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There is a large amount of unused sludge cake from domestic waste water
treatment. We can increase the value of sludge cake by mixing it with polyester resin for
casting. The sample specimens had a strong colour without a colour filler and had
figures within. The dried sludge was crushed and separated into two sizes (< 53 pm and
212 - 300 pm). The sludge powder was then mixed with polyester resin at a ratio of sludge
pqwder : polyester resin - 10 : 90, 30 : 70 ,and 50 : 50 ( at a ratio of 70 : 30 it couldn’t be
cast ). Specimens were taken to test tensile strength , flexural strength , and impact

strength compared with 100% polyester resin.

The results of the tests showed that polyester resin was strongest at all testing
values except the 50:50 of 212-300 um for impact strength. It was stronger than 100%
polyester resin . The valués of impact strength were nearly all the same. The tensile
strength testing showed that the specimens’ strengths were decreased when the amount of
sludge powder was increased. The flexural strength testing showed that the specimens’
strengths were decreased when the amount of sludge powder was increased but at a ratio
of 50: 50 was stronger than 30:70 . Impact strength testing showed that the values were
nearly all the same. But the specimens at a ratio of 50:50 of 212-300 pm were stronger

than 100% polyester resin . The strength of this size increased when the amount of sludge

was increased.
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{o o t a ot :‘ v 3’ 2 o
Wendny  laua astundnazmwiiuas hinzanhiaedaluzilves BoD ( Biochemical
. o = Lo o o o a ry ’ '
Oxigen Demand ) A9A13797 2.1 uonnniidaliuuaiiSe wens uazidolsnme 9 19y Faccal
& o o Y L] a
Coliform Bacteria ( FCB ) #ewuluginszvesdaiifosgndaoun udethelsimy wens ua =
FCB dlngszgnihmentenses

[ v
m1371971 2.1 dnvaziieswnnunasgusululszmeing

anvag . | ileainen Jpiunsuen] menades | mavradies] maaidles] mewadieg
ways | qussan | eywsans| qagisd uAslguy
1.pH 6273 | 6.4-8.1 6.56.8 6.7-7.6 7.0-7.8 6.6:6.7 6.3-7.3
2. TS (mg/) - |232-1,012 | 652-29,180 | 274-2,948 | 666-15,592 - 123-1,720
3.SS (mg/)) 12251 | 30-315 34213 - - 47-531 | 22-1,416
4.BOD(mg/) | 4-150 | 6-130 19-105 2-630 6-540 91-278 13-1,125
5.FCB (10° 0343 | 2240 > 1,100 0.04-240 >24 - > 240
MPN/100ml)
6. TKN (mg/l) |1.51-2389| - - 09-558 |  2.5-208 - 18.5-124.3

-

- 39 uagdsnssa :2536 (4)
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Foyavesdninnsszuneni ngunwimuns 1l nat. 2536 (5) guammi lunnesd SRTGN
NTUNNUNIUAS uﬂmmwmmnﬂmmmmgmxi’lumu“lmy 1T AADAUAUNTY AABINAIN
INYY UOZARBILNE A BOD 58 345 uay 31 Tadndwans  awdiy ueiludl I wee,
2540 ifleszuuthiinlddaldounds qmmwﬁﬂuﬁmamﬁqmmwﬁ%u 1Y RO
ARBINAINTUNYY HATARDY 1ede fiA1BOD 13, 13.8 1az 21 Tadndw/das R RTAT)
n';;»1m‘wwmﬂsﬁn’]mmu“luﬂ15%’ﬂﬂ%’ﬁi:ﬂﬂﬁﬁﬂﬁwnﬁquu 10 us ¥
Tayuawsodaldonld s uis fo aoriiidmindeinsze aunsasesiuringe]dsuas
30,000 gruadiuas Tsathaiudosum awnsasesiuriudeldsung 200 ,000 gALAIA
was  uaelsathdmiidesauTndund aunsosesiuiiudeldSung 40 000 gRUASUAST
uazagsvmwmmumsan7 wis fio 1. Tnsemsthdaindessussosdi 1 2. Tasamsihiia
Fudomuoay - Munsy 3. Imamﬁm‘uﬂmmusms;]smm” 4. Tassmsthymindss
sz 4 5. Tnsamsthiaiudowss Tvue - aosamy 6. Tﬂiamsnmﬂmmmuus 7. Tse

msmuwmmv‘nuamau

o o : =
2.1.2szvuthiainaeyury
E4
2.12.1 nanmsiamvesszuuihadudogus
£ 4 i
mataindeveslsainininfeguruduingiJumstiagaeszuy
~ 9 o é = =1 ar = a’r P} 9) oy ¥ 8 o
Pmmuvulveendioudlivawuuy Teelivdnmsuvuifoaty do IuuniSaduicsa
= o & ] a S o 4
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4~ ' : 4 1 v Y ey a ) o dy ~
ASNOULLATIUMAIY BONUT  UABLIZUVISUANANAUAIITNISIRNBIN TN S IuRuf
uag 1Js°'frmmw cms”m"lﬂmm“l«mwlumsmuszw luituiatisa dulngieeliizms
Smindeunuaznouss (Activated Sludge ) Fefitlsz@nsnmuings 95 % (6)
1 4 (4
nmsthiiaduffouuuaznowss szanm BOD  veuindulasnszuiums

= o o ar
NN FINWVDIUANITY AITUNT
Organic (CH,0)n + O, ’ CO, + H,0 + Bacteriacell + energy
I
hd aaay A g =y .
suvliseneudieda§ise Fuludaufueinie (Aeration tank ) uag

¥ v
@ . o a ¥ e a& =
INANASNDU ( Sedimentation tank )  Tagviwsezgnguindudvema  Fellszuummfy

. Y 9 )
maiminn I eenFuunuuaite wazmaudunay I lddudanuuuafiSesdiens
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unﬂﬁs‘s’uﬁnﬁ’aﬁ’uﬁluﬁ'ﬁ)u (Mlx Liquor ) fnmuua.,tmmfnmmmummﬂmﬁmmnmvnau
m'eLwnmmauummsuaanmnm xwam“lﬁ“‘lﬂuﬂmmwm BOD #1 duns nouLLATSeR
aan o a v A A
woegiunaznou mzammmuﬂauwmamuﬂgnimanﬂswua HhuguiiGesliiie
S triuuaiGeluduivenmenef m"naumumuavm"lﬂmwmmmﬂunawn Tauda

v
uda

Hannn ﬂﬁllu'luﬂﬂ'ﬂﬁﬂ az mﬁﬂl‘ﬂlm’lﬂﬁ ﬂ’t]‘uuﬂﬂ‘ﬂf[ﬂ LW@iHL‘ﬂuﬂ'ﬁ"ﬂ’]SﬂWﬂﬁuﬂﬂu

eviigaday
o A g 4
dudgszuy
¥
> [1] | vednlutu | ™ Arcated tank Sedimentation tank [ 11981
return Sludge
Sludge —__y, M3i1dA
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3 2.1 wwudeszvumsthdaduiy

2.1.2.2 msnamnazneu
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1wﬂsmmaammaauawqﬂ uavv‘ﬂumnmvnauuaawqmm Tuhludia dedeguarnss
Arefu wu ashlilSudgemunmuesdiu mssnite msildfamss n3erilioud
A5l (2) "lﬂﬁa‘unmmmu1mmTsammmmu%wumumn defangunwumiuns wuh
mdamnazneuusd i Taotih hinauduagae q youswin unayw Wudu el
Joldduldvesngammumns unshdadeTiaudan Wy thlnesiels HAZINMSHBY
ot mihiives Tssthmiuderuunm wuh mnazneufiifatyldsaus anitevh oy
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mnnzneulilldssTond Ao Wil w2563 (am 2020) velimairldfuile 65 % wazdn
35% denailunsiiialasisenau (s)

