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Thesis Title Study the preparation of modified castor oil via Ultraviolet curing

to be used as an impact modifier for Polystyrene

Name-Surname Mr.Atiti Polcharoen
Program Materials Engineering
Thesis Advisor Miss Kullawadee Sungsanit, Ph.D.
Academic Year 2016
ABSTRACT

One limitation of general impact modifier additive in plastics manufacturing synthesized
from petrochemical based industry is the difficulty and extended time duration to be degradable. To
solve this problem, the concept to modify vegetable 0il as an impact modifier additive is considered. To
do this, Ultraviolet-A (UVA) irradiation, a ‘curing-process, is used so as to produce a rubber-like
additive for impact modifier in Polystytene:

The procedures to prepare modified castor oil/¥ia UVA curing process were following.: a)
photo-initiator solution was mixed with, castor ©1lin, the xatios.of 10, 20 and 30 portion per hundred
ratios (phr), b) the mixtures wetre cured’by using the UV A treatmient for)15 minutes to partly transform
the castor oil structural ‘crosslinking/ and '¢)the-modified )castor—oil;> an impact modifier, was
compounded with polystyrene in.melt blendingin the ratios of 0; 10.and 20 phr, respectively by using
two-roll mill process.

The results showed-that\the impact-meodifier was not soluble in any solvents, and the
decreasing of hydroxyl groups which was-probably at‘the cross-linked position was found. Moreover,
three properties of compounded polystyrene, glass transition temperature, shear viscosity and flexural
property were decreased, while its impact strength was remarkably increased. It directly varied to the
ratios of the modified castor oil. These were due to the penetration of the modified castor oil into
amorphous region of Polystyrene and the acting as an energy absorber in impact loading.

Keywords: Modified castor oil, Photo-initiator, UV curing
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9199 2.1 aviiana ldveaneaa lasunsa GPPS [10]
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Impact strength Jim 37-59
Flexural strength mN/m’ 48.3-75.8
Deflection in 0.15-0.35
Hardness Rockwell scale M45 — M60
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Volume resistivity Q-cm 107- 10"
Dielectric constant cps 2.45-2.65
Power factor of dissipation cps 10 - 30*10°
Arc resistance S 60 -135
Heat distortion F 170-180
Water absorption (in'24 hrs); % 0.03 —0.04
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2.4.2.673511 5011 a9¥1A 521N (Cationic Photoinitiators)
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e (HDDA)[23]
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2.6.2 $9@0ans11aTetan (Ultraviolet Radiation ; UV) [56]
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u@ﬂﬂTﬂuﬂQiGﬁ 'Iujmﬂ'lqmﬂﬂuﬂﬂ']ﬂllﬂ') Tg (ﬂ’lilﬂaﬂuw'nv!ﬂa'lﬂuﬂ') HIDNIIHIADULUAD

U

yosduedugIu) uazmmsnlasuruiidr (mianasvesnogaaNgungiia)

U

‘lJﬁ 2.53 Lﬂiﬂ\iﬂﬁ’Jlﬂi”lw‘ﬁﬁimmmﬂﬂﬁl“ﬁﬂllﬂHTMﬂ (DMA)

0.5

-77.8
“’.(_"_77-0 = 100 nm

o180 nm
4300 nm

Tan &
=
o
\

0-0 ' i T T T
-90 -80 -70 -60 -50 -40

Temperature ('C)
51 2.54 dredransimsdiasagiaiRnInam e DMAN34]

= l =}
2.8.5 NoENMINAALIATETIMAL
I a A § a 4 a 4
FTIR $umatasudsisemdalasalnilinly suaes e Isiines (Michelson
o 9 ~ A o Y 1 I A
Interferometer) lUMIHNHINNUEAUAINFIUDDNIINEAAVITYA1TADE DM UAING1INAY
[ ~ 9 o = A A A a =) A o 1
A199) nunms 1y IuTulasuunes lunstive AT 0alodUNs UTALUDATNB S ANHITOUU LA W]
PR Y . 1
ydwmsuluginssiouaeive Isiimedtiu avalsznoulidr0nsanuuus 1y (planar mirrors) 2 HHY

4 . 2 o ~ : Vo A . 4 A A&
NINMYNNRINNU Iﬂﬁlﬂ%ﬂl LLWU’JN@Qﬂ‘U‘W (ﬁxed mlrror) 1ummzwﬂizﬂﬂaﬂwuagtwu%$
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A A o @ 9y < A a A [ a o 1 =
lﬂa'E]‘L!V]ﬂallvlﬂﬂall3J']ﬂ:]ﬂﬂ:]']l|!§3ﬂQtﬂcluﬂﬁ‘vn\j‘V]GNERTﬂﬂu5$u1um®QN3ﬂ5$%ﬂﬂQﬂa13 (170

= v A o o

v 12 ' v H 9
nadnienilenemasunuIUAUNTZINDNURUTNBYIAUT ) HaNINHUGINAMBNE AT (beam
. =< o ] 1 2 A & . dy o Y A
splitter) H92199114W 45 DI BYTZUINNTZINN 2 dAlugUN 2.55 3 beam splitter Hozvmihn
] o { 1 o a <3 [ 1 )
uiendwaanosnunurast iyl iuensemilu 2 daunafie 50 % vesdudeaznzg
M1 beam splitter 19111/q fixed mirror TuvmzNBN 50 % vesdwasmaovzinm lgnszani

IADUN[31]

[ 1 fixed mirror

-

moving
mirror

=S CHP

N
l beamsplitter

light source

519 2.55 1aAAINITNIUVDY interferometer

Y

k o [ J =2 = Pl . '
piladmiugUnsal beamsplitter Hazlsznou lddeasiteslane (15U Fe203, Ge) 11

= 1 a o [ ] (4 9 %’, [ Y 1
IAADUBYUURNIVDITAYTOIT N quartz, KBr, CsT @Ay tannniiviinduna ldaszwun

a ' 9 A o % ) g v A < '
UTNUAIUAVDY beam splitter 9E NAVYAYE (compensator) G?uﬂuuwma@mmmwunﬂu 2 IMm

VYBALHY beam splitter LAZITHIMINNTTUHS 0¥ ABITZHLANYN N UNIV0IMTIAUNI VB

Y
(optical path length) 14 2 UBBIFRINL AT MITLEDHA AT MTazouveanaludnyay

9 Z g

v . ' ' : . - 2y 2
ananvzsildzluuvvesndnuaifgngamanoigniuniulinldeunasly felinaiv

Y
1w =< 1

UOYNUTZIZNINUBINTZINNIAAOUN movingmirror-H30IZUL x A8 HIDAYUBYNUNIANTBININ

U

e

A Y} 3 ~ A A Y 1A s a s A A a
NITINAUNINAIYAITULIIANIN Gluﬂiﬂﬂ/]Lla\i1/]L(’U']1]']’q@uW]f]5!,1/‘]@15Mlﬁailﬂullﬁ\iﬂuﬂjquﬂlﬂﬂj

4 1 . 1 ] a 4 a 4
(M303A181IAAUANABIFITEAT mono-chromatic light) uasirIueonvnduwaesie Islnes
(Interferogram) vz lanyuzaIzlaelsznoulUdregagegavosndu (maximum) FunaInn1sh

1 9 1 1]
AW MAUN Az ROUNAUNIINNTZINT 2 HH19AAUATINY (in phase) HAZIAMIGAVDIAAL
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v
=

1 ] Y x H
(minimum) 4HAIANTNUAINAUNNALNINNNTZINNT 2 Fanaud 1uasany (out of phase)

= dtﬂy oA 1< Ay ¥ = A A 1 A A A a Yy
Gﬁﬂiuﬂﬁﬂ!uﬂ%WUﬂWﬂﬁ%ﬂﬁﬂTﬂ Xﬁlﬂ‘] ﬂﬂ']iJLLﬁ\WlllﬂfﬂgiJﬂ'ﬂllﬂﬂ\‘]‘ﬂ LLﬁsllv!ﬂiﬂWl!Lﬁ\‘WI!,ﬂLlHﬂq
a 4 a J I Aa A A A . . A
aumasgwaismmnﬂmmqmwawmmamwawmmﬂnﬂau(polychromam light 9@
{ A [ 4 1 14 Z’,
broadband light source) LlﬁﬁﬁLﬂﬂ%mm’i’i”mﬂmﬁ’ﬂ%8EJ@ﬂllﬂgaLﬂﬂmﬂi(lnterferogram) HUIEYN

3 A 2 K @
L!ﬂﬂ@@ﬂlﬂuﬂﬁTNﬂﬁNﬂ YUDYNUITYTNN x L!.ﬁﬂ\‘lﬂ\?qﬁjl] 2.56

(a} —x O + x

(b) -x O +x

. %, .
317 2.56 MsINTNARAYBIS AR AL RoNna NS MTH A I MU AIReIEZ IS polychromatic

1A Y

&2 o A v 1A M @ Aa o 3 .
Fad 1w vodINn NI iliessivighmaae s Mudnyas ulanyu )y time
. A A . Ao P = A A Sy
domain(¥i50n351WAAY sine wave, AAUNUTAULAUS ZIZMIHIONAI 1N 0I01NNTZINADOUNANEY
] A @ A < 5 A Ao o a
ANUIEIAIN)1zgnoeasiians ouiladlafithi frequeney “domain 3 onsTviduiuT AuLAUAIND
Tae 1935 n1sn1endiamans #E 8031 Fourier transform. @33 aiantavinnisulasezgnii hideu
) v Aa 1 A 1Y) { 4 ]
WualaanSudunsiusa (P51l MR W nTinuduTetavaau) ae il
I 1 1 ~ o a 4 o A A o 1
Usziaugamonaosnandunemumaiaylizes nriulosuouilsusa Aedoavounaiindinain
& Y 3 a ¢ A=z o 9 . a 9
FqlaunnnusaiEa lumsinged (Heeunums 1y grating Tumsuenuasuuuay) Tasey 14
a 4 ] a )=} d‘ a Y d‘ a o 1A
narlumsaszd lduu Quai) lusagiinisingizialemiodunlsusauudmdgnso

a =) . . 9 =
HUVATINOT AN (dispersive IR) 92 180 1Ma10110

[

Tasmsfamsgandusedfiogluriedunlsusa feglusranvaiu (Wave number)

- & a J v 1 ) < o @
ﬂizmm 12800 - 10 cm 1%Qﬁ?ﬂWiﬂ’JLﬂi?%WG]’J’E')EJNUI&%}TN VDILLUN UBDNLY A LLASNIY 'ﬁ\‘i?"f
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Sumsu3a (Infrared radiation) Hussdnauuimanluihivedlimudronular ualdnnudeud
dura 1§ $9d8unsUTADEIZ 1119379 Visible radiation N1 Microwave radiation 198329909598
sususauisoanilu 3 99 1dun

1. Near Infrared (12800-4000 cm_‘)

2. Middle Infrared (4000-200 cm ')

3. Far Infrared (200-10 cm_l)

1 Y] a { L a o (I 4
2199095973 uNsnsan 1915 Tei lunsinsizimand Iaun 19 Middle IR 15199910

U v A A

a @ ' 9 ° 4 9 o Y o
Sadpurlsusaiindsnuaeudne e luanavesarsganaussdoursusam lsgsi liiuse lu

