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Research Project Study of Additive Effects on Recycled Polyolefins
and Polystyrene Foam

Researcher Assistant Professor Somsak ~ Woramongconchai

Abstract

This research aims to study the processability of blending of polystyrene foam ‘_
and polyolefins - (high density polyethylene, low density polyethylene and
polypropylene) by using the melt blending technique with a two-roll mill and a single-
screw extruder for studying the role of variable mixing process and additive effects on
mechanical properties.

The reseafch showed that the ratio of 75 to 25 of polystyrene foam and
polyolefins had better mechanical properties than the other ratios. It was found that the
optimum conditions of mixing process for every ratio were between 180°C - 190°C
and the screw speeds were 30 —50 rpm. The additive effects indicated that all the
mechanical properties were improved with increasing amount of additives , especially
the fiber glass enhanced the mechanical properties better than the cellulose fiber from
the train's tickets and calcium carbonate because of the fiber orientation and the better

disperse ability.
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a d
2.1 WaaNdINAN ( Polymer Blend )
a 4 o a St 9 1 (% us/’ 1 a dy Jy Y
wodwes wadunsiiwedwes ni Inssadrsumnanudumasssiadu I naugde
[ a L4 @ g a d' o LY T [ T a [}
fulay Inseasveanodmesnaniiaesrianinnswiuegswiu ey luRaius: Tnnaud
1 @ & wva a I'4 { dy 1 wa a o v a [
5N FeandAueanodwos Haun IdHazuana1enaNifve e AT HaNNIINEANAY
a o 1 g A a Ja Y o zg’ = ..
NoANBINAVITLUAUTY 2 Uszian Ap wedweshausamnuTdie@e) (Miscible
a o A 1 I~ dy Pt Y v 3 =
Blend) o wodweswaun lumunsasauiuiiofenu 1a (Immiscible Blend)
@ a ' a Y 1
MINaud1ouldusane oS Neua1uIsans N g anainnuaniso lunsazatey
L I W o ‘Y ®- ' o 3R
(Solubility Parameter) uilu@unlsmiunes lulaming Indody I em*Feo19v1 1d01nns
AUIUYTDIINNITNARDIAU A T UAITIIN 2.1
o =} 1

Y A I @ o '
sadusanuamsolumsazay’  damlndReesiuniomny ezl Ao = o

AN (2.1)
AHm = ¢1¢2(6|'62)2 Q1)

e  AH_ Ao wumaill
0, , 0, Ao dasrdaulaslTmnsvesazns L 1 uog 2

d,,0, i MANNEINSAYDIMIATAY

Y 1 o a a o = =R,
Lmzmﬂmmau‘wuﬁﬁw’mwmmuammmﬂua LE)MV]W@“LJLLQSL@HI‘VIT]J@Nﬁwﬂﬁ (2.2)
AG = AH_-TAS, (2.2)

4 o ' | ' a J o v v
o AH, =0 wihlda Ac iduey ugasihmwedwestunsadinuld lumsndunu

§1m1 8,-0, uandrsnuann sz ldwedwesiindu Tl e dueaslugli 2.1
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o A uaasdsanudiiululdvesnediues

= 9 w 9 a r'd
B UaaIDa NIt U lqUBInadiyes

=2 Yy o £y 1 a o
C ll’dﬂ\iiNﬂ’JHJL"U'Iﬂu"lﬂ‘iJNﬁ’JuﬂlfNWﬂalllﬁ)i

M99 2.1 taassanuansalumsazareveansanes (Solubility Parameter)’

WoRIIBS o) exp. "% fem™) O calc.
From To (@"%em™)
weaeNau 15.8 17.1 16.0
WoANnsoWau 16.8 18.8 17.0
woad lasu 17.4 19.0 19.1

Y

agilszasnvesnedmesHaY
1. Lﬁ@ﬂ%’ﬂﬂgﬂﬁ'ﬁﬂuﬁﬁﬁﬁu‘lu51mﬁmmzaﬂﬂmﬁumﬁjmﬂ%ﬂﬂjmﬁmﬁa“lumsﬂw
11l18al52 Tomivesnadmesitisinume
2. JumsimaradnilFudninduanldIng 1difulss Tom!