2.2 sawilsznevlumanzneusiuge

2wsh ) sz mmamsmmﬂﬂmﬂﬂ.,nau‘luﬂizwmmmwmmnlumummq
18wy 25 - 40 ATansurenudss mnm:naummuuﬂmﬂunmmwaqﬂﬂs*vnawmﬂusmn
aetumusagan Il ﬂswmumsmﬁﬂmmu waznszuumsiitansnoy  Taevialy
duse namnmmﬂmﬂ'ﬂummmmaaamﬂu 2 19U (7) fio
L smemnsiy wu Tulnsiu Weaeds uszhluwmon  s19e1m1s504
Y man uusmila newuag uazdInzd ua”mm‘i"uq
2. mslanzniin srsdunidnd 1AunSduasnnseg
umsﬁny1ﬂ1nmnaummmmmmma 9 194 Yoshida (8) 183in51zvnn
£NOUIN 1599UNANB IS WU u"luTmmumwuﬂﬂszmm 3.84 - 11.41 % WoaesSa 1.7
~8.62% @BU1 Yoshida UAZ Yoneyama (9) "1&"’31ﬂs1wﬁmﬂﬁ enouINT590iuane o Tudeq
Hanamuro Ussmedjiju wusnSua Inondoves msvew Tamun 5 1ssana 17.00- 402 %
UsurarTulasoustanun Ulsznm 2.83 - 6.48 %
Sommer et al . (10) "lﬂmuﬁ"aadwn'mmmummma'wha 7 Tuynil 1974 -
1975 wulmnaznewlszneudaenisusy 50 % dwlngjegluglsunidans Using
TuTnsiuknun 126 -4.33% uazaglugives NH," - N wouTwidly Tulnsiouy ) 1A
90 % 9INM3NABBIVDY Sommers (11) WU NO, — N ( Tuase Tulnsiou ) WLHUHAININMS
mldazneuuds
Saund (12) "lﬁ'ﬁnm@mﬂuﬁﬁwMﬂﬁmmmnmmuuﬁwmTsaﬂuwﬁmﬁmcﬁ
(MU, 990 UDZHIYIT WU 1 pH aszndn 61 - 66 uTnsouivun 38 - 507 %
Organic-C  19.49 - 4553 % &amsufl 22 Famsnmvessing 7 ) TdAufegenn

Tssnugammnssuemis Sralndfestusands uasiie Organic Matter 18.89- 65.26 %
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3197 2.2 gaaniAmaniivesmnaznounsis

AWPNUNIUITTUATSN /10

Auauf Uy g3 HIYTE
pH 6.63 6.2 6.1
Total -N % 3.90 5.07 38
Organic - C % 19.49 16.97 45.53
Nitrate - N % 0.431 0.372 0.650

duselsn AUNSdou o wmﬁmniuiumnmzﬂaummmmuww fiaun
(13) ‘lﬂwmmmmﬂauw"lﬂsmmmmmmﬂunm7'miJ mw"luwuwamaimuam

2.3 msinmnnzneu Il F s Tows;

ﬁé’wﬂamuaz?ﬁ'umsmmﬂmmaum‘h’f'ﬂsﬂwﬂuﬁaw 9 AU udums
YA ASIE (2535) u1n1nm~naumﬂmsnmﬂmmwnwu1'11Jmamﬂgnw¢v [Wens2n
ﬂanmsa'"mmaaTaw"nuﬂ"luﬂnnmmwumﬂymsnssmqmﬂﬂwumu iordunamaly
mahmnazneunaunuils sfiws (7) IdihnanzneunnTssrurdaoms 5w Ao Tsq
andades, Tsenundnisaay Ts«mwamqﬂ Tsssmaldnszdles uas Tssamumdang
750 lunanenlgadanianey Sy Tavzmingnaadudhainmanenld ualyds
5.,ﬂmrmﬂ‘1mnﬂﬂﬂmi‘luwymawmmmumwmauuyu e uiiudoRasiagy

ludugaamnssy Frederick, WM.J. tazaniz (14) Andenstimass s
mqauﬂammlmm°'ﬂaumaaTsaemmmnswmwhmu“lwuﬂmn1smnaum“h’i"lﬂu“lﬂ
mnnzneuifanmiuveaudeldinidon s.38 wnzgadenlansy Fufumanudeuiid:
uaumﬂmmﬂ‘lumsmﬂﬂu1aaﬂmnmuTu“lﬂuﬂsmmmmwuavnm 42 % (nasuuilen)
m'lwmﬂmnaumuﬂuni‘luwmwﬁwuﬂmmwm wagIdfnidemaiaznew luivinldifa

Auufe e ldwdsauanuZoy
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2.4 waannInaes

a a d
24.1 ANUNNBYBINAIAANIWAINDS
Tndwed ond1 2 d1 Ao Poly 1iad naw q wSeun  mer wilah
' A 4 S &2 = o 1Y) ) o
i wsoau Twdwes Fanuieds ashil Twanaouinlseneudeniudn 9
P :’ o & o S :‘ @
(monomer) 7191 ) AU WU wIuwIN uumuﬂiumqaqa (15)
QU o~y g 3 Q’I‘ ~y
maswilugduny Indwesifadu 1§ vnas i ukemssuniduagas
a Aad a -3 a A a !3 ¢ 3 < ] =3 -4
BUUNT Y mmmTmﬁsswmwsamﬂmsﬂszﬂygwmawqyu AU INTONUe Tndiues
sonldithy 2 vila Ae
a o = ' ¥ a b
1) TwdieslusssuinA ( Natural Polymer) 19 wulesssund onld A
v o
udnd e
a & ar g 7 ] L] as L a
2) Twdmeiduns1zd ( Synthetic Polymer ) 19w Wwuledunsey &

o A | 1 ) hrd
waradn sedmingiiluniasusidlnsed

d
242 Tassavednwdnes  @s)
d ar o o as ] 4
Tﬂsaa%wmTw'ﬁmasn?aanymzmmxmzmsaﬂgﬂﬂﬂumqamaﬂwﬁmas
= 3 " Qs = 4 an @ ¢ & 3
umaenusuegnvdszanves Indmesuaznssudimsdansie Fenmuaneeveslnsg
afviinadeguauifemedivesiu Wy anumuuy anumie anulsiziangu
anuuds anwla agq
¥ = o’y ' o A
InseadwvodIndwediuvude q dail
a o o B o a 4 a8 &
1) Twdwesuuuduen (Linear Shape) awsseneziiimin luanageiiy
- o | Y uya v &g v
UANUUBILIIGIIY  muanedeulan  Tassadrawudiidulaseadiues

wane@Aniszinn mes Tuwaa@n ( Thermoplastic)

/\J\\*/\/\/RL
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o yu
2) TwAwesuuuuena1an (Branched Shape) Tﬂsaﬂ%’mmuﬁmiﬁimaqa
L) ar 2 o Vet v 9 b4 a
agnuny e ldlammuuniudes  Hulnssatisvewaasn

- 4
Uszinnmes lunaafndndszinnviig

o v yo
3) IWAWoSUUVINUN ( Cross-linked or Network Shape) Inssar¥reuvufivh
I InAwesBaommumivgs faammduse nuandewlds dasnes

E 4
Auwanadnszinn mes Tuamaa ( Thermosetting )

2.4.3 uvasnuiia

waaAniiuvasiuiiaein s unaslng (15) fie

1) WAARANMSIONAS (Agriculture ) 19U Cellulose Nitrate , Cellulose Acetate ,
Cellulose Acetate Butyrate , Shellac , Ethyl Cellulose Casein

9
2) WAANANINMIIINYAT ARG (Agriculture and Petroleum ) fifosun 1YY Furam
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3) umuuaumuﬂu ( Petroleum and Coal ) Lflmmmﬂﬂmamwmﬁmﬂwm1:1 9 ulﬂ

N'Iﬂ‘i’lfm U

Polyethylene , Polypropylene , Polystyrene , Phenol Formaldehyde ,

Melamine-Formaldehyde , polyester 1a9

14
4) ulunasduns (Petroleum and Mineral ) 191 Polyvinyl Butyral , Polyvinyl

Carbazole , Polyvinyl Alcohol , Silicone ‘a4

5) quus (Mineral) oy 1wy Calcium Aluminium Silicate

wammfm”lmagm“lﬂmmmmnuﬂmmn ummmzuﬂaﬁswmmanmﬁu

(90%) uammuwum“lwamwmaﬁn"lmwua 1% mmumuﬂnﬂwam"lmauﬂumTan

2.4.4 dszanvesnarann

Taom leanseualssnmveswaadinld 2 Uszinm nal fle (16)