Tuananamsdunazmsvyu s ldinanaaasualas vesluana msnluanavzganaused
a v & A v A 9 [ A < g =
pulsusalanunudves @ auls uraneIRBAINAN T TV TUaNave 15U, B9

a A d a S A &t [ [ Y o a dy
miaummmaz%uﬂfﬂz3Jfnmmammmmumuwmmzp,!,@ﬂmqﬂu”lﬂﬂﬂwmmmmmﬂuﬂum

a o a a
151 umMsNAT19 Issad1auazsiauoIas ounTa 1a

d' Aa o ] oo
139N 2.4 msamiwzwwgﬁaﬂ%u

viyar il FAATHIBINAY (cm™)
Alkanes;
C-H Stretching ~3,000-2840
CH, -Methylene gr. ~1493=14291l0Y 725
CH, -Methyl gr. £1379-1366

% Peak N11@9% sharp azgathunaig

Alkenes;

= C-H Stretching ~3,125-3030
= CH, OP-Bending ~1000-650
-C= C- Stretching ~1667-1613

** Peak 11 192 sharp tazgaiunang
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] d v 1 A -1
Wyﬁ\?ﬂ%u PFINA1INY1IAAU (cm )

Alkynes;

=C-H Stretching ~3100-3000
C=C-Stretching ~2620-2100
-C=C- Stretching N3y ~2140-2100

monosubstituted acetylene

-C=C- Stretching N3 ATy £ 2260-2190
Aromatics;

C-H Stretching ~3100-3000
C-H OP-Bending ~900-675

C=C Stretching molu ring 2 W 21600 LAY 1475
* * 923 overtone and combination band Lgﬂ“] ~2000-1650
Alcohols;

O-H Stretching ~ 365023584
C-O Stretching =~ 125071000

* % 1) H-bonding peak #1'1#92 broad

10 Alc. C-O ~1053
20 Alc. C-O ~LI11
30 Ale. C-O ~L176

Carbonyl; C=0 U84

Anhydride ~ 18181y 1750
Acid chloride ~ 1800
Ester ~ 1735
Aldehyde ~ 1725
Ketone ~ 1715
Amide ~ 1690
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] J o
nylandiu

1 A -1
FINANNYIIAAY (cm )

Carboxylic acid,;

O-H stretching very broad ~3300-2500
C-O Stretching ~1320-1210
O-H Bending -1 ~ 1440-1395
Amide;

N-H stretching ~+3500-3100
C-O Stretching ~1670-1640
10 amide; peak ﬁul@glj v215]1 doublet

20 amide; DERY peak (A6

Amine;

N-H stretching ~3500-3300

<
10 amine; 12 peak YUIALAN
. = = <
20 amine; U peak [AYIVUIALAN
. ' 2
30 amine; luganau IR
N-H Bending

C-N Stretching

~3500:10a% <3400

~ 335023310

~1650-1580

~ 1342-1020
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Ay v a 7Y a A 3 v o @ '
ﬂ'liuﬁﬂ\1WE’WIUlﬂfl]'lﬂﬂ'li'Jlf’]5'18Wﬂﬁﬂlﬂﬂuﬂultﬁﬂﬂlﬂuﬂ’ﬂﬂﬁ'll‘W‘L!‘ﬁi%14’)']\1 Wave

number AU Transmittance H4i380I1 Infrared spectrum

\

i shoulder
$2) } band
i o
£ i
= H 3360 aniline 1281
= 404 N-H stretches C-N
2 i {primary amines) stretch
o QNH?
04
104 N-Hwag 78
i N-H bend (primary, secondary
od (primary amines) 1619 amines)
} . . . ' .
4000 2000

‘Wavenumbers (cm-1)

31 2.57 fetdnbuzaIMiInTL i daeias g FTIR[31]

311 2.58 193049 FTIR
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2.8.6 NBHNMINATOUNIUA
a 4 a
2.8.6.1 M3AATIEHMUATAIBMATIN Liquid Chromatography - Mass Spectrometer
I a a 4 =\ o A A A A 1 . = A
@wc-MS)  Wumatalumsuasizimanil TasordoldindouivisoisonI1 Mobile Phase 4l
I o 9 A & o ) Y ] A A o ¢ = =
gouziluveurad ivinndudainaslunsihimnasaiedraundounmiuneauyl szl
A A . o Y A o Y J ' @ ' A A [
A4NNID Stationary Phase M1 “gady” Teadllsznouaieg luaisdiegraunaouniiuneaui
1 2 @ = 1 o o I 2 °
pon i/ 1Ug “1ATeans2990” ( Detector) Tunadiuanany Tasordonnuiudninaigedives
15 1un15u8n d11SUAQ Detector U89 LC  A® UV/Vis  spectrophotometry 91353A3AN19AAY
] I o o A [} v A A 1 aa a ~ A
wian Wi laeordondnnisganauualusisssdgivaz$193sia fnnmeraaau 190 — 800
9

acA 9 ' Vo Y 9 ] o a = 9 a
nm all’t’)ﬂﬂﬂ@ﬂlslf\‘ﬂu\ﬂﬂ "lu%um@u ﬁunuh13JQ'Q3J1ﬂ ﬁ'”ll]”lﬁﬂﬂﬁ')ﬂ')ﬂﬁ?ﬁ‘l]ﬁ%ﬂﬂﬂ'f)‘l:!'i/lﬁfﬂﬂﬁﬁ?ﬂ“l)'uﬂ

2 9Y o w @ A = J a 1 9 9 =
UANUDIINAVINAI Detector 103 Aeawsa AT vmYsua e s luyiennuudy ppm 0N

Y
=

v v H [
Y3318 1,000 ppb W11 (11 1Had laazhiiug) vaz liaunsoasiviaansuiesian b
= A 1 . A AN S ' ( Ao o =
iadosiiionglu Mobile phase Y04 HPLC: I 911 d1l¥@iged 9o nmas lvadeulunszia
I Y 3 4 g’/
doa Hudu 391305 WAUT Detector)) YU1AUFDE )N Fluorescence  detection, Infrared (IR)

detectors, electrochemical detectors LiQg au 3

Y o I .
T91iuiin151i1 mass, spectrometer: (MS)._ 1 1%T uDetector 1u HPLC #doRv0q

[

LC-MS f® uan1n319% 18 Chromafogram -#3a-nSadaduiusszvananas 14 lums
A A o a1 ' A RN B A
ndeuNIUADANINUA1 Absorbance (AINIIHANAULTNUBITI UL 6914 Mass Spectrum 130

[ 4 1 1 1 @ 1 o v
naNUFURUT Tz HINMRIan0l T29WeveIs (W/Z) )NUAINIWQANTUNNT 130 Relative
abundance Fu318111501 10511 Y0E Mass Spectrum 1iltiien 1s"CCMS library 1luaisaied1en

= A I 1
mﬁu“limqmmqmmanLﬂuamﬂs
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1M 2.59 19309 LC-MS

2.8.6.2 MIVATIEHMUANAIBAATRA CHN

o A a o 2 A
Hunsedinnzusiamiveu lalasounas lulasiau (CHN analyzer) 150
= 2 A & A a J A g J a A o .
9193INDNFONUIIUATOINATIZHS 19N U 3¥NoUV0 18150 UNT I (organic  elemental
I A o
analyzer) 1Hun3osliodnni W mﬂimm‘ﬁmmﬂumﬂﬂi AEUVDIE1IDUNT IR Tuinoailo
1 I &, Y o
vuguannsaliims e niinadames (9).1ane
[ () d’ A =) 1 dy [ 9 []
AN MINuveNas et UMl IBs Ima1tioden 5w o
g . A A g J a0 A S o ' 2 o A
529131 (flash combustion) MonlagusaidlussnlsZnavuesasounidluaiedislihiluunai
Y] v Jo 3’; 1 N o 1 A (] T = I [+
dunusnusigtug edndidedauiitivod wi-sa i laswiaggnalaou lduuna luTasiou
o { < ) o <
N2) sgmsvenvzgnulasulihihnasisusulasen lan (€02) uwazsiglalasiouszgn
= I H 5 = o o | = (%) [ a 1
nlaswihu v (H20) mivdusRLanaisen i uiNe S aunauaazsiiaas 11 szuu

1304l CHN analyzer
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ﬂﬁ 2.60 Waﬂﬂ'lﬁ‘VIN'Iu"llﬂﬂl,ﬂiﬂillﬁnmi'lwﬂ CHN

&

v 8/9nog

311 2.61 19304 CHN
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U

a d' d' k4
2.9 MU NINIVDY
2.9.1 1 n.#. 2009 Markus Klinger, Lars Poulsen Tolbod, Peter R. Ogilby [6]1ﬁ)ﬁ1m’i 298
A [ o = [ a 9 ’é o [~ a 1
o9 Mmydsvlssauiianenanagmsfesnuduriuveseenginu laglsiniuagailuasidunas
a = a o dy 1 =4 9 a 1 z [y} 1 a =
Gluwaaﬁ“lmu AIMNTU ﬂuﬂanmmﬂ%ﬁwmmmwmumuazmmwﬁum”lﬂﬂluwaaﬁulmu

Y 1 [} aa a 1 § A 1 o
Taemsiaseutiniuazawaununsaosdansg laasiaunasn¥oa1 Soft-N-Safe (SNS) taziiin
a A Aw 1 < 3 1 ?_,' o g’; [
pauluneda lasunonsnain o, 2.5,4.2, 6.3 1as.9 nlesisudaetimiin mniulInaaoUnIA
1HIIA (Tensile strength) , Qmwgﬁﬂmﬂﬁﬂuﬁmumﬁwuﬁ”s (Glass Transition Temperature Tg),
AMUHUUY (Density) , mi@ﬂci?u (Adsorption) 18 michrhummaaﬂc?ﬁm(oxygen diffusion)

[ 1 =2 A Y a ~ [ 1 A 1
ﬂWﬂﬁ“l’l‘lm@Lliﬂﬂﬂﬂulﬂﬂht!f‘lﬁwﬁil Soft-N-Safe (SNS) “luwaaﬁ”lmu DATITIUNUAINITNUADLIN

[ 1 v x

= A o J 3 v = 1 =2 A A ~
@Q’G;f\i‘]/lﬂﬂW ATITIUININD 2.5 L“lJ'E] Loy U @umunummamummummm%ﬁ@ lyaingy

o
A
[ 1 A A @ 1 A é‘y o YA 1 = ] < Y o
DATITIUDU LN@Wﬁll11!@ﬁi?ﬁ')‘l!‘ﬂll1ﬂmu1’l11ﬁﬂ1ﬂ13ﬂu@]ﬂllﬁﬁﬂﬂﬁﬂﬁﬂﬂﬂ']ﬁlﬁu“lﬂ%ﬂ 1
a a Y Y A a ~ @ J
’QmﬁQilﬂ?ﬁlﬂﬁﬂﬂﬁﬂ?l!gﬂﬁﬁﬂlﬂﬂ (Tg) AN U Soft-N-<Safe (SNS) “luwaaﬁ“lmuiu PATINIU 0,
sl S Y o A} ~ = Y Y
2.5, 4.2, 6.3,8.9Lﬂﬂilcﬁuﬁ@®u1ﬂuﬂ mqmwgumsgﬂaﬂuﬁmuzﬂawum (Tg) T ANNNTY
@ J 44 X Y 93 o | a o Y a A A A ]
asdaumseaniiuay agdidnis hrasutinamaugai nweda las ulinnudangu
2 a 9 ' v prs v A ~ Y Y A~ Y}
Bll‘LlWFl]'liﬂ!'lU]J@i]'lﬂﬂ'lﬂ1i‘Vl“LWI'ﬂuﬁQﬂ\‘lllagﬂ'lqmﬁailﬂ'ﬁlﬂaﬂuﬁﬂ”lu%ﬂﬁ’lf]l,l,ﬂ'ﬁ (Tg) ‘VIlILL'Ll'JT‘L!lI

aaoN
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34 -
32-.
30
28:
25-‘

241

Tensile Strength / MPa

224

0 2 4 6
SNS Content/ %

‘]Jﬁ 2.62 UaAA Tensile Strength ﬂJ@QWﬁTﬁﬁﬂﬂﬂﬂJﬂ??ﬂi‘”‘Vi’)N PS NU SNSI[6]

