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Abstract

Melamine—formaldehyde resin is one of thermosetting plastics that are widely used in
kitchen ware production industries. In the manufacturing processes, scrap and waste of formed
melamine cannot be reformed or reused. Therefore, this study aims to investigate the proper
proportion of virgin melamine powder and waste melamine in order to increase values of those
plastic products. For experiment methodology, the melamine powder and waste melamine are
compounded and formed as newly reformed products by hot compression molding and cold
compression molding for mechanical property testing. Compressive test, bending test and impact
test are used for evaluating mechanical properties of above mentioned products. For experimental
results, the mechanical properties of cold molding products are relatively lower than hot molding
products due different melamine molecular packing. The impact and bending strengths of waste
melamine containing products were relatively lower than virgin melamine products, while the

compressive strength was improved for the product that contain waste melamine less than 40%.



a3y

4
Hin
UNAAGD (ATHT LT eeeeee e eeeeee e s s e s s s e s eseeeeessseeeeseesseeenns f
UNARTD (D THTDINNH) oo eeesseeseeseeseeeeseeeseeseeeeeeseeeeseeseseeesseeeeeeseeeeesseeeeseseeeseeeee !
DN T THUTEN N oo s s s s s s s e s e s ee s ee s ee s ees s ees e ees e eeseeeeseeeees f
TVTUTY oot 3
TTUTYN VTN oo n
TVTURTU oo ¥
o a [ [ 4 o I
DT UIITYANHUUALFVID ..o oY
4
uni
I UTIHY ettt ettt e ettt eeeene e eeneae 1
I o w
L1 anud ez @A UOITUNY oo 1
Y] 4 Aa o
1.2 I0QUTEAIANITIVY oo 1
1.3 UDUBUAUBINTT DY ceoovereeeeeeeeeeeeeseeeeeeseesessesessesessseessesesseeessesesseseseeseseeseseeseseeseseessses 2
P U [
14 U8 TR IINE IR TU oo es e 2
o d Ay d‘d' Y
2 INATITIUNTTUUAZITHIVBTUDEIUD ..o eeeseeeee 3
28 S 113 1 1 1 OO OO OO OO s SOOI 3
=\ 4 = S A
22 wandiu esunad ladisdu (Melamine—Formaldehyde Resins) ...........ccevvvveriverennnnes 3
dd’d’ 9
2.3 NYHRIUNBIUBY coovoreoieeereeeieeseeeeeess e sesss st 4
4
2.3.1 M3UU3UA0TNTOAT0U (Hot Compression Molding) ...........ooorrresccccerveerr 4
9
v
2.3.2 msﬁugﬂﬁ’aﬂﬁ%msemﬂu (Cold Compression Molding) ............ccceeevereereennee. 6
2.3.3 MINATOUUITIAAN (BENAING TESE) w.rrverreeeeeereeereeeeseeeeseeeeseeeesee s eeseeeeeeeseeee 7
2.3.4 MSNATOULTION (ComPressive TES) .....ooveeeriereereeeeeereereereeee e 9

2.3.5 MINATDUMTATLUND (IMPACE TESE) vvvnverinreriiireirieriieieeereesee et rens 12



131y (¢10)

Y
I
Av A A 9
2.4 QUUITUTUNG DU oo s s s s ee e s e s e s s s 20
3 UUADUMITAMHHNNITIVY oo e e s e e s e s ses s e e s s s s 22
70 B 1V 1 1 1 OO 22
[ d‘ Y o a o
32 FAANIFIINITIVY oo 23
A A A FY a o
3.3 IATOIUON LB LU IU IV oo 23
Aax
3 d DM NIRRT oo e e oo e e e e 24
3.5 PITTIATOU ooeeeeoeeeeeeeeeeeee e ee e e e s esee s s e s s e s s s s seses s s s s e s s e s see s 33
o d a
4 BAANTHAZDNITONUYT VN oo e 37
B0 DD I oo e s e e e e 37
42 wWaveIMInAdoURUANLATINAUeITAes luAanug
) v Y <
AAINTITO AT DUUAZIIU oo e, 38
= a2 9 v Y v
43, wanmInaaauNuMenmveualu Ivunvuglaremsoasoutaz ey ........ 42
wa 9 = ol
44  wanInaaduauAN1IIAINIouve AN IHINUUFY
9 o Y v
AINITO AT DAL O AT oreeeoeeeeeeeeeeeeeeeeeee oo 44
o a = ld’tg Y v Y
45  wamiadoudugiuIneveuvalulnunvugdrsmsoasou
v
LR E DRI oo, 47
5 AFUUBZUBIIUBMUE ..ooooooeeeeeee s 52
5.0 AGUMO oo 52
I I 1120 AT 1T VLT 52
SR L R L1 T 53
NMANUIN
a ~ Yo A A 4 1
AARUIN N, UNAIIBINTN LATUNTT AWUIEHEUNT oo 55

UTETARTIT 1.ovvoeoeooeeeeeseeeee e 65



AN

2.1
3.1
32

4.1

4.2

L%
a1IIUYNIITN
< y
n Hin
ANHUZNNNIAINUBIMANIU oo 4
OATVTIUMITHAUTAGAU oo 14
WIATFIUAI ) UBIMITNATOU oo 33

HaN1TNATDULDY One Sample T — Test YD
(HO: 1 = 104.05) vs (H1: £ 7 104.05) AUATHFONU 5% vvvveeeerrrreeeseeeeeeeeeeeeseeeeeeneerssens 43
HaN1TNATDULDY One Sample T — Test YD

(HO: p = 163.50) vs (H1: p 7 163.50) AIIAVIEONU 5% oovereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 44



€an
=
=h.

2.1
2.2
23
2.4
2.5
2.6
2.7
2.8
2.9
3.1
3.2
33
34
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12

3.13

1

W
a1y
vq
4

i
1 d’ QU
AU TENOUUDIATOIIAD e e e s s s e e ssees s see s s ss s 5

1a L 4 [
RO TE N RN G 2 YA B a1 VOO 6
ANHAULMITNATOUUTIAAIOUULTAT MUY oo 8
M31Fe3UuunIR000nM U190 THANIOTRUTION oo 9
Y
FUNATOUNATTANT I T UNATOULTION oo 10
Y
HEAINTSUUTIVBIFUITUAUNANIIVDINT VFTE oo 11
ANHAUENMITMINIUUDUATOINAAOULTINTLUNI ceroeoeoeeeeeeeeeeeeeeeeeeee oo 13
Qy =Y
FUNAADUMNITATEUNOUUUB IS UDE TOBOR oo 15
ANHAENITNATOUNITOTEUNNUUUBYISY oo 16
9
UAUAILEAITUADUMITA UL U TATTUUL oo, 22
NANTNATOUNITIAVLIARAIVDINIUA NN U TN oo 24
ST G A2 e ko VAT G Voo 25
UAUAINTEUIUNITIAT OB NN oo 25
NANTNATDUNIT IAVLUIARDYUBIBAHIUD NN oo 26
APHBLEIAHIRIUE oo e e oo e e e e s e 27
Y
FUNATDULITIAA (3 — Point Bending TESE)....c.ooveeeriereereeeeiereeteereeeeete ettt eve e 28
Y
FUNATOULLIIDA (Compressive TeSt SPECIMEN) .....vvrriuiiereeereriirieieieieeereeeeeeeeeseeeeseeeseneeees 29
Y
FUNATOUUTINTEUNNUVY 105DA (Izod Impact Test SPECIMEN) ....vvveeeerrerreerreeeeerrereereeeeee 29
da! = v Y
NTEUIUMIVUFULA M ULUVOTATOU 1ooooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 30
% dﬁf v
UAHURINITUUFUUBDUBAIU .oooooooooossssee s 30
1a T

SN A o LT e VA TR R Lo Lot AT 31

Y
FUNATDULIIAA LIIDALUDSUTINTEUTIN e 32



€t
=i
=h.

3.14
3.15
3.16
4.1

4.2

4.3

44

4.5

4.6

4.7

4.8

4.9

4.10
4.11
4.12
4.13
4.14
4.15
4.16

%4 Y
a15vw51 (M)
vq
2
Hin

MINATBUUUUIATOITUTIUYA oo 34
ITNATTOULLTIORN orrvveevrrenmeereeeessssssseeesesesssssssseesssssssssssee st ssssss e 34
MINATOUUTINTEINAUU TOBOA ..o 35

o o 1 < @
nsMluaasn AL LE 2RI S AR
HAZFOIATUSWIMIABINANIU ..ooooooeeeeeeeeeeee e 38
nsmluaasnuduius sz niawegad
HAZSDIAZUSHIBABUANTU oo 39

v W 1 <
nsmluaaInUALRL TN INFEUNN
HAZFOIATUSWIMIABINANIU ..ooooeeoeeeeeeeeeee s 40

o o 1 < (%
nsMluaAIn AU LT I21HI9ANUNT L5 IEA
HAZFOIATUSWIBIABINANIU ..ooooeoeeeeeeeeeeeee s 41

v W ' < Y
nsmluaasnuduRusszIanuLiiusida

Y 9

YOIBUNATOUMITAATUU V- sessssessssssseeneeeeeeeees 43

v W ' < [
nsmluaasnuduRuTszIaNuLiusIda

v b4
YOIFUNATOUMTAATUU ..o 44
1] v Y o o <
N3 TGA veauwaliuilonasuismstugnuusadounazsaduU oo 45
151 DSC ¥09e15U52nouua1ii (Melamine compound) ...............eeeeereeeereeeeseeeereesereeee 46
v 9
1519 DSC YOITAGNVUFURIINITOATOU ..o 46
@ HE9 v I

1319 DSC YOITAGNVUFURIINITOATU <....ooooeoeeeseeesssseees s 47
FAQMHTUABNATIU 0% orrerereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee s 48
FAQMHTUABNAIIU 20% orreoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee s 48
FAQMHTUABNAIIU 50% orrrreoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 49
MNAAUINVDITAQUANIUTHY oo 50
AMNAAYINYDITAGT BIAADIMIBINATIU 0% worrrooeeeeeeeeeeeeeeeeeeeee e 50
AMNAAYINYDITAGT IBAAVIMABINAIIN 50% worrrroeeereeeeeeeeeeeeeeeee e 51

a



S
R-sq
DF
SS
MS

F-value

° a v v ¢ o I
MasuIgayanyliasnNIe
1 Aq Ya . . .
A lgnsanlu T - Distribution
ManANIANA NI NNNBTIAYNIZAU 0.05
AuYAFIUNAD (Null hypothesis)
ANYAFIUTOI/ AUYAFIUNIAUADN (Alternative hypothesis)
] Y ]
AunagueIlszanInaruanauly

DUV UNIATIIU (Standard deviation)

Coefficient of determination

090 (Degree of freedom)

Ha5 AT OUUUS 109 (Sum of square)
ANANNMEIT04 (Mean square)

1 d' Ja . . .
A l¥no1sanlu F — distribution



o U

1.1 anuilwnuazanudayvestfynm

v

14 4 a 3 a o 1
waltuNesu1aa ladis sy (Melamine—Formaldehyde Resins) Wuneawes nQu

4 . . < a A @ ' 9 A [
WI’E]iTﬁJLGIfﬂ (Thermosettlng plastlc) L‘]Jllwa']ﬁﬁﬂ“l/lﬂﬁgﬂﬂa\iﬂ']iWWHﬂ?WNﬁ@UWiﬂLLiQﬂULWﬂQ
g‘/ = A <3 @ 3 J A a aan A Yy 1
AIUAYI LUDLYUAIAIVSLLUININ ﬂumumaﬂmﬂaﬂuuﬂmqmﬁgmmzﬂgﬂimmﬂﬂﬂ l’l,iJ

a <

[ Y] { 1 [] 1 I e o a
gouduaznldouslineluld uadguugliganzuanuag Indiduiidids waredandszan
211 A [~ ' v W ] = ~ ' <3 = ]
uimaqaﬁlzwaﬂﬂﬂﬂmﬂuﬁum%ﬂﬂuuuu mwmwumszmwﬂnmqaumusmm 6NUIJJ
o Y =\ d v A S Aa a o é’ I a o 4 =1
ﬁTNTSﬂHTMTWﬁﬂMLWﬁ’ﬂW@ﬂ uJamuwasmﬂ”lamwuuﬂummmugﬂmuNammmmamu
1 ] 9 %) 9 211 I 9 dﬂg a a g Y I o
AN 9 LBU DAY I 91U Tﬁ% 119 1Wuau ﬂig‘U’Juﬂﬁ"ngﬂWQWﬁ@ﬂ%uﬂuiﬁLﬂugﬂﬁﬂEﬂ!%
' y D) D, Y v ¥ X ] A o ¢ ~
AN 9 mﬂ%mmmugq LUASADINTTLULIIDANIY c]fﬂuﬂizmumimugﬂwammmmamu%
a a a @ 4 @ 3 1A
mmﬁymmﬁumﬂmnmﬂ‘%ummwaﬁﬂmcnmsmmﬂizuaumieﬁugﬂuawmmam
a Aa X2 o ' Y A g = A ] o (% P o ¥
LﬁymammnmmjumﬂanuuaaquJaQu,ﬁmummﬂ”lumma‘amﬂaumwaaﬂwaeumm
Y=
1aen

v
= =

~ a 3 a [ 4 =\ g’/ 1 o
mﬂmmﬁymamumﬂ@mﬂﬂigmumﬁugﬂwassmmmmamuuu"lnmmmmm

P4 P2
2 3 2w

I~ A < J { o d
Yuzda 1don edvelide Idmuilse Temiveuawas uwarliufievawnsoiiwnldse Towm
Y o = <3| =~ % =~ Jd v A I a ' Ao '
18 Tasmswees vuuadlunaasmaiiv yiwaunuwariuvesiad Tadis duluy #1galy
] Qlds! = = o yd’d v A = " o QJAd'E‘ v =K
AuMsoavugl aswaemaiuimihnduasdaay vazwartiulvdimihndudste

' a o ) o 2 o Y ¥ A
IMZIEHINKUAELAINY vasniuezhinsrugl Tasnmssadsianinmsldanuieu wie

2 I 9 gJJ va A va 9 o a

n1svugluuudy wieunimadevduiamina auiianiainien dagiuine uay

Y Yy
ﬂ”liﬂﬂ‘%ﬂlﬂﬂl@x‘]%uﬂﬂﬁﬂﬂ

d
1.2 Jeglszasnmsive
4 v A CES 4 a g
1.2.1 LﬁﬂﬁﬂHTﬁNU@L%Qﬂa ﬁllﬂ@]‘ﬂ?\iﬂ'ﬂll%l@u AUIIUINY LLﬂS’;ﬂTi@Jﬂ"TgNUT VBN