2.44.1

wmaAndszinnaugyf wieSend1 Thermoplastic fonatadng
amﬂJﬂ'wmswaawamnnu"lummnun wazansmhwanadn
wuﬂuﬂaumﬂaawmamnmmwmamniw"lﬂ’éﬂ Walaan
¥ » v
1J5zmwﬁmummm%’aumqmmw‘h "luwuﬂammnﬂﬁuqa 9
¥
YU Polyester , Polyvinyl chlorine msﬁ1wmamn%uwﬁ"lﬂwamﬂu
a o Lo Vet <t /. 4 L= . J
WOANUMNAN 9 1HIFMSRA (injection) 3 (extrusion) 11th
(blow) 15988 (compression) a4'lu/luinans (mold) uZnamul

[y &y
l!ﬂu@ﬂﬂﬂgqﬂaﬁu#'l'll‘lﬂﬂﬂﬂﬂ'li

Tnseadreveunss Tunaradn wield 2 szinning Ao (15)

1

2)

wanadn lifindn (Amophous plastic) wmaﬁm_];zmmf’; Jsenoy
dwluanaiSesiaeteithuszfoy Tuanasgviefann
THSammdawsalosni nunnudonlddn unziBeulag
nnaladesnh  uaimeland wonvniwaaRnisznniis
aﬂuwmamnw'lwgwaaumm usvefiifios « gungdiinaradn
gouda » winfu 20810 15 IndalaSu , eoa3an

WAARNTTHEN ( Crytalline Plastic ) wmﬂﬁnﬁﬁwﬁn Uszasudae
Tuinnaitaesetadussfon oiunin) thuegfudanily
Huseidioy ﬂ?mtufumNﬁfﬂuwamﬁﬂﬂsmnwfﬁﬂﬂﬁ'a"lﬂagi“lu

1] 3 i =y _
‘B’N‘IJSZ?J'IQE%"E)Uﬁz 30 - 98 " BUAVSUAVDINAITAN LaemMsau
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quantemeanuiey  uazanennafildunenaanaidin
Tuanadneg@aditunnaimanainlilndn  MluSusa
) y &
nuanuiou lanniu
a A a ' . ' 0
2442 waadndsziannegd w3eiSendl Thermosetting  Wimuiseth
o = =sy g 3 A @ ar ar '
waaanylall du  lassadwvesTuanalimssusamushis
4 v
sgluMI warddnyiaiinudennwuieuiitiguugligs nude
amanll uosnudenunARY UnsURBNTANAZAY  Sanine
o v o o a  w Sl @ <] [} =
dmfmhlindadausindesmsanununmuuiuse Wy Tnd

(4 A W
(D AABITUA 1DV (Unsaturated Polyester)

2.5 IWdlemne3153M (Polyester resin )

a § 1 4 3 v -.5’ ¥
neie Tndwesilszneudionyieames (-Co-0-) fuug 2 nyjun Tegaely
InssaievesluanadauiidluaioTsndn (main chain ) swdnelfason Tndwe lsduuy

AILUUY  ( condensation polymerization ) Sz NS FauDSA ( polybasic acid) Nfiny
mivenda (- COOH ) véelon 2 nyj fulwdleninuoaneaed (polyhydric alcohols )
wiiny lensonda (-OH) ot1alies 2 W 1wy Ufsuweslnanvadylamivendsn
a 4 Vs A e & o ana 4o v a @
weda  FeezldIndlemmes Alilwiinluagags  Y5ASeiGond emaeslinguy
Cy e, A Q 0 @ 3
(esterification ) Tawss Idheonmemifiserds assuiudesiinoenlalivun oflos
ulgisedeundy (17) Tas i llamnseuis ndieaneseenidiu 2 szinn fo (18)
a o a o T & v
1) WAlemmesuuLBudY (Saturated Polyester ) 1AnUfASoufianostu Idau
To Tuagailududady thermoplastic
a o 1A o . ) wa
2) Twaeanesuuy s (Unsaturated Polyester Resin) TuTuwesTinuants
9
lumsifial§iSomats q afs ToTumgasudatudunde  Aadunarain
iiA thermosetting  Indomaniviialisudlaevr luisnyassiusfuman
A 3 A A a o . P
M00999U  uaziuAnIveINs Inawe lsidy (degree of polymerization ) ¥f1
v
Uszine 8- 10 GhminTuanga Uszana 2000 ) sevssenmsnausuiase
gt wieldsunmsnwidganihlofn  swfelfaseuntnldouii

S l& T -3
waadnuds m"lummsmsﬂsﬂmwaﬂuwmﬁmnma3w§'aﬁugﬂ"l¢’1’ﬁﬂ GEFREEY
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Tdnulangungiiqe femmnudisdume @w) 11 - 15 Junuanludhia
nunsa anyiaoould udlinuduaisasawyiin  Chlorinated Solvents 13
4 ' a w d o
msuewanmanelsd , exdlau wazdlelvdedlunaasaaiudnzia lWlgeh
ar a o o 1
uazezdvlies lugdvewdasusd Iiwesnma aunsanuandon’ldseving
d a Y 3 o =
250 — 350 earnHusulerl Aamhfianuudweannds gouamseda nuanm

2ImAmeuenlaa (15), (19)

d a
2.5.1 msnaﬂiw?\mmﬂaﬂwu

[ a Ad 1 } 1 = 4 L]
IngAvidlunsadaulvgjezegluanmveads  Inaneadulngjegluanm

F-Y

b4 v
vouna aniagAuTisaesyiaadludeidgisonligavgligulsemna 200 - 220 eem
=] a aan dgl a J’ o aaa a e ) MY a g
wases vazinadfisessiiniety meludulgnseelifisoendioulyld Hnziiu o
o ana o o ° Y a Aa Y ar g [ o a o A 1 o o
walfnsen eendiaduildisgulididy duiu Selimaduiades @y miveulaoenlad
A [ 0] Ao a ) w dda d
nio Tulasuadluds Fwennndhllunuiigesndiounds  SarewnimiRadun
aaa o o @ o Y a - o f .5’ d"u
UfisenTwame lsiwsu sennndwhldine Infiomaesisaty  wenvnilsasimeni ez
o @ & Ay a ' Ya jace o 4 1 o A laas o A
ausvesmahesid lilselidaudwldifayfisenstuauiy  Tuvasiiljisosuin
=} a = fet A .3 A Y d'a) v o aan a
1o ezlimsdavinavesTnduesiifiatu e ldviaidesmsudaitvenyarl§ase Tnafums
Y q’: Ao = 9 =S Py [~ A A o g
fusnlgiie uozangunglias wldindemmesniidnuazudmiefonuds nniuszgn
T o A 4 4 v
awasludedalialaiulnluwes TuvazazaeIndiomaesdoalasuluTumwed doalild
a3 v oa 4 [y d a d o 4 A o
gangiiludufiu 60 ssruraiFed etlestuIndommedisGundeiadoudivhllld 20),@1)
a = IS [ ¢ v g L4 [ 3
uenNMIHAR IndleameIAemIsduAT I Iniuda 1enasel 20) Sawuh
3 ¥ » ¢
annsondadieiagnldudy wuviausspihuriala AiSenuaamn (PET — Polyethylene
Terephthalate ) luamigemsm  aaznssuAsMISURTIINEIEWS] 185Us0UTTUINYIA
o o a o 4o ar Y o o a 2
mm thhsdandadusidimivussgems ldednloeads 220 msthvaammunaaIndied
¢ o 3 3 ' o ] a o
wosisFudy  Inaredumeuy nanlavagyl Ae vhulammindesun wulnansauasden
eztian  hlUnau meldussemeavesfislulasiou gamgd 190 DI U 8
$lus uduiy ilnueule’lasd fgumgll 180 esruwaidon w4 52T YSugangidiu
< aaa 4 o o 1 a o
200 esruymdYe WM 2 HIle aulfisndugeas Wusdu  uddeudulslasailuua
A o g o A 1 wad ¢ a Sy ¥ a 4 o
Tuiedlosdumsutedy  Famuhiliguaniadnh IndemaesfildnnsSuiinaaninlseam

