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Abstract

The photodegradation of polypropylene and polypropylene - ethylene random
copolymer with and without 0.1 % w/w inorganic pigments such as Cadmium Red , Titanium
dioxide and Ultramarine Blue has been studied. Physical and chemical properties of samples
before and after UV irradiation at various times were measured by DSC , FTIR and Tensile
Testing Machine. Carbonyl index which indicates oxidation reaction increased with increasing
time , on the other hand , tensile strength and elongation at break were decreased.

It has been found that polypropylene homopolymer shows faster degradation rate than
polypropylene - ethylene random copolymer. Cadmium Red and Titanium dioxide were found
to be the inhibitors in photodegradation reaction and Cadmium Red exhibits more protective

effect than Titanium dioxide. Ultramarine Blue accelerates the photodegradation reaction.
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Chain initiation '
Hydroperoxides POOH
Carbonyl compounds >C=0 A,hv free radicals

v

Catalyst residues (Ti...) Me Me” (P, PO, HO , POO)
Charge-transfer complexes
Chain propagation
P + 0, —> POO’ (1)
POO + PHH —> POOH + P ()

Chain branching

POOH Aorhv PO + OH (3a)
Me /Me

POOH + PH Aorhv PO + P + H,0 (3b)
MM

2 POOH A ohv POO + PO + H,0 C))
e

PO + PH > POH + P 5)

HO + PH > HO + P (6)

Chain termination

P+ P > P-P (7
P + POO >  POQP €]
POO + POO > POOP + O, (9a)
PO + POO > nonradical products + O, (9b)
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concentration extinction yield formation
( mol/1) coefficient E310nm (natural weathering)
(1mol em”) (mol/l)
Hydroperoxide
~ CH,C(CH,)CH,~ 5x10” (fiber) 04 1 ~5x10"
bon ‘o L
10 - 5x10 (fiber) (scission)
Ketone
~ CH(CH,)C(CH;)CH,CH(CH,) - <10’ 10 0.7(Norrish T) <10°
o]
<10’ 10 0.01 and 0.08 10°
- CH(CH,)C(CH,)CH, - 01 and b <
o} (Norrish I and
m
Catalyst residues as 10" -10” 10-1300 ~0.02 ~6x10°
TiOCL, Ti(OBu),
Charge-transfer complexes - - ~0.02 -—-1»:(10.ll
Polymer.....O, (photooxidation)
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o P
palnmsifailfifi3eendy Initiation uaz Propagation 134 Polyolefin 1184910
¥
C_hmmgphgm;ﬂjimmg]
Tnavajmsuedia ( Carbonyl )
Aliphatic lactone U@z Aldehydal sunsaganduuedans1liloaaiulng MNear

UV) saemuenmniuszana 280300 unluwas uazianisnszduain n- n lag
el wavaamssisulgnsoeendiadu laouas (Photooxidation) drovimiveiia
(Carbonyl) 924i@ 2 NFSUIUMSTHAN AD
. A ] o a =) o 9 a a
Norrish type I Ip¥ym5Uatia (Carbonyl) ganauueilinaeyyadase (Free
.4 A a 1 =y Y=Y Qs
radical) PONWIAEUMT  FeoyyadaIEH IAeLIAAfR3611155IWAD (Recombination) #30
a 1 ] . . ¥ = o anan [ a = ) o
e msmelouenels (Disproportiony  neufiszihugnsentumaeendnulauiiudivh
Iinadluoyyadass 18 liddn
h R . .
~ CHZ-I(II-CHf —— 5 ~CH,+ ﬁ-CI-I2~ %38 ~ CH,+ CO + CH,~
0 0
~CH, + 0, ——> ~CH,00

~CH,00+ PH ———> ~CH,O0H+P

¥ e
Norrish_type II uifindnyasiidlounsuunaiiueussaoy (y~carbon) ilelasiou
v b4 Qs P [ L4 a P=) -] [
szmonadtes 1 @1 lonymiveiia (Carbonyl) qanduuassziimsdazuiiugilimn

A . R a  a L4 ] asy a . =] a . 1
IMAGY (Six-member cyclic) IanaAnsauatiiungTodNin (Olefinic) uazduodn (Enolic) 88

ay 1 ny
H-—-O
b / N\
~ CHZ-CI—IZ-CHZ-ﬁ ~_Y o ~CH C- ___3CH=C- +-CH=CH,
N\ / |
o} CH,- CH, OH

CH,=C~ ______ CH,-ﬁ~
]
OH o}

INNTTUIUMIUUY Norrish type I 92T IdnBadualilueyyadasudes 1dns

o =Y & = ann Y a [] L7 '
Miveiia amansainalgnsonlioyyadaseaeld Asaums

\ bv . PH . .
)0 —> €O —> COH+P
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wydainlelasulosoonlad (Allyl hydroperoxide) 9zganduuesdansilalomndu
v ) ] ¥
Tna Far UV) Ainrwenndulszana 200 unTuwas Taony la Tasulefeen ladninayuly

’ 3 [ 4 13 a  w o A [ d’
ITHINYUADUNITAUAT 'IZTT!EﬁS‘lluzﬂﬂﬁﬂﬂ UN llﬂﬁ.lﬂﬂ\i‘u

Initiation PH A P+H

Propagation P +0, —> POO
POO +PH —> POH+P

—> P0,+0,

|

Termination 2PO0

—> 2P0 +0,

doldsumsnszdulaouas  wylaTasuloseenladez lieuyadassvesdanend

(Alkoxy) uazleasonda (Hydroxy) NiS5uifnsoeendatulasuade 11

POH ———> PO + OH

a o a o ) s 1
wodweiuazMapenFouauIafamstssnomddou (Complex) ludnuuzae

Touilyeq (Charge transfer) iiavy 1 Tasnlosoon lua aaes linszquidinaoyyadass

hv + -
PH+02 _— [P-H----- 02] _— [PH --02]

|

POOH PH P + H,O
o A
3 &
a ol a @ . . b3 a o
WO NMIUNTZUIUMINBAWS 151U (Polymerization) Tagl¥nzazaaa

. o o oo =1 ] é d' Q o @ (]
Zeigler-Natta 923 lanens uagtunaundony Hennezihnisniaesn (¥u Fe , Al uag
l& Q’ v Y 1] oy o\ ey
Ti dludy  GeFwderulanemaril  Matallic  impurity)  aunsataeldiiadfize
sonaatu laoaaluned loaWu Polyolefin) 11y

3+ - v 2+ .
Fe + OH  _ s Fe + OH
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H o d v a Y

maRsunlasveanedineimevdufnnszuiumsdesaaialaguas.
@ o a g a ¥ ° ‘3} a =

Mevdifinedwesinanszuiumsdesaais lasuaszi lvinanisalaeunlaini
1ail laun
1. inansvIareee 9 (Chain scission) H3BINANUBLIFOU 10 (Cross linking)
2. iimlnsereendadulasuas ( Photooxidation )
Tagvzin ldifa mymsueila , miuenda , leasenda uSe nlefeenlwdluned

I'd 1 Ya o A M a U [ ] =3 ann
L?JE]iu’ﬁZfNNﬁiﬁlﬂﬂﬂuﬁzt‘h’ﬂuiﬂiﬁiﬂlﬂﬂﬂ'li‘ﬂ'lﬂ‘llﬂ‘iﬂ'lﬂi“ﬁ uwaem'lsnmuﬂgnsm

]
@ A

a as [ﬂ a an o A a é’ o a =S ﬂ o
sandatu Inguasvzahal] nSemanimnavuluaansitieenaou  ulluaungiagy
-3 Y a ] o o
mimnanisdoeaaelunedes

= wa A [] I~ =4 . -1 d'
Msilagulaamniaming (9 ANULYWIIA (Tensile strength) , MITANYAVIA
(Elongation) 48 ANUUAAUITIABAIATEUNA (Impack strength) AABIBENUIN  TAgMNIZ

NAvBINDABT IzINAsoE DI INHaYDILAsdans 1 11 Toian

HaUBI3INIAG (Pigment) ABNIZUIUNITHBEAA B AEIAS
lumanisfmdasaimanaanszlinslddaliifoiuanuaisny  Taedimuag
Tfuga Tifnsdunuas e ueiisahdwant lsdenssuumsdssaaeTaoua
uﬁwaﬁ%zas,ﬂnﬂmmaeseﬁ’?mq (Pigment) Giﬂns:mumsciaaﬂmﬂmumﬁuf
1.uaAR 3 Y Photosensitizer
ZJlmeGT’JL‘ﬂu Ultraviolet screener #30 Ultraviolet absorber”
n13uerAdAaIiy Photosensitizer ¥9433R1 300
o nmseurIveINeAmeT NS I ngiuegiuTesesade Tui
1. SITuMAvINEaLET
2. guuuvewedwes wu duudy , Haduaz ey iludu
3. EHusnINABaNVBINEAIET
4. FITUMAVOIIIAY
5. anwiselvessiiag

6. YUINDYNN, qmsuazﬁssumﬁmm Surface treatment
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as ) ¥ as as = 4
Hedomariliiummuguiadosamuazanuioshvesiing  woBwesnwns