3. el lanedwesnaundauiamanzaylunsiin 1y 4



2.2 WoaleaWud (Polyolefins)
a = a ad 1 ] a [~ = A
Ianuneswdanedenaunsaae q (lasutsmulsuannulunanisonnunun
wuY) wazweansonau Inenautiauedsemsveaned loanuduaaslumsed 2.2
2.2.1 WoaeNaY ( Polyethylene , PE )

gasInseads

—fenen, §

o o A = = A yyy ' 2y yat I~
anvaz Taom ldfemiler  gaduanuduladesnn  numudemsiaiildaun iy
d’dd‘ = a Q'{ a l; é’ 9 1 91
au iAoy Tdudsednivesnnu@eamuduaziugiienszuaumsan q  1ddw
a a 9 a Y ac a ad d' a dgl 9 3
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I~ a ad ] ® v A a Aac [
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4
wa =] 1 ' @
Tunauazauanaeasumsidau ladungueis g e
* WOAENAUFHAANINMIMUUAT (LDPE) ANUAUILUY 0915 — 0.995 N3
' J a
ARNUIARLUALIAS
¢ wadenauriaanuriiuduFudy (LLDPE) AWM 0.910 -
0.925 niuABgRINANIHUAWAS
® WoOANAUTTAANUUIMHUGI (HDPE) ANUAUIMUY 0.941 —0.967 N5
1 J a
ABQNUIAAIEUAINAT
® WOAONAUFUAANUAUMUUAININ (VLDPE) AWMLY 0.880 —0.912
W ¥ J a
NSURDGNUIRANITLANIAT
v v
e wodnautminluanags (HMWPE) ihminlu@na 200,000 — 500,000
v Y
® ywonenautivin lmanaginin (UHMWPE) dvtin luana 3,000,000
d’lw =~ a ad a 4 @ a ad a J 1
uonanidelinedenauriayon Tosnas Isaa Iwmanedonauuaz Ianedwsiaig 9

VDUDNAUAEY



2.2.1.1 WodAleNausianINHUIUUAY (Low Density Polyethylene , LDPE)
Tull a.f. 1930 GuiimsnaanedeNaUsHAANUNUIIUAT ASASAFS
od a a a a A o a
dudianaadnwedeiauridausafithin ¥ lumemsi  aszurumswdauaz
o o a aa a s Aw A1
anyaz Inona lilvesnedienausiananumuuniudiliael 2
e anuauildlunszurumswinozgaunn 1,000-3,000 UsseIMNEA
(15,000 — 45,000 psi )
ad 9 aaa a o =
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a ad A ] [} (] [ 4
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v v
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TuTwagaunn
aszurumshlFlumsnanluilqiudicesnszuauns
1. Autoclave Process U89 ICI
2. Tubular Process U84 UCC
¢§ 3 Y v a 4 o ¥ a
FINA0nszUIUNMIL ¥ Insead 19 Tumnanuand NAUIAIZAINNTONAR LDPE
N NUAUNUULAZTIVDW BN Inamlouniufe
i LAY d a
ANUUUMHY 0.915-0.930 NFUADYNLNANIFUANAT
Aiin1siva 0. 1=50 n5uAB10 WM
aulinveseteNausHaa MU INIUA
] 4 ] @ PPy a =
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& Y 2 A = 7 o R Y
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® 115 11nanad
] a 9 a o Sl =1 a
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® {f1ANAIUMIUISTINTZUNNANDANADS