(23)
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252  msdseneululniesnoesissy
mualnlFlumsimSon TwfoanosisGuriia sy uazasn 1A ng
pHATITUN (20),21) 1aun
LY o = d a 14 o 3
1. Inanen (glycol) msdunsizi Infiommasrialisuds widlnanoads
wy  leasendaiiivs 2 ny (laoon) uaz1dueansseadiiivylansonda 1 vy Tumsnga
UjRse lnaneafiieyldae whdulnanea (EG) Twsidulnanea (rG) Taenfizulng
o (DEG) uaz lalnsivaulnanena (DPG) Wudu Inanoaudnzyiinszinadenuauta
L o t U
o9 Indloanesa iy 19y anumiler (Toughness) AWNGUAT ( Resiliency) AIMNY
@151A% (Chemical Resistance) uazANNNUABMIIAuugavgh Whiduy
2. N30 11idNd (Unsaturated Acid) #ilenl#ldus vindeuenlslass (Maleic
Anhydride ) Yn13nUBFA ( Fumaric acid ) winfidrunauvesnsa lisudadiosrlfiians
4' U 2 & T 4 oo a 3 Yy 1a o Y
1WouTos Tuanatios WiANNEAnguINn Mmaulsiunaduldan nsa liduduiudaugy
o |aaa a ¢ a & - ’ o o g d o a
Mmavlgnseues Inflesnesisau  Feosinadenuuds NI UT N NUNTIA VDU TY
¥ A - ¢ & o e a o4
amusouluvazilng  emmetudeg uazuaulamendnd oy o
3. NIABVAT (Saturated acid ) Niionldae nsasnin (Adipic acid) Ws1anuey
18130 (Phthalic anhydride ) nsa'loTawsiduy (Isophthaline acid ) iHusanruguanuiiuuay
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(1.4) ‘l'dmmznaum‘lmsc?}uﬂu‘lﬁ'mn’hﬁ'msfvusﬂunﬁmﬁmﬁ'u
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Usziiunussdsgegaiinnsenudesuey LT
20NN IngdrBanasgiumsnaasy ASTM D 638
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@e T,  1luA Tensile Strength YBUSTU 100 %

Ty Li‘lufhmﬁumaﬁﬁﬂwﬂam
K, = Fy,-F, X 100%

fle F,  1iluA1Flexural Strength vousFu 100 %

— P~ ) 4 [
F, duaumdsvesiagnaans

K, = I,-I, X100%
IO
@io 1,  1DusImpact Strength VOUSTU 100% .

—_— [~ 1 P o
I, dlusumdevesidgnanes

° o ' 1 4 . e
waEdMINAATIZYNIANTAVUNINTFIU ( Standard Deviation ; S.D. )

SD =+ (X X -aX/ (n-1)
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4.2 pRENDAMINNYeIMNALNBY

» s ¥ t 4
wesnnazneuhiedmsTaveminbudlon  uazlildfinoon TGA 6 18
¥ 9 1)
AnSunams Tavemin wasuaulAmuniivesmsnowi Ty §amsed 42 uas
4.3

4 4 1 sy g Qy
A15197 4.2 ﬂ?mmTawzﬁunﬁﬂu;ﬂauaghﬂznaummqwu

Tanzwin Ysum (mg/kg)
unalley (Cd) 1.7
Tasdion (Cr) 542
NoWAI (Cu) 944
azfa (Pb) 138
Hnfa (Ni) 297
son (Hg) 7

=h.

1 2 JIGA |, 1998.(5)
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iy NIUAS
AR (%) 83.6 85.
Total Solid (%) 16.4 14.2
Volatile Solid (%) 44.8 55.5
iU (S) (mgke) 8 49
ARBIY (CI) (mg/kg) 290 406
Alkalinity (mg/kg) 5,608 6,975
pH 6.9 7.2
AU (C) (%) 33.8 247
Tulaswu ) (mgke) 28,921 38,696
HWoaWesa () (mg/kg) 3,803 4,732
TlunaGon (K) (mg/ke) 172 426

U1 : JIGA , 1998 (5)
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=3 1734 100 %
L
= 40
g’ B 10:90
n
2 20 O30:70
o
< Os0:50

0
159U 100% < mesh 270 mesh 70
AUIARZNDL

v k4
JUN 4.1 N5 WUEAIA Tensile Strength VYBITFUNUNATOU

Twilomapsladiu 100% [f1 Tensile Strength 55.86 MPa (ifotimznouLLIA
oend1 Mesh 270 wanluInfiemaesisdy Tusasidan 10: 90, 30 : 70 uag 50: 50 Hen
Tensile Strength 10 38.84 , 16.03 UAZ 1446 MPa mudWy  vzwiud Indoamesisauy
100% i1 Tensile Strength gafiga y03a3w1 fi fishsdaw 10: 90

AZNOUTUIN Mesh 70 wauiuInSieaunasludnsiaiu 10: 90, 30 : 70 uag
50:50 iifi Tensile Strength fiD 26.72,19.69 UAg 14.19 MPa MWL

4.4.2 Flexural Strength

IR e LT (T P TEATIERT SURVERT P R I RRT Tﬂua1a§ua1uuui;ﬂ 2
99 uoznathmiinaseianae Sauseimldfumuenineen miwihy MPa  auid

I d (]
WATFIU ASTM D 790 (26) 31U 10 Fuams Unanan1s1ei 4.6 uaz 4.7
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W42 nmluaasd1 Flexural Strength ves¥aqnaaey

Tnfomnesisdu 100 % A1 Flexural Strength 98.86 MPa tijeirli/wery
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Unz 50:50 A1 Flexural Strength 77.33 , 19.50 unz 32.88 MPa suddy  IaoIndioa
in0F15F1 100% Te Flexural Strength gegn s0vasafsasdy 10:90

ENOUIUIA Mesh 70  waufulndomaofisdy  lusasidiuasney
Indomaesisu 10:90,30: 70 4oL 50: 50 £A1 Flexural Strength 39.97 , 19.82 uag

32.05 MPa A1ua19Y
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4.4.3 Impact Strength
NINANBUAINIUUTITIRTUNIULTINTZUND ri'flumsmﬁammm
qmmnﬂsmmawam faum“lwvmmxmnaaﬂmﬂﬂummrz Izod Impact Test laedn
YaeFuamdumits uaaﬂaauauu1'nuﬂ“lmmmmmm“mmwuam aﬂmuﬂmqw
m1°lmﬂmmnwn niawily Jm (adewas) MUITUINTFIU ASTM D 256 (25) $1149 10
Fuam finafens1efi 4.8 uag 4.9
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mesh 70

; 159U 100 %
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UM 4.3 n3lucasn Impact Strength vesTagNATOL
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5.2.1 Tensile Strength

lumswaunmnazneuaaiesndt Mesh 270 uaz Mesh 70
Indiomaesisdu Tudandan 10:90 , 30:70 wAz 50:50 WorSeudiouduIndieaanes

Y ] . 4 [ T Q’ .3’

13%4 100% 91 Tensile Strength fmuﬂﬁuaﬂm Lﬁaﬂmm’mwﬁmmmﬂmﬂﬂumumnﬂm
o Y A A é‘ o n’: [ a a

rﬂuaﬂymzmuma FUANAVUNUAZNDUNE 2 VU AIAI519N 5.1 ez g‘ll‘l’l 5.1

5797 5.1 @31 i1 Tensile Strength v8eTagnAToy

o310 < Mesh 270 Mesh 70 ISBU 100%
ASNBYU : 15T (MPa) (MPa) (MPa)
10:90 38.84 26.72 58.86
30:70 16.03 19.69
50:50 14.46 14.19
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5.2.2 Flexural Strength
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15190 5.2 @31 A1 Flexural Strength voeTaqnaney