Y Ao a ~ = o o a ana a &4 ' dyd o
mlinsduesasuatesswuazmssudimanalgnseeengiaty  asmaiinesiinan

3 s o s P ) ~ Jo  SHdd ]
senudpAuiAveIsIIngdIe  mymamssinuiusudwavesseniaghliddenimies s
1] a o o LK ] -1 v ] o s :idd = []
Apueuaineimesih ldein usvens lsnawersnan @ seninghlidunaria 1w
Cadmium Yellow , Ultramarine Blue fa% Permanent Red 2B ludu  eunsouaasduiiy
aisaGuEesamaouas1d

) P

v 1 s { as o ar
nsAayInNiesladeumevessif Tngdumnezdnyuieadusinagdun

b= =

Qs 1) (] = -4

aedury finutlenlasenlad (Tio,) Taseslijundn 2 uuvAe Rutile unY Anatase  1ag
JUKEN Anatase 9z70¢hadeumitronszquidifanszuiumsdesaaelasuas  daunuy
Rutile 3l¥malunnassthy Ao minszuiunsdesaans laouae ueraedenn 2.4 &9

b 4 ] »
Al hdsuaezinaiuinves Tagmniu

CARBONYL INDEX x10°2

| ] | l
100 200 ~ 300 400 500 600 '
HOURS INXENOTEST-150

=
Eﬂ“ 24 Carbonyl. index versus time of irradiation in a Xenotest-150 for
polz'ethylcne coataining: +,n0 TiO,; A, anatase 2%; (], anatase | %; O, anatase
0-57: A, rutile27;; M. rutile 1 %; @, rutile 0-5%,. ’
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as .. o e a = a as d’
nalamsueaadauilyy Photosensitizer ¥8333IagH mufioyTnoonled uamalddall
=3 =4 (d’! s as P 1 a 9 as
szaouvasinuilonlasen ladio Idsunasaumes wxlimsawTousianaseulinuezney
a =2 o aaa ' o : a d s =2 @ 3/
yovonFnuFsigismetiudadulslasalesoenlad Fiemnsouandaldeyya
daszidlugaiSuduvesnszurumsdosaae Taoua
TiO, + O, ——> TiO, +0, @
1
O —> TO, + O,
M+HO— s TO, + HO + HOO
2HOO ——> H,0, + O,
OOH

RCH,CH=CHR + O,____5  RCH=CH-CHR'

as o o 9/ . = | s & .
msmemﬁjumﬂﬂmﬂumwm (Ultraviolet screener) #3IBAIAANAUUN (Lllgg‘ violet

absorber)
k] 9
asilinad lunaradnersm 1dlaemsnundeufinivennsenauduilwilo@en

fuwanadn  lugamwassusediagranevilanimuasannsouaasdaiiuainileaiuda
wi(Ultraviolet screener )1d  daedrasuimilonlaeonlad (zundn Anatase) , Fadl
o o
ponled Z00) , uunildouoenlad (Mgo) , unaiBoumivaiua (CaCo,) , AN UBIUA
(PH(CO,),) uazuuSouFaa(BasO,) ='§amsa:ﬁ'auumﬁ'amﬂ'ﬂasamjaasaﬁi’mqnwia:
wilaszfinnuuansmiusuy uunfliFouoenled (Mgo) , AaFsumiuoma (CaCo;) , Uy
L) as Y \ d' ]
Soudaria (Baso,) zaziounasldalusisniuenaiu 300400 wluwas  ud Zno
uaz Tio,ezazounas 1adesludnnusinauding
& = 9 s fo Ao A o
weanlSeueunusidingdun  swndaghlidslinnuannsalumsazvieu
[} 9 [ ]
ues UV lddnh dnfusidingesdedilSunannweiehezawnsogaduuas Uv 14
Taw1/517910 Internal scattering
& a Y . aa a o d' s é -~ o
anfleafudmi (Ultaviolet screener) fillilsz@niamunniigadinilsfomiven
a o ; ar a s
WUAN (Carbon black) uazlszaninmeziuegiu Usua,vuaeymauazmsnszatedly
dinan D infSunavesitinggeaztioilestuues ladudervsz dwwadoauiamaniy

[l g ¥
AWIATY  ANUUYMIIAY  (Tensile strength) HAZATUAINUADUIINTZUNA  (Impact

strength)
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¢ o o 3 & a
sansnanvinindluanilestufmih Iasunezlanueninsalumsesiouuers

a
o @

'
° [} J 3 - ] s o Aa A { * : o
duazanane Polyalkene AR ¥UAUANANNY B INGIIBNIHANdMyDnadanilsnfe

Process history FIAWNTNUAOU Activation spectrum voInadwes 14

Effect of pigments on the UV stability of unstabilized polypropylene

Pigment, 2% UV stability Screening power of pigments
protection power UV-visible absorption
of pigment spectra-absorbance (um)

300 325 350 375 400

Chromophthal Red 3B 1-0 043 029 0-10- 0-00 000
Natural 1-0 —_ - = = =
Quinacridone Magenta 1-0 1-00 072 049 018 O-14
Phthalocyanine Blue 35 0-34 069 079 049 0-03
Rutile titanium dioxide 2-25 092 097 101 109 1-12
Iron oxide Tan 325 0-29 030 032 0-33 035
Cadmium Yellow 20 0-36 036 036 036 036
Phthalocyanine Green 35 048 063 054 0-54 0-35
Chromium oxide 275 0-05 006 0-07 0-08 0-09
Mercadmium Red 275 0-26 026 0-26 026 0-26
Ultramarine Blue 1-75 0-01 001 0-01 0-01 001
Monarch 71 (Channel Black) 12:0 1-56 1:56 1-56 1-56 1-56

=}

Ml 2.4 nBwavessiiingroadusamde UV uag Visible Tunafinsonaun

Tunaumsasuadesam
o as Ay =4 ! a 4 ar P
nsANY INAVBIINIng Nl Ao Dus Mwdouasvawodes AWINN 24
o a 1 a a PNr-UIR a < 2

uARINAYBITIA IngriindaeilauneanseRaun i IdnmumsiaSuatosam  Fuiluwa
nnnauidlunsgaduuey  snmsenuhiianuduiuiszrhalfnunsgaduses

das o a U LY
vaesd ingfuauaunsolumsiniloanedives wu Samsuisuug  Janweunsaly
msgaduues Uv Mddmgauazldralumstlosiudiiqe  luvasissveunvaaiinru
aunsalumsgadunmqaiigauazlimalumstlosdngn  udnnwewnsolunisgaguues
= 'y ' = ety = ' a sy
isset s leunsafszniunuraifidem@osnnde UV voinedmes1a el

o =1 ] v

nluazgduuumImenmazlined

Cadmium Yellow 1{A% Cadmium Red HlumsiaSuadosnmiia  onnisdnywum

&

Cadmium Yellow HumsiaSuedosnmednseulunefonidunaziudamaidyTaveany

m3ueiia uaznylelasnleiesn ladlunedmes luseninnsawsid uv
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dninuoouANE  WITIDUNIMENTAN

UNnn 3

N15ILUAZNITANHUIIH

1. manilindluminaaes
1.1 diawaaAnweanseWaunusiyn HMC POLYMER Co,Lid
12 dianmadnwediwsolau - ientauusuaenlanefiesvnausin HMC
POLYMER Co,Ltd
13 S973NQUARGIENTA (Cadmium Red)
1.4 53039908AT WS UG (Ultramarine Blue)
1.5 saniagimidionlaoenleq (Titanium dioxide)
1.6 1IMuUda (Methanol)
2. qilnsal
2.1 !ﬂ?’ﬂ‘l BRABLENDER Plasti-corder PL 2100 :OHG DUISBURG
22 diaudvnaduiiguinas 2 v,
2.3 ATUATITOUVUIA 200 mesh
24 @Seuue

2.5 INTOIANAULLUGNLDA

2.6 1nsasdanmdou LP 20 - Labtech CoLtd.
27 ASPIMATBULTINY 30 KN : LLOYD

28 nSemageuauAMIAIMEEY DSC : Shimadzu Co.,Ltd
29 ndodlwnlsdlulasalny : Nikon

2.10 inFeeliidawmadn

211 yaldudeuunnieaTwals#lulnsalnl (HOT STAGE)
2.12 m?mﬁﬂ%‘i’ugﬂ?;mm Tensile Bar : CEAST
213 WinUUsanLToUTLIA 9x9x0.05 117

2 14 NS esuLIV IRz IV LA ADE

2.15 INFOUTAANNATAAIOAL ( Weatherometer)

2.16 inseiadwiins lna : CEAST

2.17 Fourier Transform Infrared Spectroscropy (FTIR)

2.18 ASEPIC BOX (?;T'E)“U uv) : OGAWA SE K CO..LTD
2.19 naoauad UV 93U 15 Wan : TOSHIBA

32030
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3. TUADUMIAUHUNY ,
= e s
3.1 IATEUTININY
E 4
3.2 IASONTUIIUAIDEN
33 deumdansiialoma

