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ABSTRACT

In this research work, wood plastic composites (WPCS) with flame retardancy were
studied. The WPCs were made from polypropylene (PP) and coconut coir fibers (20-50 mesh)
(50:50 weight ratio). Both types and % loadings of flame retardants were investigated including
aluminium hydroxide (ATH) at 30 — 60 part per hundreds of polymer (php), magnesium
hydroxide (MGH) at 30 — 60 php, phosphate compound (Phosphate) at 20 — 30 php and zinc
borate (ZnB) at 4 — 10 php. Synergistic effect of flame retardant was also studied. WPC samples
were compounded by two-roll mill and then shaped by compression molding machine.
Horizontal burning test was used to evaluate flame retardant property. Mechanical, physical,
thermal and morphological properties of the WPCs were also characterized. It was found that
burning rates of WPCs were reduced as the flame retardant loading was increased. However, at
the maximum loading of each flame retardant, self — extinguishing property of the WPCs cannot
be achieved. 60 php ATH, 60 php MGH, 25 php Phosphate and 10 php ZnB seemed to be the
optimum loading of each flame retardant yielding a decrease in burning rate from 1.114 in/min to
0.685, 0.634, 0.491 and 0.873 in/min (or 35.8, 43.1, 55.9 and 21.6 % decrease in burning rate),
respectively. In the study of synergistic effect, it was found that ATH 60 php mixed with ZnB 10
php showed the least burning rate (i.e. 0.483 in/min or 56.6 % decrease in burning rate). As
expected, addition of each flame retardant yielded a decrease in flexural strength, but increase in
flexural modulus, hardness and density of WPCs. Degree of crystallinity of PP in WPCs was
decreased when the flame retardants were incorporated. From SEM micrographs, flame

retardants were dispersed well in the WPCs.
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2.3.2 auduluasuuse (Fiber reinforcement)
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(Sheet) 118 (Tube) 110U (Rod) HaHSY (Film) iurenwadavlasil

1.1 n15t Ivfuuaueu (Horizontal Buming Test) [21]

s Induuuioueuniedi « o v dwSindwiiqa Taviume
waradnezgnaneglumnulastmedwmnilgnda’ld dmaraanifeeldernsaongs
&ronzunswazdnzfonuiduaneglfilnwdadumils Swaradnlide Tlegseauh
“laiifamswn il (Non-burning)” Bmadniaindesiasasmsiania I lumiaviis
downit uazswanuwaiiy “Sasmsin nsd (Rate of buming)” S1Aa Iifivensamaudmgn

gxwaniy “anunsodudfunues (Self-extinguishing)” HazswMsTIZNMIeNIgRIH vl

2. o . 2 o
duiia FeTaqniinaumunisondt 0.918 17 wzgniumnldegluis oaH-B
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WIRE GAUZE

ULS4 FIG 2.1
HORIZONTAL BURNING TEST FOR 34HB CLASSIFICATION

A [ o o jod
11221 dnvazmssagunseidimiumanaaeunisenlnuuuuuaueul21]

)4
1.2 M mfusHnanNuR (Surface Burning Test)

9 ]
mswn vsusaatuns Widiamsnaasunviinmslddas e uiusine

¥ y

AuRIveITuUNaael uaafie1sandeszesnarlunism Indiazavln 1ddedueq
S a o @ d' a 9 1 é ) 9 a -}
suBeRNIAIsnYMzNIMeaMdsnnnantsenlull 1w dierhmawn ludezifaguse

] 1 a J g = Qy d& g 1
FoshufrtuyuuAYBFuTUNATaLFITHIzlioy 21szian Ao 94-5VA ilag 94-5VB

v
1.3 MSHT InEULUUIAY (Vertical Burning Test)[22]

9 o’: ﬂ a o ) ' ' A
ﬂ15!N11ﬂNl!ﬂU!lu')ﬂﬂl u'Jﬁﬂ'liﬂﬂﬁﬂﬂﬂuﬂui%ﬂuﬂﬂ’lﬂuﬂﬁﬂﬂ'lU HUBIVN

4 1 1 o = 1 = = by 1 é
duSiaae idudeu nazawnsolszdiuna ldetrslidsedninn Sondug 1194V > &9

k4
o _a

wseenily 3 Uszinnie 94-vo, 94-v1  uaz94-v2  Tashnmsihduanunagouniivuia

2 2 > & a d do 2
v i x5 12 yelundsladwmilsgatada 13 eimiumindar Iiuumduau

|
naaou Taviidulethes (Cotton) MsBemWefny1Bem w1 Indiiuuvien (Drips buring)

Y] a : 1 0 [ A: :id (- 9y A v
YBIITAUVNYUA uﬂﬂ'mﬂj‘]fuﬂuﬂﬁﬁﬂ‘lj‘ﬂﬂﬁﬂ‘ﬂﬂlz‘ﬂ14%811"Jﬁﬂﬂﬂﬂﬂﬂnﬁﬂ‘ﬂﬂlz
1) =) v v ad lﬂy P A’ : & ° Y
IFULAYINUNUIT 94-V !lﬂ‘]ﬂN‘Iuﬂﬂﬁﬂﬂﬁﬂﬂﬂ’l@ﬂﬁ&’ﬂ‘ﬂﬂTﬂ 8 U x 2 U PIWUINIWIU

] o Ay
awnauiuginsniie Taslivnaduriuguinarsdszana % i fle msw Induuy

9y
1UU2AIYBIIAAL (Thin material vertical burning test, 94-VTM)
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SPECIMEN 5.0" MARK
+ BURNER
[ l 4
94V SETUP 124" 94VTM SETUP
l COTTON

ULS4 FIG 3.1

VERTICAL BURNING TEST FOR 94V AND 94VTM CLASSIFICATIONS

{ o 3 o d o @
511 2.22 dnwagmsnfFeiedeunndelumstagunsaldimiunaney

M5 Il 94-V g 94-VTM[22]

ad o U 9 9 o [} ﬂ’ Ay 9) a a
undRnadedu Tunsoagldneaznstidesduuazmsliziiiumsyada
vaalad Ivsuaazilsznnaiunisian 2.4

as51eh 2.4 anvazanuansolumsaa lvvesdimsnaasuiaazyia23]

mavedinpa Faemsdnnzvinannuennsolumsnaln
5VA s Indaansanganolu 60 Jurfinazdietimaaey
Surface Bum Tifimswn Infaunegrim (hifigaes)
5VB M3 Tnlansounganelu 60 Iuriiuazdiedananey
Surface Burn finamn Indaunggru @igse9)
V-0 asen Tudivganioly 10 3w - lilinms navea
Vertical Burn wag hitamsgn tndveaalanTinely 30 Jund
V-1 mswn Tndvganiolu 60 Jui litims lvanoa
Vertical Burn uag hinamsgn IndvealadTinielu 60 urd
V-2 mswn Tndivganiolu 60 Juii imsInavea
Vertical Bumn uaz lifiansgn ludvesladIaelu 60 Furi
f'lida Iezsroamd « hidamaw nd »
H-B Gaativzroaudiu « Sasamsenlng » umizeiini
Horizontal Burn Sréamswnniidosndn 3 i niengam Inddeugaiii
dsmnuuenszes 5 Hvzsiwamihy « nsdu 18 esues




36

2. AriloondnunsenimaasunuLiieu 1v (Oxygen index or Candle test)
as dy a ¥ & 3 =] o
FEmsnareuiiz nanmaaneadh ld lunasaudifegauuuadwazaie13n
[ a o 1 a A
g wanfaeondiouuas TuTaswuludasidunignauguuastleowd liiigvenaen
[ ) & o’a’ ° ' '
naaoustuAsiiisauazesangladiuuy vinmiindadlWsensasedmuugaves
Qo U " A - = L)
fednaradn weldidamam Indimilougadaiionls d1lunan1sgnindiiaa
dad o a o v o a a 5
wesidudvesoondiouassunssiinga diunlesiduavessn®ienIngs (Critical percent

2 Vel a o a
oxygen) Fufludumisiumsgnininedmesinwanuiludsiioondiou (Oxygen index)

Figare 1 ~ Schematic of sxygen index test system

5171 2.23 manaaeumsi A3t Astioondivu[24]

M
[ = Y

29 minnnanAdufinendes
M.Sain tazAme [25]  RanisAnwautAvesasuiis IduazaniidiFinaves
arsilsznousznnudulosssunAnunainsonNau(PP) TaomsHaNEIUNTUATE] AUTAS
Tumsafi 2.5
M3t 2.5 gasnaaluminanesaf2s]

Formulation of the mixes

Ingredients Mix number

A B & D E F G
PP 100 475 475 415 415 475 475
Sawdust —e S0 2825 DL -
Rice Husk = — = — - 5 25
E-43 {coupling agent)  — 2919285 12582373255 1 4 (A
Magnesium hydroxide - - 25 20 20— 25
Boric acid ~ = - 5 - - -

Zinc Borate - - = 3 = =
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Y v
L) . 1 S o a
NNTUMATHANULUNADMAD (Melt blending) ud1ldeslhidudrnsngumgiines

o @ 1< o 4 { a 4 4
waniwalitdnsasiiudounaug thudetiugiigamail 204 °c Tagldiniesiavugl
feg1n Idhumadeuanuasnlunisfa lnlasldimatia Oxygen index tests (OI)

1 a a a k) a A
wud gaswaw ¢ awsoaalszdninimaesnisan W lduiniiqae 35% sesaunfe gas