110 5
100 4
90 4

80

T /°C

70 4

60 -

A Laboratory grade
= Commercial grade

50

0 2 4 6
SNS Content/ %

oo

10

‘Ijﬁ 2.63 Llﬁﬂﬁﬂ”l’f)mﬁﬂmﬂaﬂuﬁ'ﬂ1uwﬂaWEJLLﬂ’J"U’ENWEﬂﬁﬁﬂﬂ’E)‘JJ‘ﬂTM'E #1119 PS N1 SNS[6]
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31 2.64 Taseaiamaniives Soft-N-Safe (SNS)

a o

2.9.2. T A.A. 1999 Jeffrey Csernica-andsAlisha Brown[32] 18v1n3398fny1 naves
a P 1 A a 2 1" d a v dy 9Jq Y a I'4
wanaan lsyesNinanenuduliavesned lesuiwuunuiay 1naudsedl 1d ldwaradn lyaes

3 %¥iia Ao diethyl phthalate (DEP), diethylene‘glycol-dibenzoate (DEGD) U tri-n-butyl citrate

[ 1

(TNBC) waunuwedaaladu Tas@idunoas tasuaguiunatann lasesnoasiaiy 1:1

a

I 3 o ¥ @ Y o o .
Lﬂaiwuﬂiﬂﬂumuﬂ L!ﬁ'J‘L!']UIJJVI@Iﬁ'ﬁ)‘Uﬂ'ﬁS‘Ulljﬂﬂﬁgll‘ﬂﬂ ( Impact testing ) HAgNATDURUNYY

QU

A Y v o . Yo '
wasuaaiuzaalgnun? (Tg) JagNINaFo UNITIUNIIATEHN (Ampact testing ) 1¥0as51dI11n15

=g o 2 o/ X AW YA . a A
Nl 0, 10,20, 30,40 118,50 Lﬂﬂikcﬁuﬁiﬂﬂu1ﬂuﬂ G]NWGﬂllﬂﬂE] amwmummwmam‘lmmaw

A X o '

a A EANAY 1 Yo ly A A
L@]?JaQulﬂbluTJ%3JTﬂ‘!'ﬂ3JTﬂslluﬂﬂ\i1/]1114ﬂ'Wnuuﬁ\‘iﬂﬁzllﬂﬂm'ﬂﬁW@aﬁqﬁiuLW YUATUDATITIUUDY

a A a 1 {
Wmﬁ@ﬂllcmmaiwmnm”lﬂ AITNEN TNBC Fﬂgflﬂ']éhu“l’nulﬁ\?ﬂi&’tlﬂﬂq@ﬁq@i@\‘lﬁﬁﬂ'lﬁﬂ DEGD

o A a <. A A 1)) Y Y] a 4
uazdgane DEP NMsaAsIzwgaikiginlferasmeaaisin) () Tagldwaradn lassodmauly

U

@ . 2 % & & AT DA =~

8931894 9 , 17 uay 29 11/o31%uA Ingianiin HnansNeaouN 1A DEP , DEGD iag TNBC
1 %} o 1 = { 1 { o

sanaunay 9 wledmud lanimin A lamouugiinlasuaniugadrout (T) amnialane 24

a A o 1 7 2 4 o Y o 1 A (A Y
DIAUYALFYIT NOATIFIUNITHNEY 17 Lﬂ@il%uﬁiﬂﬂuTﬁuﬂ LLa’J’JﬂﬂWQ‘m’H{]NLﬂﬁEJ‘Ll’ﬁﬂTLl&ﬂﬁﬁJ

a

A (T,) DEP Nguvalulasuaoiugadioudy (T, MUANAD 24°C @7U DEGD , TNBC 3af1

U

a

] 1A :
)18 34 psrusaidon iu ldsuiimanlasuulasgungil

Y

A (A Y Y
Qmﬁﬂﬂlﬂﬁﬂuﬁﬂ?uzﬂﬁﬁlﬂllﬂl (Tg

2 4

A 9 Y 2 Y 1 J 3 o ¥ @ [
Lﬂaﬂuﬁﬂqugﬂa']ﬂllﬂq (Tg) INNUUNBDATIFIUNITNTY 29 Lﬂ@i!ﬁﬂuﬁiﬂﬂHWﬁuﬂ IAAIYUH DY

)}

U

[ [

H 1 1 2
wasuanugadiondd (1) Tasgamginlasuaaiugadionda (r) Aialdiiaiasil (DEp -
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40°C),(DEGD = 53°C),(TNBC = 55°C) anaminia lamiuldnsaniufSnawaradn lyaed niduag

1 A Y < A 9
Tlagamgiin/asuaniuzadionda (1) Aingeruanhldae

Impact energy / J
3

T T T T
o 10 20 30 40 50

W1 % plasticizer in film

‘]Jﬁ 2.65 L!ﬁﬂ\“lﬂ'lﬂ'liﬁ?l!‘]/l'luuiﬁﬂi u,mﬂ‘umLmuwauwaaﬁ"lmummwm’dﬁﬂ"lmcumgm

azwUa [32]

Plasticizer T, Depres-
Name Wt% sion/°C
TNBC 9 24

17 34
29 55
DEGD 9 21
17 34
29 53
DEP 9 24
17 24
29 40

ﬂﬁ 2.66 th’f@ﬁﬂﬁ]m’I’iﬂlll,ﬂﬁfJu’dﬂ111“’ﬂa'IE!l,l,ﬂ’J"UE]QLI,WL!’V\I’d3JWE]'ﬁﬁqﬁiuﬂlﬁNWQWﬁ@ﬂq%Lcﬁﬁ]ilm

azwUa [32]
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2.9.3. 7 f.9. 2000 Aji P. Mathew, Sabu Thomas [33] Tamsdednu 504 Izod impact
Y
behavior of natural rubberrpolystyrene interpenetrating polymer networks 91131147 g ANYY
1 a ~ A ada Y ! o
WaNIENUAT Impact Strength GU’ENW’E]E‘]?fhlﬂTIW]NE‘TlJEJNTJiiiJ"]fWI‘V]NIﬂiQf’fiNLlU‘UiNLH’T Iﬂﬂﬂﬁu1
a [ A d a1 aan [ J
8195350918 Mlwauiy DCP Miluaasisuilfnse1luons aau 4 phr 1AZHEY  styrene monomer
g}/ § @ 4 o J o w
NAUUNEY DVB ( divinylbenzene ) Ntilududonvinalusasiaiu o 2 4 1az 6 phr MuaIAD LA
o A g o ad 9y ] A = I ~
GL‘L!LLW‘I!NL!?]JT] 2.68 mﬂuummwﬁwwmwammﬂﬂuuqﬂ% 160 DA K ALY Wuan 25 UIN
g}/ ) a = o 1 ~ g’/ o A Y
mﬂuum"lﬂwau waa"lmu 1”6@]31@13%%1%%131\11’1 2.5 mﬂuuuﬂﬂmﬁmmuwmwﬂa AYNIT
o a 4 a Y]
mﬁaumiﬁ}m'ﬂmgmﬂizgmn( Impact Strength) LLﬁZ‘LﬂI‘l‘]J‘V]@1fTE]’LI’JLﬂi1$WWﬂ@ﬂ55Nﬂ1iLlﬁﬂWﬂ

[

4 /a v v
ﬁﬁﬂlﬂ%ﬂﬂﬁgaﬂiiﬁumaﬂ@iﬂuLL‘iJ‘UﬁfNﬂim(Scanning Electron Microscopy) HANSNATOUAI

A15197 2.5 Llﬁﬂ\‘lf’hﬂTiVIﬂﬁ’E)‘Uﬂ?i@%}']ullix‘]ﬂiwl‘i/lﬂ"llﬂﬁ woad a3 uNaue1IssIUIIA lUsAT 1Y

1
AN [33]
Sample DVB NR/PS Cross-link Impact Resilience
code content ratio density (v) x 10* strength
(wt.%) (g mol /em?) (J/m)

PS 0 0:100 - 56 4.68
Dy Ny 0 30:70 7.43 167 17.65
DN, 0 40:60 6.91 105 9.68
D, N5, 0 50:50 6.07 102 9.12
DNy, 2 30:70 9.81 183 17.05
DNy 2 40:60 7.63 154 15.38
Dy N5 2 50:50 6.74 76.7 7.62
D,N,, 4 30:70 12.35 127 11.82
D,N,, 4 40:60 10.91 201 17.95
D, Ny, 4 50:50 9.96 142 12.71
DNy, 6 30:70 18.33 47 4.67
D; Ny 6 40:60 16.81 209 20.28
D3Ny, 6 50:50 15.09 114 10.22

115NN 2.5 uazgUa 2.67 HAAIRINITNATOUMNITAIHLIINTZUNNYDI WOAH IAT UHANEI

5330310 TUBATIAIUA1Y TAsAINITNUUTINTSHNNGIgARgNonI1dIU DN, HazAINITNULS
A o': =3 o @ Y o dy

nFZUNNNMIGA D,N,, Beadaunsnunsanszunn 1aasil DN, - DN, >D\N,, >DN,, taaa

' N A Y A E 9 e ak
'J'Iﬂ'lﬁlﬂ@ﬂ'lil‘lf@iﬁl'ﬂ\ﬂu‘]ﬁiu'lﬂ!“l/liJ'lﬂ"lluL!ﬁﬂﬂﬁlﬁﬁllﬂﬁﬂ']i“l/lul,!iﬂﬂizl!‘ﬂﬂﬂ"llu
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ERCT STREWGTH ( 1/m)
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iy

X

200

150

100

50

[«D> =D &D_ D _
] 1 ] 1 ] ]
40 50 6¢ I3 80 90 109
WTE OF PS

d' Y a ) A a o ' '
E“IJ‘VI 2.67 ﬂiTV\IﬂﬁGH‘H‘I/]TL!Lliiﬂizlmﬂ"lj’é]\‘lwaﬁﬁhlﬁiuﬂWﬁ'iJfJN‘ﬁiiiJGHWIGlU’E]GIiWﬁ’Jan{I”][33]

ZWMOIET N Detwirk

N networs

*  slhyrena mooinet
n Irmior

X crosshrker

. MRChan

~ ESChen

TN

gﬂﬁ 2.68 LLAALNUAIUDY interpenetrating polymer networks [33]

Errifeon HR retweock
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4 . FI
131N 2.69 uaasz1la1891n SEM 91nnuHIve9gas (a ) DN, 1ag (b ) DN, Laad