E 4
3.4 naasuaNlARIAAnduazAluaIFuUAIBE

Qs
4. IEmanaaeg
= g
4.1 mawieusIniag
o Lo = [ =y a =] ' 4
411 1hsfing uaadiowsa , damswisuug waz Anutlenlasenlea
1uadIe SIEVE ufl vinaidurigudnan 2 wu. TaolfinSesuanauuuugnuea
412 AAYUIAYEITIRINg IHLYLUIA 200 mesh AIvazUnsITOU
:i
42 memannzluniswauiimingey
A ¢
421 @F0UsUUAUADS

¥

dmsdguugiveunseway  Tavldgunglvazesnaniia Die d1aq
Mudlu 175, 180, 190 sssruwaiFoe uazgungiilulaudalanas 5 swnwadva 1wy W2
Die 175 °C Twufi 3 = 170 °C , Tarufi 2 = 165 °C, Tarudi 1 = 160°C uazldanudaangd
q fudly 10,20 30,40, 50, 60 sEUdBUT  TunsmauNewanzimunzayly
nsnau Tasliwmadnegluangudigalaslifamsdeuanw

422 wieidanudou

Fonanafnmin 40 3y Tdasluuiuinmnng 9 x 9 x 0.5 §id TMsSATY
pléeanuioulasifinfessannuiou Lp 201dqungilunsdadouduizs 180 , 185,
190°c nalumsdadeu 3, 4,5 i sazalunsndedu 3,4, 5wk s
TRindesgmanszaevesd  wazdonamaziifnsnsznedvesdii mivauefign  Tas
Hiantouiiqe

4.2 38anaaanii 1denmssannuoumagevautadinnudouves
wadnnaudaemies DSC deumsawsid Taol#sasnisidanudoudt 20 eem
waFeaaeud uazms 149asnsh 1diduda 20 esrnaFeadoui

- 91UA Tm UaZ Tc ]INNTIN

- 7 AHm uag aHe JaoldTusunsuduin lumses Dsc
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»

43 MIHATONIUNUAIOES
a =3 a a any =3 ! a [ o=
43.1 maseaulawanadnwodnseiiau  wilalslunedwesuaz Ianed
o o ar £'| o ar d’ S ar LA ar [

weitusiinglunseausuuauees naugasdiasii 4 Taolddandusidingde
o a o’ ar a A o o o
dawaadmily 0.1% Tasthwin guugdilueiesuswuauaes lvud 1 du 170°c, Tou

2@ 175°c, Toud 3 8y 180°C uazqamgiind die dlu 185 °C

] [ 4
A9 3.1 HABIGATMINAUTUNUAIBY

qag ’?l A Polypropylene T ifﬁﬂq
Titanium dioxide Ultramarine Blue Cadmium Red
1 6331 - - -
2 6331 X - -
3 6331 - X -
4 6331 - - X
5 SW555 - - -
6 SW555 X - -
7 SW555 - X -
8 SW555 - - X

KUBLAFH dianaafnyiia SW5s5 fis Wanaradn Polypropylene ¥1A Random copolymer

diawmadnwiia 6331 Ae Wanmadn Polypropylene ¥iia Homopolymer

a d' 9 & Jn’ ~1 3 o 3/ é v as
432 wanaani ldonnissusuuauwesna gy nduiudunsesluda
A& o (] a 3 A Vo A at =) s
Wehnsgeswaaan 2-3 a5y e liidanaraanduuialndifodu
o 3 n’ s [} 4" n’ & [)
433 fasvuzlFunudedalasiugdivowiu 2 wuy As wuuky
el lumsiins iz laemniln  Fourier Transform Infrared Spectrophotometry U8
} 4 ¥ [
YugalFuanuilugyl Tensile bar iitelFlunisnadey Tensie
4 . k4
Jusuduing Fuflawanadnmin 40 asu IFudumbndszauie 2 Sulasldly
winuimssaniudeudionsesdaniuiou Lr2o 1dqavgiilunsdadeu 190°c fu
b 4 t 4 v
a1 3 Wi miurasdudunm 3 uif Suiheenenuuy HFuuRRIUNISAAaTY

t d
UHUYUIA 4 x 2 U2
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-3 . v o a as as [ 1 a 4
YUz Tensile bar Fulawa@nniin 40 sy ldaslunsinuugdmvasueuia 9
k4 +
x9x0.5 hmssannuieudiuniodaniwudou Lr2o ldganglilumsdadou 190 °c
k4 i b 4
funm 3 wil waedu 3w huaunldnaadugl Tensile bar MuuATHIY

ASTM D 638 M

a s
44 MINWYINTDANIN l’J EQ&EGI

k4 v b d
yuuwaaaniuad o denelugen Uv  wazdimsnduduauyn
v i d
24 119 iNuFunudBd I marsUndInmonaaiiunm 0, 500, 1000 , 1500 uaz

2000 %1139

4.5 _nanaasuauiiamadldnduaziadl

4.5.1 psnageuauiAaNg AIATEINATBULIIAY ( LLOYD ) U1A 30

9 9 ’ 9
KN a1y ASTM D 638 M TagldFuauluudazgas 10 $u annizveuniomaneuidiudil

Load cell 30000.00 N

Test speed 50.000 mm/min
Grammage 1.0 g/m2
Cell class 0.5

[} b d
hwaft ldnnmsnageuindammeainginas il
Tensile strength (MPa)
% Elongation at Break (%)

13 b 4
452 prInagauaANundY TasFanimin luwmuea
¥ ] b 4 v v
Ao FuuTimAonnmsiugal Tensie bar Wuukuivioy Taoun
9 } 4 [} b 4 [} 9
axz;rm“l%'wqmmamﬂummﬂﬂan 1 U nsFaihmdniiudueulusmauazimiin

findusulugmuea  wan ldndamimanunuy

b 4 E 4
ANMPAUMUY = WNUNFUNUAIDEN * ANUAUWUUYDUUNIUDD

b 4 E 4 b 4 kd
@

nminFuUAIeEN - himinruanudiegais lunuea
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453 minagsumninminnuioudamisriamniamanuiou (DSC)
asimsIdanudoud 20 ssruraimoanoufl  uazdasimsildibu
o ci o + o
@M 20 emwalEvanewm
- 97UM Tm #ag Tc 1NANTN

- MU AHm uaz AHe Taold¥lasunsunmsdaalumies Dsc

45.4 msnageumdeiing InaduniesSadeting na
JdquugilumsvasumaimednsoRay - widulanefwesiuugy  Random
copolymer 14 175 desnuasaidive
¥ gung i lunisvasmvainedwseRauleTunadved
(Homopolymer) W 175 ssrniraidon
4.55 asAnumSevvnandnluudazgas Taol¥ndeslwanlsdlulase
Tnl Taolddasmsibudn 2 esswaidon / 1A mgungiilumsansdn ( Tc)
456 mavmlSinumsifalfisneendindudomaiinySens oy
dursusaaln Insiumns ( FTIR )
Anlughanundu 400 - 4000 cm  TaonfSouifoummuduveny
asveila  ( FRUAAY 1640 -1780 cm” ) ADUHATHAINITRNIONEN UV (agyiinisamuIm

#1191 Carbonyl Index (C.L)
CL = [log (100/%T)]/d *100

A sd & P s
4o %T = nlossuanisaoIniu

t d
d = ANUNUIVBIFUNY (Um)

A o s
4.5.7 MInaaeInNuFasnveId laglnasesiaad

Tt uiduMs s mdlouas UV idunm 400 93 Tueannieusa

ANTN(Weatherometer) Mnsdasdfiousuawesdnou Idsumssianm  anuuansia

(= [ =] a = *
YOI AILUIVBNDINNUHAUDIA(AE ab)
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UNN 4 .

~ d

HANTINAAIUATIVTIIY

vinmsauiiua InsnuiseAnudninavessesn ingetiunid (norganic pigment)
Titanium dioxide , Cadmium Red #@g Ultramarine Blue @onszuIunIstaseaae lasuasly
= v | 3 =Y ~ o =Y ~ o as acy
wioawowaunIvialalunodwes (6331) uazwia lanoAWBIUULLTUABNNLIBNTAY
A QU Qy s 1] :
(SW555) wumsalasunlatauifueaFunuaIsgly  NMIMIARLAZTNINITNTNATY
szaznan ldsumsnenasdansilalema 0, 500, 1000 , 1,500 4oL 2,000 $21U9 AN

mMIIveRane 1ali
o W d' ~
1. wamsivemistlagulasmanil

L1 wamsideAnmnmanidsunlasvenlSinamymivetia (Carbonyl Index
C.L)
a [} o a da ‘3 as as 1
Psmanimivedainaiunendinsasuasdansi i lemauaas1ddem
Carbonyl index (C.L) A281A584 FT-IR TagAwniansduazifiou (Vibration) ¥0Iuy
4 a o o o da % dd o [} 1 .. P =
AsvaNalaNuFURUTAuA NS IFuUANISTBIHIUYPWAY (% Transmittion)  TAVATAU
-1 1 ] a (] { o 3 a
1710 cm fl1 Carbonyl Index aNInUIVUBNdeTINUMTdasaaenatulunedmes
mnzdudumisidedensuanvesiuse Tassunalnuuy  Norish type I #ag Norrish
type I mamsINefAnuInsaouniasvestung Carbonyl index Haz FT-IR anlaasuy
o o o o . o 1
WBuaaa 3 lumamuin 0 wagarwduwusvealSunamsaounlavesn Carbonyl