A s a a J . A A o w 1 Ay v
Welly E NUMIONTITHIAUDLIA (Zinc borate) 5 php WA1 Ol 30% waziiieiidiedien laun
naaeuaulifFing wud Jaqiseneunnaumisniae v (gasken C, D, E uag G) 1l
[ 2 s < Y [
ANLULTIA (Tensile  strength) ANV L5 9 1A990 (Flexural strength) LHAZAIMLUUILT
v ! a aa A 2 A A = TRy
N3UNN (Impact strength) HOYNNWDANTONAUNHAUVLADYHTOUNAVINYIDYIUAYD (FAT

W B uaz F) uanauimdanainn Nneansonaned 199

o a ] a 4 I~

N.M. Stark thazaiz[26]  Mmsdsziivensnua vannaestiamelfiiuans

wie W lufaqilsenenszuitanedoifudume 1l (Wood-flour) Tasaisniaen
5 ' a J < 5

Ainsanyr 1dun wa1lustiuleflfiaoenlwA (Decabromodiphenyl — oxide, DBO),

= J a o

uunilionlansen lasd (Magnesium hydroxide, MH), #9AUDI5A (Zinc borate, ZB), a1l

Woata (Melamine phosphate, MP) vazuonludouwoanoaa (Ammonium polyphosphate,

d! ] U dy Y Aa ad Sld' 9 9 oy )

AP) dsensviag llimailaggawaudidunedenauuazng ldAn ity 10% Tasimiin

i v ] v '
TuinToasATANUUANH (Twin screw  extruder) 3INUUINIMITNFUFUOIUAIDE 10NN

b
s 2R

a o wva 1 9 A = 2 3 2 o w 1 A Y
Az autiaa1es dronTealadugy (Injection molding) F93z1irdie81eil ldumadou

Yseansnmmarn ngd d2e735dwfieonFau (Oxygen index) Inonsinstlantassanuiou

=

(Heat release rate, HRR) 3a%2a3a11un15m1 Indl (Ignition time, 1T ) Jadnsin1sgayde

7]

v
¥ Mtin (Mass loss rate, MLR) Liagdsganininnsmn Indimianinuseu (Effective heat of

combustion, EHOC) §781A394 Cone calorimeter LaziinnagouautaFinaniaaiunany

A ]

danegu (Flexural modulus of elasticity, MOE) A763511a15311 ASTM D790 Tuisiagdietn

E4
Y ' v @

FNMINARBININUA WU msniae ez riaes Idauiaruiaqlszneuuanaeny

-

(4

v
A
JU

] 7 = 1 a dg’ % 1 a = o

- DBO 2¥20U5u1l59iin (Peak) ¥09A1 HRR hadumndaruli 60 Juitagii
@ 1 H : 2 : ]

T Sanilszneuiiar MLR taz EHOC douiga ed1elsnaiu DBO vz luinldey

1 1 o 9 [ v @
A1ves MOE tag ligetful jsduanuuvas sldnudaqilsznoy
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' ' Y
- MH wsudina IT tdnafigauazaolfuiljefinvesal HRR AaTLUHER1Y

~

1) 60 Funiildanaa scnelsien MH sz ldTagilszneuiinislanides

=3

) °
AUTOUIIN (Total heat release) ANIA
A1 voA a ¢; d' =l 1 a dgl v 1 a =
- zB aiimdriioondnudiigauaziiain HRR madundeinull 300 Fund
1 I~ o Yo =\ va a A A
g9 l5naw zB i lidaalszneuliauimrinananga
- M gawdlFudgalszaniamlumsimn Indvesiaqilsneuiesnsdan
v
URIYE
1 YA 1 v A a d' S A 1 a 42’ 1
- AP wldiadriioondnuinnigauazifinuesnl HRR favunawiin |y
a ~ v ] 13 A s og.:, ~
60 1Az 300 ¥ oo lsNan Jaqilsznounil AP Wauzlian IT duhgauas
a U 9 d' = 3 o o Y = a wAa
fiansdantassanuiousiwgega anndailvilsednsaimmaainia
iFanavesiagisznouannidin

Y] u’/} 1 @ 9 a a = o
ﬂ\‘iuuﬂ'liNﬁuﬁ1ﬁﬂu3\‘lvl'1/\lﬂﬂ‘1uwa'lﬁﬂﬂ AIsNAITMID9eIAYsEnoVUAY

dszaninmuesansning uaazsialdimuiz andy WPCs usiazilszinndoe

A. De Chirico tazamz[27] Mn13fAn¥189a151 129 11 (Flame retardant, FR) §11151
a ad a Jd a a " 9 [ o £
WoaNIN AU (Polypropylene, PP) Niosallsgnauyesdniiu (Lignin, LIG) Wlunan &3a1s
] A% a Y a A 4 W W 5 a
wie Iiimsiinnzildun exglition leasen lae (Aluminium hydroxide, AI(OH),), Wo@-
a o
lhiiaueaneged (Poly (vinyl) alcohol), PVA) tiagwinaisdsznaunoaina (Phosphate
1 [~
compound) Taguamsfnuuilu 2 qas A0 PP 85% W&l LIG 15% uag PP 80% Waw LIG
a s io i 7y A A ¢ .
14% taznay FR 90 6% 21m31113n13tn512va00in 509 1Al Aa051tA03s (Cone calorimeter)
A = va Y 1 ~ = 1 = ~ [
Wofnuiauiianienwsen WU PP indy LIG iiedog1ufeanns PP ANy LIG A
a [ J o 1 °
AlOH), ¥30 PVA  sglfiSianfuuazmsueuweuenlaa (o) TuszniramswnIndid
pigu . '
110 uaiinarlumsmn s au (Total combustion time) AdunINAIUsenoueamanld

{ [~ 1 ]
nalunmswn s avauenn waasldmiun i dssnnansdsgneuneamlna:

[l a A a ] Yo a an aAa o I~ @
fremulszansnimn1srug Wldsuweansenaunoenlsneuved LIG Wuvan

SA. A. Ramazani uazasiz[28] dimsanmrauifvesasruaelu auiiania
a a 1 a a v a o
AMUAN — 15INAVDINDY INTRTEHIINOANTONAY (PP) NUTIAVDLIA (Zine borate,ZnB) 1A

aa o a ad @ ~ =
ozgiiiiionleasenlad (AIOH),) TasmsnauweanseNauAULARGLMADITA
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(Calcium stearate), Nuadnuoulelasdnonanoansonan (MAPP), AI(OH), HAZHIVBI ZnB
Ao ' ] v Y A v ~ 2 Y <
NoATIAIUAIEY) AUAIATOITATAUDUANGIAYT (Single screw extruder ) A3UANTITOU 60
rpm WBLAT IUAIDENNATOUANTATINAAIWNINTTIU ASTM D638 11ag ASTM D256 W17
A a v A . @ 1 S| ' < .
AsvTuIMas@ A (Filler) Yo 9NAR206199218UN15AAAIAINLTULT IR (Tensile
strength) UAZAINNTUA 81 9AUA (Elongation at break) A9 UAIZIWNAINDAA TN (Tensile
Y a a ] A <
modulus) UoNMINUMIINNUTUI MAPP 9295 28iNUA UL LTINTLUND (Impact strength)
] Y v '

Tuneu IndafitilSunar AIOH), uag znB 1y 10% Taeimiin laafigaiesulljeauiia
a a A 0 e ] d' Y a Y ad
Wanavesnon Inda wazderrdiedrsn lduimadounnuauisolunisaalidu3s
Limiting oxygen index (LOI) 221131 Al(OH), 18 AIOH), NWaNAY ZnB 35 I8WNA1 LOI
& v v T a L% Ll {
FeennsodiulgsandamsminelivesnonIndald uddrediesiliniswan MAPP 1111 vz

anf1ved LOI a4 a31/1dd mswauans AlOH), uag ZnB WA UWOANSDRALIZaRAUTIA

Feanaunlsemsvesnon Indaudanisorremuaseansninlunisviuig lWvesnen Tnda

o =2 9 a 3 a 4 9 Y
AUNDT uadgassa[29] Mimsaner ldwaadnanwed laaiuduazidulouznin
o i a a [ 1
TaefAnuwavosviadulsuznd 1 (uos1, 2, 3 wag 4) naululiwaradn Wavesdns1aIY
MNUTANTENIINOANT AU (Polypropylene ; PP) Audulonenin (100:0 70:30 60:40 a1
= a 1 o, | VY 9 a ad 1 Q' 9
50:50) LAz AN INAUDIUTINETTHFIUNEN (Compatibilizer) lag ldnofnsonaunonsnleuLa
a J . . Z °
anueulalasa (Polypropylene grafts maleic anhydride; MAPP) (1, 2 (8¢ 3%wt) 31NUUUINN
Y & 2 > Y o 3 e Y A o d?
HAUAOIATOINANLLUEBIGAN AL (Two-roll mill) a1 nvuzlruudInIoadauugl
v
(Compression molding) 211 lAnyauiiada1ee Ao duArina autidnisanuiou
wva o a 1 4 [V [l 1 a
auiianemen i wazdagiuine wwwun  dulengwdiuues 2 sadaIuserIawed
= [ 9 9 a 1 ~ 9 [~4
wsoaunudulouzndl 50:50 wazdSU1MUDIA 1IN MAPP 0 2 %wt 92 1HA1ANUUAS

[ @
A (Hardness) ANULAWTI TR0 (Flexural strength) Nﬂﬂaﬁ’fiﬁlwﬂ (Flexural modulus) (g

v = ~ = i ~ SO
ﬂ'ﬂllﬁquWTUﬂ’]iUﬂLﬁu&]?ﬂJ@Q@&’ulﬂﬂﬂ? (Screwholdlng) '(,:‘f\‘}ﬂ’q@ uf)ﬂ‘ﬂ’]ﬂuﬂﬁﬂ’]mell@\‘]ﬁ'ﬁ