[

v Ax g { <
msnsznemnallumsnauindinulda vingd( ¢ ) DN, uaz (d ) DN, uaasldiudms

v o A a A A o q ¥ Aa A Y A o q ¥ o g
iQuﬁiﬂutu’ﬂ\‘]fl]'lﬂﬂ'liL@Nﬁ'lﬂ"lf’ﬂﬂjﬂﬂﬂu'lﬂ%'liﬁlﬂﬂﬂ'li!flf’i]ll‘l]’J'N‘V]ll'lﬂTI'Ii‘Viﬂ'Iiﬂi%i]']El@’)L‘]Ju

ngu

(d) D3N3

311 2.69 naraszilanea1n SEM IABLAAINN interpénetrating  polymer networks UBIENTITUIHIA

Y

Aunedd lasu [33]

a & Yo Al

2.9.4% a.A. 2013 Yunjiao Deng s A [34] Tama3Teies Co-toughened Polystyrene

by Submicrometer-Sized Core-Shell-Rubber-Particles and”Micrometer-Sized Salami Rubber Particles
a o dy o = ) aa = = G Aa
I UIVYUNINITANB Tﬂﬂlﬂ W@ﬁﬂ?ﬁ%qﬂE]Uﬂi”lwWiﬂﬁﬁ]l@iu (PB-g-PS) NYDUANTIAN 100-450 nm
I o a o o a a

THiluasSulzausenszunnvesneda lasu Taethwinauny woad lesu (PS) uaz wodd lasu
HUUNULTINTZUNNGA (HIPS) 11m1nen 124 lunseswauuuangg(Twin-Screw Extruder) 1u

saTaIVsINAIaAnADN A HIPS , PB-g-PS , PS Al 500/200/300 (w/w) Tasluuaazgaszin

1 H Y
mMsUSulasuuavIaved PB-g-Ps Taslduuiaaanisnei 2.6 mniuihunageuanianiena
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MIAUNIULTIAY(Tensile Test) AT MIATUNIULTINTZUND (Impact strength) NINATOUAULIA

VI']\L]ﬂ']fJﬂ']Wf’?I}'JfJLﬂ%ﬂQ TEM

a 14 (% 1 Aaan
MsIas ey PB-g-PS Tawodwos laalddusalulfisen redox (cumene hydroperoxide and
1] Y
ferrous sulfate) Tuns2UIUNT emulsion polymerization Tagisua1n U1 DI, PB latex, initiator, Qg

v 1 H
KOH ldaalu glass reactor wavninnwan lulaswudumar 10 wid e Tt ldunui

b4
% a

1 a ' Y £ < ' S
sondaunarlaa lasuasly wawiniu 3 9 Tielaarsazaie antioxidant 91NUUAIQUNYI 60
a o d oqv v Y = = & 3 v
parnaFod rasnnuuih 1 laglsmevin o esrusamos idunar 24 ¥ 1ue 1AilupB-g-

a 14
PS Ianoatnosi

M319N 2.6 HAAIVUIAVDIDYNIAVDI PB Nns i lups Tundazgas[34]

sample particle size of PB (nm) polydispersity GD (%) GE (%)

PB-g-PS1 100 0.075 38.8 90.5
PB-g-PS2 180 0.072 36.7 856
PB-g-PS3 230 0.068 359 839
PB-g-PS4 300 0.071 34.4 80.3
PB-g-PSS 450 0.065 33.8 789
30
100 nm‘
180 nm
254 3 230 nm
"\ N 300 nm
,C-‘\ 20 ‘i\ e . e 450 nm
e RS e ——r—
=
= 154
A J
P
Z 10-
54
I
0 ' IIO I 2‘0 ' 310 ' 4I0 ' 50

Elongation at break (%)

~ \ Y} = A S
51]7] 2.70 ﬂ511/‘lllﬁﬂ\1ﬂ]ﬂ]3Vlﬂﬁ@llﬂ”li@nuvnulﬁQﬂQ"U@\i Waqﬁ@ﬂﬂﬂuﬂqjﬂﬂmmuqﬂﬂuﬂﬂlﬂ

Y

PB-g-PS LANANNU[34]
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910317 2.70 HAAIAINITRAINIULTIAIOY WAAANABNIIA HIPS/PB-g-PS/PS W11

' Y
ﬂ']i@ghl!‘Vﬂulliﬁﬁ\illllﬁﬂﬂulﬂﬂuﬂ LA elongation at break ﬁmmuumﬁu ATNUVHIAUBIDUN A

~ 1 a sa A 49! 1 Y a =W .
PB-g-Psiinaved lunaraanneunanmuauy dawalimusanaradnaauilnanm elongation at

A 2 ! A4 2 oq9 A s A oy 2
breakLW1JGUuL!,’c’fﬂmmumﬂmwumuwﬂﬁwmﬁﬁﬂﬂauﬂnﬂmmmﬂﬂ@nllﬂmnﬂlu[ﬂ]

Impact strength (J/M)

250

2004

150

100

100 200 300 400

Rubber praticle size (nm)

500

51U 2.71 nsmluaasmimsnadoUn IRIUN UL I3 NR(Impact strength)[34]

1In31UN 271 ZdAaIAn1sNARuMISAIUNIULIINSZHNn voanardannonl1ng

HIPS/PB-g-PS/PS Wi Lilsiuvuaysdonaves/PB-g-Ps- lumaiadnneuinadawal ains

A 2 ' R ER |
ﬁ’mmuusaﬂimmmwumﬂﬁu u,ammmgmﬂﬁgwm1ﬂwmwammiﬁ’mmuuﬁmimmﬂ'lﬁ’a

v
%

1
VYUHULBI[34]
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51 2.72 7818910 TEM M13n5291802383 PB=g-PS, 11 HIPS/PS ('a — 100 nm , b — 180 nm ,

¢—230nm Uag d — 450 nm’)[34]

2.9.5. 1 a.d. 2012 Marijke Van' der-Steen-;~Inna Bretz/, Stephan Kabasci , Christian V.
Stevens [35] 1@ IdednEa S o9 Synthesis of biobased multivalent ecross-linkers from a castor oil-
. . a g Y o W, 4 = syt ) ] .
derived C22-acyloin INAIHIPEY ANNITT UATIAEITTAMNDINT W UAZ H9(C22-Acyloin) Tad
Yay = [ dy
1¥35msins o Agil
~ \ 9. \ d . .
1.8 Acyloin 928 acid chlorides luanazlulesnuliaisazas Triethylamine Tag
T¥nudou 70 esruraifoan1olaaniazmsniu
~ . 9 P L3 # 5
2.M51A381 Acyloin Tag14U191n17 condensatioh M adipoy! chloride Tuan1ie lulasou
Taeld pyridine meldanzmsniuiigungi 70 eerivafod
=~ . Y . [ .
3. NTATYY Acyloin TaolH¥yuIUnN15 condensation N1 acryloyl chloride Tuaaie
Y .. . A a = 9
Tulasioulagld diisopropylethylamine HaugaIngil 0 o usaBoa n1elaan1izmsniu

4. mawsouTaemsldarsazate free radical 191103061 polymerization N1 acyloin

acrylate N lupnaa luannz lulasinulagld benzoylperoxide Ngmvigil 80 DIRUTAITYA
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H Y 1
NMINAUIVUIUNT Acylointion Tumsi1 di a2 tri cross-linkers ‘ﬁg\‘iﬁuﬁﬂumicross-linkers
o Y o A ' 9 ] U av A ] o Y a
‘Vl'lulﬂ?ia'lfJ‘ll‘]J’Jl!ﬂ'lﬁﬂ\‘]‘l’lﬂa'l’JiﬂGU']\W]u“]Nﬁ'li]']‘iﬂﬁ?ﬂllﬂ’ﬂ\ﬂu’mfJL”IJ'LJ‘VI'NLa@ﬂiﬁuiuﬂﬁﬂﬂﬁlﬂﬂ
. g v A A o 4 a 4 A A a 1 a 4
N3 cross-linkers VoI UINONVTFUATITHNO AN DTN NALNUNI D EITANLAI TN RO T
. o a 4 A a . . . .
Faau1501 1 BTz autian1annueudlumalia Differential Scanning Calorimetry(DSC)
a d { 3 @ o wa . .
uag ’Jlﬂﬁ']31’?fniL‘]JafJLlL!.‘]JaQLl'IWuﬂ‘llENﬁWﬁIﬂfJfﬂﬁfJ?;lﬂ!’e’ﬁJ‘U@Wl'Nﬂ’J']iJ%}@u Thermogravimetric

Analysis (TGA)

0.1 eq DMAP, Pyridine (2 mL)
0.52 eq CICO(CH,),COCI
70«C, overnight

317 2.73 uaaalnseve i A IMAN bifunctional adipoyl chloride[35]
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110 1

90 1

70 1

50 1

Weight loss (%)

30 1

0 200 400 600 800 1000 1200
Temperature (°C)

a a d = & @ o wa Y
519 2.74 naasinagimsn)asunlasihvinaesais lasedenaauian19auiou ( TGA )

Y

o A (v 9 !
Yo Uas N T U TAT a3 19D UFINR35]

{ a 4 { o o o v
mﬂgﬂﬁ 2.74 Llﬁﬂ\?'Jmi1$Wﬂ'liL‘]JafluuﬂaﬂuWﬂuﬂﬂJﬁNﬁWiIﬂﬂﬁ]WﬁﬂﬂmﬁMﬂﬁﬂTQﬂﬂTN

9 2 o VoA (W Y 1 = 9 [l 1 1 S A
39U(TGA) GIJE]\‘lunJuﬁ$Pj\‘lVIﬂiUTﬂi\‘]ﬁiNLLﬂﬂiNllﬁ UNITAYANNIDUBDY 2 FIN FIWITNUUN

Y H
v A a

3 o P 4 ' { ¥ o
370 mmwm%ﬁ HINUNAAAN 23 Lﬂ’ﬁ]‘ilcﬁuﬁ ngﬂﬂﬁﬁ 2 UHUNDUKNY 460 mmmm%ﬁ HIVTUD

Q U

J I S a o’dy =2 [~ a A Y o A (o
AN 77 Lﬂ@ilcﬁu@‘ﬂ T, .. ﬂ’lf!")&ﬂﬁ’lgwuuﬁﬂ\iﬂ\?Glﬂlﬂu@mWQNﬂ’]iLﬁﬂNﬁﬁ’]ﬂﬂJﬂ\?U’]ﬂJuagﬁﬂ‘ﬂﬂﬁ"ﬂ

Tasaardrauuudiiaum

{ I a o a a
Mgl 275 Wlumamsdinsiziautianisnnuieudiemaiin Differential Scanning

v
1 A a

Y 1 1 glj 1
Calorimetry GIJi’NLl”IiJ‘L!fl$°Vi\‘l‘Vl‘ﬂi’UTﬂﬁx‘]ﬁ%)NLL‘UUTNLLWWU’J”I ﬂ”lﬂﬂiW\luu"bJW‘UW‘lﬁﬁU@\‘]Qiuﬁﬂil

q @

2

= 9y Y = ' ' A a
ﬂmﬂasJumJammuzﬂawum (Tg) ‘1/]Lluﬂfﬂlla3113JWU@@]W’Q@MQZ'@W&WE@Q’MW{]N%Qf]llf’|$a18

A o J = A (=) a kS =2 A 3
(Tm) NANIT 200 DIA-LB QBT ms‘n"lmqmwauwaaumm (Tm) HULFAID N UAveIN151T U

4
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Heat flow endo up (mW)
L 3885323338832
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dohy

1 a LY ) 90’ U
gﬂﬁ 2.75 yaaingauianeanuieudiemaiia Differential Scanning Calorimetry U84H1UU