3y
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sl 15 2
o A c’;’ . . ] 4 9 . A P
e WanuaznuAdiounals 9 U (lamination) 1¥U WANNAYY (shrink wrap) H30QN
Y
aeamsanulaunn q
® 1URAUVY (Injection moulding)
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& v ¢ & ) o : . A
® YU 9 I¥U Wauvae%u (coextrusion) 91UIAND (pipe extrusion) Nuadsume I
Huazaoiniiia (wire and cable coating)
2.2.1.2 WadleNAUSHAAIUNU UG (High Density Polyethylene , HDPE)
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4 2 ° 9y  ad @ W 9 19 LY 1Y & a a
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2.2.2 WaaAnsewau ( Polypropylene , PP) “ -

gas Iaseadg

—F CH,CH-
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S W 9 91 o LY | )
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IR ALY A
v
s o @ [ [ (] [y T I'4
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d‘ wa a as a 1 ; - 1
193197 2.2 uﬁmﬁuummaﬂszmwmwamwauﬂvuﬂmmwmuuum ANUUUNUUGAUDS

a ac 15
WOANWIDWAU

A GHI LDPE HDPE PP
ANNDITUNE 0.91-0.93 0.94-0.97 0.90-0.91
wesiaudanuilundn (%) 50-70 80-95 82
gunginmsrasumal (°C) 98-120 127-135 165-171
AMULTULTIRS (MPa) 4.1-16 21-38 31-41
WOARAN1IAY (GPa) 0.10-0.26 0.41-1.24 1.10-1.55
wWosiwudmsoa o 0070 (%) 90-800 20-130 100-600
ANUUTILTIADUTINTZUNA (J/m) no break 27-1068 21-53
Qmwgﬁtﬁmmumm%’@u °0) 38-49 60-88 225-250

23108 1A U ( Polystyrene ,PS )
GEERGENERR
“TCH,CH Y=
CH,

Q. a a 9 a v .
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UIHN I .G. Farben
va a a 14
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Fandsziinaluanalszuna 50,000 — 200,000 NUABLIIALIAR LENUGBANNTBY

A1 iflpsnntiguvadaniugadionunddszana 80 oaruwalTEd ANUNLWIY 1.05 -
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2.4 MSIANUAI (Additive)
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A = 1 [~} A 9 QY a a oL Y o
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a ad a ad Ao Jd v d’l 17
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242 dulowaglod (Cellulose)
a a é & a 1 4 '
dulowag Tasduwedwesailaniedaldninsssuand wu me'ld lothe Aeuldau
i &

¥
doelimsdsulyeauialdavunewie ldmngausums1dau TassadraveawagTaa iy

a J A a 1w 1 [ ~
woduwnnlaq MiAavimuainglad defudiuaisldnn g 2.3

51/ 2.3 uaaalassadreluanaveusag laa

1 ' v Y
wrag Taad lamnnde ldeeiimin Tuanatszunm 160,000 shimdaluanaves
v v v
wrag laadnwdngaeauianiemenw  aaudsuisnlfudgeaui@ldTaomsiiui
' Y [
wiinluana  manszneluanoveusag laalanudiAymsigdaunithmiin luanadiee
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vouduluwag laalimsdaGoadedrailusadondmfiiiundnazusnosnnnd iy
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1. MsgaduAuiY g ladezlinsgansene lethuazveavaidus dalSuna
Y
AN luaag laavsinaneauiiaigana
A 1 31 1 Yy 9 a
2. myagmonazanunila woglaa lazaieluth udszazarvlunsaduduuazazing