Y
o

' ~ o 9 d 3 4 @ o A Y
IuHeEU MAPP 71 2 %wt 3l1inlesirudanisgadinirdinganie

s Y o @ o @ a VA 1
G. Fontaine tazanz[30] 1diimsdunsizrvasisznouneanosaviialuinGenn

aan

Neutralize intumescent fire retardant (NIFR) 9101135%111) £1N3819U09 Phosphoryl thichloride AU

a

Pentaerythritol Maamnil 100 °C Wunai 24 2 Tuae I uarsuiae I ludFua 30% Tas

U
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9

vimiinvesnedansenau (Polypropylene, PP) ag#iin1sdnywavessingmissiduiue-
AN (Synergistic effect) ¥9INIFRVBITA (Zinc borate, ZB ) Feleddioiueg 3 Uszinnmia
A13A1 fle FB290 : 2Zn0.3B,0,.3H,0 , FB415 : 4Zn0.B,0,.H,0 t1ag FB500 : 2Zn0.3B,0, Tau
szvimsnaudin i 1% uaz 2% Taovimnin udnihnssausududaoniossaia
HULAN3E (Twin screw extruder) figaingdl 205 °C #28A3M1TI50L 40 rpm nmfninnase
Tifunriu (sheeo) i@ mBMT 2 s 2855 8as 1 adw0end:ou (Limiting oxygen

index, LOI) 9¥WUI1 PP fiNau@15 NIFR 92%38MuA1 LOI 910 18 vol.% (A1 LOI ¥84 PP

uSans) 11u 30 vol% dmiugashifinsway FB290 uaz FB41S fiawndudu 1% Tag

o A 1 <2

9 v
WminezINuA1 LOI qaqadi 36 11az 38 vol.% Amd1ay diulunsdives FB500 911214

G q

gy 9

v v ]
iWudu 2% Tasimdneziiue Lol 18geqae 39 vol% uaasldifiudl a1y NIFR 4
o J ' 4 A Qs 4 -
duanzivulnifimunsaiuamiadWldsu pp 18uaz zB $101i7a Synergistic effect

fuas NIFR Tumsdluas nunId18iued1ed

S. Nitinat ua K. Jarukumjorn [31] 1a¥i1n1sdasnand@@nasazaniuaiuisaluy
nsaaldvesTaquszneusenite neansedau (PP) Authuasurs ool (Sisal) a4
unnfidon  leasenlua (Me(OH),) 1AzFIALBITA (Zinc borate) (Tuamsnuae1d vinas
wauneanseRauduihussns el msmizelW unznednseRaudensdronuasnuou'ls
lase (MaPP) flFiTursgainlumFeanaunuuTa (ntemal mixer) Hg@ngi 170 °C iy
a1 13 u1“71!151131*?:1611]53ﬂﬂnﬁ"lé’mmmsﬁﬁifugﬂvhuuﬁﬁuﬁﬁa,mnqﬁ 170 °C 9214
Fusudet nmhuhdehiuniinseiiavesnmasalumsaaldl wudh Mg(OH),
$roandas 113k IudvesiaglszneunednseRauduthussuisesl 180uszansnm

1 ] Ia a a [ 4
1nN31 ZoB taz hilinavesilsngmsaiFumeTa@n (Synergetic effect) fuiaqilsznouiile

4 v
W sauasni Ilivaessriia e maneudnyueN1eFugIUING (Morphology)

]
A o W 1

wu1 s Idansanszeedinmeluasnduesnednsenauldn uaziderivdaegs
a IR aa a 1 g d' a ] g a v
A ERdlauaFne wun Jaqilszneufiduaisniig Idvsaesriiaeslisiaiiy
u¥ausenszuNn (Impact strength) A1 lndifvefiunednsenau ed1elsiam Saquszneud
EY
AN 13M29 1Me Mg(OH), iz ZoB szuaasderlisudisnlumnidnisdaunz msdangu

@ @ a [ [ P Y a J a A
fudaqiszneud hiduemsming W Fwaaaliiiudn nsidy MgOH), uaz zaB szifin
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quiianisniaglnIdduiaadszneulas liduiludesnszniindeauifizanavoadern

1 dy
1senoumail

Y o 2 =) = va a a A

G.B. Premalal tazaaiz[32] ldimsdAnuulSeuneuauiifmanavesnonIndan

= a ad a d‘ =) a ad [ v @ 9

wIrunnneaNTeNALLAzHIAAY taynon Indalmsenanweansolauiuany lagld

: aa =] % o

In509 Brabender plasticoder muquqmﬁguﬁ 180 °C ANLINTOU 50 rpm FIMMTNEA VAT
v a A J a3 o °;1 @ q’/‘ o dy 9 A @ a

FUAUT 0 15 30 45 uaz 60 lofdud lanimin ntduiimstugdduniesdalalasan

a

! ! g ° wa o ' 4

(Hydrolic press) figaingil 190 °C 1ilunan 10 wiil udninmagovauiifiFinanydn s

a v a :/I A 42’ ' oo Y @ < 4 a

Psnavesmsdudunsaeaiuiulunaaznon Indari Iveqdauazanuutas lnwed
A2 ' < = 8 s A A s dow &

ALY uamauiiasefatlosituansta w gauiatidanas asuIndanldunauiy
Y~

v a 1 < [ < Y ° ' a A @
asfufuiimnnuudaseds vegdauazanuudwsildwediniaoyIndainldiaaudy

v A =W I3 A A 1
qINAUANY Lmllﬂuﬂ@ﬂ%uﬁﬂ1§ﬂﬂ U IAVIANGINIT

X. Chen tazaai [33] 1dMnsAny1A15R191UI 3N UYDS Hydroxy Silicone Oil
(HSO) Fuaisviha IWfiduala uweansefiduaey Tndadaaisvine i ldfo
Ammonium Polyphosphate (APP) (i Pentaerythritol (PER) HAINATBUATUNING 31U UL-9%4
Taeldimaiin Thermogravimetric analysis (TGA), Cone calorimeter (CONE), AMND1AINDA
1La¢ X-ray photoelectron spectroscopy (XPR) Lﬁ"a@wamm HSO Wav1n CONE W11 HPO 9%
Froasuauiagunisvni i funen Inde Tev HSO szilfasertu app Aty

! O T o}
Silica phosphate Fafilassaf1amioumniind iunadaoduileain v

F. Montezin llaznaie [34]  Anviautianisnuae Iwiazaui@banaves PP-PE
~ v = . Shle 3 ;
copolymer Nsznevudlva1slsznovveslusuU / Antimony  trioxide WAL Magnesium
5 A =2 dy Y o & = 2 A
hydroxide Y39 Tale. Jumsanuiil lavineensdsenovvuee Tusiu (Brominated compound) 1l
finsifiy Antimony trioxide (Sb,0,) 84’11l wernaslalu PP-PE copolymer udaviimsfinun Tay
Y
Tun15Ans1Tia2 1% Brominated trimethlyphenyl indane (FR 1808) Liag Poly(pentaromobenzyl
v A |a A a 1 A Y o = @

acrylate) (FR 1025) 5auAuiidfine 40% duaanmsniae g udaniwiouiy pp-pPE
copolymer AL Mg(OH), lut/Finm 64% msiduaslfazilasuanudmulwiazai
< ' < a a S 1 9 A
L5984 PP-PE copolymer 0614 15fau maavans ulSuannaniinasendiudiuni il A

1 A

' v 1
SdnadnemsiAnasiAunAa 11l A1 Tensile  strength  A1NIAIgIgAlunIs
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FumuMuazauifFina 220msdny1n15 19 Brominated flame —retardant 20% wiw 321
[ A Y o = = @ 5
AU (Mg(OH),) 130 Tale. 20% wiw a1 lunSeuieuny Brominated flame —retardant

S| a '
40% wiw 1agld Tale. 1Tua1561999  91nN13NAALI WU Brominated compound wld

]
~ =

UszanFamlumsdrunmullldangaidszumim 40% ww duauiidiFanany1 PP-PE
copolymer MANANIE Brominated flame —retardant wmﬂfﬂﬂﬁﬁmzﬁuwﬁ PP-PE copolymer
1% Brominated flame _retardant  20% w/w 1 Mg(OH)2 20% w/w Lﬁ’t)\‘ﬁnﬂ Brominated

trimethlyphenyl indane ﬁmgmﬂﬁﬁ@wff Nalﬁiy'

J. Yang wazamz(35] fAnmiautanisnuaelvvesnonTnda PP/AIOH),/Mg(OH),
Taa 14 Polypropylene (PP) WX Aluminium hydroxide (AI(OH),) N1 Magnesium hydroxide
ypropy y s g y
[~ ] a 4
(Mg(OH),) 1lumsniiaa IvlSunar 10, 20, 30, 40, 50 waz 60 php laelHATod Twin-screw
= a Y o oY = < 9
extruder lUMSIAToUAN InGa udaiimsiaa Oxygen index (OI) A5 lum s i
1 @ 1 1 1 A 3 [~
HAZANUNUILUUYDIATY DINHANITNAADINLIT A1 O 9 UAUNLAIY A1uT2Iun15IHN
Tuduazanunuiutiuyesnduazanas tiolUs s AuaNIn uagal ol aziiaanas
I 9 ] o a cg A a (=
anusr lumsen Induazarmmunutiuvesa Tuszmuiy Woeynavesasauuadivuia