8
8

pA s
XYY

==
(Cgb))‘c ~(-

azranliu Tassadaunuusem(3s]

PRIy
O’v‘v.v.v‘_f.v‘v‘v‘VQN
——F

101



a
unn3
Aad o =
IBNIIAUUUINY

a ) a a 14 U a
FnsaiiuanulumsedouneamesnausenIaneaa Ias U(Polystyrene,PS) 1059

g LY 1

] A o 4 d o w Y] 9 Y o [
GP 150 nuiiuazenuiEn Inemaeeioosd $1na Usuilgalassadalasldaas

Iy v

an @ [ %} o ] a 1 4
Ufnsomanaailuddsulsalassahaipivazyadiine lnseadnnamie 19 lidnyay
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3.1. !!N‘l!ﬂ]iﬁ]!‘f!uﬁ]‘t!
= Y] Y 9 PRIVATA SN ¥
3.1.1. ﬁﬂ‘]&lWﬂuﬂ’N‘U@Hallﬁgﬂu’mﬂﬂlﬂEl']‘ll’fN
3.1.2. ’muwumiﬁnﬁmm

] 1% a A AL A Y
3.13 i]ﬂ?i'l')@]i}ﬂﬂllﬁglﬂiﬂﬁilﬂﬂﬁl%aluﬂ?i‘ﬂﬂ'ﬁ@\i

'
a

o 1 =) aan a 1
3.1.4 USul e Tassadainiiazjsdooanssisulnsemiaudas Tagmaiinn1syugn

Y v 9
@'Jfll!ﬁ\?@ﬁﬁ'i'lulﬂi’f)m@]

i
Y (%) A o

o a 1 [~} a %’ ) 4
3.1.5 WaNIARANTEH I LM@WBﬁﬁllﬂ%uﬂﬂu'liJuagtN‘ﬂ ﬂll'ﬂi ﬁ’amﬂ%wammu

. 1

ﬁ@ﬂgﬂﬂayﬂ(Two Rolls Miil) ﬁqmwgﬁ 180-Der AT TASHANASAS 1@ 0 10 18z 20 phr
3.1.6 ﬁmamaﬂﬂauﬂnﬂﬂlﬂ%ugﬂﬁ’mﬂ‘%aqﬁﬂﬁugﬂ(Compression Molding) 7
QU 200 DIFTAITYE
3.1.6 nagevuauianInienIn guiamna eyaminntinnudeuvesnaradnney
Undsznnamedd e usuiuitdaintiodTaing sads st
3.1.6.1. NAFDUAUTANINAISNIN (Physical properties)
- m’%mmaaquﬁﬂsmﬂ1s"lwam@qwmﬁaﬂﬂamﬂnﬁ(Rheological Properties)
- ﬂfTENﬂqaﬂiiﬁﬂ’alaﬂﬁiﬂ‘L!L!,‘U‘Uﬁ’e)ﬁﬂim (Scanning Electron Microscope, SEM)

vo9 a 4 3 o
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3.1.6.2. NATDUAULAFING (Mechanical properties)
- NAFOUMIATUNIUABAS 1490 (Flexural strength) A1MAIATIIU ASTM D 790
- AMUNUNIUABLTINTZUNN (Izod impact strength) AUVIANTIIU ASTM D 256
3.1.6.3. naaavaNanaNuiou (Thermal properties)
a A Y Y ..
- qmwguﬂmﬂaauﬁmuzﬂmaum (Glass transition temperatune)
3.1.6.4 nadoudnLaNINaF lawniin
a o un a a

- MBI aNTananae lauain Dynamic Mechanical Analysis (DMA)

a 4 =
3.1.6.4. NAFDUAUATIEUNIUAY
- INAUA Fourier Transform Infrared Spectroscopy (FTIR)
-NANA Liquid Chromatography = Mass Spectrometer (LC-MS)
-mAila CHN

1 1 = v %l v
3.1.7. ﬁﬂﬂﬁﬂﬂﬂj}@yﬁua3’)Lﬂﬁ'ﬂﬁﬂﬁﬂ'ﬁ“ﬂﬂaﬂﬂ@ﬁ5']?(’31!5314’3']\1‘1/“9?1’(3”1@%“ﬂ‘]J‘L!'IiJ‘L!
agraNdIHadeauiA lumssuusnszmnundeeiioyla

3.1.8. d3iwanazdngiiansiga
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3.2 Jaquazalnsanlylumsnaaes
3.2.1 In9AY

1) dianoaa'laTu (Polystyrene) tn3ARA GP 150
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na o0 %I‘v{zgj;\
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\5{/}%1@&

2
S ko

R

d' %’ Y] ] A o 4 d o W
3‘1]71 3.2 WNUATHY 1D VTN ul‘]/lﬂﬂ'lﬁmﬂiﬂﬂﬂa 1NN
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3) 81536301/ N381M191a3 Bis Acyl Phosphine oxides (BAPO) 1¥91n19n13A1

IRGACURE 819 91nU5H% Ciba Specialty Chemicals

&7

Hex s .q!}.\'} /‘:“ﬁ'
W,

131N BASF Corporation 45—
| N N

(3

319 3.4 @231a2a18 Hexanediol diacrylate (HDDA)N¥0NM19M13A1 Laromer HDDA 910131

U

BASF Corporation
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3.2.2 wseslion1¥lunmsnaass

! i Y H 1

G v o v AaA =S a [ [} A F)
1) 1A399FINHUNNUANVAZIDIANAULN 4 AUHUL (¥DN1INITAT Mettler

Machine JUAT 200)

A s 3 o Aa = a ° '
2) 1AT99FINNUANUANNDLIDIANAUIY 2 AU UL

T Y
3) Lﬂ%qwﬁmmumqgﬂﬂm UTHN Lab Tech Engineering

d‘ g g 2 o . .
4) Lﬂi’i)ﬂ’i)ﬂﬂ]ugﬂ UITHN Lab Tech Engineering
5) quugn UV-A
6) IASPINATOUNINANNSDUAIIINATIA Differential Scanning Calorimetry (DSC)

494 PERKIN ALMER 314 DSC 7

4 Aa d 1
7) m’%mﬁ;amiﬁﬁamﬂmammuamﬂim (Scanning Electron Microscope)
8) AT OINATDUANUNUNIUADLUIINTZUNA (Pendulumn Impact Machine)
9) Lﬂ%amﬁaquﬁﬂﬁumi”lvmmmwmﬁﬁﬂﬂauﬂnﬁ( rheology )
10) 1A3DINATOUNTAIUNIUNT 1IN0 (flexural Testing Machine) 8% LLOYD3U
LR10k PLUS
11) & wiananame launiin Dynamic Mechanical Analysis (DMA)

4 ' A 4 3 o
12) IAT04NATOUANUHUMUUAIBNAT AT — Fao1me
13) 10309INATUNATIZH 1ATIA519MUAT  (Fourier Transfer Infared
Spectroscopy)

' v
14) NIRINAY auumunimaqa Liquid Chromatography - Mass Spectrometer (LC-

MS)

A a 7 s a
15) Lﬂﬁi’)\‘lﬂlﬂ51$ﬁ@Qﬁﬂﬁgﬂﬂﬂ‘ﬂ%uﬂll ( CHN )
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3.5 Tunaumsaaulsindiuazyanlga sl fisemanas
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P@LIMAXX
GP150

General Purpose Polystyrene (i

GE

Description:

GP150 is a general purpose grade of polystyrene resin for injection molding process with
easy flow and good clarity. It is suitable for food packaging. electrical appliances (such
as refrigerator food tray), household products, sanitary ware and etc. It also meets the
requirement of food contact regulation.

Physical Properties: Method Unit Value
Melt Flow Index (5 kg/200°C) ASTM D1238 9/10min. 8.0
Tensile Strength at Yield (23°C) ASTM D638 kg/cm? 443
Flexural Strength at Yield (23°C) ASTM D790 kg/cm? 844
Flexural Modulus (23°C) ASTM D790 x10%kg/cm?  3.23
Rockwell Hardness (1/4", 23°C) ASTM D785 M-Scale 71
Heat Distortion Temperature (1/4", 18.6 kg/cm?) ASTM D648 61 93
Vicat Softening Temperature (1/8", 1 kg) ASTM D1525 We: 100
Flammability uL-94 & HB (3.0)
Processing Technique
Processing Temperature : 180-240 °C

**However, the actual processing conditions depend on mold design, power of machine, screw

configurations and other environments.**

Remark: The values presented on the above are typical laboratory average, not to be construed as specifications and may
vary within moderate ranges. The applicability or the accuracy of this information or the suitable of our products cannot
be guaranteed because the conditions of use on the part or our uses are beyond our control.

Product Data sheet

rRPC REV. 20110601

uSUN ToosWB Sria (Unsu)

555/2 pueiounosgnouwant 01s U U 6 nUUSMOGSHAQ KIODDANS KICRADNS NSONW< 10900 s, +66(0) 2649-7000.,66(0)2649-7777 THING: +66(0)2649-7002
555/2 Eneegy CompZt Buikding B, 6" Floor, Vihovodi Rangsit Rood, Chatichok,Bangkok 10900 THALAND, TEL: +66(0)2649-7000,66(012649-7777 FAX: +66{0)2649-7002 www.itpe.coth, www.irpemarket.com
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General

Chemical Structure

Absorption Spectrum
(% in Acetonitrile)

Ciba Specialty Chemicals

Coating Effects Segment ;
Ciba
Ciba” IRGACURE® 819

Photoinitiator

IRGACURE 819 is a versatile photoinitiator for radical polymerisation of
unsaturated resins upon UV light exposure. It is especially suited for
white pigmented formulations, the curing of glass fiber reinforced
polyester/styrene systems and for clearcoats for outdoor use in
combinations with light stabilizers. Thick section curing is also possible
with this photoinitiator.

Bis(2,4,6-trimethylbenzoyl) -phenylphosphineoxide

Molecular weight: 418.5

051

200 220 240 20 280 300 30 340 360 380 400 420 440 460 480 50O
Wavelength [nm]

Edition: 30.8.2001. Basle

© Ciba Specialty Chemicals Inc. Paae 1 of 1
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Physical Properties

Applications

Ciba Specialty Chemicals

Coating Effects Segment

Ciba
Ciba® IRGACURE® 819

Photoinitiator

Appearance: yellow powder
Melting Point: 127-133 °C

Solubility at 20°C (g/100 g solution) :

acetone 14
butylacetate 6
methanol 3
toluene 22
hexanedioldiacrylate (HDDA) 9
oligomeric acrylate 3

IRGACURE 819 may be used, after adequate testing, in UV curable
formulations for clear and for pigmented coatings on wood, metal,
plastic, paper and optical fibers as well as for printing inks and
prepregs.

IRGACURE 819 exhibits at low concentrations an outstanding curing
performance in highly opaque white and colored furniture coatings or
screen inks containing rutile titanium dioxide or colored pigments and
affords minimum yellowing after exposure to sufficient amounts of UV
radiation. Additionally the outstanding absorption properties of
IRGACURE 819 allow curing of thick sections.

IRGACURE 819 can be used in combination with other photoinitiators
such as IRGACURE 184 or IRGACURE 651. With the latter it is especially
suited to cure polyester/styrene resins as used for glass reinforced
materials.

Due to its photosensitivity at longer wavelengths, IRGACURE 819 can
easily be used in combinations with UV absorbers, e.g. TINUVIN 400. It
is therefore ideally suited for use in weather-resistant UV curable
coatings.