BRI < Mesh 270 Mesh 70 15U 100%
AZAOU : I5FU (MPa) (MPa) (MPa)
10 : 90 77.33 39.97 98.86
30:70 19.50 19.82
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5.2.3 Impact Strength
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151991 5.3 A3UA1 Impact Strength vosTagnaTeL

510U < Mesh 270 Mesh 70 15U 100%
AZNDU : 15U (kJ/m) (k3/m) (kJ/m)
10:90 11.67 9.54 12.35
30:70 10.80 11.73
50: 50 11.83 13.46
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Machine Settings

Joyadi wn-1 S100zBUANANATOY Tensile Strength IwAlBMABIITFY 100%

-

‘Product Code : RESIN 100% -1 Load Range 12000 N
Batch Reference : RESIN 100%-1 Extension Range : 500.0 mm
Product Description . Speed : 5.000 mm/min
Date : 2/12/2002 Sample Length :115.0 mm
Operator : Preload : 0.0000 N

_ Temperature [C] Auto Retumn : ON

- Relative Humidity
Test Results [ TENX-010 ]  Tensile Stress/Elongation [XHead]

Specimen No  Thickness Width Max Force MaxStress Extat Max ExtatBrk  Attributes
mm mm N MPa - % %
1 2.760 12.76 1658 5560 ° 5209 7000 -
2 2.800 12.78 2023 56.61 5.209 7783 -
3 2.800 13.00 2065 56.73 5.183 6623 -
4 2.800 13.00 ° 2043 56.11 4.904 7.948 -
5 2.800 12.80 1822 50.44 3.930 3930 -
6 2.800 13.00 2010 55.22 5.130 7.017 -
7 2.800 12.76 1644 51.61 4317 4322 -
8 2.800 12.75 1988 5564 5.339 7357 -
9 2.7€9 13.10 213 61.19 4383 4383 -
10 2769 13.10 2148 59.40 4.235 4235 -
Mezn 2011 55.86 4784 6.060
Std. Dev. 120.3 3165 . 05133 1.634
Range 390.5 10.75 1.400 4017
Median 2016 55.88 5.017 6.811
Maximum 2213 61.19 5339 7.948
Minimum 1822 50.44 3.930 3920
Graph
Force N
2500
2250 1
2000 o
1750 :
1500 e :
1250
s ;
1000 s :
7 :
750 7 .
5001 L )
7 .
250 {-rr
‘r__/rﬂ :
u : ’ . .
0 1 2 3 5 6 7 8 9

10
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MARUIMN N/ 58

foyafi un-2 s1wazideanaNATEY Tensile Strength BYN1ANZNBUVINABINT mesh 270

Test Resulis [ TENX-010 } Tensile Stress/Elongation [{Head]
Specimen No  Thickness Width MaxForce MaxStress  ExtatMax  ExtatBrk  Attributes
mim mm N MPa - % %
1 2700 12.80 1140 3299 . . 2428 2428 -
2 2700 13.00 1470 41.88 3.722 3722 -
3 2.700 13.20 1464 4108 3.465 3470 -
4 2700 12.70 1239 36.13 2.765 2765 -
5 2.800 12.80 1168 31.45 2581 2.581 -
6 2700 13.10 1380 39.30 3.450 3450 -
7 2.700 13.20 1330 37.32 3.433 3443 -
8 2.700 12.80 1218 34.96 3.009 3.0090 -
9 2.760 12.70 1700 48.50 3.774 3774 -
10 2.800 12.90 1618 44.80 2939 2932 -
Mean 1374 38.84 3.157 3.158
Std. Dev. 190.2 5342 0.4765 0.4775
Range $60.0 17.05 1.343 1.346
Median 1360 38.31 3.221 3.226
Mandmum 1700 48.50 3.774 3.774
Minirmurn 1140 31.45 2428 2.428
Graph
Force N
2000
1800 1 :
1600 {" s
14001 / /
1200 //
1000 ?
2001 /
/"
200
0 : : i - L :
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Extension mm



TusnIneds vwinedeudiag

I

9M318IU 30 : 70

m.y. (aTuTadmsuSmsdaaden) /59

Yo3yadl HN-3 S1UAZIBEANANATOL Tensile Strength DYAINALNBUVUIATBYNTT mesh 270

Test Results [ TENX010 ]  Tensile Stress/Elongation [XHead] .
Specimen No  Thickness Width MaxForce MaxStress ~ ExtatMax ExtatBrk  Aftributes
mm mm N MPa * % % )
1 2900 13.00 909.0 2411 2163 2163 -
2 2900 12.80 876.0 23.60 2310 2313 -
3 3.100 12.80 867.0 2185 2337 2337 -
4 2.900 12.70 869.0 23,59 2459 2477 -
5 2.900 12.80 8520 285 2298 2313 -
6 2900 12.96 3500 9.312 2835 2915 -
7 2.900 13.00 3192 8.467 3217 3381 -
8 2,860 13.00 331.6 8918 3843 4270 -
9 2,860 13.40 3500 9342 3339 3548 -
10 2800 13.10 300.8 8201 2685 2852 -
Mean 6025 16.03 2748 2857
Std. Dev. 2875 7.605 0.5546 0.6362
Range 6082 1591 1.680 2.106
Median 601.0 15.60 2572 2664
Maximum 909.0 24.11 3843 4270
Minimum 300.8 8.201 2.163 2163
Graph
Force N
1000 -
900 -
800
700
600 1
500
4001
300 —~
200
100
. 04 ; . i . —
B 1] 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Extension mm
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Tensile Stress/Elongation [XHead]}

NMARUIN N/ 60

foyah wn-4 S1wazBEANANATEY Tensile Strength 8YMAALNBLULIATBENT mesh 270

Test Results [ TENX-010 ]
Specimen No  Thickness Width Max Force Max Stress ™ ExtatMax ExtatBrk  Atbiributes
mm mm N MPa % %
1 3.400 13.04 612.8 1382 1435 1435 -
2 3.400 13.00 636.0 14.39 1.760 1713 -
3 3.400 12.50 630.0 1436 1,649 1661 -
4 3.400 12.80. 5453 1253 1.562 1565 -
5 3340 12.90 5535 12.85 1.483 1487 -
6 3.240 13.00 533.3 1266 - 1.424 1426 -
7 3.200 13.10 4715 11.25 1,530 1530 -
8 3.100 1324 5355 13.05 1.909 1913 -
9 3.000 1330 . 792.0 19.85 C 4728 1730 -
10 3.060 12.80 77638 19.83 1.783 1783 -
Mezn 608.7 14.45 1,620 1.624
Std. Dev. 105.4 2986 ©  0.1603 0.1617
Range 3205 8.602 0.4843 0.4870
Median 583.1 13.43 1.605 1613
Maximum 792.0 19.85 1.809 1.913
Minimum 45 125 1.424 1:426
Graph
Force N
1000 : ;
9001 : é
8001 : :
o
600 § § [l
500 ; : 2
P
400 i
300 .
200 do e ,",. ........
v‘/
100 -
0 ; ’ - . —
a3 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

Extension mm
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WA-5 SIAZIBUANANATDY Tensile Strength 9YNAAZNOUYUIA mesh 70

" Test Results [ TENX-010 ]  Tensile Stress/Elongation [XHead]
Specimen No  Thickness Width MaxForce Max Stress ExtatMax ExtatBrk  Atftributes
mm mm N MPa % %
1 2900 13.00 1196 31.73 2.148 2157 -
2 2900 13.00 1276 33.85 2383 2383 -
3 2.900 13.00 1134 3007 1.957 1.857 -
4 2.860 13.00 1029 27.67 2070 2070 -
5 2800 13.00 7744 20.54 1.461 1.461 -
6 2.800 13.10 919.0 24.19 1.974 1974 -
7 2.800 13.00 1091 28.95 2477 2477 -
8 23800 13.00 1031 27.35 2.268 2268 -
9 3.000 13.00 1001 25.67 1.800 1800 -
10 2.800 13.00 648.0 17.19 1.417 1417 -
Mean 1010 26.72 ~ 1.995 1.996
Std. Dev. 189.5 5.054 0.3566 0.3570
Range 628.0 16.66 1.059 1.059
Median 1030 275 2022 2022
Maximum 1276 33.85 2477 2477
Minimum 648.0 17.19 1.417 1.417
Graph
Force N
1250 4
11251
1000
875+
750 .
6254
5001 .
375 e
.'/
2504 oo },’.’. ......................
.I'
/
125 -
a,:
s H
0-+ ~r v L t -
0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0