4

12
aymalngauy

Y
o a a o
S. Borysiak ttazaniz [36] lasimsfinuimsaveyninues liaslilluiiiowedwes
A =1 va Y 1 a = 3 dy Y o a
ioAnuIautAludunauammuaemsaald luniseinyiaseil ldvnisiaueynaves
alaenaudn 11 lulsuia 50% asdlidneansenauniianl Melt Flow Index (MFI) 4ain@ 190U
lé a v H a % 3 1 O'
galuauItoiioz e 3 afia A9l Malen F-401 (A1 MFI #1qa), Malen S-702 1Az PP HY-202
i r 9y A o ;
(A1 MFI gage) nduiih lunaaouniswn lnd@aein5es Cone Calorimeter Tnodamnsu
v A ) a 7 A R o ' Y} w
F9AANUIPUN 35 kW/m® WeAn¥I9nI1NTanenusou (Heat Release Rate ; HRR) 9191
MIgaydenIa (Mass Loss Rate ; MLR), 11318ATH (Smoke Generation ; SEA), M3iasy
a T a =\ a d' Y 1 a as a Q( QSJ’
co/co, wagmsanld wudnenIndavziinisda lndinimedansenau usgns sauns
@ [ 9 [ a P U [ 1 [ A da
sasimsideeanuion, samsgadouiamay, MIneaiy uazmslassAiswynna
' vy LY a ad ' a ad d'd U 3 9
anas daluAvesdd weanseNaunuN weawsenaunia MFI geiuszldnarluns

a 1 @ ] Y t; U 1
da'lduiuni dasimsdassanusoudini waznarlumswn luderuiunn
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Md. M. Haque taznae [37] 1dvhmsfarimsas unedansenaunon Indadoidu

4 U o o o @
Todrduuazidulonzndn nowindulelimsnaceunaudearindulelUnauny
Benzene diazonium salt oy aldidduneansenaulas Tasaziduasly 15, 20, 25, 30

o w o va a 4 1 r'd
waz 35 %ewt aud1ey udanhlunegevautiaFana onlSeumeunasennaduloihdy

v A

Fudulougnin uazieguSuaves iulvnamsnaasanunauiifiFng (sniu Tensile
dtg a 9 d' a ud' =\ A ] 1
strength) azAvumNdTuandulenduacly uahn 35 %wt elanuTaAngULAZAT Impact

[ v [
strength T8N 1 30 %wt wonMTUFINuIndulouzninzildaon IndanautiaFna

faniudulethdy

o wva a a ad % Zé

B.V. Kokta ttagnme[38] mmsaneauiadanavosneansonautuduloau .
Imsdsuanmiinludsae medfuilgimstedaszritemednsenauiuduloay Taold
Polymethlene Polyphenylisocyanate (PMPPIC), Silane coupling agent (Silane A-172, Silane A-

5 a = J < [ a 9 ' a 4
174, Silane-A1100) azd IWAuUHINY (Epolene wax) Wuesdsuaniniinoulalunedmes

v Y

ad A a =3 9 ad [ 1 PIEY = d
Tag3tmsmauluniesuanauasignndwasiugddisisnasanuan Ml Inauuindg

1< ' 1 A 1 < 1 @ 1
umssonsznomosediufercinsaiuainuidansde Aveadd uaga1dovaznis

A a

I Y - A a 9 A 1 < =2 1 [
ga M i]@"lﬂﬂ‘llﬂdW@ﬁmﬂiblﬂﬂ mmmwuﬂimmmu%%qummmmumm iasmuefnad

Q

[

19 A g ¥ = = Jd 3 @ a
uAderaynisoa o gARezaans Tuamgnly PMPPIC nud Inauwngiumsyfuaniwia

3 o Y @
1

va a a J ' Y ' 1 4
HUN 'Vi’CT?JU@L%Qﬂﬁﬂl@ﬂW@ﬁm@iﬁﬂW’q@’Qfﬂ U'E]ﬂi]']ﬂﬁ JWUI mumzﬁ'umuquﬂﬂmwm

Wulod lmauifsinagegafo 20 mesh

Y
Y [

o'l deatl

o

v
a1

Aav d Ao
nnnuITeRmuINmsorgilssaund
9 a A o 1 1 a ad [ Y 9 2~
- ldwaadnaasiisasidausgraeweanseaufuidulonzning 50:50 galvua

4 a 1
voudulouznd1a 1wes 2 (WA 20-50 mesh) wazlTuas¥IoNa Ly

9
=4

(PP-g-MA) 71 2 %wt 05u1jeauiiaigana ldaay
a a A I A A o 1
- mudwergiiilonleasenlaauazuuniiFonlaasenlsq Tugia 10 - 60 %wt 2
1 ] a Yo a Y = va a = 3 Y
$revrnransan I ldnunon Inda laauasiauinsinaaaauieuaniios
a a o [l ] ] a @ a
C msdugenvesalugig 510 %wt azgenuaamsan lWldiuaey Inda ldauay

IWauiaguuedannsuaey Indalas lui ldauiiawanaaaasundu'll



44

=
Unn3
Aag ) a\ ;a v
ITNIIANUHUITUIVE
PR
3.1 msndiilFlunisnaasy
RAPTLEY Grade 138N
1 | Polypropylene (PP)
= Commercial HMC Polymers Company Co.,Ltd.
Moplen EP300H
2 | idulouznin (L‘U’e)‘; 2 Commercial MBJ Enterprise Co.,Ltd.
3 | Polypropylene graft maleic
Commercial Optimal Tech Co.,Ltd.
anhydride ( PP-g-MA) 3200
4 | Zinc borate (Firebrake®ZB), Global Connections Publishing
Commercial
ZnB Co.,Ltd.
5 | Aluminum hydroxide (Al(OH),), Great Lakes Chemical Corporation
Commercial
(APYRAL 40CD), ATH Co.,Ltd.
6 | Magnesium hydroxide(Mg(OH),),
Commercial Behn Meyer Chemical (T) Co.,Ltd.
(APYMAG 40S), MGH
7 | e151U52nou Phosphate,
Y Commercial Behn Meyer Chemical (T) Co.,Ltd.
(ZURAN' 484), Phosphate
8 | Phenolic antioxidant Great Lakes Chemical Corporation
E Commercial
(Anox 20) Co.,Ltd.
9 | Phosphite antioxidant Great Lakes Chemical Corporation
3 Commercial
(Alkanox 240) Co.,Ltd.
10 | Processing aids
® Commercial Behn Meyer Chemical (T) Co.,Ltd.
(Ultra Plast WF 107)
11 | Processing aids
: Commercial Behn Meyer Chemical (T) Co.,Ltd.
(Enhance )
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P v a Aag ® o
A1T NN 3.1 mﬂyjam@ﬁ“ﬂﬁﬂiﬂ“ﬁu (Moplen EP300H) “i%ﬂuﬂ‘ﬁﬂﬁﬁﬂq

aulia Moplen EP300H | 1nasgudilémaneu
artinsnasu 1va (230 °C/2.16 kg), (2/10min) 1.8 D 1238
AMUVUWUY (g/em’) 0.9 D 792B
AMUUTIUTIAT B 9AUIA (MPa) 25 D 638
1580 2 9AATIN (%) 9 D 638
weAad 17498 (MPa) 1150 D 790A
anmuudausinszumnnuylevenii 23 °C (/m) No Break D 256A

e : YoyanIngnan

A15199 3.2 Yeyavesmislszneuneaiia (ZURAN® 484) #1dlun1snanes

Properties Phosphate compounds
Components Pyrophosphoric acid salts
Particle size <10 pM
Melting point 274-285 °C (525-545 °F)
pH value 4.5-6.5 (10% suspension in water at 25 °C)
Nitrogen content 20-24%
Phosphorus content 18-21%

NUeIMe : T8 INGHAA

3197 3.3 YoynvosFenueisa (Firebrake“ZB) N1 19 1un13nanes

Properties Zinc borate
Symbol Firebrake ZB , ZnB
Refractive index 1.58
Particle size 2.1 uM
Specific gravity 2.77
Boric Oxide, B,0, 48.05 %
Zinc Oxide, ZnO 37.45 %

wineme : Yoyavngnia
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a13197 3.4 Toyavesergiiiionlensonlud (APYRAL 40cD) AlFlunisnaaes

Properties Aluminum hydroxide

Symbol Al(OH), , ATH
Content 99.5 %
Moisture 0.2 %
Loss on ignition 34.6 %

- 0.6D,um
Particle size = 1.3 D pm

= = 30CDL i
Specific surface area 8 mz/g
Density 24 g/cm3

WINOINS : TOYAINHHAN

M3197 3.5 Toynveaunnidoyleasen lad (APYMAG 408) lFlumsnaaes

Properties Magnesium hydroxide

Symbol Mg(OH), , MGH
Content 90 %
Moisture 0.5 %
Loss on ignition 31 %

= olED i
Particle size =D lim

- 18 Dy, um
Specific surface area 4 m2/g
Stearic acid 0.5%
Density 24 g/cm3

VINOING : ToyaINANTA
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d' 2~ 1 a v
IA3DIND U UIEN
1 7200
foU WTC Binder Co.,Ltd.
Tuttlingen/Germany

] ] FU
2 | \Searaimiin

a a
FUANSLIDYA

300-9466/3100 C

Precisa Instrumenta AG, CH-

Dietikon Co.,Ltd.

v Y
3 | IATOIHTUUVADIGNNDL (Two

Lab Tech Engineering

LRM 110
—roll mill) Co.,Ltd.
A < a
4 | TN UALUANDITNN
MUD 18H Kasuga E.W. Co.,Ltd.
( Grinder )
5 A '3
Lﬂi@ﬂ%ﬂﬁ@ﬂ@&uﬂﬂi%ﬁﬁﬂ
LR5SK Lloyd Instrument Co., Ltd.
(Universal Testing Machine)
6 m%"@ﬁﬂmmmumudama
Yasuda Seiki Seisakusho
ﬂﬁgLWlﬂLL‘U‘Uhl'f]“Ifﬂﬂ Yasuda
Co.,Ltd.
(Izod Impact Tester)
7 | 1nT0MARBUANULIING
Yasuda Seiki Seisakusho
(Shore D Durometer Yasuda

Hardness Tester)

Co.,Ltd.