The amount of IRGACURE 819 required for optimum performance
should be determined in trials covering a concentration range.

Edition: 30.8.2001. Basle

© Ciba Specialty Chemicals Inc. Paae 2 of 1
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Ciba Specialty Chemicals

Coating Effects Segment

Ciba
Ciba® IRGACURE® 819

Photoinitiator

Recommended concentrations:

Clear acrylate & UPES/styrene coatings: 0.1 -0.2 % IRGACURE 819 + 1 - 2% IRGACURE 184

White acrylate & UPES/styrene furniture

coatings:

Colored acrylate formulations:
White screen printing inks:

Glass reinforced UPES/styrene prepregs : 0.2 - 0.4 % IRGACURE 819

0.5 - 1.0 % IRGACURE 819 + 1 - 2% IRGACURE 184

0.5 - 1.0 % IRGACURE 819 + 1 - 2% IRGACURE 651

0.5 - 1.5 % IRGACURE 819 + 1 - 2% IRGACURE 184

Safety and Handling

Important Notice

IRGACURE 819 should be handled in accordance with good industrial
practice. Detailed information is provided in the Safety Data Sheet.

IRGACURE 819 is sensitive to visible light and any exposure to sunlight
should be avoided. Opened drums should be closed after use to
protect the product against light.

The use of IRGACURE 819 in combination with a-hydroxyketones, like
e.g. DAROCUR 1173 or IRGACURE 184 is covered by numerous
patents or patent applications of Ciba Specialty Chemicals. Please
check the specific situation in each country of concern.

IMPORTANT: The following supersedes Buyer's documents. SELLER
MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. No statements herein are to be construed as inducements
to infringe any relevant patent. Under no circumstances shall Seller
be liable for incidental, consequential or indirect damages for alleged
negligence, breach of warranty, strict liability, tort or contract arising
in connection with the product(s). Buyer's sole remedy and Seller's
sole liability for any claims shall be Buyer’s purchase price. Data and
results are based on controlled or lab work and must be confirmed by
Buyer by testing for its intended conditions of use. The product(s) has
not been tested for, and is therefore not recommended for, uses for
which prolonged contact with mucous membranes, abraded skin, or
blood is intended: or for uses for which implantation within the
human body is intended.

Edition: 30.8.2001. Basle

© Ciba Specialty Chemicals Inc. Paae 3 of 1
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Printing & Packaging
Industrial Coatings

Technical Data Sheet

Laromer® HDDA

Product Description

Key Features & Benefits

Chemical Structure

O -BASF

The Chemical Company

Laromer® HDDA is an acrylic acid ester used as a reactive diluent in energy curable coatings,

Aet

PN

inks, overprint varnish as a f

ock for syr

is, and for manufacturing polymers. It

contains two polymerizable acrylate groups per molecule, which enables it to form

copolymers.

- Good adhesion

- Good flexibility

- Excellent diluent

Hexanediol diacrylate

H,C—G—G—O0—(CHy)-O—(—C=CH

1 H A
@)

Typical Characteristics

Solubility

Compatibility

Properties

Appearance
Odor
Assay (gas chromatography)

Acidity, as acrylic acid (DIN EN ISO 2114, method B)

Water content (K. Fischer, DIN 51777)
Hazen/APHA color number (DIN ISO 6271)
Density at 25°C (DIN 51757, method 4.3)
Boiling point (DIN EN ISO 3405)

Specific heat capacity at 30°C

Solidification point (ISO DIS 3841)

Refracting index np at 20°C (DIN EN ISO 489)

of Laromer HDDA in water
of water in Laromer® HDDA

Can be mixed with most organic solvents.

clear liquid
ester — like
2 90%
<0.05%
<0.05%
<50

1.015 g/lcm?®
107°C

1.88 kJ/(kg K)
8-11°C
1.457

0.36 g/l
insoluble

These typical values should not be interpreted as specifications.

October 2010 Rev 2

Applications

Laromer® HDDA contains two polymerizable acrylate groups per molecule, which enables it to form
copolymers of, for example, acrylic or methacrylic acids and their salts, amides, esters, vinyl acetate,
and styrene. Readily entering into addition reactions, it is also an important feedstock for chemical

synthesis.

176
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Processing

The polymerizable groups allow the product to be used as a crosslinking component in energy
curable coatings, inks, and overprint varnishes where it also acts as a reactive diluent. During curing,
Laromer® HDDA becomes part of the polymer structure.

Laromer® HDDA is recommended for applications such as:

« Pigment dispersions
Printing inks for flexographic, digital, or silk-screen applications
Overprint varnishes for commercial or publication applications
Interior/exterior general industrial metal coating applications
Interior/exterior wood coatings for floor, furniture, or millwork applications

Laromer® HDDA can be polymerized by the usual block, solution, suspension, and emulsion
technigues. Removal of the stabilizer beforehand is generally not necessary. An excess of initiator
can counteract its effect if needed.

General

Material Safety Data Sheet

Safety

The usual safety precautions when handling chemicals must be observed. These include the
measures described in Federal, State, and Local health and safety regulations, thorough ventilation of
the workplace, good skin care, and wearing of protective goggles.

All safety information is provided in the Material Safety Data Sheet for Laromer® HDDA.

October 2010 Rev 2

Important

While the descriptions, designs, data and information contained herein are presented in good faith
and believed to be accurate, they are provided for guidance only. Because many factors may affect
processing or application/use, BASF recommends that the reader make tests to determine the
suitability of a product for a particular purpose prior to use. NO WARRANTIES OF ANY KIND,
EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, ARE MADE REGARDING
PRODUCTS DESCRIBED OR DESIGNS, DATA OR INFORMATION SET FORTH, OR THAT THE
PRODUCTS, DESCRIPTIONS, DESIGNS, DATA OR INFORMATION MAY BE USED WITHOUT
INFRINGING THE INTELLECTUAL PROPERTY RIGHTS OF OTHERS. In no case shall the
descriptions, information, data or designs provided be considered a part of BASF's terms and
conditions of sale. Further, the descriptions, designs, data, and information furnished by BASF
hereunder are given gratis and BASF assumes no obligation or liability for the descriptions, designs,
data or information given or results obtained, all such being given and accepted at the reader's risk.

Laromer is a registered trademark of BASF Group.

© BASF Corporation, 2010

Responsible Care’

Geod Chemfstry at Work

BASF Corporation is fully committed to the Responsible Care®
initiative in the USA, Canada, and Mexico.

For more information on Responsible Care® goto:

U.S.: www.basf.us/responsiblecare_usa

Canada: www.basf.us/responsiblecare_canada

Meéxico: www.basf.us/responsiblecare_mexico

U.S. & Canada Mexico

BASF Corporation BASF Mexicana, S.A. de C.V.
1609 Biddle Avenue Av. Insurgentes Sur # 975
Wyandotte, Michigan 48192 Col. Ciudad de los Deportes
Phone: (800) 231-7868 C.P. 03710

Fax: (800) 392-7429 Mexico, D.F.

Email: polyorders@basf.com Phone: (52-55) 53-25-27-87
Email: edtech_info@basf.com (52-55) 53-25-26-87
www.basf.com Fax:  (52-55) 56-11-48-97

Page 2 of 2
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Analysis Info

NN AT

Analysis Name  0S590321001.d

4

"

Mathod egsi_tune_wide_pos_20150911.m
Sample Name CASTOR QIL

CASTOR OIL

Acquisition Parameter

H a
minTuanademaiia (LC-MS )

Acquisition Date
Operator
Instrument

3/21/2016 2:37:40 PM
Administralor

micrOTOF 72

SéEérrecto;i" 50V

Jource Type ESI lon Polarity Positive Set Pulsar Pull 337 v
zca" Range n/a Capillary Exit 180.0 Vv Set Pulsar Push 337V
can Begin 50 m/z Hexapole RF 600.0 V
Scan End 3000 m/z Skimmer 1 70.0V ggt' SltegfLetc'tr?ere ;ggg \l{
B Hexapole 1 250V Set Detector TOF 2290 V
'”*%55 +MIS, 0.2min #(1
X 955.7630
1.5
1.0
0.5
297.0482 675.5259 1252.7241 1443.3653 1864.5936
200 400 600 800 1000 1200 1400 1600 1800 n
# mz I 1% SIN FWHM Res.
1 129.7800 4853 3.1 67 0.0103 12589
2 1450675 5033 3.2 69 00141 10287
3 297.0482 5080 33 77 00561 5296
4 6755259 7910 51 124 01373 4921
5 9337812 8374 54 123 0.1559 5990
6  934.7898 5593 36 81 01672 5592
7 937.7570 9997 64 148 01591 5896
8 9387581 6558 42 95 01510 6218
9  939.7657 12536 81 186 01609 5842
10 940.7655 6951 45 101 0.1570 5992
11 941.7801 6534 42 95 01620 5813
12 950.8019 10168 66 150 0.1636 5813
13 951.8064 7986 51 117 01751 5436
14 953.7406 6684 43 9.8 01680 5675
15 9557630 155203 100.0 2352 0.1635 5845
16 956.7660 95680 61.6 1449 0.1623 5896
17 957.7699 34835 224 525 0.1640 5839
18 958.7737 9337 6.0 138 0.1645 5827
19 9717407 43782 282 662 0.1645 5908
20 9727434 27645 178 417 0.1654 5880
21 9737589 23534 152 354 01706 5708
22 9747670 11012 71 164 01772 5501
23 14433653 5903 38 90 00981 14711
24 1864.5936 4715 3.0 7.3 0.0459 40652
25 2339.1801 5346 3.4 75 00388 60277
26 2339.3940 6705 43 9.5 0.0330 70838
27 23395899 5220 3.4 7.3 0.0658 35538
28 23396428 5049 33 7.1 0.0503 46508
29 2614.1757 4738 3.1 71 0.0421 62093
30 28686413 5288 3.4 8.1 00635 45146
Bruker Daltonics DataAnalysis 3.3 printed: 3/21/2016 2:55:29 PM Page 1 of 1
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Mass Spectrum List Report

Analysis Info

Analysis Name  0S590321002.d Acquisition Date  3/21/2016 2:42:46 PV
Method €si_tune_wide_pos_20150911.m Operator Administrator
Sample Name ~ CASTOR 10 Phr Instrument mierOTOF 70
CASTOR 10 Phr
Acquisition Parameter o ‘ - o . Se'bb i
rrector Fill -~ 50V
Source Type ESI lon Polarity Positive Set Pulsar Pull 337V
Secan Range n/a Capillary Exit 180.0 V Set Pulsar Push 337V
Scan Begin 50 m/z Hexapole RF 600.0 V Set Reflector 1300V
Sean End 3000 m/z Skimmer 1 700V Set Flight Tube 9000 vV
e Hexapole 1 250V ~ SetDetector TOF 2205V
Intens.| - ) +MS, 0.2-0.2min #(12
x105
955.7677
0.8
06
0.4
0.2
297.0075 473.9994 ©75.5247 1207.1944  1443.3639 1700.03811864.5956
dedosssbditiold il sl lgaut sl it .““;l NTTOR TR ITT AT sl | T DUUE TN PAURTIIIN DRI
200 400 600 800 1000 1200 1400 1600 1800
# = miz | 1% SIN FWHM  Res. e
1 296.8972 4849 56 8.0 00137 21665
2 2970075 4975 5.7 82 00711 4177
3 297.0443 4680 5.4 77 0.0690 4304
4 8755247 7179 82 124 01104 6119
5 7622613 4642 53 7.8 00197 38682
6 9337869 8829 101 149 0.1563 5973
7 9347923 6359 7.3 106 0.1489 6277
8 937.7570 6389 7.3 107 0.1514 6196
9 9397718 7786 89 131 0.1480 6350