Extension mm
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Joya WN-6 S1UNLIDYANANATEY Tensile Strength DYNIAASNBUYUIA mesh 70

9351971 30: 70

Test Results { TENX-010 } Tensile Stress/Elongation [XHead]

‘e

Specimen No.  Thickness Width Max Force Max Stress - ExtatMax  ExtatBrk  Attributes
mm min M _MPa -; % %
1 3.340 13.10 882.0 20146 < 2574 2574 -
2 3.100 13.00 904.0 2243 2.581 2581 -
3 3.340 13.00 866.0 19.94 2337 2337 -
4 3.100 13.10 916.0 22.56 1.983 1.983 -
5 3.400 13.00 734.3 16.61 1.609 1609 -
6 3.400 13.10 837.0 18.79 1.974 1974 -
7 3.100 13.19 787.2 19.38 1.885 1887 -
8 3.100 13.20 799.2 19.53 1.948 1948 -
9 3.000 13.60 767.2 19.67 2.483 2463 -
10 3.30q 13.00 764.8 17.83 2.093 2086 -
Mean 8258 19.69 2.145 2145
Std. Dev. 64.02 1.822 0.3273 0.3271
Range 181.8 5944 08722 09722
Median 818.1 19.60 2.038 2.038
Maximum 916.0 256 2.581 2581
Mirimum 7343 16.61 1.609 1.609
Graph
Force N
12504
1125
1000
875+
750
B25 e e e et et S ———
500 1
2504 T
1254 e
0O . - - - —
@ 0.4 0.8 1.2 1.6 20 2.4 2.8 3.2 3.5 49

Extension mm
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A wn-7 swazdvananadey Tensile Strength 9YNIARSNDUYUIN mesh 70

9R318IU 50 : 50

Test Results [ TENX010]  Tensile Stress/Elongation [XHead)
Specimen No  Thickness Width Max Force Max Stress Extat Max ExtatBrk  Aftributes
mm mm N MPa % %
1 3.500 1280 5375 1423 07061 07061 -
2 3.500 1280 = 5975 13.34 0.5174 08174 -
3 3500 12.70 680.8 1532 0.8157 08165 -
4 3.500 12.80 683.3 15.25 0.8557 0.8565 -
5 3.500 13.20 7300 15.80 0.8435 0.8443 -
6 3.440 12.80 7170 16.28 0.8120 09130 -
7 3.400 13.20 5425 12.09 0.65091 06591 -
8 3.300 13.16 451.7 10.40 0.5765 05765 -
9 3.200 13.10 555.8 1325 0.7235 07235 -
10 3.306 13.20 685.8 15.97 0.8626 0.8635 -
Mean 6202 14.19 0.7772 07777
Std. Dev. 80.31 1.913 0.1061 0.1065
Range 278.3 5.883 03354 0.3365
Median 659.2 14.74 0.8165 0.8170
Maximum 7300 16.23 0.9120 0.9130
Minimum 451.7 10.40 0.5765 0.5765
Graph
Force N
900
8001 §
7001 _—
6001 -
e
A~
500 -
. 7
e
400 1 /
s
300 e
. P
s
200 /./ :
Vs
100 /
0 —— . ; . . L ,
0 0.125 0.250 . 0.375 0.500 0.625 0750 - 0.875, 1.000 1.125  1.250

Extension mm
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{ - ¢ a
doyafi wn-8 51002BUANANIINATOY Flexural Strength IWAIDMABTIIFU 100 %

First Page Inputs Machine Settings

Product :RE 100% Load Range : 10000 N

Batch : RE 100% Displacement Range :6.400 mm

Date : 2/13/2002 Speed : 1.200 mm/min

Operator : Auto Return :ON
Span : 48.00 mm
Approach Speed : 0.0100 mm/min
Preload 1 0.0000 N

Test Results [ PLFL-002 ]  T-point .
Specimen No Thick Width Flex Strength = Flex Mod Attributes

mm mm MPa R MPa
1 2.700 24.80 1078 - 2962 -
2 2700 24.20 109.2 2972 -
3 2700 2480 1026 2969 -
4 2700 24.50 102.1 2943 -
5 2700 - 24.50 100.5 2687 -
6 2.700 24.50 85.04 2524 -
7 2700 24.60 90.64 , 2477 -
8 2700 2460 93.04 2520 -
9 2700 24.590 1050 2863 -
10 2700 25.00 82.67 2851 -
Mean 98.86 2781
Std. Dev. 8.367 199.5
Range 26.49 4951
Median 1013 2857
Maximum 109.2 2972
Minimum 82.67 2477
Graph
Force N
4001
360
320
2801
240
200 - : e
e
160 e
120 g /_,/ ....................
80 for e : ,, ~nmwvrinnht. hw NMahiadnl l lnnn/arcih
//"
/’)
40 4 Ll
.’/
,/(‘r
0 ]

0 075 150 225 300 375 450 525 600 675 7.50
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; .
doyai wn-9 S1wazBuANANANDY Flexural Strength 8YAIAAZNBUYLIATIBENTI mesh 270

99351891 10 : 90

TestResults [ PLFL-002]  T-point
Specimen No Thick Width Flex Strength ™ Flex.Moc'i Attributes
) mm mm MPa ¥ MPa
1 2.7C0 25.20 89.45 3228 -
2 -2.700 25.20 88.67 3252. -
3 2700 25.20 75.45 3325 -
4 2.700 ' 25.00 79.70 3375 -
5 2.700 25.00 80.99 3446 -
6 2.700. 25.10 63.25 1881 -
7~ 2700 - 2480 68.00 2083 -
8 2.7C0 25.10 65.91 2679 -
9 - 2700 24.90 81.61 2948 -
10. 2.700 24.90 80.02 317 -
. Mean 77.33 2939
Std. Dev. 9092 5533
Range 26.20 1565
. Median 79.86 3203
Maximum 89.45 3446
Minimum 63.25 1881
Graph
Force N
250+
225 :
. 200{ .
: "~
175' j,/
150 P '
P
i
125 o
A
7
7
1001 Ve
o“’!-
75 -~
50 "/-
s '
7
254
.’j
.0 : . : —
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Extension mm
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Joyafi #n-10 5100zBEAHANANEY Flexural Strength BYNANZNBUIUIATBYNT mesh 270

9n51d71 30 : 70

Test Results [ PLFL-002 ] T-point

Specimen No Thick Width Flex Strength Flex Mod Attributes
mm . mm MPa ~ MPa
1 2700 . 2472 1598 4089 -
2 2700 25.10 17.41 483.3 -
3 2700 - 2510 19.67 543.6 -
4 2700 25.10 20.36 584.6 -
5 2700 25.20 20.87 615.4 -
6 2700 - 25.10 18.69 538.9 -
7 2.700 - 2480 15.87 4134 -
3 2700 - 25.10 25.28 704.2 -
9 2700 25.C0 23.01 657.6 -
18 2700 . 2530 17.86 4851 -
Mean 19.50 543.5
Std. Dev. 3.013 98.82
Range 9.416 2052
Median 19.18 5413
Maximum 25.28 704.2
Minimum 15.87 408.9
Graph
Force N
1001 :
901
80
701
60
50
E N g R ;_“’__,)\'"'"’ Y Aavar
i i i ENT
40 : . ,_4—»"’"*
: - S —~r i
304 7
20
101~
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0 075 150 225 300 375 450 . 525 600 875 7.50
Extension mm
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Yoyail wn-11 5wazBuananaaoy Flexural Strength 8YN1ANABUYUIANOENT mesh 270