8 | inToanamouaNiang
AU50U, DSC (Differential

Scanning Calorimeter)

Pyris Diamond DSC

Perkin Elmer instruments

Co.,Ltd.

4 o 2 ;
9 mimamugﬂ (Compression

‘Molding Machine)

UTHN ForaTyn13ze 319a

10 | ndesyanssmiuuudosniin
SEM (Scanning Electron

Microscope)

1455 VP

LEO Co.,Ltd.
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ad
3.3 I5MINAan
3.3.1 wmswaadulanyniadieITmaTana (Mechanical Pulp; MP)
1. thmMuugnIINaNaz1auduad 1830910 (Grinder)
o E% 4’! (] PR (]
2. iMmsuenvuialaeliasesounenuuaniazLnNsIsou UuIa 20 50 Lag

80 mesh tonIUANILIRYDLEUTY

{ v o J ' @ 1
@]'1'51\317] 3.6 ﬂ'J"I?Jﬁ?JW‘Ll‘ﬁi%ﬂ'JN"’U‘LJ'W‘IEIJ'EJ\'IL@%}HIﬂﬂU‘Uu']WU’E‘NGIZLLﬂiQ'i@u

ey YUIAVDIAZLATITOU VYUIA (pm)
1 VUAZUATITOUUUIA 20 mesh 841
) FEHANALUNTITOUUUIA 20 — 50 mesh 841 - 297
3 JEUINALUNTITOUVUIA SO0 — 80 mesh 297 -177
4 TNy 80 mesh 197

r=} Y Y
3.3.2 Mssedulalzni

v
= a

© =) 9 J ~ S| o
1 uuﬁuiﬂl’&WiTﬂ‘U@i 2 H1IBUNYUNYN 60 @Qﬂumal%ﬂﬂlﬂul?ﬁ? 24 ‘]5’311]\1

4 o o &
INDNIIAN VYU

zs' X a a 1 d' 1
noUN 1 ﬂﬂ‘ﬂ1Nﬁ‘lli’)ﬂﬂ«!ﬂ!&t’l$ﬂ53ﬂm‘lli’)\1’s’ﬂ ‘mma‘lwﬂmmzau“lumsﬁmﬂw

f v v
1. MMSFIFIUNANNINUANINATTIN 3.7

E
2. yhmsuaudusauiesoulusaasgas THddudunseswauuuuansgnnda
y 9 a ) “Wo/ = 9
(Two-roll mill) Iaelwgaunnllumsmauminy 190 esruwadoa uazldnaly
MINAN 15 YN
o a Ja 4 o ' Y A < a 3
3. metwesinan 1d llimsuagesdeinTesuaiana1afin (Grinder)

g a ¢ A o v ~ a ~ d
4, ‘LHLlIﬂWEJ’ﬁLiJ’E)iNﬁﬂJWV]']ﬂ'IiUﬂLLﬁ’ﬂ‘]J@‘UW@ﬂ!ﬁgh 60 DIy Lﬂuﬂﬁ'l

Q

4 A & &
24 92139 1IeR1IAANNAL

o a ¢ o o & Y, : ; . ; {
5. Audawe AT HANNININITEAYNFUAI8IATES Compression Molding Machine #1

a = < = o = 1A o A
gungl 190 esmwaemunm 15 wiiuaziimsnasiiuaedn s u1f 7
RUNYN 0 DI ALTYA

o Qy d’ Y wAa
6. i ldumageuauiianisainln
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M350 3.7 gasnaunlglumnenes (aoud 1)
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151A% (php)

Lol sl 3 iidn b6 4 Toae8E (29 [ 10 [l | 12151301401 15
PP 100
dulouznin
% 100
(1193 2)
(Al(OH),), ATH 30({40({50(60| - | - | - | -] - = i ol (Bt RS
(Mg(OH),), MGH scilinlicen 2 =t 3 05F4 0 B50: [26 04 =) s 7 | M s e e
msdseznou =aleals sl e e e i o o s k] Rl RN [
Phosphate
Zinc borate , ZnB 3 = N 3 7 7 - B - - L4 6 [ 8710
Processing aid,
5
Enhance”
Processing aid,
= 1.5
WE 107
Antioxidant,
- 0.05
Anox 20
Antioxidant,
i 0.05
Alkanox 240
ATHINAY,
2
PP-g-MA

Y Y Y o { A
nuyria - - Lau%mmnmmmmsauﬁqm‘m;]n 60 E)Qﬁ%%ﬁ@ﬁlﬁ

I~ o :;j 1 o
Wuna 24 93 1uanasaneuiinIswery

A =2 ia a A v v '
ABUN 2 ﬂﬂ‘H1Nﬁ‘U®Q‘IJ§1ﬂg]ﬂﬁm"lfumi’]‘i)ﬁﬂﬂﬂ'f)ﬁ'il‘i]ﬂﬂl?)dﬂ]i‘i’iu’lx‘]llw

1. MMsFIansaiiaiuasnei 3.8

v ] v
2. shmswandiunauesonluudazges IHdnudemiosmauunuanganas

(Two-roll mill) TaelFgangiilumsmauminy 190 osrusadoa wazldaarly

MINAY 15 WA

o a I $% o ' v A < a )
3. ‘LI”I‘WE)@LﬂJ@ﬁ‘V]WﬁiJ"lﬂUl‘lJ“V]”IﬂTi“lJﬂEJE)EJ@‘I'JEJLﬂiBdﬂﬂmﬂwa?ﬁﬁﬂ (Grinder)
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o a a J A o 9y A a = o
4. mmﬂ‘waaLuaime‘ﬂmmaummﬂﬂauwam‘mgu 60 o9 FaIFea 11w

Q

5 P &
24 %19 WORIIANINUYU

o o a J ) @ g 4 : . i {
HudanedmosnauNiIn1ToaunTUA81AT 09 Compression Molding Machine 1

U

a ~ S| ~ o 1 g (= A A
PUNYN 190 DI UBALKYT L‘]J‘L!nﬁ”l 15 HINUASNINITHADWUADDN S UIN N

QYN 0 vIrFd

~ aq Y ~
M3190 3.8 gaswaunlylumsnaned (aoun 2)

. qns
151A4 (php)
1 2 3
PP _ 100
@ulougniin (ues 2) 100
(AI(OH),), ATH 60 \ =
(Mg(OH),), MGH - 60 -
asiszneu Phosphate 2 . 25
Zinc borate , ZnB 10 10 10
Processing aid - Enhance” 3
Processing aid - WF' 107 1.5
Antioxidant - Anox” 20 0.05
Antioxidant - Alkanox" 240 0.05
AIFINEY - PP-G-MA 2

a ~

ninema - (dulouznidessiinsouiigungil 60 osrusaFod

U

I o as/j 1 °
Wuan 24 GIf’JIiJQVJﬂﬂiQﬂ@uvnﬂ’ﬁWﬁﬂJ

o Q’l d' 9 wa
6. hFuaun ldumagovaniianisaiy Tu

d' =X wAa | a a Ci a Y
ADUN 3 ANHIATNUANIY maawmamnaauiwnmnwaﬂ“lﬂ

1.

2.

MNTFIATANA WA 3.9

o ' A A 1 Y 9 o 9 A Qy

Mmswanduwaniwssnluudazgas IMdduaIonTowauuuuaeIgnNag
3 9 a " W =1 9

(Two-roll mill) Tagldguungiilumsnauminy 190 osruasaiioa uazldnalu

MIWaN 15 U

o a (d’ % o 1 9 A‘ [~ a ,
hwodwosnwaula liinsuadesdlumnTaeuamianaiadn (Grinder)
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a =)

o g a I3 A o Y A d
“LJ'ILSJﬂW@ﬁLll’f]‘iNﬁiJWﬂ?ﬂWiUﬂLLﬁﬁ‘lﬂ@UﬂQmﬁﬂu 60 DIAUBALKY T L’]J‘L!L’J’c’ﬂ

a

' ) Y
24 2109 e IIAANNAY
Y

o < a J o @ y . . . {

5. tufianedwesnaniiimisaiugUalenies Compression Molding Machine 1

a = 1< = o J ] 1A A A

gamgdl 190 seadon w15 wiazihimsvdebudedn 5 ui 7
guUuQil 0 DaFEr ATy

= dq v &
M15199 3. 9 gaswaunlglumnaaes (aouh 3)

a151all 151191 (php)
PR 100
dulouznd (uos 2) 100
Flame retardant
- (Al(OH),, ATH 60
- (Mg(OH),, MGH 60
- @15152n0oU Phosphate 25
- Zinc borate ,ZnB 10
- (AI(OH),), ATH +ZnB 60 + 10
- (Mg(OH),, MGH + ZnB 60 + 10
- @15152n0U Phosphate + ZnB 25 +10
Processing aid - Enhance” 5
Processing aid - WE* 107 1.5
Antioxidant - Anox" 20 0.05
Antioxidant - Alkanox 240 0.05
#1550HAN - PP-G-MA )

a =

Y Yy 9 o A
‘HlHEJWH{] & mu”lamwsnmmmmiaumqmmu 60 DA ALY T

Y

< o os/l 1 o
Wuna 24 $2Tuannaianouiimsne

v

6. thauauildunnaaevauiamena autianiamenn auiananuiounas

[

dugIuIN

9
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4 1 va a o a
GﬂiNﬁ 3.10 WIATTIUAINC Gluﬂﬁ‘lflﬂﬁ@UﬁNUWﬂJ@QW@ﬁLM@Sﬂ@MIWﬁﬁ

autia wasguiildmaaeu NUIGTINUND
ANUUALTINTELNA ASTM D 256 kJ/m’
ANULTane ASTM D 2240 Shore D
AN 959 TR0 ASTM D 790 MPa
RELOAGENG ASTM D 790 MPa
AUNUUY WO, 966-2547 g/em’