. H ™ ar [ ¥
index AUTZOZIAM IasUNIeaIdans 11 lemauaas el



wnanstiiuenansianubidmsunslynuiensfinwiniu lueugalmilulayssleguaunis

lunnsdllagusdu Snvianudlvdaulasilon waznasendaduavetenarsynasaminisiiltule
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MNNIUANUFURNUTIENINAT Carbonyl index (C.L) NUIZEZNAN AT UNITAY
1 [} & = a ] o 'n a a 4? aan
way Uv wirtuldha cL  FulwsndulSnavesmimsvetiannavunnlgnaen
[ t 4 [] ¥ v
sonantu Jaouasluanzfiteondnuiumuiduaszeznaildsunsouasuv  lae
=Y = =Y 1 ar ‘:‘ lg
Tuneswsonauiials Tuneawes (6331) Tuwrldumsnlfeunlasednsimanuiuess
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R-555 R-6331
exposure time ] No. properties exposure time § No. properties
(hr.) stress at break | %E at break (hr.) stress at break | %E at break
(kgf/ mm) (%) (kgf/ mm). | swess at break

0 1 2.939 6484 0 1 3.872 817.8

2 2.754 687.1 2 4.103 673.5

3 2.955 665.6 3 4.075 779.2

4 3.107 596.7 4 3.658 821.7

5 2.893 6723 5 3.689 807.6

mean 2.922 652.8 mean 3.879 780

560 1 2.534 12.1 500 1 2.902 5.496

2 2.391 10.78 2 3.181 8.127

3 2.525 10.88 3 3.275 5.834

4 2.811 10.06 4 2912 5.033

5 2.589 10.98 5 3.087 6.693

mean 2.57 10.96 mean 3.071 6.237

1000 1 1.82 475 1000 1 2.537 4.042

2 1.661 5.032 2 2.639 5.086

3 1.731 4.369 3 2.018 3.471

4 1.79 4.74 4 2.297 5.195

5 1.693 4528 5 2.301 4.929

mean 1.739 4.684 mean 236 4.545

1500 1 1.279 3.973 1500 1 2.647 4.759

2 1.612 4.149 2 1.089 3.926

3 1.256 397 3 2302 5.229

4 1.485 4.397 4 2.86 4265

5 1.415 4.222 5 1.695 4.064

mean 1.409 4.142 mean 2.119 4.449

2000 1 1.016 3.26 2000 1 1.372 2.48

2 10117 1.794 2 1.552 2.169

3 1.249 3.538 3 0.879 1.557

4 0.964 2.731 4 0.707 2.373

5 0.651 1.604 5 0.724 1.497

mean 0.999 2.585 mean 1.047 2.015
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W-555 W-6331
exposure time ] No. properties exposure time | No. properties

(hr.) stress at break | %E at break (hr.) stress at break | %E at break

(kgf/ mm) (%)  (kgf/ mm) (%)

0 1 2.929 581.3 0 1 2715 536.4

2 2.896 603.4 2 2.81 540.1

3 2.835 562.5 3 2.676 505.1

4 3.107 611.2 4 2.862 571.6

5 2.876 549.1 5 2.637 542.5

mean 2911 581.5 mean 2.74 539.1

500 1 2.619 7.166 500 1 2.89 9.804

2 2.618 6.876 2 3.05 9.387

3 2.357 6.468 3 2.842 8.411

4 2.046 4.038 4 2.605 5.76

5 2.54 9.647 5 3.01 6.48

mean 2436 6.839 mean 2.879 7.968

1000 1 1.635 4.457 1000 1 2.388 5.36

2 1.78 4.546 2 2.053 4.678

3 1.831 4.405 3 2.03 4.773

4 1.625 4.36 4 2.458 5.067

5 1.577 4.837 5 2.263 4.937

mean 1.69 4.521 mean 2.238 4.963

1500 1 1.874 3.408 1500 1 1.941 4.037

2 1.825 5.008 2 2.676 5.14

3 1.935 2.93 3 2.029 5.107

4 1915 4937 4 2.096 4.85

5 1.842 2.627 5 2.107 4813

mean 1.879 3.782 mean 2.17 4.789

2000 1 1.192 3.229 2000 1 1.891 4.719

2 1.194 2.737 2 1.87 3.669

3 1.258 3.755 3 1.86 4.099

4 1.239 3.079 4 1.604 4.186

5 1.307 2799 5 1.726 5.127

mean 1.238 3.12 mean 1.79 4.36
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B-555 B-6331
exposure time { No. properties exposure time { No. properties

(hr.) stress at break | %E at break (hr.) stress at break | %E at break

(kegf/ mm) (%) (kgf/ mm) (%)

0 1 3.032 668.9 0 1 2.675 480

2 3.291 702.3 2 2816 457.8

3 3.438 698.7 3 3.807 465.1

4 3.016 639.2 4 2.593 521.3

5 3.197 7114 5 2.67 546.2

mean 3.195 683.7 mean 2.712 494.1

500 1 273 6.521 500 1 3.257 5.975

2 2.619 7.029 2 3352 6.353

3 2.702 7.858 3 3.326 6.555

4 2.627 6.018 4 3.307 7.192

5 2.619 5.878 5 3.354 6.346

mean 2.659 6.661 mean 3.319 6.484

1000 1 2.115 4.149 1600 1 1.982 3.226

2 1.846 4248 2 1.695 3.742

3 1.605 4.479 3 1.627 3.333

4 1.836 4.053 4 1.633 3.699

5 1.711 4.885 5 2.382 3.488

mean 1.823 4.363 mean 1.853 3.498

1500 1 1.545 3.648 1500 1 1.425 3.568

2 1.68 3.819 2 1.571 4.47

3 1.8 4.431 3 1.728 3.232

4 1.575 4.482 4 1.577 2919

5 1.459 4.485 . 5 1.572 2.904

mean 1.612 4.173 mean 1.575, 3.465

2000 1 0.9125 3.669 2000 1 1.152 2.117

2 1.178 3.148 2 0.9523 1.692

3 0.8938 2.861 3 0.7353 1.712

4 1.424 3.7 4 1.351 5.316

5 0.9821 2.18 5 1411 4322

mean 1.077 3.106 mean 1.12 3.032
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N-555 N-6331
exposure time | No. properties exposure time | No. properties

(hr.) stress at break | %E at break (hr.) stress at break { %E at break

(kgf/ mm) (%) (kgf/ mm) (%)

0 1 3.607 777.8 0 1 3.000 541.2

2 2.489 573.4 2 3.075 574.4

3 2.848 632.2 3 2.964 516.0

7 4 3.101 659.8 4 2.877 544.1

5 2.859 598.8 5 3.071 583.2

mean 2.980 648.4 mean 2.997 551.8

500 1 2.729 6.967 500 1 2.963 7.364

2 2.619 11.13 2 2.919 6.215

3 2.713 8.961 3 2.867 6.972

4 2.698 10.224 4 2.829 8.157

5 2.674 7.525 5 2.948 7.130

mean 2.687 8.901 mean 2.905 7.159

1000 1 1.303 2.611 1000 1 1.212 2.169

2 1.381 3.192 2 1.400 2.401

3 1.293 2.493 3 1.312 2.554

4 1.834 3.557 4 1.537 2.528

5 1.560 2.783 5 1.297 2.418

mean 1.474 2.927 mean 1.352 2414

1500 1 1.331 2.923 1500 1 1.636 1.901

2 1.089 3.047 2 0.547 1.873

3 1.502 2.894 3 0.652 2.005

4 1.325 3.166 4 0.721 1.984

5 1.687 1.761 5 0.642 1.892

mean 1.387 2.758 mean 0.64 1.931

2000 1 0.651 1.133 2000 1 1.503 1.275

2 1.000 2.051 2 1.542 1.527

3 1.167 2.215 3 1.855 1.336

4 1.000 1.347 4 1.241 1.241

5 1.000 1.707 5 1.759 1.358

mean 0.964 1.691 mean 1.580 1.387
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Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break

kgt kgf/mm2 mm % kgf kgf/mm? mm %

24.58 3.518 3.986 7.247 20.96 3.000 297.6 541.2

A Work E TersileBreakingStrength Sample Sample
Done Strangth Length @ Break Width Thick!?
% kgf-mm kgf/mm? kN/m km kN/m mm

mm
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A w.ozk E TensileBreakingStrength Sample Sample
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Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break .
kgf  kgf/mm? mm % kgf kgf/mm3 mm %
9.465 1.492 1.267 2.303 8.882 1.400 1.320 2.401
A Work B TensileBreakinﬁtréngth Sample Sample
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% kgf-mm kgf/mm? kN/m Jm kN/m mm mm
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Strain (%)
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Max Load Break Break Break
kgf kgf/mm? mm % kgf  kgf/mm? mm %
4.934 0.7220 0.8734 1.588 4.351 0.6366 1.045 1.901
A Work E TensileBreakingStrength Sample Sample

Done Strength Length @ Break wWidth Thick’

% kgf-mm kgf/mm? kN/m km kN/m mm
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Break Done Strength wWidth
kgf kgf/mm? mm % kgf-mm kgf/mm: kN/m mm
4.643 0.6646 0.7410 1.347 1.882 67.68 7.495 6.07500
Sample
Thick!
mm
1.15000

wednseiau - lenfaulanedmednvugubinayssding

Munsnsugsdaanlenn (UV) 2,000 Falug



102

SC.00.
!
10,00 i
|
I
1
- 3c.00 .
bl
o
b
o
-]
¢ 20.00 . )
H o wtor i
10.00 :
0.c00a.L: L :
0.0000 200.0 400.0 600.0 8[00.0 1000
Strain (%)
Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break
kg€ kgf /mm?* mm % kg€ kgf/mm? mm %
25.05 3.293 4,412 8.022 20.62 2,715 295.0 536.4
A Work E TensileBreakingStrength Sample Sample
Done Strength Length @ Break Width Thick!