= a = 9 Qdda! <
ek qiul,‘sh’l,ﬂaﬁﬂﬂlﬁ‘ﬂ!,lla11]uﬂ’3&lﬂiiﬂJ’)ﬁ"Uu§ﬂlm1JlElu

122 reruuanensth l1%ss Tewivesiaes ladAannsumaniiu



U

1.3 VD UVIVAVDINTIVY

[
[ ]

= wAa Aas da! 9 v 9 (=Y 3 ra JY
ﬁﬂ‘H1?(1J‘1JGIGUEN’JﬁWVIWTL!ﬂﬁﬁiJ’J‘ﬁﬂﬁﬂlug1Jﬂ’JEJﬂﬁBQQQEJLLJJWﬁJWLEJULLazLLﬁJWJJ“WiEJ’L!

q

2

=)

= a o J d o w Ao < o
VDUARIUATUUIINUIEN ﬁﬁulﬂﬂ“]jﬂlﬂ@ill')i 10A (UNI¥U) NUANYUL VAT UNIHT NN
= 4 = J A A o [N 2 = A @ [ [

ANIYNI PR V‘I’E)ﬂﬂaﬂvlﬁﬂlﬁ“b'u Vlﬂ\iuliJWWHﬂﬁz‘U’Juﬂ']ﬁsng‘]J tazAnEINYSw oas1dIuNEY

1 9 g’/ wa R FY
AN ) NIBDUYNNATDUTUUA “]N‘]Jﬁ%ﬂf)‘ull‘ﬂﬂ’lﬂ

=S

4
1.3.1  quuanina ﬁﬁJ‘UGl‘V]Nﬂ?HJ%)’t’Ju aUIIUING LL’dZﬂ']ﬁi:]ﬂﬁ?);iJHT VDIV AT

a

a = 9 adg <
"lcnmamﬂmymamumﬂﬂsim‘ﬁmuiﬂgmmﬂu

Y

14 Uszlasrinmanaglasy

9 A v 9 o a %
1.4.1 wﬂi}ﬁmumﬂmma AUUANNANVIOU TUIIUINYY uazm‘s@ﬂ%um UBN

P
v ad XK

a Y < o ao Y '

ag5 laAanneymaiiudlrenssuasaugidu awsoiwanisivellldaosen lig
aw A Y
NUINEIU 9 18

9 o w a Isq 9 a o o A

142 nlvdemsidagsasfannamwariiulddszgnd l4lundanmsain

] 9 a A ~ a =~ [ 1 ~
mgaunums IFausazlsz@nsammss lufannawwariinludaguimunz aulu

a a @ 4 = A A Hdgyg a2
PATTHNTIUAAANANNUNINATIY Wﬁ@q@]ﬁ?ﬂﬂiﬁll@uﬂiﬁlﬂ/‘lﬁ'lﬁ@]ﬂWlﬂIiJL“lf@]



YN 2

U

o d a -
Y3135 UNITNUAZNUILNINY IV

2.1 pann

A an = A a A o
Meor1IsMsnmunzaulunmseonuuumsnaaesnilseansnn nsiin1snaasy

'
1 =

g o g 9y 9 = = 9 =~ o va
uu5]“ﬂuﬁ@\H"U115]f]\1ﬂig'1_|']uﬂﬂljll,agiﬂlﬂagtﬂﬂﬂmﬂﬂmﬂuaﬁﬂlﬂ ) NNYINUNITAUUA Liag

Y

2y = =

an ay ~ 9 =\ 4 = d Aa =1 o Y o w (3
';‘ﬁmwsémau%uamm"lmmmamu vxlaimaﬂ'lamwu ﬂﬂu@ﬁ]ﬂﬂWHﬂﬂﬁﬂl@ﬂWﬂmmgﬂﬁ]i]EJ

1 A A ) A ¥ A A a
AN 9 TILﬂEJ’JﬂJ@\‘ILW@GLWVlﬂﬂ'ITﬂ@a8\“]1/]3J1J§$ﬁ1/]‘ﬁﬂ1‘w

2.2 wandiu Wadinadlanis s (Melamine-Formaldehyde Resins)

= o Y o 4 = s A a g a o 4 = 14 = s
wadiu CHN, nlsnuresuiad lad imenamilunansaaiuaril Wesuiadleq

o

a . . A A Aaa = a 4 2 g a J
13%U (Melamine-Formaldehyde Resins) 13 9NATNUNGA tQgUNNAU (2542) FuYunoauos
J a . a ¥ o ' a o 3 9 A A
mos lnaalszinnezdi Ty (Amino) Himinuinnimatadnna q lliandes Aelinaw
U o 1 [ = Y [ [ a Y
D295 UNITTENIN 1.47 — 1.52 Suusede Idaneaunis sunssdanazusetiae ldauin nu
9 Y dal <3 = ] Y ] o ] =
anwdoulda iendausanumsiaioulda lummznumsldneuen gnudunaszdauas
A A =\ g’/ = = a YA
ongunmiiaas q Inedduazivuasriafnszaendsldaun
wa I { [ { o ] @
auauiane i duauauldhndsunszualadnnudd himunzdonsly
@ { o 4 a { a 4 a a
nunszud lihanudge ldigunsal Tldhunsiafmaliersaununisldwaraanyiia

Huean
A k) = 1 a 4 Y 1 1 a 1 A
AuauAnAIAL nunsaariaoenla lununsaalsyiaun nudisniion o
] o o Y a 4 =2 3 Yy 9
wunsanlon iy luiu duwes gadnirlatha
Y Y Y
msoaruglwariin TasdnawariivaugilTasn159a3131) (Compression Molding)

1a o 1 1 J a gJJ o
Taguiiunzgniaszritunulianudouvesnuisznulalasan vniunentiidadl

1 & A

o I a P 9 . A a
anvazitlunslulSuaiiwnion1dvzgn pre-heating e lan1uruigarigl 90— 110 °C

g‘/ [ 4 ra S A 9 % st[ =< 1 v
viniulaaenthndllumdnuiniinnudouminuguvgiyugl Fevegluunuilszneu

S A

v a 1Y { o a ] 1A 4
l,muﬁwﬂ@ﬁaammaulﬁmwa‘ﬁﬁwﬂmﬂumim@mumﬁmmmﬂmmwuw Gluﬂi%‘ﬂi]uﬂ'li

dy J ' o J 1a 4 @ A a < a
uﬂ@llﬂTJH%%’f]'f]uﬁﬂllﬁgul'ﬁaUlﬂﬁ’lﬂqﬁjﬂﬁ’l\?"ll@\?llﬂ“l/‘lllw l,l,a$Waﬂﬂ1ﬂﬂ@mﬂﬂﬂqfﬂ/‘l@ﬂﬁ]$m@

Q U

v o 1A o g 2 a3 o 1a 4
N15UUN (Cure) Guamff@ﬂul,l,aJwameﬂuu%mmﬂﬁlzgﬂmaaﬂmmmwnw



MTNN 2.1 ANHULNNMIMNUDUNAINY

ANHULNIINIENIN VDI Melamine—Formaldehyde Resins
pavgifi 1 lumsnae 149 — 204°C
ANUDWINNE (Specific Gravity) 1.47 -1.52
NULTIAY (Tensile Strength) 34 — 90 MPa
NULLTIOA (Compressive Strength) 227 -310 MPa
NULTIAA (Flexural Strength) 62— 110 MPa
Flexural Modulus 7.58 GPa
NUUTINTSUND (Impact Energy) 13.3 J/m
AMLAI (Hardness) MI115 - M125

v
aA A 2

2.3 NP NNYIVD
= av wa A v A a A A ' Y
NTANY1IVY ﬂ‘mﬁll‘]JWJ’]NﬂﬁeU'EN'Jaﬂill‘;]ﬂﬂaﬁ]TﬂLﬁELNa’INu%aUUWﬁMWTQ €] AYNIT

493 1a SY 1a I3 dy 1 I =< 49! 1a 7Y
elluz.liﬂL!,'LIUL!NWMW?@HL!@%LLNWNWLSHH Glu(’]ﬂ\uliﬂﬁ]&’Lﬂuﬂ’liﬁﬂ'ﬂ'lﬂ'liellug‘]JLLU‘ULHJWNWiE]u

1A 3 ¥ 2 v A a Ao ' 1 oA 1 A
UASUNNUNIYU mﬂuuﬂmgﬂ’m qivl,c]flﬂﬁ‘lfl ATITIUAN ) LAZNATDUAUTNUAAN ] A1UN
' 9 Y
NATIVNAU
dd’ d’ 9 d' 1Y

v 9 g 1 = 9 a gé I A A [
GI,L!W’JGU’EJUFUZﬂﬁTJﬂQVIi]‘HQ‘I/]Lﬂ‘(’J’JGU@QW ﬂﬂudma gU “INi]MTJu‘V]Q’EI;]LﬂEJ’)ﬂU

Y

ﬂTi‘ﬂﬂﬁ@ﬂﬂmﬁ%ﬂ’aﬂ1dﬂaﬂlﬂﬁ’s’ﬁﬂ llﬂllﬂ NITNATOULUIIAA NINATDULIIDALALNIT
Y

NAAOUUTINTZUND AT 18azDeane 11/1]

Y
231 M3yu3Uale35msoadon (Hot Compression Molding)

Y A

a o < a 2
MANANITEAS 0 U (Hot Compression Molding) Wumatanisyusdioun

U

. 3o

[ 1A a ] 13 o A U a ] 9 o
imunigamadianils uangslims I lumsudsginwaraanedisneuig Tudpiungaiing
9 a @ a [ 4 dy v A A 9 o 14 a
Tdmaiamsdanara@nngumes luwa nazens wennniiduilunienldnumes Tunwaiaan

mlssidremaiinoulden

o [ d‘ [ a 14 g’/ A Y d‘
?f”l“l/ii”].lLﬂif)\‘]’ﬂﬂcluﬂﬁllﬂﬁgﬂw?JEILN@?HHL?N@HﬂﬁzMWmﬁ@YJﬁiHﬂ 19 Tag

4
a A

119A@MNT 3040 Thomas Hancock 148atens ﬂ‘5$1_I’JumiLlﬂigﬂﬁgﬂﬁ]ﬂaﬂlﬁﬂ‘ﬁﬂ%uﬁﬂ
Tulsemeranigowdni Tuil a.e. 1870 TagiinInermaniaeanuie John Wesley Hyatt 1182
S. Hyatt ﬂiz‘u’mmmﬂigﬂTﬂfm1'5é”ﬂﬂizqﬂm%’ﬁuwmaaﬂﬂ%zmsﬂwé”qmﬂ Bakeland AU
Fmsduaszisduilueanesuiad lad1uil a.e. 1980 ﬂﬁ]ﬁ;ﬁuﬂszmuﬂﬁuﬂsgﬂﬁfm%’ﬁu

E19UNITHAY



[l ] A A ] <3 [ o = 1
FIUYTLNOUNANVOUATON D URNULKANDA (Platens) 91UIU 2 YA BIULNY

vy

= a [ 9

& A = Y ] = A o Y o a a Y 9
NUIFIWTDINADU Guum”lﬂ EJﬂllwuﬂzgﬂﬂﬂﬂﬂﬂ‘]Jﬂ”lu‘ﬂ‘1/]1611’?ﬁﬁJ”I'im/I”lﬂ"liﬂﬂLﬂmiJﬂﬂ

A Y 2K A [ ] <3 g}/ 1 dy [ A A 79 ¥ 9
ieanngniadanuudumanigeunuil druilszneudu q Aeginsel lianuion
a 4 ] @ A [ A
szuv laasednuazginsaivaedu dnvuziAsowaasnsgli 2.1
Y
dnsvugiilalaeihizawaundr 1 lunh wagldanudouvuziinisoa

d qv P ) a D) ' Y1 )
niniuldszuuvaedu Tagldi lvanyudewdigszuune Indresnveuth

l&\\ Platen
Heat and cooling———
[~ Mold plunger
|~ Guide pins
'H/ | I
Heat and cooling g y _
| /6—4—— Mold cavity
Compound to be molded | 5 Platen
Hydraulic pressure ——— Hydraulic plunger

d‘ 1 d‘ U
517 2.1 @5 noUUUNTOINADA

o Aq Y v Y 9 ¥q Y Y A ' A o B} a
anuaunlFlumsoahdedldidesnga uaninneiiildwaradnlva
3 ' 9 o ° ] a 4 D] o v Aq Y
WUFe919eut ua ligeauih ldwaraansa lvasenvinsesnsnnir szauanuaunly

Y Y H Y
Gﬁu’ﬁ]g 1J%uﬂuazﬂamwmmawmmﬂmmieﬁugﬂ



Y v <

232 mﬁﬁugﬂmﬂmiamﬂu (Cold Compression Molding)

De

Y o <3 3 An A o ax a
fnﬁéll1!51Jﬂ']‘t’Jﬂ']'i’é]ﬂL‘t’J“LJHJuﬂﬁﬁiJ'J‘ﬁ‘ﬂﬂﬂlll]ﬁ\‘]ﬂ']ﬂWﬂﬂﬁﬁiJ'J‘ﬁﬂ']ﬁNaﬂclu

U

A ¥ a 9 A % ] = q 9 9 o Y ad
Qﬂfﬂﬁﬂﬁ31JLﬂﬁ@\?ﬂuﬂumfl“mw&ﬁuﬁﬁ@ﬂ’é]fJ'NLﬂfJ’J ”lu“l%mmmumﬁlﬁwaauazmﬂ NITUID

J 4

o A @ v Y ' o Y3 ! 'y Y
Tl'gvlﬂlw1]@uﬂﬂl!ﬂU@ﬂi@ullﬁm11@l§3ﬂ31 LW51$1NWE]Q?E]GLWWa@NagaWEJﬂ@u IoANDU
Y

Y KX o 9 9 v A ¥ £ ¥ a Aou A
Ll,aJQQHWLITJLGIHW]"I@‘]Jil!ﬂ%iﬂﬂ!iﬂﬂWﬁ@ﬂJ ] DUBNATI PIVUADUNITINAAUAIU