10 941.7811 4490 51 7.4 0.1631 5775
1" 950.8114 13051 149 223 01563 6083
12 9518120 8319 9.5 141 0.1789 5319
13 9557677 87369 100.0 1516 0.1711 5585
14 956.7710 57138 654 99.0 0.1662 5757
16 957.7725 20777 23.8 357 0.1558 6148
16 9587763 5290 6.1 88 0.1797 5334
17 9717465 21033 241 362 0.1670 5820
18 972.7490 12816 14.7 219 0.1709 5692
19 9737651 11253 12.9 192 01720 5661
20 9747704 5840 6.7 98 0.1666 5852
21 1207.1944 4465 51 76 0.0260 46389
22 14433639 5689 6.5 95 0.0713 20232
23 2339.3716 5485 6.3 9.1 0.0341 68586
24 2339.5859 5313 6.1 8.8 0.0569 41109
25 2339.6402 4775 5.5 7.9 0.0442 52967
26 25313686 4523 5.2 79 0.0388 65319
27 2597.0965 4899 56 84 0.0392 66187
28 2799.1971 4540 52 7.7 0.0401 69834
29 2868.6252 5289 6.1 91 0.0593 48408
30 2938.1721 5409 6.2 95 0.0394 74576

Bruker Daltonics DataAnalysis 3.3 printed:  3/21/2016 25555 PM  Page1of1

192



Mass Spectrum List Report

Analysis Info

Analysis Name

Me*\ﬂod
Jample Name

0S8590321003.d
esi_tune_wide _pos_20150911.m
GASTOR 20 Phr
CASTOR 20 Phr

Acquisition Parameter

Acquisition Date 3/21/2016 2:48:26 PM
Operator Administrator
Instrument micrOTOF 72

Set Corrector Fill 50 Vv

Source Type ESI lon Polarity Positive
gcan i;ange nia Capillary Exit 180.0 V gif gﬂ{ii{ gﬂﬂh §§Z y
can Begin 50 m/z Hexapole RF 600.0 V
Scan End 3000 m/z Skimr‘:\er 1 70.0V §§1 Sl?gﬂhetc':ourbe ;ggg ¥
e S Hexapole 1 250V ~ SetDefector TOF 2205/
!mensj +MS. 0.2-0 2min #(11-
x10
4 955.7669
3|
]
2
1
{ ap1gspg B755224 ' 1443.3600
200 400 600 800 1000 1200 1400 1600 1800 r
# mz 1 1% SIN FWHM Res.
1 675.5224 27009 6.8 547 0.1240 5448
2 676.5262 11543 29 231 0.1150 5884
3 691.4971 10220 26 205 0.1173 5893
4 8797516 15582 39 274 01456 6044
5 880.7548 10004 25 173 01409 6252
6  913.7569 9275 23 154 01435 6367
7 9157708 13633 34 230 01565 5852
8 933.7864 58629 14.8 1002 0.1588 5879
9 9347930 40769 103 695 0.1615 5789
10 9357928 17140 43 288 01684 5559
1 937.7610 21112 53 357 0.1735 5406
12 938.7640 12894 33 215 01671 5618
13 939.7706 27819 70 473 01579 5951
14 9407734 16016 40 269 01562 6022
15 941.7840 13149 33 220 01574 5984
16 950.8123 103365 26.1 179.8 0.1618 5876
17 9518140 66010 167 1146 0.1678 5674
18 952.8128 24729 62 424 01726 5519
19 953.7592 23079 58 396 01927 4950
20 9547478 14378 3.6 244 02120 4503
21 955.7669 396279 100.0 694.5 0.1654 5779
22 956.7706 245658 62.0 4305 0.1636 5847
23 957.7715 88633 224 1549 0.1584 6048
24 958.7719 23079 5.8 39.7 0.1630 5882
25 9717434 196300 495 3481 0.1688 5756
26 9727464 124136 313 2200 0.1666 5840
27 9737532 69295 175 1225 0.1690 5763
28 9747598 27618 70 484 01709 5703
29 9757672 8481 21 143 01757 5553
30 1079.7763 10556 27 198 01867 5785
Bruker Daltonics DataAnalysis 3.3 printed: 3/21/2016 2:56:31 PM Page 1 of 1

193



Analysis Info

Mass Spectrum List Report

gps\vmg Name  0S500321004.d Acquisition Date  3/21/2010 2,92,07 P
ethod €si_tune_wide_pos_20150911.m o) i
% o _Pos__ ; perator Administrator
Jample Name ~ CASTOR 30 Phr Instrument micrOTOF 72
CASTOR 30 Phr
Acquisitio;t Pa;';r;reter o 7 i : "*S;;'"ec:)r Fill 50 Vv
Source Type ESI lon Polarity Positive Set pulsaf pU" 327 V
Scan Range nla Capillary Exit 180.0 V Set Pulsar Push 337V
Scan Begin 50 m/z Hexapole RF 600.0 V Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 700V Set Flight Tube 9000 Vv
o N ~ Hexapole 1 250V Set Detector TOF 2205V
Intens.{ B - +MS, 0.2-0.2min #(11-1:
x10 955.7686
2.03
1.5
1.0-
05
675.5241
419.2699 ° 5. ) Sl 1253.0275 1443.1099 1864.5900
200 400 600 800 1000 1200 1400 1600 1800 ‘m
# miz I 1% SIN FWHM Res. B
1 6755241 17288 80 325 01242 5441
2 676.5245 7375 34 137 0.1065 6350
3 691.4997 6290 29 116 0.1230 5623
4 7344769 6022 28 111 01239 5930
5 9337873 19047 89 318 01578 5916
6 934.7924 13992 6.5 232 0.1534 6092
7 935.7897 6427 3.0 10.3 0.1601 5845
8  937.7620 9971 46 164 01719 5457
9 938.7638 6404 3.0 103 0.1537 6107
10 939.7680 15557 7.2 26.0 0.1557 6034
11 940.7749 7887 37 129 01591 5914
12 941.7813 7722 36 126 01593 5912
13 9508133 33963 158 579 01623 5857
14 9518140 23000 107 390 01647 5778
15 952.8120 8996 42 149 01749 5446
16 953.7526 11079 52 185 0.1863 5119
17 954.7543 7751 36 128 01980 4822
18 9557686 214867 100.0 3706 0.1639 5830
19 956.7710 132380 616 2283 0.1626 5885
20 957.7728 46949 219 806 0.1588 6030
21 9587746 11678 54 196 0.1632 5873
22 969.7449 6478 3.0 10.7 0.1745 5557
23 971.7440 102560 47.7 1787 0.1639 5929
24 972.7470 62749 292 109.2 0.1646 5911
25 9737532 34671 161 601 0.1673 5822
26 9747588 13275 62 227 01714 5687
27 987.7496 7671 36 130 01668 5921
28 14431099 6109 28 119 00292 49394
29 23393669 5917 28 109 0.0347 67403
30 2339.5672 5555 26 102 0.0582 40193
Bruker Daltonics DataAnalysis 3.3 ~ printed:  3/21/2016 2:56:57 PM Page 1 of 1
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Force M Curve for Product: |CE pscastord
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Dynamic Properties vs Temperature

450E+11 3500
A
4.00E+11 oo — -
o o B + 3.000
o et .,
3.50E+11 = L0
: %% P
N L L 2500
3.00E+11 s
>
% .
& 250E+11 8 1 2000
& @® N R 0 o Modulus
3 4 c
-E k3 a = 2 Tan Delta
o
2 200E+11 3 = + 1500
% s 5
? a
1 50E+11 3
a
A 4 1 1.000
§ y
1.00E+11 £ kY
%A‘ \
1 0500
5.00E+10 “‘ﬂx % e
aelin K‘
0.00E+00 0.000
00 20.0 400 60.0 80.0 100.0 1200 140.0 160.0
Temperature /°C
Polystyrene Modified Castor oil 0 phr
Dynamic Properties vs Temperature
4.00E+11 4.000
350E+11 3500
* A T &
070,
.n
“m,
3.00E+11 ‘Q;’ﬂ? s 3.000
%% .oe
\ a
250E+11 2500
hY a
.
g % .
" w0 o Modulus
3 200E+11 2 = 2000 ©
3 % s S | :TanDelta
g N
= %
"e A
1.50E+11 % > 1.500
3 N
a
s
: . s
1.00E+11 % 1.000
: A
AN A
500E+10 g —— 0.500
oy
0.00E+00 0.000
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0
Temperature /°C

Polystyrene Modified Castor oil 10 phr

198



Modulus /Pa

Dynamic Properties vs Temperature
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Proceedings of IE Network Conference
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Modification of Polystyrene by Compounding with Castor wax as an Additive
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Abstract

This research was conducted to investigate the possibility in using of castor wax as an additive for
Polystyrene by melt blended with two rolls mill machine. The compounds were mixed of castor wax in ratio of
0, 5, 10, 15 and 20 phr (part per hundred ratio resin) respectively. A range of characterization techniques
including transition temperature, impact resistance and flexural strength were studied. The results showed that
the transition temperatures from both Differential Scanning Calorimetry (TQDSC) and Dynamic Mechanical
Analysis (Tgnm) techniques are obviously decreased with increasing of castor wax contents. This was
attributed to the enhanced segmental motion of the Polystyrene molecular chains by addition of castor wax.
Moreover, impact strength of un-notched specimens was improved with 5 phr of castor wax and the flexural
strength has also increase as well. To sum up, castor wax as a bio-based material has exhibited possibly to
be used as an additive for plastics properties modification.