% kgf-mm kgf/mm? kN/m e kN/m mm mm
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Break Done
kgf kgf/mm? % kgf /mm? % % kgf-mm kgf/mm?

26.37 3.106 5.023 3.010 5.235 1.162 60.68 73.90
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Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break
kgf  kgf/mm? mm % kgf kgf/mm? mm %
19.40 2.447 2.889 5.253 18.94 2.388 2.948 5.360
A Work B TaensileBreakingStrength Sample Sample
Done Strength Length @ Break Width Thick*
% kgf-mm kgf/mm* kN/m m kN/m mm

mm
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Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break

kgf kgf/mm? mm % kgf kgf/mm? mm %

14.26 1.926 2.302 4.186 13.56 1.831 2.423 4.405

A Work B TensileBreakingStrength Sample Sample

Done Strength Length @ Break width Thick'

% kgf-mm kgf/mm* kN/m I kN/m mm mm
-18.76 21.75 7.904 23.61 2409 22.45 5.92500 1.25000
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Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break
kgf kgf/mm3 mm % kgf kgf/mm? mm %
14.09 1.991 2.205 4.009 13.74 1.941 2.220 4.037
A Work B TensileBreakingStrength Sample Sample
Done Strength Length @ Break wWidth Thick*

% kgf-mm kgf/mm? kN/m km kN/m mm mm
0.6766 18.02 57.77 23.43 2391 22.85 5.90000 1.20000
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Max Load Break Break Break
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A Work E TensileBreakingStrength Sample Sample
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1.111 22.79 46.34 23.16 2363 22.40 6.02500 1.30000

weawseHau - lenBaulanslimednuugunansiningdansaniuug

umsnemesdansillean (UV) 1,000 Halua



Loaa (agr)

Loaa \ngrj

wednseau - tonfBulanedefuvugunaussiingSansuninug

50.00
40.001_ - - '
30.00 “
; 1 i
, i | f
20.00 5 ]: '
i 1 T
'z a |
; ;
i I
10.00 Pl ' :
e | !
i i
: I 1 |
0.0000. : ! : :
0.0000 2,000 4.000 6.000 8.000 10.00
Strain (%)
Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break
kgf kgf/mm? mm % kgf kgf/mm? mm %
14.06 1.743 1.756 3.193 13.94 1.728 1.778 3.232
A Work B TensileBreakingStrength Sample Sample
Done Strength Length @ Break Width Thick'
% kgf-mm kgf/mm? kN/m km kN/m mm mm
-2.197 11.25 31.84 23.07 2354 22.88 5.97500 1.35000

= aa a o d das = o/ <
neanseNauviialslunsdineinausiningdansiniuug

aumImanasdan letan (UV) 1,500 ¥3lua

33.30
~i0.00_§._ e e - - : [
3).00
20.00 ;
i i
: i
10.00. - : !
! i
i !
- : ‘
0.0000 L |
0.0000 2.000 4.000 6.000 8.000 10.00
strain (%)
Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break
kgf  kgf/mm? mm % kgf kgf/mm3 mm %
13.82 1.772 1.909 3.470 13.12 1.682 2.100 3.819
A Work B TensileBrehkinﬁtrengch Sample Sample
Done Strength Length @ Break Width Thick*

% kgf-mm kgf/mm?
17.99

0.8365

56.40

kN/m
22.59

km

2305

kN/m

mm
21.44 6.00000 1.

mm
30000

¥ (7] n'.!
AumImstadansalema (UV) 1,500 #3lua
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50.00
40.00 . - . - .. e e e
- 30.00-. - e e
L
m -
<
9 A
8 i
9 20,0041 «ommee e oA S S
1
10.00. e e e e _i_- ]
! o
0.0000 : _
0.0000 200.0 400.0 §00.0 800.0 1000
Strain (%)
Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break
kgf kgf/mm? mm % kgf  kgf/mm? mm %
27.74 3.888 449.3 816.8 27.63 3.872 449.8 817.8
A Work E TensileBreakingStrength Sample Sample
Done Strength Length @ Break Width Thick®
% kgf-mm kgf/mm? kN/m fem kN/m mm mm
809 .4 8713 46.35 46.71 4766 46.51 5.82500 1.22500

a acy ) a d dos a
weanseRauriialslunetiueinansninguaailielse

Nishumsmenasdani hleaa UV)

1000

50.00 : ——
H i
40.00 : . — ]
i ! N .
y ;
-~ 30.00 SR i —
g R
2 H
4 7
g ' ! |
g !
9 20.00 . _J
|
I
10,00 i
i | ‘
| | |
i !
0.0000 . I } P
0.0000 200.0 - 400.0 600.0 " Tgo0.0
Strain (%) : :
m R Ext @ Agt Load @ Stress @ Ext 2 At
., Max Load Break Break Bregqk '
kgf kgf/mm? oan % kgf  kgf/mm? mir; %
21.74 2.970 356.3 .. 647.8 21.51 2.939 356.6 648.4
A Work B TensileBreakingStrength Sawple Sa.mp: Pl
Done . Strength Length @ Break W:Lt:.lpth Thiek?
% kgf-mm kgf/mm3 kN/m km kN/m mm mm
-412.2 5563 0.2771 34.96 35687 34.58 ¢.10000 1.20000

a Ly ey
weansaiay - iensaulanedmesuuvugumaussdinguaaiioansa

[ ] .74
hirhwunisareuasdansllean V)
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20.00

Loaa \agrj;
T
K
\

-,

i
i
10.00-1 . . L _ i
i 7 E |
: !
; / : ;
0.0000_f. : o ‘ ) ’ il
0.0000 2.000 4.000 €.000 8.000 10.00
Strain (%)
Fm Rm Agt Stress @ At A Work B
Break Done
kgf kgf/mm? % kgf/mm? % % kgf-mm kgf/mm?

26.99 2.928 4.905 2.902 5.496 3.662 69.05 158.3

TensileBreaking Sample Sample
Strength Leagth Width Thick®
kN/m km mm mm

42.35 4322 6§.25000 1.47500

a an o o d das
wednseRduriialalumedeinaussninguaniiionsa

Aunsneuaedansihlema (UV) 500 319

50.00 -
40.00%, [ —
| 1 |
| | i
- 30.00- f
- | i
) 1
5 i
[+] .
g P T r—a i
3 T s T i i
! 71 !
1 e |
2 i
T , :
e |
: e ’
. ‘/ i H
i 7 ' ;
4.000 8.000 12.00 16.00 20.00
Strain (%)
Fm Rm Bxt @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break
kgf kgf/mm3 mm % kgf kgf/mn? mm %
23.12 2,756 4.660 8.473 21.25 2.534 6.656 12.10
A Work B TensileBreakingStrength Sample Sample
Done Strength Length @ Break Width Thick®
% kgf-mm kgf/mm? kN/m km kN/m mm mm

7.895 118.0 60.24 37.17 3793 34.17 6.10000 1.37500 -

=3 o s
weodnwsefdy - tenfaulanedefuuudunansen Inguaniiuuse

. o Y
WIUMIIEsaIdanT letan (UV) 500 Falua
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weanssiay - enSaulanedmesuvuguuanssdinguanaiiiusa

A Wozrk
Done

50.00 _
i i
40.00.).. ..
- 30.00_] — :
a X
o : :
L ! 1
o ‘ -t
o i
] 20.00_{77050 -
10.00 :
| !
1
|
0.0000 : :
0.0000 2.000 4.000 §.000 .000 10.00
sStrain (%)
Fm Rm Ext @ Agt Load @ Stress @ BExt @ At
Max Load Break Break Break
kgf kgf/mm? mm % kgf kgf/mm? oo %
21.08 2.733 2,213 4.023 19.57 2,537 2,223 4,042
A Work B TensileBteakin§tr:engch Sample Sample
Done Strength Length @ Break Width Thick!®
% kgf-mm kgf/mm? kN/m Jm kN/m mm mm
1.233 28,75 90.29 34.18 3488 31.72 6.05000 1,27500
a v o a d das <t
wedwseRdurilalslunedueinaussdinguaniiiousa
v a o
’Mumsmenasdanslleea UV) 1,000 Falus
50.00-. n
i
!
40,00l o e = e e —
3
- 30.00 ‘ e e e i+ e e
5 T ..
El | :
g :
] !
2 20.00 :
10.00 e ’
- | : :
| | i i
0.0000. Rl - i i
0.0000 2,000 4.000 6.000 .000 10.00
Strain (%)
Fm Rm Ext @ Agt Load @ Stress @ Bxt @ At
Max Load - Break Break Break
kgf kgf/mm3 mm % kgf kgf/mm? mm %
15.01 1.893 2.451 4.456 14.43 1.820 2.613 4.750

B TensileBreakingStrength Sample Sample
Strength Langth @ Break Width Thick!®
kN/m

% kgf-mm kgf/mm?