3.4 MINATOUANTAAIY

3.4.1 andamsaid il

ad CZ3 d’l Jad
FBnsnadevautianiiaiy I lunisneasstisz I35 msnadeuaiunnsgu

4
=1

UL-94 Tasldnsnaaeunisatu 1oy (Horizontal Burning Test) A4%)

et A £ 2y = Y, 4 vy

- FuRUNAERUIVIg % 11 x 517 Tasgadaredunila Pauiuivusuuaz
o A A r { < YAy 1 YR o
wunsosrmeuenizezh 1 Uaae 5 Wanndarediui lulae Tasdagiuny

-7 d'

MINANDIANTUN 2.21
N ) g T ot . = A o A

- dmsdelan lvithunan 30 Juinvseaundieze Ut esezniunsoarune

Y
vonszez 141 17 waahuladlvoon

y ] 1 v
- dimswn Indifealued1eaeiilia ez iinissunasEn19an AT ea ey

vy £4
a a

UONTLHZN 1 10 1Az 5 U
Y 9 1 A o A Q’I o i o
- dmsen Induganouganiiesoauisuensses 5 agiiimsiunnnm
d' 9 [ d' o A Y
uazszozvn Indszuiaesgafituesosnune 13

Y Y
- MINMINAFDUFUNUTIIHUA 3 AIDUIY

3.4.2 aniimyana
3.4.2.1 anuudansalnseuaznoqaalnie
A1511AIAINLTIUTITA99D (Flexural  strength) UATNOAA A 1A490 (Flexural
modulus) MUNIATFIU ASTM D 790 [39] 4Fuamaois 10 3uluudazass Tasanie

@

o e
mIinaaoUluael
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- Inaawad (Load cell) 5 kN

- anuirlumsna (Compression speed) 10 mm/min
9

- STYTHNUYDIVITOSTUTUNU (Span length) 40 mm

@

] 4
aumsniFlumssnnanruudus s Ifsenazuegdalfe s

1.5FL
Bh2

AU TR0 ; of

L3 < AF
4Bh3 Ad

vegdaldwe ; Ep

v f 4

dle F fe ussnagegaimisuaudietnlfee (N)
L fio Span length (40 mm)

a o o Wy ;
B A% AMUAMNYBITUNNAIBIN (mm)

£ 4

h fio ANUNUNVBIFUIIUAIYNN (mm)
AF fo mamsvowsenalugrsanuduiluduass o)

Ad fe szeznalfese (mm)

L

= L
2 2

L P
SUPPORT. - "SPAN

{ @ <] [
5191 3.1 drwaiznmsnageun UM wAzIEYaT 1ANB[39]

3.4.2.2 ANUUVIUTINTLUND
ATSHIAIAIMTILIINTZUNA (Impact strength)iiln 1R aNATIIM ASTM D 256[40]
9 S yay Aa
Tasmsnaaeuss 14nasguuuylowen (1zod type) LULNTB81IA (Notch) TagldFusunil

E 4 v i d v
590110aN 0.1 #2 NAdeUAILE1ITUIY 10 Fuluudazass



7 5
%f"“‘)f* o/
bl
oo
oty
i
i |
ol |
1 \ ¢
= IMPACTED END |, 0 w
) ] .
i e [ g T
¢

- 2 Hdq v v
?jﬂ‘ﬂ 3.2 Gllu']ﬂclfux?'luwﬁlclfﬂﬂﬁ@ﬂﬂjﬂu']ﬁSﬁ'lullﬂ‘l]ll@“]f@ﬂ[40]

1 I~ 9 ¥ 1 dy
ﬂTﬂ’NllLL‘U\‘]LLﬁGﬂi%Lmﬂﬁ"llﬂ'im’iﬂﬂmﬂﬁhﬂﬁﬂ\iﬂﬂl’lﬂu
<
ANVLUILIINTSUNN (IS) = W/A
A A ! S D,
o IS A MANULVINTINIZUND (kI/m))

A 1 o
W a9 Awasaunssunn kI

Y
A

A A Y o v 1 A LY 2.
A D WUNHTHIAAUDIAIDYWNUANYID (M)
3.4.2.3 ANNLVINA
' < S|
N1T11AINNUUUINA (Hardness tester ; Shore D) L‘]Ju"lﬂmmmgm ASTM D 2240

Vv Y '
[41] Tavldu1asg1uuu Shore D Tumsnaaoy dnsaeiviivesruanumiimadeudos

] v Y v
Gou waziinnunnludindl 6 mm lagudasFuaunanaiua 10 9 Taelud1gaay uaz

1< a s R [ 9
aautluan 5 319 3991uan e

3.4.3 aNUAMIMYNN

- ANUNMIUUY (Density)

MIANUAUWUUAINNIATTIU WON. 966-2547 [42] a1115011 1A laens

a 2 Y ° A (UL Y ¥ A
Lﬁiﬂﬂ‘ﬁuﬂﬂﬁﬂﬂ‘lﬂﬂﬂJUTW 50 mm x 50 mm  91UIU 3 FU %Q‘Humﬂﬁ@ﬂiﬁqﬂuﬁlaﬂ
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3.4.3 aUUAMINEININ

- ANURMUY (Density)

MIANUHUMUUAINNINTTIU WOAN. 966-2547 [42] ansanlalaenis

= ay Yy o Qy @ ay vy ¥ ~

wIsNFUNAToUIALYUIA 50 mm x 50 mm WU 3 Fu FeFunaaevld lduran
; S . v 2 s

HUUDU INUUNINITIANNUNUINTIIANING N AN IALANUINIVBIFUNATOY

v E4 3
Tasnunsesileliiyuiuuuiszuuvesfunaaey szua 45 e gl 713.3

[ v
310 3.3 35msianundne anwevesFunadey [42]

3.4.4 audANNANNIBU
- Differential Scanning Calorimetry (DSC)

Fadeeeldoralitlonuny 314U 5 — 7 Haansy IWnswdSuaiudvueundn

U

o a ¢y A Yo Y] ) ; a
m"lﬂamiwwmmﬂsm DSC Iﬂﬂi‘]f G‘Ii'lﬂ']ﬁiﬂﬂ')'lili'ﬂu 20 °C/min UNJUYIGYA 200 °C
y

Anyigangiinasumad (T,) uaziufildns v 1A IUIUNT Heat of melting (AH) uag

ee

9
Degree of crystallinity ﬂ1ﬂQ’ﬂ§ﬁQu

¥

Aufitdnswl (m])

simiinasdeds (mg)

v
aunsafnuAemANUTiunEn (Degree of erystallinity ; X)) ¥e PP 1&dsaunisi



56

freghay  Jaquan 2085 n3y  fiwedwes 100 nFW (g Control (No FR))
Saamay  1.000 nfy  Twedwes  (100%1.000)/208.5 = 0.4796 NN
a J @ A
WOANDT 0.4796 nsN W AHf 14.0676 J
woawes 1 nsu U AHp (14.0676*1)/0.4796 = 29.3320 J/g

2 4 =
INSIERENY  paANULUNAR = (29.3320/165)*100 = 17.8

3.4.5 dug1INN

o a da o '
nsanudug1uiner laol¥ndesgans sAUBIANATOULUUTBINT 1A (Scanning

v
A A Y 1

- ) [ 4 =
electron microscope ; SEM) L‘ﬂu‘m‘iﬁ’eNﬂW‘LlWTUE)GQﬁﬂE‘JEJNam%EJﬂLﬁE]ﬁﬂ‘HWm'igﬂmﬂ

G Q

' 9 ) o a J o 9 a 4 a
senudulougnindunedwes waznisnszaedrveudulolunefmes muaiey
@ ' ° 9 o w ' A ao 9y " . - !
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1.4

152, 1.114
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0.2
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330°C

Mg(OH), = MgO + H,0 ; AH = +1250 kl/kg
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8

Flexural Strength (MPa)
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4.3.2 AnIMNAGAIAI90 (Flexural modulus)
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ANANHIN N
HVIC Polymers
An associate of PTT & LyandeliBasell
Moplen EP300H
Polypropylene Impact Copolymer Resin
Features Typical applications
o Good cold impact resistance e Corrugated board extrusion
» Good dimensional stability e Stationary sheets

» Blow molding bottles
o Pail lids/ Crates injection

Resin properties (a) Moplen EP300H ASTM METHOD(b)
Melt flow rate (230°C / 2.16 kg), dg/min 1.8 D1238
Density, g/om® 0.90 D792B
Tensile strength at yield, MPa 25 D638
Elongation at yield, % 9 D638
Flexural modulus, MPa 1150 D790A
Notched izod impact strength at 23°C, J/m No break D256A
Deflection temperature, at 455 kPa, °C 88 D648

(a) Values shown are averages and are not to be considered as specifications.
(b) ASTM test methods are the latest under Society's current procedures. All molded specimens are prepared by injection

Chemical Registration / Inventory Status
All ingredients in Moplen EP300H meet the chemical registration requirements of TSCA (U.S.)
and DSL (Canada).

Note: Due to the fact that different regulations in each country set different details of compliance, users of Moplen EP300H are
recommended to undertake their own investigation of the requirements and comply with each regulation set forth, for instance, in
applicable local F&DA requirements. Ultimately the users must make their own determination that their use of Moplen EP300H is
safe, lawful and technically suitable in their intended applications.