'
a AA o

1) duerdIuRguvoINaIdANMadnUTauaudu wu ledu Alanya

ee

poud laluuiuuunision
1 9 [ 3 A 9 T A

2) wanauuuuyIneleusaon 13.7 - 27.5 MPa ANNEINAALAABTAVD

NS OIALANNTLAINALY
Y
3) 1P UNUBNNALUNLVY
o 2 9 2~ a =) A 9 ds! ]
4 hyuauliidwveudaliguugil 232°C YSumunwsetiosyuegny
9 ] o Y a <3 W

yavoun IFszeznailszunm 72 9 Tue wri ldnaadngnuazuieed

o £ = Y
5) WMPUNUNDULLAIDDN

< Platen

\ Mold

Compound N\

< Platen

5107 2.2 a9 lumsoa

G

a a I 4 a a a
¥HAVOINAIFANY UNINNDS TusAA LLaxuﬂMGﬁ’mwwﬁ\luaaﬂ (Phenolic)

o =

' g’/ ' Y o A a %} @ a YA v 1 (3 a A 9
MUY ﬂaucl%umluaaﬂm"l,ﬂwamﬂwuiwmwmwaum ’Jﬁﬂﬁ]uu@ﬂ%WﬂWﬁWﬁﬂﬂﬂi%

q



a kY an tﬂyd a ] S A Aa [ 1 [ Y]
HAAAENTTUITUVVUN WINTYUY (U uealanrIeNizeniuNeUzaBY) NUIANTY
4 ] a 1 a a [ I o o { o 1
duwrulediu diuviiavoswdadusi 19iimangdnsal liisiaignisuusales 9 1u
A Y]
taziody
233 MINATOULIIAA (Bending Test)

@ I [ o w Qy o a
mInadauuIiaatotlumsldausinszinusunadeuudvildnausaudu

v H Y
ANUINUMUVUUDIHINAATUNULALAAUTUAUAINUT I UATUANUDIHIAATUIIY AT

[ o ¥ ) A Y A = a 1 Qy A A 9
ANIDDIINTENIAGUTUAUATI UTUNOUAA HIBUTUROUTA TASLNIFUIUNNNT 19
v v v
ANHAULNTMITVUTWVVAIUNINTNILTHINITNATDUATAAID HFIUNIFUNUILINT 1A
a g = dal a a A A o o I a 1
DAV B HHIUUNUFAIUSIUNUMTT UL Msaasa)umsnadeuaanivavewmnanagey
. I d o [ wa A o
Feaunso lniludassuludruvesaninadiuauosiag
wa A A 9 o o I = v o =
ANTANNYIVOINUMTNAFDUAAID VL WUV VIAINUNUNITNATOULTIA
! <3 o . . [ v
1&un ANUUVINTIFIFA (Ultimate Strength) 391U U (Yield Point) Tu@aﬁmmﬁﬂwqu
. . A ) g o =] Y 3 ay
(Modulus Of Elasticity) tagd¥ 9 a1emaiinsnadaunisaaiaddlmiunmsnadeuiugiu

[l v
anA

Pl v
nangalumsnadouruauiiizunsawuuaie q lumsih g

o & v

d’ Qy =S 3 v A:id =) 1
WoFuNadouINT s Iuan YU NNT TS UNITDIAINNT Idis 9

L
Y

v v v
NITNTIUITIUAIINANTUITU G'f'%ﬂ%zm‘lﬁ}ﬁ}maNﬂmwuqmegmﬂ%’f%mmuazﬁ}muuag
Y v = o Y1 [ 2 =R A 1 o ) S}Qy
ﬂ'lfﬂmliﬁ’f)ﬂ LLSWNﬁ]%‘Vl'lcl,ﬁﬁ’J‘Ll?I'NGU’fN‘IﬂWIﬂﬁ'ﬂ’ﬂQﬂﬂ\‘]ﬂﬂ’ﬂﬂﬂﬁ")ulliﬁﬂﬂ%gﬂﬂ,ﬁsﬁuﬂﬂﬁﬂﬂ
@ 9 [ a & U dyd Y A [
ANIALVIVINU LASUINUMINANITEUINADILIIUADTUNTOUN UL
Y =< 9 d' o (% (% d’ a L%I ) =
ﬂ”li‘]JLl°VIﬂalli’)yﬁL!i\?‘l’lﬂi%‘ﬂ”Iﬂ‘Uﬂ?iﬂﬂ\i’ﬂ‘ﬂlﬂﬂﬂlﬂﬁ?ﬂ?iﬂu”ﬂlﬂLallﬂuﬂi”l‘ll\l
usuAuANUATEANSARIe e ldluniseiulenuanyuz eI TagIINMTNAAIUNITAAID
9 Y 1
‘Ll@ﬂ%1ﬂ‘Ll1!ﬂ’J51’11518\‘111!‘1/]\‘1Gl,l!?f’Jum@ﬁl!iﬁﬁﬂi%‘ﬂ”lﬂﬂﬂ”liﬂﬂﬁﬂ ﬂszmmmzﬂmaﬂymmm
NISUANKN LG])'”L! ’E]%’]J1‘(’Jﬂfﬁ@GU@\1i@EJLLGlﬂﬁJﬂ’ZI"ILMﬂﬁJﬂi]'IﬂLLiQaQ L!i\iﬂwﬂ?ﬁ’ﬂduliﬂla@u W?J’EJTJ
2 1 @ [ ] '
fﬂTU’JlIGU@QGb”L!Q1Uﬂ@1&ﬂ1§£l@]ﬂ1’fﬂ1’i%@llll aﬂ‘]sJiLl$ﬂlflﬂiﬁ)ﬂllﬁﬂﬁﬂlﬂu®81015 H¥1 vVIVIT
A A 1Y < 9 A =) @ J o a g =
NIvTgULaUONU nJu@u ﬂi@@'ﬁ]llﬂ'l‘i'ﬂﬂqijﬂ‘i’f]flll@ﬂ‘ﬁﬂﬂi'l') il ﬂi$ﬂ@ﬂﬂ1’ﬂ‘ﬁﬂ18’ﬁu ] N
3 ax £ Aa a o @
L’lJ‘Ll’J‘ﬁﬂ151’7u\‘I‘ﬂ@cl,uﬂ1§@‘ﬁﬂ1ﬂﬂi$£ﬂﬂl£ﬁ$ﬂmﬁﬂymgﬂlﬂﬂiﬂﬂu@ﬂﬁﬂ
o Y o 4 4
ﬂ1§'ﬂﬂﬁﬂﬂﬂ1‘iﬂﬂ\1@llﬂ1/]Wﬂ'liﬂﬂﬁflﬂﬁlﬁﬂm?i@\‘lﬂﬂﬁﬂﬂL@uﬂﬂi&ﬁ\iﬂ
v Y
(Universal Testing Machine) qijﬂ‘ﬁ 2.3 UEAANANHUSUDIFUNATDULALNITNATOUNITAANDNIT
(% v g’/ 4 4 [ Qy ' [
ﬂﬂﬁ@ﬂﬂ'ﬁﬂﬂﬂ@‘ﬂﬂﬂﬂiﬂﬂgﬁl%}lﬂgﬁQﬂﬂﬁﬂﬂl@uﬂﬂigﬁﬂﬂ T@mngmm%mmummuiu

Qy = g’/ a 1 Y o A kY
BUIUAL IINUUAALNUNAVTINUYALAADUATUD U



Neutral axis

—
= - —

<—_ Tension —

71U 2.3 anvazMINAADULTIAAIBIUUATINYA

9

= A A o A o @ A4 a X <
NITUUNNVDUANINYINUVLUIINNIZSNULASNTITIAPNDNINAUVU AQDAIUAITULIY

'
A o

Y
v Y
Tumslausafludeidrdy TaelinasIdvuaumanisuannsunuly msdivuans

=

Y a
ﬂﬂﬁ@'ﬂﬂjﬁﬁ]ggﬂﬂ'lﬂﬂ\iﬂ\ﬁ

yaquls1ssuesiinuas 3a9lseney (Composite) MsnadauLsAnlna

a a
i1 Y

Tigwnsaild iesnisudasuazildifasessesuuiuimgeezilugaisuduly
m3uanitn uaziliranmsnagend 1§ liamsari i 1deuld Tunshsuiiez19ns
nagoumsaasalumsiannuuiissmsdasonas Tugdanisua nin &rems1RusefuTy
NAFOULULYANINYA useﬁmmﬁ@%umﬂfgﬂﬁqﬂaNﬁiquﬂigmﬂulﬂsﬁﬂmﬂﬁmawm%u

< [ o [
nagoU ﬂ'ﬂllllf’ll\nlj\jﬂ']iﬂﬂ\?'f)a']n1§ﬂﬂ’]u3mll@g]}ﬂ\1ﬁjJﬂ'li 2.1

ANUITIARID (N /m?) = 3LL2 2.1
2wh
d‘ =) o a (%
$\)3} F  aousdnigm (mmu)

1 1 Qy
L ﬁaszﬂzwmzmwmmi}mmgmsawmm (tun9)
y
w ﬁi’)ﬂ??hﬂ’?ﬁﬁﬂl’t’)ﬂ%uﬂﬂﬁﬂﬁ (tun9)

Y
h ﬁammqwawumﬁ@u (tun9)



234 MINATOULIIOA (Compressive Test)
v 3 A o v o
msnaaeuussoalumsnageunianyaznslausinsgiluuuy
v Y o = A = g o = a4 £
ATINUANNNUMINATOVLTIAY AoMTnadauussautumsnagevluanyuznsasgazu

' v @ o &L a
mﬂﬁ@Uﬁ’mmi‘nﬂﬁ@mﬁwwLﬂuﬂﬁmﬂﬁ’é]ﬂuaﬂymzmiﬂﬂ@ﬂ%u‘nﬂﬁ’au Tﬂﬂﬂ1§Wﬁ]15m1

(Y

] Y
Laﬁlﬂﬂﬁ‘ﬂﬂﬁ@ﬂlliﬂgﬂllﬂuﬂ5$U?Hﬂ'li‘l/lﬂﬁ’i]ﬂauﬁu@EJﬂ‘]Jﬂiglﬂﬂﬂlﬁlﬂﬂﬁﬁ11ﬂ1‘fi}ﬂuﬂlﬁlﬂ

U
Y

Jare wu Tavgdalianudumuusadenoudags saunaiaangunataan aaulvgaziims

q Y

= 1 o ' &l a a o J a 2 A < =3
NATDULLTIAN mmﬁmﬂsw U ADUNTA BY HASHAANUNLFITND FINAITHLUILIIAN

1 9 o A = o < [ v W dy 9 o
ADUUVNAUNUDINYUNUAITULUILIIDA ﬂigﬂ'ﬁ]llﬂl]']ﬁﬂﬂ5$lﬂ1ﬂuﬁ]giﬂf\11u1u§ﬂm'ﬁ]\1ﬂ1§ju

9 o 1

9 Y
o v v @ v v W o Y o
LUINDANINNIN @Nuuﬂ'lfl'Tl@ﬁE]'iJL!ﬁQ@@ﬂ'LI'Jﬁﬂ‘]J53Lﬂ1/]ﬁ%\?Vl']clﬂuﬂﬁ'lﬂiyﬂ'lﬂﬂ')'lﬂ'lﬁﬂﬂﬁﬂﬂ
=2
IPNION
Y o a Ao quo £ & o q 9l a o
Llﬁ\ilﬂu@ﬂlﬂ@ﬂ'lﬂllﬁﬁﬂﬂﬂclwﬂ‘]JG]f‘L!‘VI@ﬁ@‘]J %QﬂTiﬂ%uﬂﬂﬁ@ﬂlﬂﬂﬂ’lﬁWﬂﬁ?
A v @ Y v & 2 Aq Y @ dal 9 A o H = 9
Wi@@ﬂﬁ’)ﬂ'lﬂclﬁl!.i{l@@uu G]ﬂ!ﬂﬂﬁ@ll‘VIGlGD'GL‘Llﬂ'lfl"]/l@1ﬁ'@‘]JLL?N@ﬂuﬂgﬁﬂﬁﬂaﬂymgﬁullagﬂlﬁu
1 o 1 4 v o Qy ! a
HIUFUINANNINDIININY Lﬁ@\‘]ﬁ]'lﬂﬂ']ﬁﬂﬂﬁ@‘llL!ﬁQﬂﬂﬂﬂsﬁuﬂﬂﬁﬂﬂﬁﬁ‘lluWﬂfJ']’J‘ﬂmﬂﬂﬂ']i

H 9
v

TAwsedude FeligUuuumsmnad lumiveunnmsidesduuvdangu gl 4 aniulee

L1

QQy l-ﬂ' Y v W = Qy A:; A:;
1Jﬂﬁ‘l)'u‘ﬂﬂﬁ"f)ﬂ‘ﬂcl‘lfﬂluﬂ'l'i‘i/lﬂﬁﬂ’ﬂlli\‘]’f)ﬂﬂﬂﬁ]%miEHJ‘Huﬂﬂﬁﬂﬂiugﬂﬂiﬂﬂﬁ%ﬂ’)ﬂﬂq&ﬂ
Yy
ﬂ@]i?ﬂ’)'lilﬂ'lﬁ@]ﬂlﬁuNTuﬂuf]’ﬂaNﬂJﬂQ%uﬂﬂﬁﬂﬂgljﬂQW%13&!1681\158%@58’3\‘]
9

Y 9 ! ! Y
natyuegnuriavesiagnuNou lumsnadou esa1nanunsgluesiunagouIzanas

Yy H ' Y
@]”Illﬂ’J”Illi;N‘Vi%’i’)ﬂ’J”IiJfJ”I’JﬂJ’EN%‘LW]ﬂﬁ@‘UﬁLWN%H

37 2.4 ma@ezuvuIfeseeonmudisvesiagmelausion



10

Y o 1

v W 1 1 4 J
Glummamumamwmummmmemmmﬁ'umuﬁuﬂﬂawﬂauﬁﬁqﬁ'emz

Y ' E4
=1

o <3 = a 2 2 I 1
Vnﬁlﬁjﬂ'ﬂullsllﬂlljﬂﬂ31ﬂ§]ﬂl@ﬂ“ﬁuﬂﬂﬁ@ﬂlwuﬁu le‘lulﬂuWaiJWﬂWﬂﬂ'JnJlafJﬂVl’]uﬁ%W'J’N

4
= ]

Y I 9 ¥
mhduiavesrunaaauduNunaaol Faindudatszmldyunaaou liasodou'ld
Y o % o Y A 1 o =\ < [ d%l [ v o =K Qy
aapanidude i1 ldmiloudiaalinnuudsdauiniu daudrdudasunado
v { a [ 3 1 4 ay $
wiSunldeu ldawsiinuesiag vasuduruguinatnuessunaasuetsdoulasu 'l
o w 4 1 1 <3 [ a 1 ]
AUMIEIV0UATDINATOY a1 15Aa1uAINe ISR U T UNMIVBIUU AT UYL
Audnavesian
Y Y v
Ul IFUNATOUAITHFIVIUIUAULAZAININ S 1M UTUNATDU
a Y o [ ~ Qy I
wardanlanmua I3 luuiasgiu ASTM D695 A3l 2.5 FunadeuawuIasgIvzilu
a a X @ ] ] ] Jd
NIINTLUINUUIA 12.7 X 25.4 Haawas F9zlionsidiuaniuenaod uduguanai

sz 21

/7 12.7 mm.