a g

1aTa5 ladodrasasuiions 13 lunsafigumgiines

U

1 ' 1 A g a A 1 1
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13
2.4.3 UAATINATUBIUA (CaCO,) *
P o & ' Aa s A ' ~
uaaeun1s vaauuI e gaNauysaivuaen Tan ualugaamnssy s
° = ' Y a o ~ s [~/ o AHq ¥ a
WunaFeumivomaun 19iios 20% 1NN uaamoumsveaiua i lnldauasly
a £ A 4 1 1 o Aa T d a **d
waaan  davaede lasutsauuvasiuila @y wsida(Marble) lasia Tau(Limestone)
@ o o [ 1 ad a g
ABTA(Coral) 1¥AA(Shell) 1A ¥OAA(Chalk) Wudu dwtamulaseadnanisosoniuna lae
i Jd - 4 =\ 4 [ =
(Calcite) 223110 lun(Aragonite) taziilefiuuniiifoumsvemnaglulaseasavziSon lala luy
. 3 < v a [ 4 =
(Dolomite) (CaCO y MgCO,)  unaFsumsueagnldiiluasdauduedisninunailosand
1 a 1 = 4 =
ANV Msdnnseutios  Inatsuuineynn way s1AI9N  wWuILAaFBuMTuBmal Iase
a$e 2 wy  AeunalosounnaiFsuuuuadU(Alemating calcium cations) LAZASUBIAT)
U AGULDUT 1U(Trigonal planner carbonate)
= a o [~ a a
Tunemsiiimswiauaadoumsivomavendu 3 siauazldlugacunisunaiadn
1&un HUVUANYI1U(Coarsely Ground) LLU‘iJﬁ%L%FJﬂ(Finely Ground) tagHUUASNBU(Precipitates)
msdunnerinadoumsveal 3 35 e
4
1. NIZUIUNTT 1%198(Solvey Process) (Na,CO,)
a 4 A g
2. AT leiRen leasen lud(Sodium Hydroxide Process)
o’/’ Qddy 9 S 3 1< a o a1
Neere9Istoy lunaiounsuouatlunandsims 2
d o & ama = J
3. NTTUIUMIASUBIUTU(Carbonation Process) (Huisnaeonns ldunaifounisvena
Y
Taonse 3 3 Tunou
3.1 MAFUGY(Caleination) CaCO; —»  CaO +. CO,
3.2 lrlEl!,@]’iGl‘g’j‘ll(Hydration) CI0=h, H\> Ea(OH),
4 @ .
3.3 MIUBIUYU(Carbonation) Ca(OH), + CO, —»> CaCO, + H,0
a a o o ~ a o) k4
aszuaUmMIEuIINMsmadugu latalen  Nouugilszana 900°C 1z 14
¢ ¢ ¢ ) . e, oA Y a ¢ o
msvoulaeenlyd wazlay (Quick Lime) nasmmiuiimsuonliuigns ladeznauiiums
v

a o T % o o a
umuaawawugu (Milk of Lime) 0¥ U1 wmmmmmau“lﬂaaﬂ‘lcm“lummmua@wawu

Yuez ldunadonmsvoun  TasuonvuineyniadiemsnsowasingeensosgyaIn ey

Y
o o

¥y (Rotary Vacuum Filter) HAZIATDINTDILUANUAY (Pressure Filter) e lunisiitaii

@ OBJJ o 4 J { Y

vasnntuh dudslaoldaTosaasouuunyy  (Rotary Tunnel Spray) WI0IATOIDULNA

@ Y = J J . =Y

(Flash Dryers) lunszuaumsineg launadouasvemalugivesezsilnlun (Aragonite) 1
£ aaa [ @

YUIAOYNIN 0.2 — 2.0 TUATOU FIAN1IZY0UHATE19LTNAGDVIADYNIAUAZNITNTZIIBAIVDY

Y d’l a o Y @ Y (=
yurpeynn lasdilanusuninnu ld i Ideyaanssaeda 14 16a
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CaCo, » CaO + CO, (2.3)