Test Results [ PLFLCO2 ]  T-point .
Specimen No Thick Width Flex Strength~  FlexMod  Atributes
mm mm MPa 2 MPa
1 3.100 25.00 3244 " 2864 -
2 3.000 24.90 3317 3108 -
3 3.000 25.00 3224 2933 -
4 3.100 25.00 33.94 2924 -
5 3.100 25.10 30.60 %47 -
5 3.100 .24.90 31.82 2811 -
7 3.100 24.50 33.32 2732 -
8 3.1C0 24.70 35.11 3075 -
9 3.440 25.10 366 3324 -
10 3.350 25.60 29.78 2581 -
Meen 32.88 2900
Std. Dev. 1.973 2955
Range 6.578 7427
Median 32.81 2894
Maximum 35.26 3324
Minimum 29.78 2581
Graph
Force N
200
18C 1
160
1401
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-
100 ; eyl
P
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0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

Extension mm’
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MARUIN N/ 68

doyadi wn-12 51802BUANANATOY Flexural Strength 0YAINAZNBUYUIA mesh 70

87351871 10 : 90

Test Results [ PLFL-CO2 ] T-point )
Specimen No Thick Width Flex Strength Flex Mod Altributes
mm mm MPa - MPa
1 2.900 25.00 374 7 1571 -
2 2.800 25.10 38.97 1952 -
3 2.900 25.10 45.79 2073 -
4 2.800 24.92 46.23 2028 -
5 . 2.800 24.80 40.30 1945 -
6 2.500 24.80 40.99 1836 -
7 2900 2420 32.41 2055 -
8 2.800 25.10 33.85 2077 -
9 2.800 24.70 44.19 1965 -
1Q 2.9C0 24.80 39.44 2067 -
Mean 39.97 1960
Std. Dev. 4672 156.2
Range 13.97 506.2
Median 39.87 2011
Maximum 45.38 2077
Minimum 32.41 1571
Graph
Force N
200
180
160
140
120
100 4~ . il
80 s
601 - ot
T
r'/ -
201 et oot eee e eemeeeeeee e ee e eeeemeeeenr e e es e e
0 : : : ' -
0 04 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
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Extension mm
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foyai WN-13 510aIBUANANATOU Flexural Strength BYNIAAZNBULUIA

9RF1EIU 30 : 70

Test Results

ma. (maTuladmsuSmsdunadon) / 69

mesh 70

[ PLFL-D02 ]  T-point .
Specimen No Thick Wldth Flex Strength Flex Mod Attributes
mm mm MPa ¥ MPa
1 3.000 25.10 185 3202 -
2 3.100 25.00 22.70 1511 -
3 3.000 25.20 2167 1231 -
4 3.000 25.10 1283 4806 -
5 3.100 25.10 24.63 1553 -
6 3.100 - 25.30 2295 1258 -
7 3.1C0 25.00 22.25 1201 -
8 3.000 25.20 17.22 9809 -
9 3.100 25.10 2261 1425 -
10 3.100 25.00 18.25 9304 -
Mean 19.82 1089
Std. Dev. 4.396 474
Range 1267 1233
_ Median 21.96 1216
Maximum 2453 1553
Minimum 11.95 320.2
Graph
Force N
100
90 1 )
80 1 . .
70
” "JJ_’-’J_H’_NJT‘- :
50 ’/J, &
Pk
40 P
rl'r‘
g
30' r’”J
IJ
.-"'
1045
. 0 u . i * B
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Extension mm
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9A5187U 50 : 50

MARUIN 1/ 70

ﬂﬂgﬁ‘ﬁ HWN-14 5180210UANANAN DY Flexural Strength 81{N1AAZNDUIUIA mesh 70

Test Results [ PLFL-€02]  T-point
Specimen No Thick Width Flex Strength  Flex Mad Attributes
mm mm MPa i MPa
1 3.700 24.80 3568 3248 “
2 3.300 25.00 3061 3228 -
3 3.3C0 25.10 3085 3184 -
4 3.3C0 25.00 32.20 3406 -
5 3.800 25.00 34.40 2294 -
6 4.000 25.00 34.65 2434 -
7 3.300 25.00 29.55 2954 -
8 3.300 25.10 28.32 3091 -
. Mean 32.05 2980
Std. Dev. 2.645 403.2
Range 7.364 1112
Median 31.57 3133
Maximum 35.68 3406
Minlmum 28.32 2294
Graph
Force N
200
1801
160
10} T OO S
100 T
: -
e
80 ) e
~7
s
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P
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40 1 =
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0 ’ : .
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Extension mm
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1] 1 4
U w4 §1519FUUNAADY Tensile Strength
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JUN MY-5  3U5BUNIUNATBY Flexural Strength
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JUN WY-6  31519FUUNATOL Impact Strength
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JUN WU-7 1AT0IMATDUAN Tensile Strength
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U Wu-8 1AT0INANBLAI Flexural Strength
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gﬂﬁ HU-9 IATRINATDY Izod Impact Strength
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IonaaeunINIgIU ASTM

Tensile Properties (ASTM D63R)

Specimen:  Specimens  can be  injection
melded or machined from compression molded
plagues. They are given standard conditioning.*
Typically Y inch thick, their size can vary:
their shape is exemplificd in- the figure
below.t

TENSILE TEST SPECIMEN

B ) e e e -

Thelusse ? R°

Procadure: Both ends of the specimen are
firmly clamped in the jaws of an Instron testing
machinc. The jaws may move apart at rales of
0.2, 0.5, 2, of 20 inchcs a minute, pulling the

_sample from both ends. The stress s automat-
ically ploticd against strain (elongation) on
. graph paper.

~Significance: Tensile propertics arc {he most
o linpoitant  shigle ‘indicdtion of streigth in a
material. Tlié force necessary 1o pull the specei-
© riteit apait is deéteriitied; alohg with how much

thé material stretches beforc breaking.

The eldstic modius (“modulud of elasticity™
or “tensile modulus™) is the ratio of stress to
striin below the ‘proportional limit of the

*material. 1 s the most uscful tensile data
becaise parls should be designed to accommo-’
date stresses to a degree well below this.

_ For sore applications whete almost rubbery
elasticity is desirable, 3 high ultimale clongation
niay be an asset. For rigid parts, on the other

¢ Sec ASTM D618--“Conditioning Plastics,”™

f For polycthylene, the Standard (D-1248-72)
requires the use of specimens described in "ASTM
D638 as Type 1V, This specimen s smaller and allows
for the much greater clongation of PE,
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haud, there is little benetit in the fact that they
can be stretched extremely long,

There is great benefit in moderate clonga-
tion, however,” since this quality permits
absorbing rapid impact and shock. Thits the
totdl area under a stress-strain curve is indicative
of pverall toughness.-A materfal of vcr& high
tensile strength and little clongation would tend
to be brittle in service. ’

3
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Flexursl Properties of
Plastics (ASTM D790)

Specimen: Usually % x ¥ x 5 inches. Sheet
or plaques as thin as }{ ¢, inch may be used. The
"span and width depeird upon thickness..

+ Specimens are conditioned according to Pro-

‘cedure A; ASTM D618, —

Procedure: - The specimen is placed on lwo
‘supports spaced 4 inches. apart. A load . is
~applied in the center of a specified rate and the
‘loading at failure (psi) is the flexural strength.
For materials which do not break, the flexural
property usually given is Flexural Stress at 5%
strain. .o

FLENT ML FROTERTIES oF FLATi S

Spos mmen

Signiﬁcancc: In bending, a beam is §ubjcct .

to :both tensile and compressive slresses, as
indicated In the following sketch:

- (Needed to_Test Stiffer
.,.: Specifnens)

AMARUIN A/ 80

RPN
STRESSES e FLEXED SavPLE

Since most thermoplastics do not break in
this test even after being greatly deflected, the
flexural strength can not be calculated. Instcad,
stress al % strain is calculated that is, the
loading in psi necessary to stretch the onter
surface 5%. '

Stiffness in Fngure (ASTM D747) .