25.4 mm.

1 Y
517 2. 5 FunageUNAIFANT NI UNATOVLTIOA

A a v y A = o A = 9
Lﬂﬁf’)x‘]“ﬂﬂﬁf’)‘ﬂiﬂEJTJﬂ@lL!ﬁﬁ%giﬂﬂﬂiﬂ\uﬂU?ﬂﬂlﬂiﬂﬁ‘ﬂﬂﬁﬂﬂllﬁﬁﬂ\i HAagHyIN

' ' o ' o
Lﬂ%’ﬂﬂ’ﬂﬂﬁf’)’ﬂ%$Qﬂf’)@ﬂLLUUNTLﬁ@Wﬂﬁ@ULLiQ@ﬂTﬂﬂmw”IZ ﬂ?WNﬁTNTﬁﬂﬂlﬂﬂlﬂdﬁﬂQ‘ﬂﬂﬁﬂUﬂ

' v

ENFNQﬂﬂ?ﬁﬂﬂiﬂﬂﬂ]ﬂ?ﬂlm$%uﬂmﬂﬁﬁﬁﬂﬁ%$ﬁ1ﬂ1§°ﬂﬂﬁﬂﬂ AIUUNITNATOULTIOADIVN
Y A A A Y v o £ o 1 @ Y
AYLATDINATDUDU ‘VlﬁiinﬁﬂblﬁLﬁ\?ﬂﬂi’)ﬂﬂ‘]J5111!‘VIﬂﬁ@‘]JLlagﬁ"lll”liﬂ?ﬂﬂ"ll!,i\iﬂﬂllﬂ

(2

{ o o 4 1 < Y @ [ v
@]S"I’]_Iﬁﬂ"lﬁ\‘]“]]i’)\ﬂﬂ%ﬂﬂﬁ"“u1@%1ﬂﬂ31ﬂ31ullmQLL?Q@@“II@QTJ?TE] Qﬂﬂiﬂi}jﬂﬁzﬂgﬂ'ﬁ@ﬂ@]j

=

v @ d o
(Compress Meter) 92 19uuufeanunuginsalinszeztia (Extensometer) TUnsnadouLs A



11

9 Y 9 ]
ﬁ")l!ﬂaW‘EJ‘VN’GT’E]\‘léllEN“Iﬂ!QWuﬂ’JiGEJ‘ULﬁll’é]ﬂulm$ﬂﬂﬂ1ﬂﬂu‘§\1%$ﬁﬂﬁjuﬁﬂlﬁju
Itﬂ' =) g’/ a | g’} a o d' a tﬂy Qy
"lﬂﬁmuegwmnmﬂmﬂmﬁm m%uuuﬂzm@miimgﬁmmmm"lﬂmmgmuﬂumewu

NATIUALAAIFUN 2.6

Lok

(—a

Correct Eccentric loading

H Y
:.liﬂﬁ 2.6 LAAIMTSULSIVDIFUNUNUNANIVDINT LaTtis

@ J @ Y < o 2 :
’mQﬂizﬁﬁﬂﬂﬁ%ﬂﬁ‘emlﬂﬁmﬁeﬂ15’J@ﬂ’JHJLHNLLNE]WJEN%HTI@ﬁ‘@‘]J G?Qﬁ

9 A A 9 Y 1 < o o o Aq 1 = Aa X Y @
m@uﬁa%lﬂﬂjmﬂq]’lﬂuﬂ AITULLUNLLIINITOA u’IW‘HﬂVlGlﬁ Llagﬂ'ﬁlﬁﬂgﬂﬂlﬂﬂmu ’Jﬁﬂlﬂj’lgfﬂgjﬂ

< @ ] J [ Y [ = K (Y = oA @
AMULALI0R 18 T8N dIuANUITwTIaveidq sz Iuegnumsideg @iy
MINAdoULTIAY tazddauitionns lunaasoimsuaninuuusunaumieunuiaqulsiy
] E4
ilosnniaquitisnvzinans lieendude uazdoyamadeglludnuazvoinslieonil
Y o o v = Y A g ' < o v
wasvihmsdanazaiuin e ldlumsmaanuudanssnvesies
! Y o o L v 4 A A ¥
ABUNATDUADININTIAVUIAVDIFUNAT D UAIIAT DI MMz ANz 1
1A Y A Y1 2 A Y o [ v A
AMgndes e ldmviuavesrunadeuiminizauuanirlisvusinadaluniomae
v 9
15999 nazalsszainsz i lumnaaenTaedesldsunadeuasasaazed lutunnuueans
U 4 4 I ! a
laussveunsoanagounaoanisnagey Mo uNTeINNILAIUYUMITNANITNTZY
] 9
ausuduedaitavelusznamsnagon aaiuMsIanuIREeANZIN 120° 50ULUY
9 ] J 2 9 d v v a
idurugugnanFunaaaULazalI Ivglnsaiamssauuumaglumsnagey
gas1mslausssumzveuaaziggazuana i ldamadimualumasgu

' 9 Ay v A o @ g o A U ! 9 ' dy
ASTM ’GT'JHGU’E]HZ‘WIUl@’1]%lﬂfl’Jﬂ°1Jﬂ']iﬂ@’é]@l,l,a$u'lﬂuﬂ1/lclﬁi$ﬂ’ﬂ\‘]ﬂ'liﬂﬂﬁﬂﬂ I@Uﬂl@yﬁlﬂa’lu



12

o = Y =) <3 [ A o <3 =
1150 W I BVIUN T I UTUAUANNATEA AUUVILTIOAILIMNOUNVANINUUILTIAY

] 1 v 3 @ o y { @ 2
Uriengna IﬂﬂﬂWlLiQLﬁIuﬂzqﬁlﬂWﬂﬂWu'lﬁuﬂﬂﬂﬂﬂﬂﬂﬁu“ﬁ‘Vi“l:ﬁﬂﬂﬂl@ﬂ“lﬂ!“l/lﬂﬁ@ﬂ

235 MINAAOUNINTLUNN
o <3 1 [ = A A 49! o Y v wa [l
90315Im3 ldusawazonsimadegUnmnavumldigquaasaniifuands
[ = [ 1 ] [ 9 g 1 ] =\ 1 43! A
uneaganIngamnsosuuselagaiuneuuaninmniiszeznaimslausaunuaunems
NAAOULUUEDA (Static Testing) AT ILTILUUNATA (Dynamic Testing) 113192 NTEHIAIOLT I
A Y 1 aZ I o 9 ¥ dy wvAa 1 o a dal Ty W
NesnUnaruaunuannla Netimszauiaaie g vesidgrualerialnegiuons
@ { [ (% {o & o @ o
M58AA7 (Strain Rate) n1snadouildianmasanunsuiulumsiildiaquaninaield
Y
@ @ @ 13
MITVUSWVVRUNAUTToN T UNMINATIUMINIZUNN
I o 1 J @ Ao & @
mMsnageumsnszunnilunisdamsdaienasnunsudulumsuaniin
@ 1 I 1 o v v
YITAG AIAIIMLTINTINITNTZUNNILUIVONDIANNAIWITD IUNITSUUT MDA VWA Y
(Shock Load) winasaiu ldauwnsoaduagziiiate uanadsanunisnszunnazgande 1 lu
waneanyuy 1wu gnldlumsdegluuudanguuaznuun1svesiag uagusudeanIuein
A A Qy 1 1 I 9 9 A Y]
MIAABUNVOIFUTIUA 9 Wudy Tagniseenuuy Insaai1uazAIed9nslsznisusn
2 Y [ { 1 . < 1 ]
doalirunuamisogadunasnuln lduinigamnezduldid lugrsvesnisdangu
A:; A [ 1 d‘ o [ d’
wazilszn1snaeenee1denIT UYLV AANITRATUNAIIUYBATOY TunIs
v
nadeumsnszunnz lswdsnuvesgndunszunnIisunadounaniin Taendsnuaz e

3 2 g A o & Y
Wunuasailuusannseiulluszeznaniie Aauns 2.2
W =FD (2.2)

d‘ A a 4
119 W A931U (UISULUNT)
=) d' o a (%
F A8UIINNTENT (UIAU)
A 1 d' o
D Ap5zaen eIy I9nusInsem (was)

@ s A [ Aq ¥ v Y
'JGI‘Q‘]J‘ig’ﬁ\‘iﬂfﬂiWﬂﬁ@‘ﬂlljﬂﬂigLlfﬂﬂﬂ'é]ﬂ'l‘i'Jﬂ\i'luT]GlG]fcluﬂ'l‘iLL@]ﬂWﬂﬂWElslﬁﬂ'li

Y A

i @ [ : U v ¥ o [l 2
NITUNNDYINRUNAU G?\?ﬁ’lll’liﬂulﬁ%'lﬂﬂ'ﬁﬂa@fl'gﬂ({!ll‘ﬂ‘ﬂi’lﬂﬂ’lu’lﬂuﬂlluuﬂuaﬂﬂu%u
NATBUAILANUFIAHIL 93N 2.7 1§ 1M sfIuAINTEATUNGINUNTNTZUNNHTO

@ v 1Y [ [4 1 [
ﬂ')’lll(59]/']1!1/]’]1!ﬂ1§ﬂﬁ$LWIﬂ"ll’f]\?’Jﬁﬂ%’lﬂWﬁ(5]1\1"]]@Qi$@UWaQﬂ1uﬁﬂﬂﬂlﬂ\1§ﬂéjﬂﬂﬂullﬁzﬂaQﬂ’li

ATZUNNAWANMT 2.3



13

E=w(h-h")
=mg(h-h")

'
v =

A ¥ vy e A o
E ﬂawamuﬂ@mﬂmsﬂaaaquumuﬂ (HIAUIUAT)

ov

v

A Y IS
w ADUIHUNUBIGNAN (UIAU)

A 9 ¥ o a o
m  APNIAVBIANIHIN (A Tansu)

)3

h, b’ ABANNFIQNANNDULAZHAINTZUNNAWEIND (1UA3T)

[

g ADBRINTINNUITIRIgaVRTan (9.81 WA/ ANTimaide)

Starting position

Pointer

1
I
. I
End of swing , i
- TV [ .
N I Specimen
1 I
JAN da
—_N \\ 1
\ \\/ /] h
\ ’ \
~ s
~ -

37 2.7 AN¥AULMITNNUVBUATBINATOVUIINTZUNN

(2.3)

A [ { o v o @ 1 1
ﬁll”].l@]ﬂl@ﬂ?ﬁﬂﬁﬁuwu‘ﬁﬂﬂﬂliullﬁﬂﬁﬂfiﬂﬂ??ﬂ?ﬂllllﬂiﬂ (Toughness) Tay

mmmmmmmﬁﬂmmﬂmiﬂizgmﬂw%uiqmzﬁumuﬁuwa‘”u TagAaNurteIazAY

<3 Aa a 1 1 1 [ o
LHNUJ\‘]ﬁ]8ﬁi’]Vl‘ﬁ‘Wﬁ@EJNZJWﬂ@]’EJﬂ’NZJLLﬂiQ“U’ENTJﬁ@J Lla3Iﬂﬂﬂ?llﬂﬁ]z‘l%}ﬂ"liﬂﬂﬁﬂﬂﬂﬁﬂigLmﬂ

Tumsiannunsawesiag



14

v Y
usainsgilumanageumsnszunnamisnsildnsluglvesnisaace
= [ G a 1A A YA [ Aa Y Y A A = 1 [ Y]
M3A9 MIoa niensta uanteulsnoussaatouaznionlsiosnganonsang daU15309
a 9 = 1 2’, = o Yy Y ' 9 %’ o
uazussdavg ldmmiznstimniu msdnszunnausori lddiensassgnduiimiinms
{ 3 @ 2
1109gNAVHIONIHYUIAD DUMINAFUIZTUMINATEUMIUANTNVBITUNATOUAIY
y o o 2 2
MINTLUNNNBIATAASD VINMINATO LT UMTUANTNTUNATOUAIINTNIZUNAKAIIAT
3 a A 2 A 2 o
Metiinay TaeunNugegnaduaiuizes 9 UFUNULANTN
[ I~ { A < ]
pg1alsnamanaaeunienlslagnaldldun n1snaasunisnszunn
o g‘; 1 ¥ o 1
uuu151) wazuny'leaoa (Chapy and Tzod Impact Tests) 1AgNITNAADUNIGHIZTINT IdL59
o ¥ 4 ) Py Ao a < <
n3eidIeMInleagnauiag lyunaaeuNlsosuInuasivadn taznsnaaeuaziiiy
1 @ g’; g 1 o H ay <
M3 lausId18MIaae MINATOUNIADIVVUANAUNMNTOONUUUFUNATOVLAZAITINE
£ 2 oy 2 = Y <3|
voagnaulumsnszunnrunadey Tumsnaaevununsrunagevazgnialudanvaueiilu
AULAYI (Single Beam) UAIANTZUNANUT NAUMUNIT0910 ddulunisnaaeuuuy
= £ A ~ a9 &L g 9y 1
lowonvzdaduaiulugilvesniulen naz@nszunnidaredndraniledumninsesuin
v A @ @ 2 2 & ) ~
lumsnaaeumiariinsgagunasnuszmuiulusunadeulunsunyloseansgli 2.8

=2 9 & g’; 9 v o Aa [ o <3 A
%3‘0ﬂfJﬂﬂa'IEJGU'NW‘L!\111!L!‘Ll'N]Qﬂ’)ﬂﬁﬁﬁ]ﬂﬂﬁﬂﬂﬂﬂﬂﬁ’):ﬁ?ﬂ mm;sammgmﬂlumsmam