1.571 24.38

sumsaeuasdaas hlema (UV) 1,000 2luq

57.24

kN/m km
24.13 246

mm
3 23.20 6.10000 1.

mm
30000
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§0.00 -
|
40.00 . —e—
30:00
i i
i |
20.00 : :
: i
! !
i
10.00 . ‘ :
0.0000 ' . !
0.0000 2,000 4.000 §.000 d4.000 10.00
Strain (%)
Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break
kgf kgf/mm? mm % kgf kgf/mm? mm %
23.24 2.817 2.477 4.504 21.84 2.647 2.617 4.759
A Work B TensileBreakingStrength Sample Sample
Done Strength Length @ Break Width Thick'

% kgf-mm kgf/mm? kN/m km kN/m mm mm
-2.082 34.76 38.70 36.61 3735 34.40 6.22500 1.32500

d dos
neansefduviialalunedmeinaussninguaaiiionsa

MumImeuasdaanhlsma (UV) 1,500 2lue

50.00_
i
40,00 .
| ;
30.00_;
—T T
20,00 : ‘ :
' ~ T T
10.00. E
. H !
; |
0.0000 L i i
0.0000 2,000 4.000 6.000 8.000 10.00
Strain (%)
Fm Rm Ext @ Agt Load @ Stress @ Ext @ At
Max Load Break Break Break
kaf kgf/mm? mm % kgf kgf/mm? mm %
11.21 1.306 1.898 3.451 10.98 1.279 2.188 3.978
A Work B TensileBreakingStrength Sample Sample
Done Strength Length @ Break Width Thick'.
% kgf-mm kgf/mm?: kN/m km kN/m mm

mm
.42500

2.156 16.47 70.20__ 18.25 1863 17.87 6.02500 1
a a das
neansenay - iendaulanedmesuvuguumnisninguaniiouia

rumsasuasdaasihlsan (UV) 1,500 dalus
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PRO-FAX 6331
General-Purpose Polypropylene
With Improved Processability
Character:
-General-purpose Homopolymer resin
-Meet all requirements of the U.S. Food and Drug Administration as specified in the
Code of Federal Regurations, Titlee 21,Section 77.1520 ,covering safe use of Polyolefin
articles and components of articles intended for food contact uses .
-TSCA Registry: CAS # 9003-07-0
Suggested uses:
-Closures.
-Housewares.
-Toys.
-Games.
-Pillboxes .
-Containers.
Advantages:
-Reduced molding cycle time.
-Improved shrinkage control(minimal voids).
-Better see-through clarity.
-Improved processibility .
-Increased stiffness .
-Increased heat-deflection temperature.
-Protection from dust pickup.
Fabrication

-Equippent-ram-or screw-injection machines



Typical Resins properties(a) Pro-Fax6331 ASTM method(b)
Melt flow rate,g/10 min 12 D1238
Density, g/cni’ 0.903 D792A-2
Notched Izod Impact Strength 0.5 D256A
at 73'F,fi-Ibs/in
Tensile strength at Yield,Psi 5000 D638
Elongation at Yield, % 10 D638
Flexural Modulus, Psi 235000 D790B
Rockwell Hardness,R scale 97 D786A
Deflection Temperature at 66 205 D648
Psi, F
Environmental Stress- >500,n0 failure D1693

Cracking, hrs
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PRO-FAX SW555M
Super High Clarity Polypropylene
Random Copolymer Resin

Character :

-Clarified Random Copolymer Resin

-Base Polymer meet all requirements of the U.S. food and drug administration as
specified in the code of federal regulations , title 21 ,section 177.520(a)(3)(1) ,and (C)3.1 and 3.2
(a). All other ingredient used in PRO-FAX SW555M Resin meet their respective FDA regulation
and 21 CFR177.1520(b) . However due to the limitations of one ingredient , PRO-FAX SW555M
resin meets the FDA requirements covering the safe use of polyolefin articles and components of
article intended for food-contact use ,excepted for cooking applications .

-TSCA Registry, CAS #9010-79-1 .

Advantages:

-Excellent clarity .

-Good rigidity and impact registant for strong containers.

-Good surface finish and color .

-Dishwasher-safe .

-Improved resistance to yellowing.

-Microwavable(except for cooking).
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Typical Resins properties(a) Pro-Fax6331 ASTM method(b)
Melt flow rate,g/10 min 12 D1238
Density, g/om® 0.903 D792A-2
Notched Izod Impact Strength 0.6 D256A
at 73°F,ft-Ibs/in
Tensile strength at Yield,Psi 4000 D638
Elongation at Yield, % 13 D638
Flexural Modulus, Psi 170000 D790
Rockwell Hardness,R scale 88 D785A
Deflection Temperature at 66 177 D648
Psi, F
Environmental Stress- - D1693
Cracking, hrs




- Classification of Pigments

- azo lake —(mono azo0)—

{mono azo)-

organic |
pigment

— insoluble

(dis azo) —

B-naphthol range
L. f-oxy naphthoic acid range
L aceto acetic arylide range
naphthol AS range

B-naphthnl range
L aceto-acetic arylide range
pyrazolone range
L _naphthol AS range
— aceto-acetic arylide range

pyrazolone range

naphthol AS range

condensed azo (polyazo)

phthalocyanine

quinacridone

woindolinone

— polycyclic —|

dioxazine

perylene

perinone

thinindigo

b— anthraquinone

— anthrapyritnidine

indanthrone

b~ flavanthrone

r——-dihromn anthanthrone

pyranthrone

L—di«'hlum isoviolanthrone

pycroenline

fluoruhine

metal complex

quinophthalone

. .
| _ inorganic

acid dye or hasic dye

oxide

sulfide

silicate

pigment

ferrocyanide

rhromate

rachon

139

Brown
Violet
Blue
Green

ce

OO0

CO OO0

o

Q Q

Q0O

QOO 000

® 00000

Ce

®)

@ These colors can be offered by DI

QO Showing the type of chemical
structure of colors, that can not b
offered by DIC.
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NPIRI Raw Materials Data Handbook

Data Sheet 4-182 Volume 4—Pigments
Identity data !or principal component
Formuia &
Cotour Sonane C. L. Pigment White 6 composition | TiO2
Index  Congutution
romoes c. I. 77891 Ti0, 80 - 99.9%
Cormmon Titanium Dioxide, Anatase, Rutile (Al, $i, or Z2n)O 0-20
Oata
m’“ul O Oganc (B Inorgame [laablo [ 20a
Chomical Opaque White
wt:l?lon Titanium dioxide produced from ferrous ﬁm’%“’ 13463-67-7
ilmenite by the sulfate process or from index Name Titenium oxide (Ti0,)
rutile ore by the chloride process. Anatase
and rutile differ in crystal structure. Blay
be surfece treated with certain oxides.
Empirical I l
Hue White lorota (CAS) | ©2T1 MW,
Regulatory data
EPA Solid waste R CWA: Contact supplier
Regulated restrictions * pom Additional
constituents Titanium dioxide 80-100Z )~ " " o |NA Sons | regulatory chg'Azgzi mc;r;tzr;: : ixlxigmy.
{molecutar) See Protace snd Tebie A2 EPA Priotity concerns and other uses.
Controfling CWA PLSS-217 NA Reterences
gi”:wsfm Nuisance dust 15 mg/m | gEC Label 10 satety and Table B2, B3, B4, BS, B&
29 CFR 1910.1000 Owecuve 77/72vEEC  |NA * neaith data
Commerclal product data .
Entries represent data piled for dry po without resination or other surtace treatment. Data are
intended solaly as a ganeral guide. See manulacturers® literature lor properties ol specific praducts.
Typlcal spectral curves Physical data Fastness data*
le—geefe—g—] v ol " Specific Ana 3.8 - 4.1 Acid Hydrocniorie| . | OXyGen- Emny
I | tY|of gravity Rut 3,9 - 4.2 (#0=1 aoam N |ated | alenet N
A ! ] Solid dulk Ana 32 - 34 Lactie - lsc|vents p—
- aensity Rut 33 -35 aUSeu acid. 3% N | aceuate N
R Malting Acelic . Oietnylane
point 1800 c acd, 2% N giyear
Particie Cuoic,spheric,some rodlike Alkali Sodium ny- L) Memyl eyt |
L shape (rutile more closely packed) droxde. 2% | N | xatone N
Particle Aana 0.3 s o) Lacquer soie| .
A = Anatase Size, mean Rut 0.2 - 0.3 :ﬁc‘:' °::“|‘T ;: N ""c‘:‘g'c‘“ N
R = Autile 325-Mesh Water , | Other
retention 0.2 - 0.2 w>uu 20°C N ogp S | N
® Surtace —
:- area mifg 100°C N wsc] N
§ pH 6.5 - 10.5 (10% sumy) woribmson | N Soronms | N
3 Hidin £ Opaque’ O Sem o Hydro- i Paratin
? powefg = C opacue o czrbone sn-nm:l N wex 8eC | N
on Ana 18 - 30 Soxe
absorption Rut 16 - 48 wi/100 wt Xyiene N sandwich N
Color permanency®
20 Indaor Change at Max.
(Fadeometer) {r2-gons | N aun| N e oL 250 nrs (fu) 250 hrs fint)
Qutdoor :
(Florida 45°S) | amawre | N m| N wmfe| >12 mesa) | >12 )
Baking Change
0 (Tin piate) Srcnen| N | N @n ey > 250 ‘cl1n >250 ¢ (307
400 500 600 700 o Xey 10 lasiness and permanency ra mn—nm«rmzms—wgnm—amn -mmg: vary 8y source. Key to
Wavelength, nm permanency falkaes: F—iades; D—deskens; L—iosee ploss; B- Diser; G- grayeror Z~—~brortes.
Other data
Spectral cutves are provided Refractive index 2.76 (rutile), 2.55 (anatase). Hardness 8- 7§ moh (rutile);, 5-8 (anataseﬁ
for qualitetiva color descrig- Most important opaque white pigment in current use. lnert, soluble only in hot conc.
ten °ﬂ‘§;"4 are nat 1o be sulfurie and hydrofluoric acids. Specifications.are given in ASTM D-476, Aveilable in
interpreted as specifications. numercus grades with improved chalk resistance, dispersibility or other properties.
Applications data
Paints (55%). Paper (20%). Printing inks, Anatase: Lesser opacity.
Maljor Many other industrial applications. Artists' Majoe Rutile: Abrasiveness. Yellowish undertone.
usage calors. weaknessas
Avalilable physical forms
Number of , who supply the following grades Total
Anata T Rut R companies
se (Type I) ucile (Types II, III, I¥) : st 15 ghven
Uncoated l Coacad Slurries Uncoaced Coaced Slurries in Appendix
s | 5 3 3 8 6 10
The Information given on this Date Sheet was piled Irom J d reliable;

