A T N Y RNV SO SN DU R R
1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

A T N Y RNV SO SN DU R R
1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

A T N Y RNV SO SN DU R R
1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

A T N Y RNV SO SN DU R R
1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

A T N Y RN SO S BN Rty SR
1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 [ 1 1 1 1 1 1

A Ty S TR AR SO SN DU R RN
1 = 1 1 1 1 1 1

1 (== 1 1 1 1 1 1

1 1 1 1 1 1 1 1

L--L R Y T RN TR U TN R
1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

L--L R Y T SN TR U TN R
1 1 1 1 1 1 1

1 1 1 1 1 1

1 1 [ 1

\ . .

500
450
400
350
300
250
200
150
100
&0
1]

Extenzion mm

Curve for Product Cade: PC+250

Force M

250
225
200
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150
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100
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1]

Extenzion mm
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