Moplen is a trademark of LyondellBasell Industries
HMC Polymers is certified according to ISO 9001 and 14001
Issued 1-Aug-08

The purpose of this document is only for technical support of the use of the product.

Before using a HMC Polymers product, customers and other users should make their own independent determination that the product is suitable for the intended
use. They should also ensure that they can use the HMC Polymers product safely and legally. This document does not constitute a warranty, express or implied,
including a warranty of merchantability or fitness for a particular purpose. In addition, no immunity under HMC Polymers’, LyondeliBasell's or third parties' intellectual
property rights shall be implied from this document. No one is authorized to make any warranties, issue any immunities or assume any liabilities on behalf of HMC
Polymers except in a writing signed by an authorized HMC Polymers employee. Unless otherwise agreed in writing, the exclusive remedy for all claims is
replacement of the product or refund of the purchase price at HMC Polymers' option, and in no event shall HMC Polymers be liable for special, consequential,
incidental, punitive or exemplary damages

HMC Polymers Co., Ltd
20/F, Sathorn City Tower, 175 South Sathorn Road, Thungmahamek, Sathorn, Bangkok 10120, Thailand

Tel +66 2679 6388-89, 2614 3700 Fax +66 2679 6380
www.hmcpolymers.com
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Produkt-/Product-Information
APYRAL 40CD

sl merian v Nabaltec
/

Mineralisches Flammschutzmittel fiir
Mineral flame retardant for

@ Kabelindustrie / Wire and cable industry
® Bauindustrie / Construction industry
B Fahrzeugbau / Public transport

Halyse /Typical analysis
Al (OH), - Gehalt/ -Content
Feuchte / Moisture
Gluhverlust / Loss on ignition

iTe | Particle size.
(Laserbeugung) / (Laser diffraction

B
s

i
(> 45 pm)

[uS/cm]

Produktvorteile / Product properties

E Gutes Forder- und Dosierverhalten
Good conveyance and dosing

@ Hohe Feinheit
Very fine particles

B Sehr niedrige Olaufnahme
Very low oil absorption

B Hoher Compound-Schmelzeindex
High compound melt flow index

B Hohe Extrusionsgeschwindigkeiten
High extrusion speeds




Nabaltec

Beispiele fir den Einsatz von APYRAL 40CD / Examples for the use of APYRAL 40CD

Halogenfrei flammgeschiitze Kabel
Halogen free flame redardant cables

Produkt- / Product-Information
Mechanische Eigenschaften von HFFR-PE/mPE Kabelcom-

pounds

Mechanical Properties of HFFR-PE/mPE cable compounds

Fiillgrad / Loading (Gew.-/wt.-%)

300 — —14 900 —
APYRAL 40CD
—12

—~ 280 —
£ —— 2 = » —> g
§ * — o = 850 —
3 5
~ 260 — 1) =
£ = 2
5 : s £ =
2 - - -8 @ ©
) 2 2
g 240 — @ & 800 —
[} 2 o
I —6 = %
g 2 E
2 20 < e e o 8
cl -4 3
5 i) 750 —
3 R
o

200 — _2

Standard 4m%g ATH Standard 4m2lg ATH
180 — | | [ Jo
58% 60% 62% 64% 66% 68% 70% 2%

For further information, please contact:

Nabaltec AG

P 0. Box 1860 - D-92409 Schwandorf
Phone +49(0) 9431 63 -0

Fax +49(0) 9431 61557
www.nabaltec.de

Rauchgasreduzierter Thermoisolationsschaum
Smoke suppressed thermoinsulation foam

Isolierung eines Kupferleiters mit 650 m/min

insulation of a copper wire at 650 m/min

Business Unit Flame Retardants
Phone +49(0) 94 31 53-4 62/4 58/4 67
fillers@nabaltec.de

All data listed in this brochure are reference values and subject to production tolerances.
These values are exclusive to the product description and no guarantee is placed on the
properties. It remains the responsibility of the users to test the suitability of the product for

their application.

Schmelztemperatur am Diisenkopf
Diehead melt temperature

Druck am Dusenkopf
Diehead pressure

APYRAL 40CD

Extrusionsparameter eines HFFR-PE/EVA Compounds;

Extrusion parameters for an HFFR-PE/EVA Compound;

—170

— 160

— 150

— 140

— 130
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Temperatur / Temperature (°C)

11.2006 D+E/Atelier Biirger
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APYMAG*®
Produkt-/Product-Information Nab al te_,c

APYMAG 30, APYMAG 40, APYMAG 60, APYMAG 80
APYMAG 30S, APYMAG 40S, APYMAG 60S, APYMAG 80S

Mineralische Flammschutzmittel fir
Mineral flame retardants for

® Bauindustrie / Construction industry
E Fahrzeugbau / Public transport
® Elektro-/Elektronikindustrie / Electronic industry

Mg (OH, - Gehalt/ -Content %) gm GO ARV

‘Feuchte / Moisture [%] 0.5 ; J 0.5
Gluhverlust [ Loss on /gmtlon [%] 31 31

Produktvorteile / Product properties

®m Verarbeitbar bis 300 °C
Processable up to 300 °C

m Niedrige Viskositat
Low viscosity

m Guter Rauchgasunterdriicker
Good smoke suppressant




Nabaltec

e ——

Beispiele fur den Einsatz von APYMAG / Examples for the use of APYMAG

Dachbahnen fiir den Objektbau auf Basis TPO, EPDM oder
Bitumen / Roofing membranes based on TPO, EPDM or

bitumen respectively

Produkt- / Product-Information

Mechanische Eigenschaften flammgeschiitzter PVC-Com-

pounds

Mechanical properties of flame retardant PVC compounds

250 —- =
i Zugfestigkeit / Tensile strenght x 10 {MPa)
: Bruchdehnung / Elongation at break (%)

200 =

For further information, please contact:

Nabaltec AG

P O. Box 1860 - D-92409 Schwandorf
Phone +49(0) 94 31 53 -0

Fax +49(0) 94 31 61557
www.nabaltec.de

150 -
{
100 &
50—
: Sb,03 APYMAG 60S
{ Sphr 50phr

Business Unit Flame Retardants
Phone +49(0) 94 31 53-4 62/4 58/4 67

Halogenfrei flammgeschiitze und rauchgasreduzierte Kabel
Halogenfree fire redardant and smoke suppressed cables

89

Maximale Rauchgasdichte fiir mit Antimontrioxid bzw.

APYMAG 60S flammgeschiitztem PVC

Maximum smoke density for fire retardant PVC compounds

containing Antimonytrioxide and APYMAG 60S respectively

— 250

— 200

sity Ds

— 150

— 100

Optische Dichte / Optical Den:

fillers@nabaltec.de

1400 —

1200 —

1000 —

800 —

g
:

400 —

N
o
S
|

00—

M mit Flamme
flaming

B ohne Flamme
non-flaming

APYMAG 60S
50phr

All data listed in this brochure are reference values and subject to production tolerances.
These values are exclusive to the product description and no guarantee is placed on the
properties. It remains the responsibility of the users to test the suitability of the product for

their application.




90

PRODUCT DATA SHEET

ObiTe Ga ZURAN® 484

WWW.CHITEC.COM

Intumescent Flame Retardant for Polymer

4.. . General e S e :

Zuran® 484 is a highly efficient, halogen-free intumescent flame retardants for polyolefins and thermoplastic
elastomers such as PP (homo- and copolymers), HDPE, LDPE and EVA. The ourstanding thermal stability of
Zuran® 484 allows it to tolerate higher processing temperatures without drastic loss in mechanical properties. Unlike
halogen-containing flame retardants, there is no black smoke nor is Zuran® 484 migratory. Furthermore, it
provides superior water resistance compared to commonly used phosphorus/nitrogen type flame retardants, which
upon compounding results in free of pre-heating and corrosion. The usage level of Zuran® 484 for achieving UL 94
V-0 rating can be further reduced wheniit is used in combination with a small amount of anti-dripping agents.

" Properties @ -

Components : Pyrophosphoric acid salts
Structure : Proprietary information
CAS No. g Proprietary information
Nitrogen content 2 20-24%

Phosphorus content  : 18-21%

Appearance : White to off-white powder
Odor : Odorless

Melting point ; 274-285 °C (525-545 °F)
Particle size ] <10uM

pH value 3 4.5-6.5 (10% suspension in water at 25 °C)
Bulk density : 0.50-0.65

Volatility (pure substance; TGA, heating rate 10 °C/min in air)
5% weight loss at 280 °C
10% weight loss at 320 °C
20% weight loss at 377 °C

Thermogravimetric analysis (TGA) diagram

"

Terperature ('C

REVISED DATE: MARCH 19, 2008 {3 WI-DS420
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PRODUCT DATA SHEET

Ghi'i'e Cﬂ ZURAN® 484

WWW.CHITEC.COM

Intumescent Flame Retardant for Polymer

(g in 100 ml solvent @25 °C)
Methanol : <0.1
Water : <1

“Specification * =
Appearance : White to off-white powder
Melting point : 270 °C min.
Volatile : 0.5 % max.
Particle size (Average) : 10 M max.

Application Data ~ * _
Being an intumescent flame retardant, Zuran® 484 itself contains all the essencial components for the intumescent
mechanism i.e. an acid source, a carbonization agent and a blowing agent. This 3-in-1 package makes it especially
suitable for the applications of flame-retarded PP, HDPE, LDPE, EVA and thermoplastic elastomers. The typical
dosage for UL94 V-0 rating in PP (1/16") is at dosages of 23~30%, depending on the substrate and additives
loading. The required dosage for achieving V-0 rating can be further reduced by adding a small amount of
anti-dripping agents. Table 1 indicates the typical dasages of Zuran® 484 for UL94 V-0 rating in a variety of
polymers (1/16"). The recommended processing conditions for Zuran® 484 are listed on Table 2.