howevey, usurs are advised 10 test and analyze the pigment for specific appiications.



PIGMENT NAME :

CHEMICAL FORMULA
COLOR INDEH :

CAS N*:

EINCS N* :

DENSITY :

(IS0 7287/10)

APPARENT DENSITY ¢

(1s6 287/11)

OIL ABSORPTION :

(IS0 787/5)

MOISTURE CONTENT :

(150 787/2)

SIEUE RESIDUE (45 n) 325 mesh ;
(10 782/

RESISTANCE TO :

- ACID

- RLKALI
IVEATHERABILITY ;

LIGHTFASTNESS :
- MASSTONE
- TINT
BLEED IN:
- WATER
. = SOLUENTS
THERMAL STABILITY :

HERUY METALS ANALYSIS :

- CADMIUM
- SELENIUM <0,01%
- BARIUM < 0,01 %

coLoun DATA

<0,01 %

142

TECHNICAL DATA SHEET

CADMIUM PIGMENT LANGDOPEC RED 37

CADMIUM SULFOSELENIDE
C.l. 77202/ RED 108
58339-34-7

261-2181

from 5,0 to 5,5 g/cm3
from 0,8 to 0,95 g/cm3

from 16 to 25 mi/100g

0,5 % max.

0,5 % max.

Good

Excellent

Uery good

Excellent

Good

None

None

< 600°C.
~ ANTIMONY <0,001 7%
- ARSENIC < 0,0001 %
- LEAD < 0,001 %
- CHROM IUM < 0,000t %
- MERCURY < 0,0001 %

ILLUMINANT D65, 10°, SPECULAR EXCLUDED

MASS TONE (0,4% IN LOPE)

TINT TONE (0,1% PIGMENT - 0,4% Ti02 in LDPE)

COLOUR STRENGTH

A E<1,5CIELAB

4 E<1,0CIELRB

‘2 2%

(/APPROVED STANDARD)
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NPIR! Raw Materials Data Handbook

Data Sheet  4-124 Volume 4—~Pigments
Idantity data for principal component
Ge Formula & .
Colour it C. 1. Pigment Red 108 composition | CdS*XxCdSe
Index  Congttution C. 1. 77202 Light red Maroon
Common Pure Cadmium Red, cas 65-87% 35-51%
names Cadmium Sulfoselenide Red
— Sata J = Cdse 13-33 48-65
type D Owanic 8@ morgane table Other 0-2 0-2
cchl.:ual Cadmijum
oo
o oan Calcined co-precipitate (solid solution) of | wamtee? ™Y | 58339-34-7
cadmjum sulfide and cadinjum selenide. C.l. Pigment Red 108
Hue becomes redder with increasing CdSe
and degree of caleination. Orange grades
are P .Orange 20,
Empiricai
Hue Yellowish red to maroon |omur;l:a(CAS) lM'w' l
Regulatory data
EPA Solid w,
Regulated Cadmijum 61-69 testrictions aste Cadmium 1 oom Additional Cd and Se do not
constituents Selenium 5-24 % RCRA-40 CFR 261,24 Selenium 1 @ ph S | regulatory comply with ANSI Z66.1,
(molecular) See Protace and Tavis A2 gzﬁuf::“:;“y Cadmium- concerns
Controlling CWA PL 95-217 Selenium Ref
OSHA Standard Cadmium 0.2 . Table B2, B5, B6, BS
my/m! | EEC Label lo satety and , BS, B6,
; n:} wa Cd(celling) 0.6 ovectres T7728iEze. | Cadmium 0.1 = heaith data
COmmerclal product data B
Entries represent data iled for dry po sination or other surtace treatment. Data are
intended solely as a general guide. See manulacturers’ literature for properties ol specific products.
Typlcal spectral curves Physical data Fastness data*
. Soecific Acid 0 en~
v ' B : <] }vloi R gravity 4.2 - 5.3 (H0m 1) acrd, St A' xyg El':;‘nol N

100 - - Sotid buik Sonents
density 35.0 - 44.1  qausqu e | N e | N
Metlting Aceuc . Diathyiene

! / point c acd. 2% N giyce N
Particle Alkaii .

80 . shaoe -~ ol o A
Parucie mucro- Sodwm car-{ Lacguer sol-|
size. mean 1.0 meters ponate, $% | N vent, DCMA

. 325-Mesh Water Other
; tetantion 0.1 - 0.5 %>4n N oo X | N
& &0 Surface
§ / area mirg 100°C 175°C
Proc lats
§ 8% Timt pH 6 - 1.5 (10% siuny) mau.:w ?";um N
F — Hidin Ossgue - 0-  riners araffin
é © powerg £ Dxu Gm Z‘;’fm wirml N :u.wc N
oit . Soap i
avsorption 12 - 32 wt/100 wi Xylone N sandwich
Color permanency*

2 Incoor Change at Maz GF
(Fadeometer) | 72-50nes N | N mng]rol 500 hes (lust) 200 hrs {tint)
Outgoor (a)

Fut srength (Fiorida 45°S) | Tmaws | N gun{ A gmlia| 12-18°  mosqun 6-85F  mosqum)
— Oen Baking Change at Max,
° ] (Tin piate) 1socaocr) N (sy] N @oy ol | > 500 € (10) 500 °C (307
40 500 800 700 « Key (0 lastness and permanency ralings: N—nog bieed or S—sglight; A *—ratings vary Dy source. Key o
Wavsiength, nw permenency laitures; F—180% D—~0arkens; L—-ictes GiOSK: G-—1ams Diset; G-—{UmS Qrayer of preener; Y——Ramt yellower; 7—ronass.
Other data
Spectral curves are provided Unique combination of properties: bright, clean, intense colorg of high hiding power,
for qualitative coior descrip- excellent stability to alkali, solvents, heat and light (with P.Red 113, most lightfast
tien onfy and are not lo be pigments in their shade range). Lightfastness requires protection from moisture.
interpreted &s spactfications. a-Specimens for outdoor tests were prepared with moisture-barrier vehicle.
Applications data
) Plastics (85). Artists' colors. Ceramics. Fades in presence of light and moisture, lighter
Major Baked enamels, Righly durable industrial Major colors and tints being more susceptible.
usage finishes and opaque printing inks. Rubber weaknessas Sensitive to mineral acids. Discolored by lead
goods, leather goods, coated fabrics, and other dark-sulfide producing metals.
Avaiiable physical forms —
Number of manutacturers who supply the following grades Total
Dry {uil strength Dry reduced wet Ltj:ﬂ:lm
Ne. :-:':::‘o Resinated Special suriace Lake (Al) wi :Egt;_:fyc:s e Presscake Flushes and In Appendix
9 2 1 1 10

The intormation grven on this Data Sheet was

from 36

however, users are advisad (0 test and analyze tne pigment lor specific applleuuons.