Keywords: polystyrene castor wax compound
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1. un¥in

wadgladu (Polystyrene) ilunilslunadlodiu
ﬁgn'lﬁa:i'muwiﬂmu Wasnnwedslasuaansa
shanlfusslomtlanannats 15w nasslnaldams
qﬂnsrﬁm‘%auﬁuu VOILGANLAN UAZTUF IR ULUG
udu Tasvialuwedalatuisnsmenissasuei
uuUaAAIY uasTauTaniaudie AMULTIUTIFI N
dansauaziua lUsauas Snvﬁiﬂ'qmmmifuzﬂ'lﬁém
uanedalasudifidadasnanudsznns 1ou wane
wanvinine waznudsnatafenladn 5elddnas
Yiudpauifvasmedslaiulugluuuedni g i lag
nIdenzEnuiuneAeiidug Miduni dladu
Tanwadwas wiamsldmsidnudlssinnasifiy
FNIWWANEAN  (Plasticizer) [1-3] Famsiduuds
waiwiuanased Seilindusuanode
Fawnday

ﬂ“aqﬂ'u gnutisinsamslinusanidu 2 1nia
wang fa waAslasuTiasIINAT (General Purpose
Polystyrene, GPPS) azudaudiilse uddinsinmn
sudamaus WaSouifisuiunanadnaiiana gly
219 IwAlanBau (Polyethylene), (PE) w3a Iwalw
sWau (Polypropylene), (PP) [4] Sauwadd la3usiia
(High
Polystyrene, HIPS) uazlanafiwassuuainadalaiu

WA LT% TRANWUITINTZUND Impact

wdenumitsiniudeznesutidauanulysouas

muunma"nﬁa"aﬁﬁmsﬂ?uﬂgoauu“ﬁmaowa
ﬁa'l.m?ud’m'lwa:v‘ioﬁtﬂumnﬁuLwiamnﬁmma
2.38auazisminaaay
2.1 IA0AVUATNINEN

WaRala3u LNTA General Purpose Polystyrene,
GPPS  %& GP150

(@w1ru) uazluazye (Castor wax nuTEninom

1nusEn laeaing e

v o o o . o o
sLnasaaud INA) HEUNUAUDAFIUAI A1IWN1

- o . a <
MINN1 UFIBATEIUNFUNAFANABNLMGTEY PS uae

Castor Wax
PS (phr) Castor Wax (phr)
100 0
100 5
100 10
100 15
100 20

MIYsguITIMIILIUIAINTINGATINT 1szdril w.a. 2558

6-7 FIMAY 2558 NIIUNWY

da o o |
mnasasiisinansuanluazyef 20 phr
a4 a e . v odoa P 1
wnzdaindandmlyasjefifiuundurilims
, et &
aauhdluacalu PS daoiaSasnauuuuaagnni
o a . v \
Wwldldenn dialvazvslananusanlaszoaniu
saannnazililnasanangnndsionludinnm
wnnrlimsasudhadmuguaandmwdulyldsn
o o a . v . &
Sedriadanaiunanagil 20 phr vt
- a 'Y a4 A
maassunmaanaanndaluLAIIAIed
& . o a
HIUWLILFEIZNNAY (Two Rolls Mill) Agmunnil 180
o v o a & -
asenradys unthwaadnaantnanlalieIow
& o P o X
ﬂumunﬂaaumumsaoamugﬂ(Compression
o a - o o e
molding ) Mol 200 aseiwafos lTusiduda
X o 2 ) o '
2uzf 150 kglom” AsANNATIEIL
2.2 mIassanaraanaanlg
&8 o a P .
FaiminvaInaadnaautndzning PS uaz
, d e . o & o
lvazvsndanauasuaasluamen 1 inmaey
a d e ' . Y a
NAUWAIRANABNUNGNOAINEINAII ) 8L1ATa
& o a
HANUUUFBIZNNAI(Two Rolls Mill) igann i 180
a & o a &
asuTaldos Mnuwihwaadnasuthadldiugl
o A4 o X . . 4
mmmaoaﬂ'ﬂuzﬂ(Compressmn Molding) 3nnu
dldiessuidudusnunasauaiuu1asgiunis
nasay lasnisitanzdant@nitsaiiuion
@aeinadiaDifferential Scanning Calorimetry(DSC)
nasauaNUAEING Mylensiautamanaigsla-
w1iinDynamic Mechanical Analysis(DMA) nagau
NUMENN MINATEANYANTIUNTUANANGI
o a o« .
1A3893aN33AUBLANATAULUUFBINIIA Scanning
Electron Microscopy (SEM)
2.3 aulianeanaian
FNIINAFOUFUTANIIAINTDUTDINAIFAN
aauthadaznig PS uaz luass daonafiadvined
P = il PR
suidoasunuilsuaaaiians 5] laswasoudatng
&, o ) d a .
nasaulszanm 5-15 mg NnwhaetsiiaIoula
stlunzuzegfifioy (Pan) uwdnildaian asn
P o a a
guwpiinInasaufl 30 - 180 °C  aaTuANTa
a o de
gunnd 10°C/min WasUATAsanNziln mw
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2.4 aNAIBINA

NIFaUMIMUNUNIILNgda (Flexural
Strength) @133 U ASTM D 790 Tagdunu
Nagauiinunu 3 mm n319 25 mm £717 80 mm
Tasmsnesauidluuuuna 3 i;ﬂﬁmmﬁ'mam”’mﬂ
'ﬁvm’m 1.3 mm/min @270812284 support span 80
mm

fNN1INARBUNIINWUTINATZUNN (Impact
Strength) AW31A331% ASTM D 256 Tasgunageuil
AURUI 3 mm AN 12.7 mm AW 63.5
mm lag'lidasunn Taglddau 2.0 J #unasen 3u
falilas clamp qumefaua:gnﬁﬁmﬁau&mﬁnmu
USIWIBY v‘imv\uuzwmqmﬁi'uﬁumaau 6]
2.5 MshansingAnIIumMsuaningIzasas
anssARdiAnasaRILLFINTIA

MIeTsiNgAnsIuMILaninLAies
qaﬂﬁﬁ\falﬁnmammuEia\‘lni‘m(Scanning Electron
Microscopy) (SEM) f%a JEOL 1 JSM-6510 Tagtia
FUWINUIINNIINATELNIINUUTINTZUND ¥ANT
WdaunasvsmAanuaninieanaziinsdnen
SneaeAuiamsuaninasdatng laglamaslui
15 Kv laglfiasuens 100 , 1000 i
2.6 Mmidanzviantianenaizslawidin (DMA)

nmsitanzhautantenaidslanadin
Dynamic Mechanical Analysis (DMA)dvf aPerkinelmer
31 DMA 8000 Tastaspudununasausl anunm 3
mm A274n379 10 mm A7 25 mm ¥inns
nﬂaauﬁqmﬂqﬁsmin 30 — 150 aseniraidoa las
l#lwuan1InaseuuLy Dual Cantilever Bending

3. uaua:"‘unﬂzﬁuammnaao

&
3.1 HANINARDUANTANIIANNITDH
ﬂ']i'}\‘lﬁ 2 auﬁaﬂ'\dﬂ?'\ﬂfﬂﬂ'ﬂBdwﬂ'laﬁnﬂﬂﬂﬂ'n?{i:“'hd

iode . . -
PS: 1'IJRZV.N YIEIG]‘S'IE’JHFI’N‘]GT’IHI.YIF]HF] DsC

PS+Castor Wax (phr) Tg ('c)
0 98.3
5 81.8
10 755
15 749
20 747

mﬂlf:’gu?:ﬂmnhuaw'anﬁugﬂmnmi 1szdril w.a. 2558
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PS+CASTOR WAX 20%
| M~ —
T. Castor Wax PS+CASTOR WAX 15%
749 — B
4

755. PS+CASTOR WAX 10%

PS+CASTOR WAX 5%

PS+CASTOR WAX 0%

% E) 100 10 180 180 200

Tepsthaare
Eﬂﬁ 1 maﬂuun‘iuuaﬂ\1ﬂuu'ﬁmam"lus’amjadwmaﬁnﬂau
112¢3en374 PS : Castor Wax

mnmﬂaﬁma:;‘ﬂﬁ 2 LEAIANLANIIANN
svawuaawmaﬁnﬂauﬂﬂﬁs:mNPSﬁ'u‘lma:vjq EF
winldindimsasusniuzasouta ﬁmagﬁ-‘m
98.3 - 74.7°C Sammawdsuanmuasouiinien
sanalaidnluazisadlunmil PS snnamen T,
289 PS agﬁ‘ 98.3°C Lﬁanau‘lﬂa:ﬁmdu PS #
U3 5 phr wudnen T, 818 °C Hafidnaans
mmfmﬂawau"l‘ua:wjam'lu PS fit5unm 10 15 waz
20 phr wuriie T, ddniszanm 75°C uazdadaing led
Frifaugnaaninludumiaderiudaduiinuas
aumpiiveaunmavasluasiy(T,) usasliduwinly
a:vjm]’w'lﬂtminﬂ"dag:aiaaiwnminmu?ﬁwm PS
F9vilnaoldues PS mﬁau"la”d']m‘fuﬁa‘mﬂn“ﬁ
L@enuny PS ﬁ'l.ti'lﬂ"uau'lma:'@q 7

3.2 HAMINAFDUANLALBING
321 WANIINAFALNITAIWNIBAIILNIID

Flexural Strength

& 8

8

Flexural Strength (MPa)
3 8

o

0 5 10 15 20

Castor wax (phr)

- . - .
2 smInasauM s unIumslnada (Flexural Strength)
PaIwaaAnAauLNAIzNINg PS : Castor Wax

4 '
mnaﬂ'n 2 nWLENY miﬁ'mmumﬂmm
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wuemMIswmMumslnssaiian 27 - 45 MPa 44
m'seﬁumums'[ﬁqaagaqmgﬁmﬂs:mm 45 MPa 7
USinaluazye 5 phr umﬂaw‘i'uﬂ?mm'lm:ﬁoﬁ 10
15 uaz 20 wuimsswmmsliseanas audey G
AsonanRanTie gl T, vawaa@n
aaundszwit Ps i lvass wufa T,za0ly
a:vjoau'wuﬁu'lﬁ‘i’mﬁauau"lma:wﬁoﬁ 10 15 uaz 20
phr ugaslwiAwimslglaazvaninnis 5 phr vilw
amsusniwaszning PS nu Tma:vjo vl

WIILIIAARS

3.2.2 HANINATILANAMUMUABUTINTZUNN

Impact Strength
100
£
5
540 -
&
S0
4
E
£,
0 5 10 15 20
Castor Wax (phr)

zﬂﬁ 3 AININAFALAUNUNIUABUIINTZUND (Izod impact
strength) Taswama@nAau1 A3z PS : Castor Wax
mnzﬂﬁ 3 NMWUEAIAIMIIATUMBUITINTZUNN
WUIEIMIA UM BLIINIEUND TaUseunm 45 —
70 J/m 'ﬁuﬂ"lmssT‘mmuu‘sons:tmnﬁﬂﬂ'ﬂgoqa aq'ﬁ
tszanm 70 J/m ﬁﬂ?mmmmauha:v‘iolu PS #5
phr wudrdmMsnuusanszunniflaifisuiu PS 0 dn
manuussnszunnRudwliann ueilﬂaw‘i'u'lma:ﬂaﬁ
13310 10 15 waz 20 phr WUIIFIMINULIINTZUND
ANRINNEIAL “ﬁomnmsgﬁ'num:é’zugm’muwaa
wasAnAaNLMGNINIERING PS fu 'l'ua:n"mamﬁ'o
Eﬂﬁ 4 wm'ﬁauuﬂnmaaﬂ?mm'lma:vjaﬁ 5 phr
311uuumw"nu.uuﬁws‘m:ﬁlﬁu'lﬁ'ﬁmaunh
a"mwthumaa'lma:vja 10 15 uaz 20 GeRuiifasu
Ingidusssuanuuunuisuuazdisesuaninuuy
wgm:tﬁnﬁaﬂ'fnaaﬂﬂa"aaﬁ'uwan'nﬁ'mn'muw

nicunn

Masven8 100t 83pL1810001vn

mﬂlf:’l'm?mmnhuaw'?mnﬁugﬂmnmi 1szdril w.a. 2558
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- - -~ a a '
Eﬂﬂ 4 ANBUSTUITUM tvaImmsAnAaNIANENTIRIN

PS:Castor Wax fifnas1£11100 4az1000 tri1

819

213



= < am =
3.3 panmsnadgauIlaTIen ﬂNUmﬂ'lﬁﬂﬂl.ﬁﬁ‘lﬁﬂ"l-

a
an DMA
6.00E+11
5 BO0E+11
& 4.00E+11 ——
2 3.00E+11
E
g 200811 \\
1.00E+11 N
0.00E+00

40.0 60.0 80.0 1000 120.0 1400

Temperature ('C )
e PS+CASTOR WAX 0 phr e PS +CASTOR WAX 5 phr
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