U U

andulumsnageumsnszunnuvyloseads 11.5 Yanoduri luanziinisnageuuuy

oy L = [ 9 ! 9 3 EY
MiVFUUIzgnIatarensdestnaazeglunuiueu Tagldanusigndulumsnszunn
1A = 2 o < A 9 £ = ° Y a
17.5 aaedunii msuinunageuisdownuiumamuns udummzuinm ¥z lding
H v Y
MIPAFUVDING IR YARSIAZNTIVUTHUATFUOILIZIAAMTUANTD 81 TuTimsInusa
9 s 2 = o y2 a = o | A a
Buaznsz e lmanau Fazh Iisuaunansidegdonsnnmsdateninniniinanms
o : o { ! o 4 g [ J
uanin Feagsilimamanaaeun 1a liensorh ld1dauld fatlidlesainiagiseasanis
I o @ Ay @ @
nageumsnszunniumsialsmandsauidesnslumsuaninvesiag
9 [ 9 Y o J J 2 I
dmsuiag ldagldmsnageuundnigaues Tasmsnadounuuiaziu
I~ v o [ @ Y ' Y ¥ o A
nmsnadeuninszunnildusensziludnvuznisaasedlenislassdoutiminaei

v ' H Y
AMilaNszezANNgR N q TaganugegeganinInsuausaninazgnldlumsmaai

9 =

J @ Yo [YN:S o’dal Yy @ ]
UNIIVDAIT R L!a$"U@3q\!a1fmghlﬂiﬂi]'lﬂﬂ'ﬁﬂﬂﬁﬂﬂl!ﬂﬂ31/]1/]ﬂaluf]iuhlﬂllﬂing]aﬁﬂj'lngﬂwqu

[ 1

=S o 1 Aa d‘
VANATATIU UALAUTBLAYUIRNDY



15

/ Pendulum ——

Striker Specimen \ \& )
< \

N\ | [> q Striker

/ [> Support

Support
Support

gﬂﬁ 2.8 FunNATUMINTLINALULNSTuas lowen
?'r';uﬂiznauﬁﬁ’uﬂuﬁ’aﬁﬁ’mmgmiumwwﬁaumiﬂimmn”lﬁ’ufi
ATLUIUMTNATOY LAUIIFUNIY Gymm%’u%ymm Funagol ﬁmﬁﬂmmgﬂé’u oy
ANNITININTZUNNUDIGNAY
gﬂuu‘U‘wN‘wqyf]ﬂjaqm%wﬂﬁaumiﬂimmmm‘uumﬁﬂiumn@m
(Single Blow) aailudait

?ol v A A ~ Y [ P A o Biay
L vimnasunnIsez Iinasnuvadfiunnenz i lvsunaaey

B

uanrn luusnanmua
1 o £ A o A Y3 A
® UNUIN FATOITUTUNURTINTOTVUTINNTZUNN TN

an o [ 3 (2 Y (2 ‘Q'Qy Y
® ﬂi‘iiJ’J‘ﬁﬁ'lWT]Jﬂ'li’JﬂWﬁ\?\?'ll!?iﬁ\ﬂﬁa’f]ﬂl@ﬁgﬂﬂhﬂﬁ\?ﬂ?ﬂﬂ%ﬂﬂullﬂﬂﬁﬂ

.

Y
Wﬁ\‘lﬁufﬂﬁﬂ’ﬂﬁﬂimmﬂ‘ﬂﬁmﬂﬁ’muﬁ%ﬂ’lﬂﬂNﬂ?ﬂl&TWUﬂﬂDi%ﬂDﬂ’ﬂNQ’ﬂﬂ

A

1] = sol o 9 A 1 1 a 9 =xK d (] ~
ﬁﬂ%TﬂﬂQﬂﬁTQHTWuﬂﬂJ@QQﬂ@ﬂﬂgﬂﬂﬁ@ﬂﬁﬁﬂ?ﬂﬂ?ﬂ@ﬁﬁz Llazgﬂﬂumi%gﬂﬂﬂLﬂu@ﬂwmwa
A a "y D) A ' ~ Ay ' AR A
AADNTNAVDINITUNINATUU N IOULIINUINLULATANNTIANTU ﬂa@]amgﬁm‘wwﬂmmuma
' v v o, 24
mﬁmm&mnnu%mm ﬂ\‘]uuﬁ}@ﬂﬁwﬂaqﬂﬂ"limﬁ]ﬂﬁﬁ@%i 9 L‘WaTﬁLﬁ@aﬂWaﬂigﬂﬂﬁnﬂﬂTiﬁﬂ

MY ANUTINALIITAY



16

J 2 %’ @ 4 o v
LL“I/Iu\ﬂuGIf“LNWHﬂﬁﬁﬂzﬁuWWuﬂNWﬂWﬂlﬁﬂlﬁ‘t’J‘Uﬂ‘UWﬁ\‘N']l!%']ﬂﬂWiﬂﬁmlﬂﬂ

wo3gnay uag lihldwdsnumsnszunnifamsgaydennmsdesiviensduvesunu

=

Y
NAzFUUIZADIgNInedNALazog luduaNgnAoinasansnadol

U

o
2.3.5.1 MINAABULUUUAIGY (Charpy Test)
A I a = J
nIeInAdauNITNIzuNAUUURIFUUndszivuia 220 euaia

) 1% J o o £ a

dmunaaeuTanzuaz 4 Youayad1msuFuauwaiaan (ASTM E23) gnduilsznouaie
= Y A 9 1T 1 a9 ¥ v a " A 9 2 A '

HUYUIAYNANNADUUTUUUALYUNTILASHNDUUIUNAADEY Nare ANANUITIATOUNTU

a

1 g A ~Aq A YA Yy A o £ &£ g
TEUINVIENUATOITDIV Iﬂﬂllsh_m@Glﬂvl'J‘VIGUEN@1']1!1/]5]$ﬂ5$m/]ﬂﬂﬂ5]5u1/]ﬂﬁ’ﬁ]ﬂ FINOINTENUY

=~

@ ay a 9 [ I 1 H 1
ﬂ‘]J%uQ'lu‘]JﬁL'JmﬂWuWa\“ILL@&“]J‘LIﬁ?uﬁﬁﬂﬂq@ﬂlﬁ]ﬁﬁ@ﬁﬂ'lﬂ

Y

%umﬂﬁaummﬁmﬁmum 10 X 10 X 55 yaatuag ngﬁﬂ'ﬁll'lﬂﬁiil

2 ARy & 2 v ' 1 o £ Y
ﬂmwmmul’mmmfim Iﬂﬂ‘ﬁuﬂ@ﬁ@ﬂﬂ$gﬂ'J'l\“IVl’Jﬁgﬁ'g'lilllﬂuiﬂxﬁﬂﬁlﬂll\ﬂu Iﬂﬂ’ﬂ\ﬂ’l’i

densatmsosuiniuldlumeazinmsnszunn Aeluliananegnugnduzdenszunniii

U

v
[ 9 [ ] S [Y]

9 [ 1 H Y
f‘l‘Uﬂ']‘Ll‘Viﬁ\‘]i@\‘l‘U']ﬂ‘lJ’l’N‘;If‘Ll\‘ITL!17]‘Uil’)iuﬁﬁﬂﬁ']\ﬁgﬁﬁ%‘lll,“l’lui’f)\ﬁﬂsﬁuxﬂu a9gl 7 U

U
Y
Y K 2

msengnauau lidayuneunszunn udrldesgnduiilesasnszunnnusunadow

7

:
J
;o
[
o
S
.
LA
Ao
’
7
’
;

'

‘
’
’

1
.
b
, AN AN
1
’
S ’
RN ’
N .
)
S~

Hammer at initial angle O

Hammer rises to final angle B

A o I
E‘IJ‘VI 2.9 ANHULMINATOUMITNTLUNNULVUIITY



17

Y Y 2 Y = ' ' A [ A
gNANNIZUNNABIWNTUAIEYUANT WA M UEUAD o A9317 2.9
Tumanguidigndu lidianuduniela q ievhimstdesgnduaisezliyunduniosiau
¥ Vo VA R 3 a ~ a A o &
Azt umINUYN amiausduanuiusazlianudsaniuveunio aaiuluns
o = = o = ' dyal = 9 9
nageualsTIuNasungydslduanudeamumaiiiale ierhnmsnageuldengndu
~ ?zl.l ay Y o 1 1 Y %’ o 9 ~ [l a
Tyy o nndunsFunageuinuunu Uaseduiinasnlaeliiniesedadase
i1 H v 1 Y
iegNANIIBINIZUNNAUTUNATRUITINANMTIIeNasIUdIun i IR UFuUna g uILNA
o ¥ v a o 4 y "o

msuan¥in mniugnduazimisuas ldadsnssdmdreyuenming g
4 1 aO} % glJ
ierhimstufinanimiinyesgndu AUV WIUNAN TINNT

' Y

YUINEUAUNDYNINUAINTZUNNVBIGNAN (o Haz B) Mnuusimsmuindroawaasly

quN1g 2.4

E = wr(cos # —cosx) (2.4

=mgr(cos  —cosa)

Ad' A [ ~ Y Y] Qy a %
19 E  Aonasauin g lumsuanyinuessunaaoy (HIaumas)
A %l @ Y Aa o
w  ABIIUUNYNAN (HUIAU)

A 9 a o
m  ABUINVDIPNAY (ﬂTaﬂfm)
g AOANNISININIIIAIGA AN (9.81 AT AMNenMaIaed)

A 9y
r o ABANNYNLAIUYNAN (IUAT)

a foyuengnauisuduneunsZINN
B fAeyuengndugatiendinszunn

2352 ﬂ'ﬁ‘ﬂﬂﬁ@ﬂ!!’ﬂﬂ”l@“ﬂ@ﬂ (Izod Test)
A a = J

Lﬂﬁ’l’)\‘ltﬂﬂﬁ@‘l}ﬂ'ﬁﬂigll‘ﬂﬂllﬂﬂqﬂgﬁ@ﬂﬂﬂﬁﬂgﬂmu']ﬂ 120 ﬂ@u@‘lﬁlﬁ

U I = v W I X Y 2
FIUNMITNATOUILI ULV VIASINUA VLU VHITU f]\‘il!ll'nslfu‘ﬂﬂﬁ@UL!aggﬂL!UUﬂqﬁmﬂﬁﬂUﬂg

v 1
Ay lumsnageumsnszunnuuylovea gnansznszunnaunivesrunagouiiio
: v v W 22 [ 2 2 "o

UTﬂ%Qﬁ]gﬂa’UﬂUﬂﬂﬂ1§V]ﬂﬁﬂﬂllﬂﬂsﬁ15ﬂ ﬂ?]ul!ﬂlQLliqﬂ]jﬂigLlﬂﬂmﬂﬂﬁu%ﬂﬁﬂﬂﬂgﬁuagﬂﬂ

AyunaInszunn Falnanmasnumsnszunnainsneiu ld laeassnnniiunsesmadou



18

o 4
2.3.5.3 MINATOULINNIALUDT (Hatt — Turner Test)
4 I'4 a 9
ﬂ']ﬁ‘ﬂﬂﬁf)‘ﬂﬂ'liﬂizLLWﬂLL‘U‘ULL?J“VIVIﬂaluﬂﬁjﬂﬂﬂﬂﬂﬂﬁﬁl%iuﬂ'ﬁ
v 1 %’ o [ Qy A
nadouiag ldsegiadielassgnduiminacinszunnnusunadonlunuifeniuusg

vy 12 g 2Ly oy a A = £
THiu099 %umﬁ@ngﬂu%ullumﬂﬂmzmum 2X2X30 U UAgTUNATDVIZHNINUY

'
a

Y v v
uvivaLe 28 17 Taegnauazgniassaiuiasanenalamuln Tnennugavesgnauisuaui
2 g . 4 3 2 2 g4 < 2 y 2
117 ntuszihimsmiuaNugaruasag 1497 llises o awdennuge 10 Housn STy
v v Y Y Y Y Y
g1 hiuansin Idiuaugaiuiuduaiay 2 1 awnnruauszuaninuie¥uauRans
v £
17999 6 117 1INNINTLUND

A vy o o Y o 9
LlIE]VlﬂSU?Jialjﬁ'ﬂﬁﬂﬂ?ﬂ%1ﬂ1iﬂ@ﬁ"ﬂﬂﬂ1iﬂ‘§$u‘ﬂﬂ Gl‘l’iuﬁ]’ﬂllﬁﬂﬁi

Y

o o I = I o @ 1
NATDUNUIAIUIUNININN L‘]J‘L!Nami‘l/]@]ﬁ’a‘]ﬁmi]zL‘]JuﬁiJ‘]Jmlﬂﬁ’Jﬁﬂﬁﬂhlﬂ

@ @ I ' @ {q U o Y
®  WANIUQYATY (Absorbed Energy) Tluminasarunlalunsiily

v -5 é

aquaniin Famia Taemserunnuindaveunieanaaen 1304103 MUINIINANNS

WARUPATY AIAUNT 2.5

E = wr(cos f —cosa) 2.5)

= mgr(cos § —cos )

° ﬂ'mﬁﬂimmﬂ(ImpactValue)m‘lﬁ'mﬂmiﬁwmwﬁwmgﬂcﬁ’u

Y '
mi@ﬁf'wﬁuvmﬁ’mwmnmmwm ANEUNIT 2.6

AMTNIZLNN (Impact Strength) = (2.6)

>|m

ADNAINUYAT
Y

ANUNHMINAALITNUTOIUIN

o))}

E
A
® 308UANYN (Fracture Surface) 11/911N1TNAADUNITATLUNANY

Y
o Y ! =2 =)

A A o @ o =\ = a ) g ~
99 sRUUANHNMINAYUTO UL UADTauANY N5 12N UT RN T e FednataInun

v
a =2

] ] J &’ { 1A 2
ﬂ"ISL‘]J'i"IS'Ll"Iﬁ]Si’)ﬁ_}”ﬂil?ﬂ!ﬂ\iﬂﬁﬂii’)ﬂll@]ﬂ muwuﬁmﬂmﬂmﬁmi}zagmmmmawymm

v ]

% 1 U 1 g 4 % 3 . a
Tagsou Tagdaamileaniezlidadiuiiunsesanmiloranaulotaalizau ¥eilna

wudasgluesdesazmsuaniin



19

I
o 3osarmsuanuuvu)Ing (Percent Brittle Fracture, %B)ilu3poas

;4 H ;4 H 9 Y
YoaAsIEIUNUNTREUANLT1IZABNUNT0OLANT NI NAVDITUNAT D LN INTBaLANILT1Z

¥
v =

I o ] { A @ 3’, %
UYL UNTUVDINANTIUIULINUAZUANUUUAUNTY TASTNUNAIANTNAIRINL

]
=

HULSINNTZUNNUazasRounad Josazmauanlsizim ld lasnistanunsesuanliiznu

ke

dy A ¥ Y o o
Wuﬂﬁ@EJLW]ﬂTNWﬂJﬂL!a']H’IVhJﬂ1u']m¢]nJﬁNﬂ15 2.6

%S = (C/A) X 100 2.7

Y

A A A A P y
$V1Q] C ﬂﬂwuﬂﬁﬂm!ﬁﬂlﬂﬁ']z 1Hag A ABDNUNITDIUANNINUA

I
e 3oyazsuuaAnMilen (Percent Ductile Fracture, %S U5oaas

[ 1

;4 H ;4 v 9 Y
GU’EN’Oﬁi'lﬁﬁlu‘ﬁuﬁiﬂﬂlmﬂﬂ’iﬁEJ'NI’ﬂ‘ﬁuﬁi@ﬂlmﬂﬂﬁﬂuﬂﬂ]@ﬁ%uﬂﬂﬁ@ﬂ ANNTDILUANITNEY?