TECHNICAL DATA SHEET

Ultramarine Blue Grade 21

IDENTITY , _ N
Chemical . - Sodium Alumino Sulphosilicate
C.AS. No. - 57455-37-5
Colour Index No. - PIGMENT BLUE 29:.77007.
SPECIFICATION .
Colour - (reduced with TiO, in oil against standard)

DL - + 0.3 CiELAB max

DH - + 1.0 CIELAB max

DC - + 1.3 CIELAB max

DE - 3.0 FMC H UNITS max
MATTER volatile at 105C 1.5% max
Woater Soluble matter 1.0% max
Sieve residue (456 pm) 0.1% max
TYPICAL DATA
Tinting strength - 145

Chromaticity values x 0.164 Y 59%
(mass tone) y 0.088

Specific gravity - 2.35

Tap density {g/cm?) - 0.53

Out absorbtion (%) - 30

Mean particle size (pum) - 1.7
Cube’ {for shippinglim3) - 1.699
Free sulphur - 0.5% max

Heavy metals content :- .
Typical Content {p.p.m.}

Pb Cd Cr Co Cu H As Ni Se
Total content 17 <05 12 <9 20 <1 <3 6 <1

FASTNESS PROPERTIES
Heat {pigment in air) greater than 350°C
Light {(xenon lamp and daylight)
mass tone - excellent ; 7/8 (woolscale)
reduced shade - excellent ; 7/8

’ - Poor
- Good

Acids
Alkalis

HEALTH AND SAFETY .

Ulramarine is one of the safest pigments available to industry.
Acute oral toxicity {LD 50 rats) - greater than 10.000 mg/kg
Skin irritation - non irritant, non sensitizing
Eye irritation - none .

Threshold limit value - 10 mg/m3 total dust

" STORAGE, STABILITY AND HANDLING

Transport and storage
Incompatible substances
Hazardous decomposition products
Protective and special measures
Action after spillage .

do not store near acids

acids

hydrogen sulphide released with acid contact
none; avoid excessive dust

c[ean quickly; avoid flushing large quantities.
Dispose according to local regulations

LI S T T 3

Regulations
Cosmetics

Conforms to the following regulations:

EEC - EEC Directive 76/768 EEC of 27 July 1976 and all subsequent amendments, listed
in Annex 3 part 2

USA. - Fedt_aral Regulations, Title 21, 73.2725.
Other Countries - Conforms to regulations in most countries of the world.

Toys, artists material etc

Conforms to the following regulations: )

EEC - Draft Directive Safety of Toys ENV/9/79. Proposed CEN standard EN 71 safety o
Toys Part 3.

U.S..A. - The America~n Standard Specification to minimise Hazards to Children from
Residual Surface Coating materials. :

Also, Federal. Register 42 (170) 44193-44201 (1977).
Other countries - Conforms to regulations in most countries of the world.

FOOD CONTACT PLASTICS

Conforms to regulations in most countries of the world.
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NPIR! Raw Materials Data Handbook

Data Sheet  4-24 Yolume 4—Pigments
Identity data for principal component
: Formuia &
Colour "ame C. 1. Pigment Blue 29 composition Nﬂe_sAlﬁsisozqsz_4
index  congmunon
* umber c. 1. 77007

,,,: m,,;' Ultramarine Blue, Laundry Blue
ghpe! ! JOranic [ Inorganic a.b‘I: ' 16¢c
S;au Silicate
S::c",‘,;"m Sodium sulfosilicate prepared from lapis ﬁﬁf‘;?g"w 57455-37-5

Jazuli ore or synthetically by calcining C.l1. Pigment Blue 29

white clay, soda ash and other appropriate

materials, Violet grades are P.Violet 15.
Hue Bright blue (light, medium and dark) e oAS) [mw. | s16-1028

Regulatory data
EPA Solid waste

Regulaty ict . . Additional FDA permits use in
constituents None ;?:,'ﬂ:g,sn sz |NA mgp“, gulatory certain food and
{molecutar) See Praface and Taie AZ EPA Priority concerns cosmetics,
Controlirg CWA PL 95217 NA Rel
g:;ﬂ:wswm Nujsance dust 15 mgim® | Exc Lapel 10 saloty and Table B2
2 CFR ‘:': 1000 Dreciive 77/720/EEC NA % health data

Commercial product data

Entries raprasent data comoiled lor dry powdars without resination or other surface treatment. Data are
intended soleiy as a general guide. See manutacturers' literature tor properties of specific products.,

Typlcal spectral curves Physical data Fastness data*
o _ Specific Acid » i [e) Eh
v —8 g 1Y °]I gravity 2,3 - 2.4 (H0=1) acu, 5% A |ated merhcl N
0or— T Solig bulk = solvents -~
i aensity 19.1 - 20.0 19/US gal . I A acetate | N
ZaTm | Melung Acehe Diethyisne
i point c acd, 2% A glycoi N
. Particl SoawT hy-
m[\ s,,a,f;“ Cubic (zeolite structure) Alkall aonos. 2 | N Yetone | N
Particie Light 0.5 - 1.0 i - -
size. mean | Dark 3.0 - 5.0 Mmoo Sonsra. 50 | N vom. DA | N
325-Mesh Water Other
retention %> dép s N pop S | N
2 ® Surtace
< \/ area mig 100C 7se)
.g. Process Olls, tats
] pH {10% sivrry) sterillzation 4 greases
3 Hiding z Semi- T Hydro-  ainem Parafiin
e ] powet fnom‘{;ra opaque & Tnes carbons  spuns N wezscC | N
on Soap
absorotion 28 - 31 wi/100 wt Xylane N sangwicn N
Color permanency”
W Indcor on
{Fadeometer) | 72-60ms N g N um gy > 240 s (tuil) > 240 hes (ting)
Outdoor Changs
Pt atrengtn (Florida 45°S) 12 memne ftl) dint) o mos (ull} mos (tint)
/\ Baking Change at ax.
o _J] (Tin plate) 150c@er) N as9] N po > 300- ‘CON > 300 °C {30
500 &0 o Key 10 fastness and permenency ralings: N—no thore S—alight; A B source, Key ©
Wavelengtn, am ':mn:wrumﬂlbmo—nmmL—um“ g dksr; G- grayer or or —'Y.-':TMM" 2—brontet
Other data
Spectral ctves are provided Oldest and most brilliant of blue pigments; outstanding heat and lightfastness.
:9f aua:lyﬂm gO:. ::::lig; Color can be varied by contral of composition and particle size.
ion on .
ntaroroned 3 specifications, Reacts with metals to form sulfides, turns white 3n presence of calcium fons.
Applications data —
. Toning of hi-bake white enamels and plastics Low tinting strength {use in inks replaced by
Major to counteract yellowing on heating. Artists' Major Phthalo Blue (P.Blue 13'a3)]. Very poor acid
usage colors. Permanent printing inks. Cosmetics. weaknessas resistance. Discolored by metal sulfides,
Roofing. alkaline calcium jons. —
Avallable physical forms —
Numbet of manulaciurers who supply the following grades ) Toul
full stren Wet companies
No surluce o : = Special surtace oy e Flushes and u‘,’a" ';;f'x'
. lreatman Resinated treatment Lake {Al) Extended Pr k dispersians " ppaj
4 4 —
The intormatian given on th:s Data Sheet was ilod trom d reli

however, usars are advisec to test and analyze the pigment for specific applications.
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—> *CH; + —CHyCH— —2» —CHL— (a)
H
CHy CH,
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——» — CH,-C—+ H- —_— *CH{‘:—— (b)
00-
-ra
A B U R TR
— - » —C-CH-C- + H- .CH-C —
H—ICH,- r G I 1.?
H H u H 0, H
n
-Isotactic polypropylene
(Ha o (H,00 -
> ~CHyCH- + H- — 3 — CH,-CH — (d)
CH; CH, o H; CH;
L > —C-CH, + *C-CH, —%» —CH.CH,00- + 100 (-CH,~
F G
H H H
(e) N

Scheme 1. Several radical species possibly generated from polypropylene upon y-irradiation.
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CH;
| H- transfer | I
> —CHyC-CH— (@)
OH
S G -
“CHp;-C-CHy— ——» —CH,-C-CHy— -l cH, | > —CHz-F-CH: + CHy— O
|
OH Q
Tertiary hydroperoxide
Methyl ketone
-1y | .
> —CHz-ﬁ~CH2—~‘ + CHy (0
(o}
Ketone

Muain reaction

Scheme 1. Thermal decomposition of hydroperoxides via B-scission.
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Cl}l:)al interphase
R.W

Radical migration
to
crystal surface

R+ : Re
R* R+ Re R* R+ Re
R R R'/\/ R* R+ R-
Re Re 0, R+ R-
R R R 0, Re
0, R
Re q/o/-‘ R Re
. o R:
R ROO* ! R
R* ‘R
0,
R R R-
i
Re -CH
Re 0, ‘R R
R R
R‘/():\/

Peroxy radical
formation at
crystal surface

Chain scission

A model for radical migration from the interior

to the surface of crystal phase.
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fHy  CH

— CH-CH,-CH-CH;—

Isotactic polypropylene

Ecission reaction ]

i

—CHy(-CH,~ —CHy-C-CH=CH~
Y -ray CH:q CHJ
»
T Alkyl Allyl

electron beam —-—CHZ-IC(—CH=CH),,—-

CH;

Polyenyl

F)xidative chain scission ]

PH
(Polyme/ )

Hy CHy P
—~$-CH2-IC-CH2——
OOH OOH

g

carbonyl compound

O, vacuum  or Argonor N,

[Crusslinking reaction T

Scheme 1. Radiation chemical reaction pathways of polypropylene.
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