9

=) =) o A ° aaa 1Y 9 =3 o g [
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dy a 9 9 v Aa a & ] o a v @ ﬂ 9
wui 18 laeldwiadnafosn  Fzsislunsnsznedvemmadnuazaansiuaauiludou
[ aaa 1 a v ] A [ .
aReisnoz liinlfAsodunaadnuazsaoiuaundas 1N 1en M (Physical Strength) 1ag
v 14 v ]
Ml lfSinumdosy 0.5 - 1.2 % uaddiftuidrgusuluninianazneu(Precipitate Grade)
cy ‘W o [} v d { o v ra
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] a e o a QJ 9 a 1 [] v M
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J v J
Soda)  lwdaen lumisusiua(Sodium  Bicarbonate) tagl¥lusimsdad fawwewnaiFou
4 » A a 9 1 :/’ =2 v. A g Yo o 1 a J
asveiuaneviiflymamfumszasiudnasilosiua mie liltdudadunafounsuoua
mstlszgndldan
= d a 9 o a ad a Aad A& 9 1 IS
uAEFILAI Uaaty ldnuneteNan  tazweaNTeRALNRAAUNY  dIULANITYY

4 a a a A
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2.5 inseeilelylumside
I Y
2.5.1 IATOIVANANUUDABIGANAL (Two-Roll Mill)
= o 79 ¥ g v A
madanmsuanauuuuaesgnnaainlszgndlylugaamnssuilu 3 dnwue A
o ~ Yy 9 9 1Y A aw @ Y . Y ) 1
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v Y Y -,
UialulSunafiuniiude ) 3) gerawassuvwadonaimsaldlumsiugdduuruvsoms
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High Density Polyethylene (HDPE) ﬂfﬁﬂmﬂﬂjwnﬂju
Low Density Polyethylene (LDPE) USHN TPI
Polypropylene (PP) UTEN HMC
Polystyrene foam (PS foam) TWuﬁ‘l%msﬁwmm%’ué’a
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Wulowaglad (Cellulose) fs0IAlgiEweemssa il wszmelng
UAAFOUAITUBIMA (CaCO,) YTHN q?u‘n{aam'w nIRDD 91N

A o~ ¢
3.2 1n309NauazgilnIal
n50914UA 31 NEMA 600
INT090ATALVUINABINUBNAGY  (Single-Screw Extruder)
1 2
IATOIVANAVUDUABIGNNAL (Two-Roll Mill)
IATOINANNADNNAITE VT AUDLINGBINUOUE  (Banbury Mixer)
[ 4 v
19509RAYUFUFUIY (Injection Moulding)
4 =< ;
RNIDINATDULLIIAY (Tensile Tester)
IATDINATDUANUNUNIUADLSINTTUNN (Impact Tester)

(NTOINATOUANULIUY (Hardness DXT)
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NOZZLE TEMP. 180
ZONE 1 TEMP. 170
ZONE 2 TEMP. 160
nm‘lumﬁﬁﬂﬁugﬂ
DIE CLS/OPN 60 MELTING 150
SID-COR ACT 0 DECOMP. 2
1T STG. INJ. 25 COOLING TIME 250
2"’ STG. INJ. 20 EJECTOR COUNT 1
3" STG. INU. 15 SCW. FWD. 0
EJE. FWD. DLY 0 SCW. BWD. TIME1 0
MELTING DLY 0 SCW. BWD. TIME2 0
EJE. BKD. DLY 0 ALARM 500
s lunmsaa
RAPID LS SPD 40 1" STG. INJ. SPD. 40
HIGH CLS. SPD. 25 2"’ STG. INJ. SPD. 30
CLAMPING SPD. 15 3" STG. INJ, SPD. 30
DIE OPN. SLW.1 5 MELTING SPD. 50
RAPID OPN. SPD. 20 DECOMP. 100
DIE OPN. SLW.2 20 EJETOR SPD. 10
PLUNGER SPD. 20 SCW. IN 0
DIE ADJ. SPD. 0 DIE CHANGE 0
anuanlunisRe
DIE CLS. 30 MELTING 70
CLS. SLW. 20 DECOMP 25
CLS. HIGH 30 PLUGER 25
DIE OPN. 40 EJECTOR 40
1% INU. 50 SCW. IN 0
2"° INJ. 45 DIE ADJ. 80
3 IN. 40