o

@ 1 9 9y
ﬂgﬁ ﬂymguﬁﬂﬂ’lumﬂﬂlﬂﬁusl,ULluq 45° ﬂ‘]JL!,Nﬂizlmﬂ!,l,az,’lluﬁzﬂﬂuuﬁ\i I0YATNIILUAN

Y o & { o X { ¥ Y o
Lﬁﬁﬂﬂﬁ1ﬂ33ﬂ1§3@ﬁuﬁiﬂﬂllﬁﬂlﬁﬁﬂﬂﬂﬂﬁuﬁi@ﬂll@]ﬂﬂ\?ﬂhmlaﬂlﬂ1u’Jm@l'liJﬁiJﬂ'li 2.8

B =(F/A) X 100 (2.3)

¥

A A A A ~
¥\)3} F  aonunsoguantvivg

® gavigin/asunasaniugnIN (Transition Temperature) 11

Y v

Y Y 4 ! v
MINATOUVFUIIUNAY ) FUNQUUATIAN 9 NU temIAguuglmuIzii i iganans

QU

d' Lé o Y o = [ [ ddy a
wWasuudasgaiugnin “IN%Z‘VI”I{lﬁ’lﬁﬁ]llﬂ’Nll?fnﬂiﬂﬂlufﬂif}ﬂ%ﬂWﬁQQTHLLﬁZNWHN’JS@ﬂ

[

A 1 3’, A A 1 Qdy A a a I
uanilaeuldegraun Wuneoruguygitiigazlasunganssunnmienilunlse

q

A I =1 [T
wyonnlszdlumtienlunanauny

e gaunginsnasuuilasdnyaziosnan (Fracture Appearance

[

I P ~ ¥ { A T W ¥ ~
Transition Temperature, Trs) IJuguuaiNTaglNUNAIT0oUANHTEINIA DN UNTOIUAN

Y '
IS [

P )
lflJfﬂZ uuﬁaqmwgn il @@ﬂ%uﬁ’lu%ﬂﬁ@ﬂMﬁuﬂ%}@ﬂagﬂ1illﬁﬂlﬂi1$ﬂﬂ%}flﬁlagﬂ'lillﬁﬂlﬁuﬂﬁ
' v
mnusesaz 50 Sesazmsuaniniieriinsnadeniaqiiloguugliliaglisosaznisuan
= A 2 ' < o a a <3| =) v W
IHUHYINUIUBDYINTIALT Y Iﬂﬂ?ﬁﬂﬁ]glﬂafll!'Wi]@]ﬂiillﬁ]"lﬂlﬂi"l%tﬂutﬁufl'JL!aZiuT]”Nﬂa‘]Jﬂu

@ ! a I
Jaguzlasunganssunnmieanienilulig



20

o gunglnislasuudaIndsaIuQady (Energy Transition

3 =

3 A a A @ o ' 3 =
Temperature, Tre) 1Y U1 YNNIAQUN1T1)a8UNAINI1TGAFUNAIIUBEITIAGIFINA
RIRGETREITESEY
v
NIVYIEAILUIVIN (Lateral Expansion) AeAnunsvesFuUNAdo
A A g a ) ~ =\ [ 9 a 1 Y o Qy
MU nusesuaninAuignnszunnifisuiuaNun eI 14 Tasnmsihduau
NATOUNFIUNINATDUNININTIAUUIAANNAI ta1i T uamimsveed v

AIANNIT 2.9

TVIAMUIVIN = a — b (MUIBUDAUAT) (2.9)

U

a =§ d' Y
2.4 JTHIVEUNINEYIVD

v W

119991nM5 198 TdgAeN InFan NIl ULz NI NATO UM ANIANNNATIAIIY

[T

v v a v o a a 4 (% ] g‘/ a
ﬂé}'lﬂﬂaﬁﬂ‘L!ﬂ‘U\‘]'lu’J%fJﬂﬁu'lLﬁHWZi'lﬁ@]ﬂ‘b'uﬂm’f)iiﬂl"]f@]ﬂaUMTGL%}GL?TN FINMINUIVYIAR

@

A o A = ° Av a A ) o Ay ¥ Y = 9 29 ¥
aou Indanniagdu q e uduemsIteNneITeanuUITeT AU Feaz 1alszgna s
a o ,;‘ Y
luuIeiiane

. . YR o a a 14 o [ 9 ]
Pickering, S.J. (2006) lafnyIn1siiveznaraansiamoes luariinavuuile v

[ ]

o I o a A Y 4 Lﬂy I a o
Tagthuwauiluiagaeu Indame ldieimes lusa i uiagrieminuslagsinisnaasd

1 J

gJJ 14 A J 9 Aa v A o
‘VI\WJEJ&‘VI@?T?JL“IWWIHJH@Hﬂ?ﬂllﬁ%tﬁuﬂlﬂ INHANTITIVONU I VIZINDT lganlanyue

@

I o [l va A o J 4 {
HJHFNﬂTiﬁﬂ?’]Nﬁu’]L!uul!azﬂmﬁuﬂ@ll%ﬁﬂﬁm@ﬁ?ﬁﬂaﬂaﬁ ﬁ?uﬂ]ﬂglﬂﬂﬁiul“ﬁﬁﬁﬁ NHUS

[
[ [ =

I Y =] = Y A va a d'dé’ )=} 1A

HudulelidneniwaiuisoaSuusald Ianauda@inanadu vinfeunuiagan il

=Y 1 vAa A 9 A = v W A A = Y 9 A o

MIAITULTI LR ANTAFINanpgaIulaMeunUIgaay Inganauus saaaulend

T dQ! 1
lusumsvuglunen
Y =2 o = I
Panyakapo, P., and Panyakapo, M. (2008) 1afin 10153 11e1vez a1t uu il v
aiulsznevvesnsuniaulaw Jasinmsanuilsuadaaivvesdaiudseneunis q Tu

G a < ] 4
ﬂauﬂmmamﬂmé}nawmmmumuieﬂmgazmmwumuugﬁaclﬁ}mmmmmgm

=

] 1 1 v %I o
BINIALT HANITITONDIUABINATUAINITOFIOAAA WU U IMUUFIH 18D INITD
9 Y A ' o A Ao v 3 @ A I o v
Hoen9de 119991NANWANTUNIZVRIADUNTANAIAY LAY M NYEIADUNITANST Tia 1N
1 [ g’/ o
WIATTIULAANNNAILS AU NTaT UL Idassmunas g
. . Y { (S Y o
Durand, J.M., Vardavoulias, M., and Jeandin, M. (1995) 1@finyunganunisad1aiag

a a 14 a I =Y @
apu Indaain Tanzuazwoawoes Taoldmussriiniuoyniamaiuuseluiae uaznagou



21

= a o 1 @ [ a A 9 = td‘ddy
MITNKTO WANITIVENDI Ta9 lansHaunUoYMAEIINANANNMUNIUMTANNTBNAYY
daudagnedmeinauiuoymamslinianuauniunsanuseitfesasniniagh lu
HEUDYNIA LAZIUIABYNIAYUIAAINTT 20 pm 1 THANUAIUMUMsTInseanas Tuna

v A ' ' [ 4 9 = dda! a
nauAUeYNIAYLIAN MY NI 20 pm M lHANNAIUMIUMSEAYIeRAYY taz w5
Ao ) = =
NN 20% lagiSunasidnemwlumsamumsanrsenniiga

Y= A [ 9 [ A A 1 [
Zhang et al. (2009) l@einyuneInuMsadviagaen Indannanszringlang iy

a ° <3 @ aw 1
ayMAvzgiv Az IMadoUANNITLTINANAZANE TATIa519UeITEg HAN15ITENU N

{ a 2 <3 y o { 1
Tavghnauoyninozgluamsamunuudasina’ld 1o nwuseNuiwssgning
Tanzuazoyumanliusainaamnsoniemas lifoyninvesmsezgiiunla nag Inseadaves

9
[ %

aqrunuiluTassadhavesiagulne

Thirumal et al. (2010) 1@d@n®1n 15 umariuIndaedla (MPP) uazmalliu
lasgnyise (MC) wwarmiuansnuiag W luTwu Twdgimu (PUF) nagnaaeuguauiadng
wazdszansammaniagly wans3senwus1 Trlu PUF fifu MPP Snaauti@denaiianas

1 H Y 9
dauTvly PUF Midn MC fguauiadnanasu aruguauianuaiunsniaglvne Mpp

Y
AR

waz MC udwas 111y PUF Sqaautifmadiumsming llaavu ud Mpp as1#ilseansam
msniaelilfianan

Gnjidic, Z., Bozic, D., and Mitkov, M. (2001) ladnyinisasaidanonIndasznin
Tanzuazwsiin uazimsnageunsing Minnamsisenuheymaminimud 1se
MUAIANIUAUATIN (Yield Strength) HAZAINOYAAVDITNINIAK U (Elastic Modulus) LA
aAMAULT T 1g9gA (Ultimate Strength) taganumiervesiag eymafiivuialug
(33 um) M ldgauaiATnaana

Bauri, R., and Surappa, MK. (2009) ldfiny1maassaiteiaanouIndaain
Al — Li alloys Lﬂulﬁ'ﬂ Matrix NEd fT‘UﬁJL‘lﬂWﬂ Silicon Cabide (SiC) Lﬁ@gﬂuauﬂwﬂgﬁ?mu,imas
MAINARBIANUUTILTINA ( Compressive Strength) wm'uﬁmﬁuﬂ?mmaumﬂﬁﬂﬁ’mm
u%mawaﬁa@gﬁwﬁmu5ﬂuﬂ?mmwﬁeﬁﬂzﬁﬂmmg%maqqeqmmmﬁmﬁnﬂ?mmmu
do luanuudausazanas

Damadzadeh et al. (2010) l@msfnymaasslunmsadeiagaouInda 2 faqen
Poly — L — lactic acid t4@1¢ Poly — L — lactic — co — glycolic acid i L‘ﬁlﬂ 13 (Matrix) NEUN U
91NN Hydroxyapatite (HAP) HASNATOUANUUIUTIAA (Flexural Strength) Wuduﬁmﬁnmi
Fudunuveumah¥audusdaaraulsiuasinuiinueuna iiesnasd i

suveymaliamnsoduses Crack voaidg lamieunumsauauuuuduly



UNA 3

v
U

VYUADUNIAUUUNTIVY

\ [}
31 NAaIIU
= a o 2 @ a a = < = A an
m'iﬂﬂynﬂamﬁmgﬂ’m@s"lcﬁmamﬂmymamu WuUMsANY UNBHIIDN I

a = A an g = A 9y (%
aﬂﬂimmLﬁywzmamuu,azm@wnﬁ1/1NmsGuugﬂmamuwmaaﬂmﬂ%wawm

v
S A

= Aa o =< 4%’ 9 as o < I A A 4 49!
FalunItsiaenanyIn1svuglaleIsmsoaau Wuisnilszgnduiannisyugy

Q
Y

) Y
3o udumaz lFlunsausil

iﬁ e

Y
Huaan iﬂﬂu‘L!‘Vhﬂ?il,ﬂdiﬂ‘ﬂlfﬁEJ‘]JﬂmﬁiJ‘]JﬁL‘H\iﬂai]'lﬂﬂ'li

ot

A 9 9 = as K a A A
NI Mﬁu@'Jflﬂ']jﬁﬂ]%l']'g‘ﬁﬂ']\clﬂ']jmugﬂ ITYUIATOIND

2
=
an
=
o
o
(a0}
hO}
an
a0}
=
ho}
P
=
=
L
]
=
D
(@
puid)
=)

uNAdoU NAToUAMANLATING AT oULATANY

No
)
=
e
=
2De
=
an
=
o0
=
=
)]
3€
Pn)}
ho))
=
2De
=
Can
=
b?Dﬁ

Y v A

Taseainvoadags lmfannemmartiuawnuralugli 3.1

Virgin Melamine Waste Melamine

Grinding and sieving
]

Mixing at various ratios (virgin: waste)

50: 50, 60: 40, 70: 30, 80: 20, 90: 10, 100: 0

Hot compression molding Cold compression molding
I ]

- 3 —Point bending test
- Impact test
- Compressive test

- Tensile test
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32 Jaanlyimside
) waiu Wosu1ad'lad 1% U (Melamine—Formaldehyde Resins) NAUUUIAHIIAMT
] v . .
Yu31/197 (Melamine Waste) 1agHa1Ua1351/52 00D (Melamine Compound)
2) AN AR NaIEAN M200
4 v
3) 11nau (Distilled Water)

4) @139AANNTY (Silica gel)

ﬁ' A 4 (Y]
3.3 ipseaNenlyluanuive
1) 1A30UAAYNAIAAN
2) AZLNTITOULENVUIA
3) m’%mmwﬁmmugﬂuaa (Ball Mill)
4) 1AT99DAVUIA 60 AU
5) 1n3090T U (Compression Forming Machine) ju Long Chang 4110 200 AU
9
6) wimudmsusavugLhidu
7) 1A30908E 18N
8) I H
9) ﬂi%ﬂ”l‘kmﬁﬂm@%’ 600, 800, 1000, 1500, 2000
10) To@AANAY (Desiccator)
11) QQQTJ (Zip Lock Back)
12) 1A399%4
13) gadlenuanuon
14) noinies
15) A3INAToURUNTE AR (Universal Testing Machine) U418 5 kN 482 50 kN

4 3
16) Lﬂ%ﬂ\iﬂﬂﬁ@‘ﬂﬂ’ﬂh!Lﬂl\‘illi\iﬂ‘izlmﬂ (Izod Impact Test)
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17) 1A504 Differential Scanning Calorimetry (DSC)
v ¢ v . .
18) ﬂﬁ@ﬁﬁaﬂﬁﬁﬁulmﬂﬂl‘mlﬁﬂ (Optical Microscope)

19) ﬂé}ﬂiﬁaﬂiﬁﬁﬁlmuﬁmﬂim (Scanning Electron Microscope : SEM)
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34.1 mﬁm’%auﬁ’mwmmuemugﬂ (Molding Compound)