Table 1 Typical Dosages for UL94 V-0 rating at 1/16”

Polymers Dosage

PP homo polymer 25~28% (22~25% with PTFE)
PP copolymer 25~30% (22~25% with PTFE)
LDPE 30% with PTFE

EVA 35%

Table 2 Recommended Processing Conditions of Zuran 484°

Extrusion Injection

Barrel temperature: 210~230 °C  Barrel temperature: 190~210 °C
Die temperature: 210~230 o, Nozzle temperature: 190~210 8C
Screw speed: 150-200 rpm

Effect of Fillers

Due to the interference with the mechanism of the intumescent flame retardants, fillers such as calcium carbonate
and talc are not suited for Zuran® 484. For example, the addition of small amounts of calcium carbonate prevent the
UL 94 V-0 rating from being achieved even at increased loadings of Zuran® 484.

REVISED DATE: MARCH 19, 2008 50 6 WI-DS420
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PRODUCT DATA SHEET
ZURAN® 484

chiieo

Intumescent Flame Retardant for Polymer

WWW.CHITEC.COM

- Comparative Performance Data

MPP

20 kg carton box.

REVISED DATE: MARCH 19,2008

3/8

: ASTM
Formulation Control | Zuran 484 | Zuran 484 | o o rythritol | method
PP (homo, MFI = 4) 100 75 70 70
Flame Retardant Dosage -- 25 30 30
Antioxidant 0.1 0.1 0.1 0.1
Anti-Dripping Agent -- 0.2 0.2 0.2
Flammability Performance
UL-94 (1/16 inch) Fail V-0 V-0 Fail
Dripping Yes No No No
Limiting Oxygen Index -- 30.5 33.0 29.3 D 2863
Physical Properties
1zod Impact Notch (J/m) - 22.58 23.47 24.25 D 256
Izod Impact Unnotch (J/m) NB 191.9 146.21 181421 D 256
Tensile Max. Strength (Kg/lcm’) 319 299 275 280 D638
Tensile Elongation (%) 45.1 8.97 8.31 8.24 D638
Flexural Strength Modulus (Kg/cmz) 12646 21758 20905 27217 D 790
HDT @0.45 Mpa C) 100.1 116.5 118.1 132.7 D 648
Specific Gravity 0.902 1.022 1.034 1.025 D 792

Packaging

WI-DS420
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S EOAC

" Tel. +3356150 2020 - Fax: +33 561 50 20 55 « www.lyzenac.com * email: polymers@europe.luzenac.com

DATA SHEET

DESCRIPTION
&
APPLICATIONS

TYPICAL
PROPERTIES

CHEMICAL
ANALYSIS

Firebrake®ZB

Firebrake® ZB fire retardant is a unique form of zinc borate with multifunctional fire retardant
appilications in plastic and rubber compounds. Since Firebrake® ZB releases its water of
hydration at temperatures exceeding 290°C (554°F), it can be used in systems requiring
high processing temperatures. Firebrake® ZB has a refractive index similar to that of most
polymer systems, which results in the retention of considerable translucency and allows
the use of low pigment loading. It can be fed to extruders, calenders, or injection moulding
equipment in much the same way as other solid polymers.

Firebrake® ZB is used as a flame retardant, smoke and afterglow suppressant, and anti-
arcing agent in polymer systems such as polyvinyl chioride, nylon, epoxy, polyethylene,
polypropylene, polyesters, thermoplastic elastomers and rubbers.

Depending on the base polymer used and fire standards to be met, Firebrake® ZB canbe
used to replace partially (or even completely) other fire retardant additives such as
antimony oxide. In some systems, Firebrake® ZB displays synergism with antimony oxide.
In halogen-containing systems, the usage level of Firebrake® ZBis in the range of 3-25 parts
per hundred parts of resin (phr). In halogen-free systems, the recommended levelis inthe
range of 10-250 phr, normally used in conjunction with alumina trihydrate, magnesium
hydroxide, or a silicone polymer. Examples of starting point formulations are available upon
request.

Firebrake® 7ZB-Fine and Firebrake® ZB-XF are recommended for applications where
maximunm firetest performance is needed, and physical properties suchas film forming and
adhesion are critical.

When stored under normal conditions of lemperature and humidity, Firebrake® ZB is
chemically stable and shows little tendency to cake.

REMTACHVE INABX o1, sttt e 55+ eeeeebisbs s st oo g e g g 1.68
Median Particle Size:

7B, TitonseeheRNPAgEPN) /o5 Fomd - N covos oo e 9
7B-Fine, microns (Laser Diffraction) 2.1
7B-XF, microns (Laser Diffraction) 1.8
Solubility in water at room temp, % <0.28
BOCCHHIGLAVILY ......oovorre e rssssrssggoesesco @ s g gfficannnsscsinmnnsie s ccsissnsns sy 2.77
Stability: Thermally stable up to 290°C. Can be hydrolyzed by strong acids and bases.
Boric Oxide, B, O, % 48.05
Zinc Oxide, ZnO, % 37.45
Water of Crystallization, H,0, % 14.50
Anhydrous Equivalent, % 85.50



NOTICE: Before using this product, please read the Pr
Data Sheet and any other applicable product literature. The descriptions of potential uses for this product
are provided only by way of example. The product is not intended of recommended for any use that would constitute
infringement of any applicable patents. Nor it is intended or recommended that the product be used for any described
purposes without verification by the user of the product's safety and efficacy for such purposes, as well as ensuring
compliance with all applicable laws, regulations and registration requirements. Suggestions for use of this product are
based on dala that is believed to be reliable. The seller shall have no liability resulting from misuse of the product and
provides no guarantee, whether express or implied, as to the results obtained if the product is not used in accordance
with directions or safe practices. The buyer assumes all responsibility, including any injury or damage, resulting from
misuse of the product, whether used alone or in combinalion with other materials. THE SELLER MAKES NO EXPRESS

OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNE

HAVE NO LIABILITY FOR CONSEQUENTIAL DAMAGES.

Luzenac America, Inc.
345 Inverness Drive South
Suite 310
Centennial, CO 80112 USA
800-325-0299
303-643-0400
Fax: 303-643-0446
www.luzenac.com

Technical Information
United States
877-767-5037
techcenter@america.luzenac.com

Sales & Customer Service
United Stales
800-525-TALC (8252)

Fax: 406-285-5224
talc@america.luzenac.com

Luzenac Europe
B.R 1162
31036 Toulouse Cedex 1, France
+33 561502020
Fax: +33 561 50 20 55
polymers@europe.luzenac.com
www.luzenac.com

Luzenac Asia
3 International Business Park
1101-18, Nordic European Cenlre
Singapore 609927
+65 6890 6926
Fax: +65 6890 6927
etienne.chenevier@asia.luzenac.com
www.luzenac.com

Produced by U.S. Borax, Wilmington, CA
Marketed world wide by Luzenac

Member of the Rio Tinto Group

oduct Specification, the Material Safety

SS FOR A PARTICULAR PURPOSE. THE SELLER SHALL
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Flexural Strength | Flexural modulus Hardness | Impact strength
Formula )
(MPa) (MPa) (Shore D) (kJ/m")

Control (No FR) 21.11+1.44 1426+73.98 53.5+1.42 2.23+0.122
ATH(60) 20.61+1.62 1695+70.3 57.4+1.45 1.72+0.041
ATH(60)+ ZnB(10) 18.62+1.11 1580+£62.22 56.94+2.06 2.5240.16
MGH(60) 17.521£1.56 1576+93.8 57.6+1.66 3.29+0.168
MGH(60)+ ZnB(10) 14.8+1.22 1160+79.35 59.5+2.24 1.59+0.136
Phosphate(25) 20.7£0.73 1742+51.76 56.1£1.98 2.01+0.218
Phosphate(25) + ZnB(10) 19.82+1.07 1573£39.71 59.4£1.52 2.31040.392
ZnB(10) 19.21+0.69 1682+83.02 57.3£2.07 2.38+0.399
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woa Processing p Processing ﬁﬁ‘iﬁﬂ % a3HHISIN
gns i ; a13%78 o
wsonn | téwle | ensnaeld aid, aid, WF | Antioxidant | 99 Taeiniins I
au Enhance R 107
ATH (60) 100 100 60 5 2 ) 1.0 268.6 22.34
ATH+ZnB (60+10) 100 100 60+10=70 5 2 1.5 1.0 278.6 22.34+4.57=26.91
MGH (60) 100 100 60 5 2 1.5 1.0 268.6 22.34
MGH+ZnB (60+10) 100 100 60+10=70 5 2 1.5 1.0 278.6 22.34+4.57=26.91
Phosphate (25) 100 100 25 5 2 L 1.0 233.6 10.70
Phosphate+ZnB (25+10) 100 100 25+10=35 5 2 1.5 1.0 243.6 10.70+4.57=15.27
ZnB (10) 100 100 10 5 2 1.5 1.0 218.6 4.57
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qATHAY U1 (%wt PP)
Control (No FR) 0 1.114 0
ATH 30 0.825 259
40 0.768 31
50 0.739 33.7
60 0.685 35.8
MGH 30 0.866 223
40 0.728 34.6
50 0.679 39.1
60 0.634 43.1
Phosphate 20 0.612 45.1
25 0.491 55.9
30 0.483 56.6
ZnB 4 1.008 9.5
6 0.989 11.2
8 0.939 15.7
10 0.873 21.6
ATH+ZnB 60+10 0.483 56.6
MGH+ZnB 60+10 0.588 47.2
Phosphate+ZnB 25+10 0.764 31.4