4 MINATOUANTATING
1 <4 i
4.1 NATRUAIANNUTILTIAY (Tensile Strength ) WIATFIU ASTM D638
o a { g z:’.’ [ [ 4
® hwaaAnnRavugruauglduuad (Dumbell)

' v
NATOUATNIIZIATOINATOUA T

Crosshead speed 50 Hatuns G]l’e]u;ﬁ
Gauge length 100 Tadwas

Load cell 5000 AU
SmnFOuAnagen 6 Fu

o vwait ldindunameaniidenadado 11 i
Tensile Strength : Force (N)/ Area (mz)
%Elongation " (ALength /Original length )x 100
Modulus . Stress / Strain
4.2 MInNAToUAIANUIGTIIANEY (Flexural Strength) 1IR3 ASTM D790

) o oee A dg’ Qy I~ @ o @ dy
¢ naaAnnRe YL UFUNUTUANUAE (Dumbell) INVATOUAI]

Crosshead speed 10 HaawasaewnIn
Gauge length 60 Haamnag

Load cell 5000 I
Smanduaunado 5 1

4.3 MINATOUMANUNUNTUADLSTINIZLUNA (Notched Impact Strength)

. wne Te < S s o
® u'lWﬂ']ﬁ@ﬂﬂﬂﬂmugﬂ‘ﬁu@’luL‘L‘uzﬂﬁﬂ’?ﬁﬂNWuWWNWWﬂﬁ@ULLﬁ\TﬂﬁgLL‘Vm

1M7L ASTM D256
Load cell 30 Alansy
SuTLOuinaaey 6 ¥
4.4 MINATOUANULYL (Hardness) AUV Shore D 31ATF1H ASTM D2240

Y v Y
NUIUATINNATOU 6 ATINOTUIU
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5. MIANAITAVLAY
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Yy ‘ o Y a
o duluwraglad (Cellulose Fiber) imanauidulomag laaludsumm 1% 3%
B v (]
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~ o a
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Polymer Tensile Tensile Impact Flexural Hardness
Modulus Strength Strength Strength
(MPa) (MPa ) (ikJ/m) (MPa)
PS 2809.0 42.77 8.18 2.563 75.79
PO 303.0 21.24 35.8 0.416 53.25
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Impact Strength (kJ/m )
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Hardness
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Tensile Strength (MPa)
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9ns1aU MUY flgﬂﬂ?; 3| Tensile Tensile Impact Flexural | Hardness
PS/PO #19%ums | Modulus | Strength | Strength | Strength
Her (MPa) (MPa) | (k¥m”) | (MPa)
o)
w1 | wds
190 180 1650.0 33.58 1.88 1.125 72.67
75/25 180 170 1652.2 34.02 1.89 ST 12:617
170 160 1597.0 32.25 1.80 0.9799 72.50
190 180 1407.0 27.74 2.54 0.8622 68.50
50/50 180 170 1390.0 27.48 2.53 0.8588 68.13
170 160 1320.0 26.18 2.46 0.7700 68.17
190 180 1052.0 25.94 3¢22 0.5955 64.67
25/75 180 170 1107.0 26.03 323 0.5983 64.33
170 160 1034.5 25.44 3.28% 0.5952 64.33
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o g
BATUII

A1 PUNY ﬁﬁ 15 lums Tensile | Tensile Impabt Flexural | Hardness
du way (°c) ang Modulus | Strength | Strength | Strength
(PS/PO) uRazuSn (@pm) | (MPa) | (MPa) |(im’) | (MPa)