Q

[ a

g 9 A = ' . .
Tagaulumsyusde Idieswanariulvy (Melamine Molding Compound)

Q Y

P P
v o 9

A A a3 Y 2 v
vazeryaunuaiuee lglumsvuginidaiounas s
1) wuua1iulvy (Melamine Molding Compound)
3 A Aq Y A A A <
Aunswarnunlslugaaimnssunnau@on e BN ANULUILTILAY
N A Y KR = I wa A 9 a o 4 ~ = ~ 9
naumme Inuuassuiuguaviandosnislusdafsauanmariy Taswariunly
) A A o a = o 3’/ = = A o 9
WMAUUATASIN UL YANTHNAAAGINUNINYA VAR TsvoIRIua U 15luns
Y i a 4 . ) ) J {
NAOINATDUAYIATOIUATIZHUUIABYNIA (Particle Size Analysis) WUNUVUIADYNIANDY

1A @ A A o A Y J Y v =
agNn 17.05 pm ﬂ\clgﬂ[ﬂ 3.2 Llaguaﬂ'ﬂmg1/]f,nEﬁ]’]ﬂﬂaaQﬁ!aﬂiiﬁuuuusl%l;lﬁ\iﬂ\ﬁﬂ% 33

14 / - 100
12 - = 90
lf =%
10 - - 70 =
3 =
E E 60 T
< 8° : S
£ 3 - 50 @
76 40 8
3 E [
4 - | - 30 2
. 2
10
0 .- 0
0.01 0.10 1.00 10.00 100.00  1000.00

Diameter (um)

311 3.2 wamanageums IavinamasveIHaNa L vy
Median size : 14.97 um
Mean size : 17.05 pm

Standard derivative : 8.89 pm
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2) AHNAINY (Melamine Waste)
~ Y A A o X 9 4 a X
Lﬁ‘]&llﬂJﬁ'lﬂJu"lﬂi]'lﬂﬂJﬂ'ﬁJ1!1/]N'I‘Llﬂfigﬂ'Juﬂ'li@ﬂﬂ]ugﬂi@uﬂmﬂﬂlu
v H Y
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Melamine Molding Hot Compression Scrap or Waste
— > >

compound Forming Melamine

Reduce Size Less

Sieving %: Grinding {:: Than 3 mm.

d‘ % ~ =
5UN 3.4 UHUAINTZUIUMTIATINABINA 1LY
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Guumma‘r’JGllENLﬂ‘leJmamu1/1umﬂ‘nﬁlum‘u“nﬂamgﬂﬂﬂﬁaummﬂﬁm

a 4 1 § 1A o §
WATIERUUINOYNA (Particle Size Analysis) WUIVUIADUNAMABDYN 9.39 um A931/7 3.5

[

= A 9 4 9 [ ~
!.La33Jaﬂ‘]&lﬂ!%T]E]Wﬂ%'mﬂ'ﬁ@\?ﬂaﬂﬁﬁﬁul!ﬂﬂﬁl%’uﬁﬂﬂﬂgﬂ‘ﬂ 3.6

10 - 100
g / 90
8 3 80
E 70 g
6 = 60 I
5 E s0 &
= 4 - 0 £
i 30 S5
2 3 20
: 10
0 —/————— e ——— 0
0.01 0.10 1.00 10.00 100.00 1000.00
Diameter (um)

319 3.5 HaMINATOUMITAVUIAR ABVDAABNAITY
Median size: 7.89 pum
Mean size: 9.39 um

Standard derivative: 6.40 pm
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(Ball Mill) uavg lildgnueaasliiiiosninusenszunnuesgnueasivilimenrediuda
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i I Y o Y "9 o 4 @ 4 Y o < 4
LLumﬂuﬂE]ui]uw1°l1«iﬂ1ir>4ﬁ11"lumj1ﬂu Llagﬁ]gf?lﬁllﬂﬁﬂaglﬁﬂﬂ 50 NI Lﬁ'ﬁ]iﬁ?ﬁﬂﬂﬂ!ﬂu!ﬁﬂ
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Lﬂﬂﬁﬂuﬁl‘ﬁll'lﬂﬂq@‘l PIVCANTUATIAL 20 UIN AUDATITIUAIAITINN 3.1

M3 3.1 BATITIUMIHADTAY A

Sample % Melamine % Waste Melamine
1 100 0
2 90 10
3 80 20
4 70 30
5 60 40
6 50 50
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1) unadagaudmiunadeuLIing

% ) o % ds! Qal % % li' o
YSnavesingaudmivvuzUsunaaounsiaaauaadzli 3.7 Ao

NANUHUIHY X UTNIAT = 1425 keg/m’ X 6429.38 mm’ = 9.16 gram tazU3u1asiHedn

10% vz Idihmiinfagaunousaiiu 9.16 +0.91 = 10.07 gram

gﬂﬁ 3.7 FUNATOULTIAA (3 — Point Bending Specimen)

2) 15naingAud S UNAaoULIIoR
% ) o - da! QS’ Q Q d’ o
YTnavesingaudmivvuglrunaasuussdadauaniglin 3.8 A1
AU UMUY X U5U1a5 = 1425 kg/m’ X 3128.92 mm’ = 4.46 gram Uaz 3 u1ATIHBDN

v 1 Q
10% 3¢ Idhminiagauneuseilu 4.46 + 0.44 = 4.90 gram
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H Y
gﬂﬁ 3.8 ¥UNAADULLTIDA (Compressive Test Specimen)

3) smaringaudmiunaaouusInTEUNn

a 9

Y Y H
PSuavesiagaudmsviugdFunagennszunnasuaaazii 3.9

Q

AMUIUNANURUILUY X UTN10T = 1425 kg/m’ X 2330.94 mm’ = 3.32 gram tazi/5uag

iHe9n 10% a2 IdMihminiagauneusmilu 3.32 +0.33 = 3.65 gram

H vy
517 3.9 Funagovusanszunnuuy lowen (Izod Impact Test Specimen)

344  Msvugl (Forming)
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Pre—Heat at Compression Forming Melamine Product

90-115°C

©, © ©,

~— =
o N7

Final Shape of Cut to Specimens Shape and

Specimens Finished with Sand Paper

O

©

P~ dg! = v Y
gﬂ‘ﬂ 3.10 ﬂizmumimugﬂmammmmmau

Weight Materials Pressed Forming Pre—Heating at

—\ | N

100°C 15 Hours

Heating at 160°C

1 Hour

A @ 2 v
3UN 3.1 ueudamsvugUuuudaeuy
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NMINATDUTUUANN €] VDIITA ulﬁlﬁ'lﬂﬁ‘l’]ﬂﬁﬂﬂw'lﬁijj'luﬂﬂﬁﬁﬁ 3.2 sage i

q

MTNN 3.2 MATTIUAN 9 VBINTNATO

[l Y
GeBI nasgunldmaaey | witesenuna | SiuIusunagou

AMULUTAUTIRA ASTM D790 MPa 6

(Flexural strength)

wogad 17990 ASTM D790 MPa 6

(Flexural modulus)

ﬂﬂml‘ﬁﬂlli\‘]ﬂﬂ ASTM D695 MPa 6

(Compressive strength)

ﬂ??ﬂll%ﬂlliﬂﬂﬁgll‘ﬂﬂ ASTM D256 kJ/m’ 6
(Impact strength)
% MIYATUIN - % 6

(% water absorption)

351 awiamana
35011 Anudausaaa
N1INAADUNIAIAIWUTIUTIAA (Flexural Strength) LAZNDQAH
TR4999 (Flexural Modulus) (111§ 4105311 D790 Tasdnvaymanaaeuilunuugasesiy

[

@139 (3 - Point Bending Test) 1{udszii 3.14 nazannzlumsnaaoudsil

U

J

® Tvaawaa (Load Cell) 5 nlataau (kN)
e A1u521uMINA (Compression Speed) 2 Hagwas / W
® FEYYHINITHINYGAIOITY (Span Length) 40 Haduns

NAAOUABIAS DINATOVIBUATZAIF VD INSTRON YUIAVDIHY

NATOY 125 X 12.7 X 3.2 Haaluas
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3.5.1.2 ANULAILTION
' [ @ . < [
NIINATDUNININIIUUUIULTIDA (Compressive Strength) SIIASIES
o o ) o ~ o dy
WIN3§IU D695 Taganyaznanadaunsion Huagli 3.15 vazannzlumsnadonasil
o a a @
e Tviaawaa (Load Cell) 50 n latAu (kKN)
<3 . Aa A
® anu52lumsna (Compression Speed) 1.33 Jaawas / Ui
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NAFOUAIATOINATIVOUNYTLAIAVDY INSTRON VHIAVDIFY

I 9 ] J Aa a a a
‘Vlﬂﬁ'@lllﬂu‘lflﬁ\iﬂﬁgﬂaﬂlﬁuw']uflfuﬂﬂa']ﬁ 12.7 Yaatuasg ’L:lf\i 25.4 yaaluag

3191 3.15 MinagouIIBA

3.5.1.2 anmuudausanszunn
NISNATDUNIAIAIINUTITINTZUND (Impact Strength) 3ZNATDY
uuu'lewea (Izod Impact Test) 1Huli/dan1asgiu D256 TasdnbauznisnaaoULTINTZUNN
Fludezld 3.16 WAZTUIAVOITUNATOUVUIA 63.5 X 12.7 X 3 Radwas 50801080

2.54 HAAIAT YUIDUIN 45 DI SAN 0.25 Tadmns
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3.5.3.1 Differential Scanning Calorimeter (DSC)
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ABSTRACT

Melamine formaldehyde resin is one of the
thermosetting plastics that are widely used in
kitchen ware production industries. In the
manufacturing processes, scrap and waste of
formed Melamine cannot be reformed or reused.
Therefore, this study aims to investigate the
proper proportion of virgin Melamine powder and
waste Melamine in order to increase values of
those plastic  products. For  experiment
methodology, the Melamine powder and waste
Melamine are compounded and formed as
newly-reformed products for mechanical property
testing. Heat-compressive test, bending test and
roughness test are used for evaluating mechanical
properties of abovementioned products. For
experimental results, the mechanical properties of
reused Melamine products are relatively lower
than virgin Melamine products. The part which
its waste Melamine is not over 30 % has effective
flexural and compressive strengths in the proper
range of virgin Melamine property. Surface
roughness of the formed parts decrease when
amount of waste Melamine increases.

1. INTRODUCTION

Plastic is the bio-chemical substance that is
popularly used to produce low cost plastic
products instead of natural materials. Nowadays,
plastic products are widely used in several
countries. So, the increase of the use of plastic
products will increase the amount of waste, which
will have an influence on environment and
climate change. Plastic and Foam waste is about
14 percent of all product waste, 1.9 million tons in
1999. In 2001, the amount of plastic product waste
increased about 16 percent, to 2.3 million tons.
Lastly, it increased by about 2.7 million tons in

2008 (Pollution Control Department). Because of
increasing populations, the use of plastic products
and waste consequently increases. Plastic
materials can be divided into two types.

1. Thermoplastics, i.e. Polyethylene terephthalate
(PET), Polyethylene (PE), Polypropylene (PP),
Polystyrene (PS) and Polyvinyl chloride (PVC),
can be reused in the plastic reproduction process.
2. Thermosetting, i.e. PUR, Epoxy, Phenolic and
Melamine, these types cannot be reused due to
cross linking among the polymer chains.
Thermosetting has more durability on high
temperature resistance and it will be immediately
diluted when the melting temperature reaches the
critical point. Normally, high temperatures
combined with high compressive forces can form
this material well to the required shape.

The used plastic products can be disposed of by
various methods, such as burial, landfill,
incineration and recycling processes. The recycle
processes are the best method. The advantages of
recycle processing are reducing pollution and cost
of reproduction. So, this method is interesting for
studying the increase in values of the used plastic
materials.

Melamine formaldehyde resin is mostly used to
produce dishes and table wear, spoons ete. for food

preparation. It has a specific weight about
1.45-1.562 (Pichit Liampipat, 1996) with high
strength and hardness. This Melamine

formaldehyde powder is not suitable for outside
surface coating because it is fades easily. For
electric conductivity, it is an electrical resistor and
is unmatched with high electrical frequency.
However, it is popularly made for some electric
devices instead of Phenolic. The mechanical
properties of Melamine are shown in Tablel
(Sidney H. Goodman, 1998).

Several fields of material forming research
studied on plastic recycle and plastic deformation.
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Especially, S.J. Pickering (2005) who carried out
studies on technologies for recycling thermoset
composite materials. Mechanical and Thermal
recycling techniques involve the use of grinding
techniques to comminute the scrap material for
reuse as fillers or partial reinforcement in new
composite material. There are technologies that
can used to produce powder and fibrous recyclates
that have potential for reuse back into thermoset
compounds. However they have lower density and
lower mechanical properties. The fibrous
recyclates have some potential as reinforcement
materials, but they are not as good as the virgin
reinforcement. Phaiboon Panyakapo and Mallika
Panyakapo (2007) have carried out studies on
lightweight concrete - Melamine  waste
combination. For their research result, that
product has a low density and weight because of
the reduced specific gravity.

This research uses thermosetting material to
form the example parts (specimen) by using
compression process, including heat input.
Finally, the mechanical properties of those
specimens are evaluated by compressive test,
bending test and roughness test.

Table 1 Properties of Melamine.

Melamine properties
Tensile strength 35-90 MPa
Compression strength 228-310 MPa
Flexural strength 62-110 MPa
Flexural modulus 7.58 GPa
Hardness M115-M125

2. EXPERIMENT

2.1 Material

2.1.1 Melamine powder. Industrial grade Melamine
powder (ready mixed with cellulose and
formaldehyde).

2.1.2 Melamine waste. Defected parts of Melamine
products (scrap and scratch parts) are used. This
Melamine waste is ground and filtered by sieve
shaker machine, with 90-150 micron.

2.2 Combination

The virgin Melamine was mixed with waste
Melamine powder at ratio virgin: waste 50:50,
60:40, 70:30, 80:20, 90:10 and 100:0 which
compounded by ball mill, 10 minutes of running
machine. Grinding mill (diameter = 1 em.) is used to
mix, 250 g a times.

2.3 Specimen preparation

Specimens for test are formed by LONG CHANG
200TON from Srithai Superware public company
limited, Nakhonratchasima, Thailand. Temperature
input of 160 Celsius and compression force of 200
bar with running time of 150 second is performed.