Specimen: The specimens must have rectan-
gular cross section, but dimensions may vary
with the kind of material. '

. Specimens are conditioned according to Pro-
cedure A, ASTM D618

Procedure: The specimen is clamped into the
apparatus (sketch at right) and a 1% load is
applied manually. The dcflection scale Is scl at
zero. The motor is engaged and the oading
increased, with deflection and loading figures
recorded at intervals. A curve Is drawn of
deflection versus load, and from. this is cajeu-
lated stiffness in flexurc in pounds per square
inch. :

STIFFNESS IN FLEXURE APPARATUS

,

Lood
Indicator
—
Angle - » Specimen Clamp
indicator Specimen

Cronk for
Initicl
Loading
(Manual)

Rod for Adding Welghts S
(Free end of Specimen
Impinges o this Projection,
causing Disk corrylrg Load
' Indicalor 16 Mova:):.



a- Speciirien: Usually Youl

WA

o

Inorde wTIneasuiaa

Significance: This test dnes not distinguish
the plastic and elastic clements involved in the
measurement and therefote a true clastic modu-
Ius I$ not calculable, Instead, an apparent value
is obisined anid called “stiffness in fexure.” it
is a measure of the relative stiffness of various
plastics and taken with other pértinent prop-
erty data is uscful in material sclection,

sﬁ#mm«: iN FLEXURE

o Lood Scale
io
e ¥
L]
Y
¥ y= = =Angulor .
? Dellection Scale A
/ §
B 5 =
32 . 5 9o o . A § 4
o3 : g
A\ I T T ;
) ? © Cémer ol.’ s
vise Vi, " Rotation, 0 £
)
reir A\ N>
vl - Sbéemien g L Bending™Ny 1 - | ©
Lvd_ W- 3 A Ha”,‘ 0"“ ;.‘; " R
(Ov+°t) < .
'- “‘E‘Wﬂfﬂ_ System 0‘ Stiftricsh Taler;
Izod Impact (ASTM Dzssj

x y) ihché& .
Specimens of othér thlékncsses cdri_be. hsed

(up-to Y, tich) but Y; inchi fs freguently ised for .

molding matérials bécauise it 18 réptesen’tﬂtl% of
average part { tlﬂcknes.

A notth is cut ofl the 'mi'how face of the'

specimen,’ Which Is (:ondlllnhqd accotding ‘to
Proccdure A of AST M D618. o
Proceditre: A’sample 18 clamped in the base

_of a pendulum festing macliine, (see figure) so

thiat it Is cahtilevered upward- with the notch
[facing the direction of impdet. Thé petidutui is

'.telea:ed and, the force consumed fiv breaking

the sample: is-calculated from the height the
pendulum teaches on the follow-through.

m.u. (naTuTadnsuSmsdunadon) /81

120D IMPACT

Pointer ond Pendulum- Sieiking Edge of Penduluni | *
aftes steiking

Polnier '

Specime: ’ Supporting
N

Significance: The 1z0d lti\p'tct test indicates
the energy required to break notched specimens
under standard conditions. 1t is calculated as ft
Ib pet frich of notch and i usally calculated

KA

Notched

"on the basis of a on€ irich speclmcn although

the specimen used may bé thinner ir the latcral
direction. (This is indicatéd in the sketch of the
Izod Specimen).

The Izod value is useful in comparing varimls
types or grades of a plaslic in comp-lrlng one
plastic with another, however, the lzod impact
test should not be considered a reliable in-
dicator of overall toughness of impact strength.
Soime materials are -notch-sehisitive and derive
gréater concentrations of stiéss from the notch-
ing operdtioh. The lzod' itapact test. may in-
dicate the-fieed for aviiding sharp comers in
parts ‘ mide- of such materials. For. example

tylon dnd dcetaltype plastics; which in molded

,imts ark-among ‘the toughest  materials, . are

' notclf sefisitive and reglster relatively low. valués ;
on thc notched 1z6d impact test. '

inn srzcifusn

120D impact Velue
Colevloted On
Bosis of V-inch
Specimen, i, ey,
1 Inch Notch

J Lepgth

Spocimen®
Thickness,
{Oprionol)
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Executive Summary

A Feasibility Study : Dried Sludge of Domestic Waste Water Treatment

To Make As Filler In Polyester Resin

Introduction

The sludge from The Domestic Waste Water Treatment Plants have been
disposed by dumping on land or landfill . It could make heavy metal contaminate into soil
and sea-dumping which will make the environmental problems especially, The Waste Water
Treatment Plants generate sludge everyday and there was a little of agriculture utility. The
idea that took dried sludge powder mixed with polyester resin to casting. It would got a dark
colour object, recompensed the natural things. This study would separated sludge powder to
two size (<53 pm and 212-300 p m ) and compared of various ratio with 100% polyester
resin.

Polyester resin is thermoplastic , Casting by cross-link chemical reaction of
polyester resin , promoter and catalyst (called hardener) and setting within about 2 hours and

cannot recycle by heat.

The Objective of Study

1. Feasibility study to mix sludge powder with polyester resin casting .
2. ~'Compe.z.re the strength of 100% polyester resin with specimens at ratio of

10:90, 30:70 , 50:50 and 70:30 ; sludge powder : polyester resin .

Methodoelogy

1. Dried sludge cake from treatment -plant by sunlight and crushed them
finely.

2. Sieved sludge by sieve mesh No. 50,70 and 270 for separate the particles to
2 size; 212-300 pum passed from mesh 50 and remained on mesh 70 and <53

pim passed from-mesh 270.
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3. Cast specimen by mix each particle size with pdlyester resin at ratio of
sludge : resin 10:90, 30:70 , 50 :50 and 70:30-.
4. Cast 100% polyester resin
5. Cut specimen shape as American Society for Testing and Material
standard ( ASTM) for theirs kind testing ; thus
- Tensile Strength : dumbbell shape was 1/8 x 1/2 x 6.6 inchs
- Flexural Strength : rectangle shape was 1/8 x 1/2 x 5 inchs
- Impact Strength : rectangle shape was 1/8 x 1/2 x 2 inchs
6. Tested the specimens and took the values of testing to analyse effecting of
sludge powder to strength of polyester resin and compare with 100 %

polyester resin

Result and Discussion
1. The fine grain sludge powder is brown but when mix with resin it become
black because the structure of resin is hygroscopic substance.
2. The 70:30 ingredient can’t cast.
3. pH of dried sludge is 7.7 . It have some heavy metal thus cadmium , chromium,
copper , nickle , etc.

4. testing values of specimens

;vahie ratio < mesh 270 mesh 70 100% resin

Tensile strength | 10:90 38.84 26.72

(Mpa) 30:70 . 16.03 19.69 58.86
50:50 14.46 14.19

Flexural 10:90 77.33 39.97

Strength 30:70 19.50 19.82 98.86

(MPa) 50:50 32.88 32.05

Impact Strength 10:90 11.67 9.54

(kJ/m) 30:70 10.80 11.73 12.35
50:50 11.83 13.46
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Tensile Strength

Tensile strength value of < mesh 270 and mesh 70 specimens were decrease
when increase sludge powder because there was bubble within it that made specimen non

tight. The high concentrate ingredient was sticky , bubble can’t push out and caught particle.

Flexural Strength

Flexural Strength value of 50:50 of < mesh 270 and mesh 70 were specimens
higher than 30:70 but lower than 10:70 because sludge powder increase specimen’s elasticity
Commonly, resin is hard but brittle. Mesh 70 particle decrease flexural strength at 10:90 but

it same like < mesh 270 at 50:50

Impact Strength

Impact Strength value of specimen had nearly all . Particle couldn’t make
difference in this test but the value of mesh 70 showed that it stronger when increase sludge
powder. Because sludge powder and bubble adsorbed force which fell to it. At 50:50 specimen

was stronger than 100% polyester resin .

Conclusion and Recommendation

1. There are feasibility to fill domestic sludge as filler in polyester resin but
not over than ratio 50:50.

2. Sludge powder can make colour like dark brown to black pigment and
make texture within it .

3. The almost of testing values; 100% polyester resin is strongest . Except 50:50
of mesh 70 of impact strength.

4. Tensile Strength, the specimen at 10:90 of <mesh 270 is best. Flexural
strength , the specific at 10:90 of <mesh 270 is best . Impact Strength , the
specimen at 50:50 of mesh 70 is best.

5. At high concentration, size of particle can’t make difference result

6. Next study should test fine scale.It can shown result clearly .
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7. Have to were mask for protect own respiratory system during test every

step.