190 | 180 | 170 | 160 70 1571.0 34.07 221 1.042 72.00

50 1626.0 34.95 2.26 1.082 72.67

30 1643.0 34.94 2.26 1.111 72.67

75/25 | 180 | 170 | 160 | 150 70 1576.0 34.26 2.20 1.053 72.17

50 1629.0 35.68 2.24 1.151 72.83

30 1647.0 36.10 2.26 1.164 72.83

170 | 160 | 150 | 140 70 1321.2 34.01 AV 0.9988 72.67

50 1432.4 34.58 219 1.052 72.67

30 1558.0 34.50 2.21 1.059 72.67
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A3 QUUY ﬁﬁﬂl‘l’)” Tums 8035157 | Tensile | Tensile Impa(;t Flexural | Hardness
U way (°c) ang Modulus | Strength Strength St}ength
(PS/PO) UARZ LTI (pm) | (MPa) | (MPa) |(KVm’) | (MPa)

190 | 180 | 170 | 160 70 1385.0 29.57 2.61 0.8417 68.50

50 1407.0 30.47 2.82 0.8704 68.85

30 1407.3 30.42 2.80 0.8653 68.83

50/50 | 180 | 170 | 160 | 150 70 1249.9 29.47 2.54 0.8407 68.17

50 1306.3 29.77 2.7 0.8573 68.83

30 1310.3 30.11 2.68 0.8588 68.83

170 | 160 | 150 | 140 70 1024.8 29.07 2.30 0.8401 68.33

50 1210.7 29.41 2.44 0.8524 68.67

30 1221.8 29.37 2.47 0.8568 68.67
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8131 guvgiiildlums | 643152 | Tensile | Tensile | Impact | Flexural | Hardness
au way (°c) ang Modulus | Strength | Strength | Sfrength
(PS/PO) ARz UM (pm) | (MPa) | (MPa) | (kJ/m>) | (MPa)

190 | 180 | 170 | 160 70 796.5 25.55 4.10 0.6063 64.00

50 864.0 25.69 4.13 0.6276 64.50

30 846.7 25.59 4.12 0.6257 64.50

25/75 | 180 | 170 | 160|150 | ~ 70 790.3 | 26.06 412 | 06076 | 6433

50 869.3 | 26.13 417 | 06423 | 6467

30 850.9 26.17 4.14 0.6376 64.83

170 | 160 | 150 | 140 70 749.8 24.98 3.64 0.5483 64.00

50 838.4 25.17 3.86 0.5669 64.17

30 841.4 | 2520 384 | 05568 | 64.00
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GRFIGT 5ua Modulus Tensile Impact Flexural Hardnees
1Ag (%) (MPa) Strength Strength Str‘cf;ngth
MP2) | () | MPa) |
ulouda 1 2082 34.52 6.09 1.510 70.49
3 2194 34.98 5.82 1.697 78.00
5 2795 35.15 5.42 1.825 66.32
wuly 1 2186 34.48 5.91 1.489 70.77
wag lad 3 2338 34.85 5.53 1.514 67.26
5 2530 35.04 5.32 1.585 65.14
uAIFHY 1 1678 33.87 4.38 1.303 71.31
Msvea 3 1792 34.10 435 1.434 68.28
b 1903 34.46 4.13 1.499 66.67
A5 ARSI AN A M AU ISR NUA RN T D8RI ALUUIN BT H LB R EA
GAPIGH A3 1dIU Modulus Tensile Impact Flexural Hardnees
1A (MPa) Strength | Strength | Strength
(MPa) (kJ/m’) (MPa)
dulouda 1 2194 35.81 9.12 1.554 70.96
3 2275 36.29 8.74 1.608 67.79
5 2613 36.36 7.98 1.787 65.38
iduly 1 2014 35.32 9.49 1.515 70.52
iyag Taa 3 2145 36.09 8.43 1.568 67.53
5 2490 36.14 7.12 1.700 65.27
AT 1 1712 35.50 5.27 1.356 71.62
Msvelun 3 1801 35.63 445 1.423 68.35
5 1989 3591 4.32 1.462 66.71
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