2.4 Experiments

The specimens are finished with sand papers
(numbers 600, 1000, 1500 and 2000) and are
machined by a belt saw and milling machine. Then
was finished again by sand papers (numbers 1000,
1500 and 2000)
241 Bending test. Dimensions of standard
specimens (ASTM D790) are 6 mm.X6 mm. X 100
mm, support distances (span length) = 90 mm.
Universal Testing Machine, INSTRON Load cell
with 5 KN tension force, speed ratios = 2.0 mm /
minute at room temperature is used. Five
specimens per testing condition are performed.
The specimens are bent under three - point
bending.
2.4.2 Compressive test. Dimensions of standard
specimens (ASTM D695) are 6 mm X 6 mm X 12
mm. Universal Testing Machine, INSTRON Load
cell with 50 kN tension force, speed ratios = 1.33
mm / minute at room temperature is used. Five
specimens per testing condition are performed.
2.4.3 Surface roughness test. The specimens are
tested on surface of a square bar dimensions of bar =
6 mm. X 6 mm. X 100 mm. Mitutoyo SUFTEST
SA-400, 600 micron, distance testing point = 3.5 em.
edge distance = 1.5 am. at room temperature is used
for testing. One specimen per testing condition is
performed. Measurements are taken of four sides
and the average taken.

3. EXPERIMENTAL RESULTS

3.1 Result of part forming

Four of all ratios (i.e. 100:0, 90:10, 80:20, 70:30)
can be prepared for testing. The remaining parts G.e.
60:40, 50:50) are thick and shown in Fig. 1. Due to
flow instability during compressing, heating, and
increased hardness caused by many Melamine
wastes, flow ability of material consequently
decreases at the same compression and heat input.
Moreover, tools may be damaged if compression
force increases.

=™

®)

(2
@
(0

Fig. 1 (@), (b) Unusable specimens or defect part
(Mixing ratio, 60:40, 50:50).
(), (d) Usable specimens
(Mixing ratio, 100:0, 90:10, 70:30).
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3.2 Bending test

The flexural strength (Fig. 2) has highest at 0%
waste Melamine. When waste Melamine increases
the flexural strength is reduced by 13.05%, 15.06%
and 26.74%, respectively. Flexural modulus (Fig. 3)
at 0% waste Melamine (8.17GPa) is the highest
value and slightly reduced by 1.53%, 7.69% and
11.59%, respectively when waste Melamine
increases. However, the flexural strengths at
almost all the test are close to Melamine properties
(7.58 GPa) . Flexural modulus, the minimum value
found is 7.23 GPa. Therefore recycling can be used
for bending load.
160
140
120
100
80
60
40

Flexural Strength (MPa)

20
0

0 10 20 30
%Waste Melamine

Fig. 2 Flexural strength of recycled Melamine,

ek b
e N B

— 3

Flexural Modulus (GPa)

e N & o @

0 10 20 30
%Waste Melamine

Fig. 3 Flexural modulus of recycled Melamine.

0 10 20 30
%Waste Melamine

Fig. 4 Compressive strength of recycled Melamine.

3.3 Compression test
The compressive strength showed in Fig. 4. The

highest value at 0% waste Melamine (262.57 MPa)
and slightly reduced to 0.43%, 1.05% and 7.37%,
respectively, when waste Melamine increases.

The minimum compressive strength found was
251.25 MPa which is in the range of Melamine
properties. In addition, the compression strength of
recycled Melamine can be replaced with other
materials such as Phenolic, Urea, etc.

As the waste Melamine increases it causes a
decrease of matrix which has a continuous phase
effect to the flexural and the compressive strengths
which are reduced.

3.4 Roughness

The result of surface roughness showed in Fig. 5.
The surface roughness was lowest at 0% waste
Melamine (0.4054 ym) . The waste melamine causes
an increase of the roughness and reaches about
93%, 123%, and 139% respectively.

3
25

2

Rouhness,Ra (um)

i

1.5
10

0.5
0
0 20 30
%Waste Melamine

Fig. 5 Roughness of recycled Melamine.

CONCLUSION

From the combination of waste Melamine and
virgin Melamine, it is found that over 30 % of waste
Melamine (40%, 50%) causes decrease of flow ability
of reused material during forming. So, the formed
parts are thick and are not suitable for use as
specimens. In contrast, the part with waste
Melamine not over 30 % was found to have the
flexural strength and furthermore the compressive
strength of material obtained from experimental
results and they are in the proper range of virgin
Melamine property. For flexural modulus, the
formed part with waste Melamine at 10 %, 20%,
and 30% has flexural modulus close to virgin
Melamine. On the other hand, surface roughness of
the formed parts increase when the amount of
waste Melamine increases which may cause more
friction resulting in the formation of corrosion
or damage.
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ABSTRACT

Melamine formaldehyde resin is one of the
thermosetting plastics that are widely used in
kitchen ware production industries. Melamine is
normally formed by hot compression molding,
which requires high energy input. The ultimate
goal of this study was to form recycled materials
from waste melamine. It is desired to use cold
compression molding, which consumes lower
energy consumption in the forming processes. One
important step in the cold processes is pre-heating
process. Therefore, this study aims to investigate
the influence of pre-heating in cold forming of
melamine. The specimens are formed by cold
compression molding, pre-heated for several time
and sintered in the shape of 3-point bending test
sample. The flexural strength and moisture
content of the specimen were measured. It was
found that the pre-heating at 100 degree Celsius
for 15 hours is the appropriate condition for
elimination of the moisture. The specimens of
such conditions are well formed in shape with
good surface appearance. It is recommended to
form and test the specimens which are mixed
between waste and virgin Melamine for further
work.

1. INTRODUCTION

Plastic is the substance that is popularly
used to produce low cost products instead of
natural materials. Nowadays, plastic products are
widely used in several countries and lead to the
increase of plastic waste amount. Consequently,
there are an influence on environmental impact
and climate change. In a period of 10 years,
plastic and foam waste is about 18 percent of all
product waste, 1.65-2.84 million tons a year in
2000-2009 (Pollution Control Department).

Because of increasing populations, the use of

plastic products and waste consequently
increases. Normally, plastic materials can be
divided into two types.

1. Thermoplastics, i.e. Polyethylene terephthalate
(PET), Polyethylene (PE), Polypropylene (PP),
Polystyrene (PS) and Polyvinyl chloride (PVC),
can be reused in the plastic reproduction process.
2. Thermosetting, i.e. PUR, Epoxy, Phenolic and
Melamine, these types cannot be reused due to
cross linking among the polymer chains.
Thermosetting has more durability, high
temperature resistance and it will be immediately
melted when reaches the melting point. It is
usually formed with high temperatures and high
compressive forces, simultaneously, in the mold of
desired shape.

The used thermosetting plastic products can
be disposed by land filling. Due to the plastic is
durable and takes a hundred of years to
decompose. So, the recycle processes are the most
interesting method to face this problem. The
advantages of recycle processing are reducing
pollution and environmental impact.

Melamine formaldehyde resin is mostly used
to produce dishes, table ware and spoons ete. It
has a specific weight about 1.45-1.52 (Pichit
Liampipat, 1996) with high strength and
hardness. For electric conductivity, it is an
electrical insulator and is unmatched with high
electrical frequency. However, it is popularly
made for some electric devices instead of
Phenolic. The mechanical properties of melamine
are shown in Table 1 (Sidney H. Goodman, 1998).
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Tablel Properties of Melamine.

Melamine properties
Tensile strength 35-90 MPa
Compression strength [228-310 MPa
Flexural strength 62-110 MPa
Flexural modulus 7.58 GPa
Hardness M115-M125

Typically, melamine product was formed by hot
compression molding. The processes of forming
consist of pre-heating and hot pressing processes.
In the hot pressing process, the compound will be
melted and flowed to form into shape in the mold.
Then, the mold is opened and Melamine product is
removed from the mold.

Several fields of material forming research
studied on plastic recycle and plastic deformation.
S.dJ. Pickering (2005) carried out studies on
technologies for recycling thermoset composite
materials. Mechanical and Thermal recycling
techniques involve the use of grinding techniques
to comminute the scrap material for reuse as
fillers or partial reinforcement in new composite
material. There are technologies that can be used
to produce powder and fibrous recyclate that have
potential for reuse. However the recycled
materials usually have lower density and
mechanical properties than the original fresh
material. The fibrous recyclates have some
potential as reinforcement materials, but they are
not as good as the virgin reinforcement. Phaiboon
Panyakapo and Mallika Panyakapo (2007) have
carried out studies on lightweight concrete- waste
melamine combination. They have been reported
that the waste melamine could be reused in some
type of lightweight concrete.

The ultimate goal of this study was to use cold
compression molding, which consumes lower
energy consumption in the forming processes, to
form the recycled melamine. In this stage, the cold
forming condition of pure melamine was
investigated. One important step in the cold
processes is pre-heating process. Therefore, this
study aims to investigate the influence of
pre-heating in cold forming process of pure
melamine.

The melamine powders are formed by cold
compression molding, pre-heated for several time
and sintered in the shape of 3-point bending test
sample. The flexural strength and moisture
content of the specimen were measured. It is
recommended to form and test the specimens
which are mixed between waste and virgin
Melamine for further work.

Weight material
Pressed forming

Pre-heating

e 3-point bending test

e Moisture measurement

Fig. 1 Experiment procedure.
2. EXPERIMENT

2.1 Melamine powder
Industrial grade melamine powder (ready mixed
with cellulose and formaldehyde).

2.2 Specimen forming

Melamine powder was weighted in calculated
amount from volume of specimen using density of
1.425 kg/m? (reference from specimen that formed by
hot compression molding). The specimen was
formed by hydraulic press without heat. Then,
pre-heat at various time periods was carried out.
The forming condition is shown in table 2. After that,
the formed specimen was sintered and tested the
flexural strength.

Table2 Forming conditions
Specimen Pre-heat Sintering
No. condition. condition
Temp. Time Temp Time
1 0
2 100 °C 6 160°C | 6 hr
3 18
4 36
5 54
6 100 °C 9 160°C | 6 hr
7 12
8 15
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2.3 Measurements
2.3.1 Bending test

Dimensions of standard specimens (ASTM
D790) are 1256 mm.X 127 mm. X 3.2 mm,
supported distances (span length) 51.2 mm.
Universal Testing Machine, INSTRON Load cell 5
kN, speed 2.0 mm / minute at room temperature
is used. Six specimens for each testing condition
are performed. The specimens are bent under
three - point bending.
2.3.2 Moisture measurement

After the sintering process, specimens were
weighed to the reference value. Then, the specimen
was ground to reduce size for easier elimination of
moisture. The reduced size specimen was baked at
100 °C for 24 hours. Then, cocling down in the
desiccators and weighed again to achieve the
moisture amount .

3. EXPERIMENTAL RESULTS

3.1 Result of specimen forming

Specimen no.1 was pressed and sintered at 160
°C (follow to the normal forming temperature of
Melamine) without pre-heating. The specimens of
such conditions cannot be formed in shape
compared to specimen with pre-heating as show in
Fig. 2. It could be considered that might cause by
moisture remaining in the specimen. On the
sintering process, the moisture changes into vapor
phase with high pressure while the surface of the
specimen was already cured. It results the bending
and crack of specimen surface as shown in Fig. 2.
The specimens no. 2-8 are well formed in shape
with good surface appearance.

(a) )
© @

Fig. 2 (a), (b) Specimen without pre — heating.
(), (@ Specimen with pre — heating.

3.2 Influence of pre-heated time

The flexural strength results of specimen no. 2, 3,
4, 5 was shown in Fig.3. It was found that specimen
no. 4 is the highest flexural strength. However, the
statistical hypothesis test at the 95% confidence
level, shown in Table 3, was indicated that there are
not significantly different between specimen no 3
and 4. It was implied that the appropriate
pre-heating time should be located between 6-18
hours.

120

100
80

60

N
o

Flexural Strength (MPa)

0

6 18 36 54

Pre-heat time (hour)
Fig. 3 Flexural strength of specimen no. 2- 5.
120 -
100 -
80 -
60
40

20

Flexural Strength (MPa)

0

6 9 12 15 18
Pre-heat time (hour)

Fig. 4 Flexural strength of specimen no.2, 3, 6, 7, 8.

Figure 4 showed the flexural strength of
specimen no. 2, 3, 6, 7 and 8 which was pre-heating
for 6, 9, 12, 15 and 18 hours respectively. From
these results, it was statistically discussed and
selected to pre-heat the specimen for 15 hours
(specimen no. 3) due to it was significantly no
different between pre-heating time 18 hours. The
results of hypothesis testing was shown in Table 3.
It was obvious that the lower pre-heating time than
15 hours yielded the significantly different flexural
strength from the sepcimen no. 3.
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Table3 The result of one sample t-test of (Ho: n= 90.12) vs (Hi: n# 90.12) with confidence level 95%.

Specimen No. Pre-heat time & Dev. SE 95% CI T P-value
Mean

2 6 9.74 4.87 (57.72,88.71) | -3.47 0.040
6 9 7.63 311 (72.58,88.59) | -3.06 0.028
7 12 10.37 4.64 (63.54, 89.29) | -2.96 0.042
8 15 5.75 2.87 (85.04,103.34) | 142 0.252
3 18 3.09 1.54 (85.21,95.03) | Ref. -

4 36 4.95 2.48 (84.76,100.53) | 1.02 0.383
5 54 3.09 1.38 (81.06,88.74) | -3.77 0.020

3.3 Moisture measurement

The remaining moisture content in the
specimens no. 2, 3, 4, 5 were decreased as increasing
of pre-heating time. The exponential function was
proposed to predict the remaining moisture content
in the specimen after sintering as follow;

¥ =2.9958e0.008x

with R-sq. = 0.9889). Therefore, pre-heat time was
concluded to strongly related to the remaining
moisture content in the specimen. The
approximated of remaining moisture content in the
specimen that precheated for 15 hours was
calculated to be 2.657% moisture.

1.0

.\.\'\.

0.0 T T 1

3.5 -
3.0
25
20
1.5 -

% Moisture

0 20 40 60
Pre-heat time (hour)

Fig. 5 Remaining moisture content of specimen no.
2:5.

4. CONCLUSION

This study aims to study influence of pre-heating
on the cold forming process of melamine. The
specimens were formed by various pre-heating time
periods. The specimens were tested the flexural
strength and remaining moisture content. It was
found that the pre-heating at 100 degree Celsius
for 15 hours might be the appropriate condition
elimination of the moisture which, remaining
moisture content in the specimen was
approximately 2.657%. The specimens of such
conditions are well formed in shape with good
surface appearance. It could be concluded that the
cold forming process with pre-heating has the

potential to form the melamine product. It is
recommended to form and test the specimen
which is mixed between waste and virgin
melamine for the further study.
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