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RECYCLE/MELAMINE FORMALDEHYDE RESIN/THERMOSETTING

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. It was found that the
pre—heating at 100°C for 15 hours and heating at 160°C for 1 hour is the appropriate
condition for cold forming. 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%.

School of Mechanical Engineering Student’s Signature

Academic Year 2012 Advisor’s Signature




Paanssuszma

Y
a a 4 v A 9

< 1 [} [} [ ] 4
Anerinusatuizduiagarclild win'li'ldSuarunganinniue1niss

q

% I P a a 4 YA o 9 a a‘{ a
FauiluermsenlsnuIneiinusvesdive N lalszanslszamin

3 s

AT.AUANA AIAITINGA

Y Yo = o av A Yoo g 1 AAq Y 1 gao £
anwj aeelidfineanuznumlumshisednnsdauilunuuedsnaliungive Tuau
0o A w =\ =\ Aa o o an = Y o o o
MsaoumsIve anwlisaendiis tazmsdisedia Fadiseazai i1 lumssien ms
MseiIalumeninnae’li
Ao A ¢ do w q 9 @ '
yovounaus N Inegiilesuassina i) nlanuewasiziludiuves
[ o A w d‘ A da! Qy d’d d‘ ds!
a9 1un1391398 1n309leN 13V UFUNUAARAIUYAAINTNRAFIN Y TN TUugY

v

v ] ' A 2 2
45! uﬂ,ﬁmmguazﬁv’wmaaiuﬂizmumimugﬂ%umaau

a (% = o 4
YOUBUAUUNIINGIaINA TU 1aTFIUITHAZVDVOUAMYAAINTAUIIAT O30
a s Adq Y 9 Y] ¥ A A °
Iemaasuazmalulagnlvinnuineaiunislaniesdionasaausiuisnnuazadnluy
Y A A g 1A
M3 l¥nsealonluod19a
=

Y dy 1 1 o 4 Y { Yq Yo A
ganeil vonsveunszamneg 15 uadszurasal nld dldldsutianazeusy

2 ¥ =
(aeag aaaIn 1 loman1an1sany



Y
1
UNAATD (VBT IN) oo seeeeeeesseeeseeeeeeeeeesseeeeseeseeeseesssesssseeeeeeesssessseseeeeseesseee n
UNARTD (D THIDINGH) oo e seee e eeeeseaeeees e eeseseeseee s seeseeeesees e eeeseeeseeee !
AN T TUUTZI I et e e s e es e e see e f
EEVTTIIY oo LY
TNTUWINNT N et ?
B ITAAYTU et p
o a [ [ 4 o 1
ADTUITYANHDIAZANID ..o Y
4
unh
T UMY oo e 1
I o W
L1 anud iz a @AY TN oo 1
[ 4 Aa o
1.2 I0QUTEAIANITIVY oo 1
1.3 UOUIUAUBINTTIVY .o eeee e seseee e eseeeeees 2
R | PR [ VAL A (- T, 2
v d Ay A a Y
2 USNATITTUNTTUUASNIUIDGTUDEIVD ... 3
N S 1 o o N OO OO 3
=\ o = d a
22 wandiu esunad ladissu (Melamine—Formaldehyde Resins) .........cccoevevneee. 3
dd'd' 9
2.3 NOHRIUDBIUBY coovvorooeeeerreeeeesereeeesse s ssssss s 4
49! Y asy v Y . .
2.3.1 mﬁjugﬂmﬂ'mmiamau (Hot Compression Molding) ............c.c.cuu..... 4
4’@' Y ax v . .
232 mﬁmgﬂmanmiaﬂwu (Cold Compression Molding)..........c.cceu.e..e.. 6
233 MINATOULIIAA (Bending TESt).....ervereeeemeeeeeereeereseeeeeeseeeseeeeeseeeseesseesenes 7
234 MINATOULITION (COMPIESSIVE TESL) wervereerrerreeereeeeeeseeeseseeeseseeeseeeseeens 9
2.3.5  MINATOULTINTENN oooooooeeeeeeeeeeee e 12
I
2.3.5.1 MINATOUUVUBITL (Charpy Test) .eeeveeereeeeeeeeeeeeeere. 16

ARSI



131y (¢10)

£
Hin
2.3.52 MINAADUULU TOVOA (1Z0d TES) rovveeeeeeeoeeeoeeeeoeeeeoeoenns 17
2353 ﬂﬁmaammmgamﬁ@amﬁ(Hatt—Turner Test) v, 18
Av A A 9
2.4 QUUIDITUNGIUD coveeeoeeeeeeeeee oo e s e 20
AUADUNITAUHUNNT IV oo s s e e s e s s 22
70 B 1V 1 0 1o DO 22
[ d’ Y o Aa o
32 AAANTFIINITIVY oo 23
tﬂ' A dl a o
T I C RO LV L G TR R L LT T 23
34 ABPITVARDT e oo e e e e s e 24
Y
34.1 ﬂ1ilﬂ§ﬂh3ﬂ@ﬂﬁﬁ1ﬁiﬂﬁu§ﬂ (Molding Compound) .........cccecvvrvenenee. 24
342 DVTHEY coroeeeeeeeeeeee e eeeee e e s e s e e s e er e 27
o o A A 49! v I
343 mstmualsuadagaunlFlumsuugUuuuoaey ... 28
£ ]
344 MIVUFY (FOMMUNG) w..ovovvveeoeoeeeeeeeeeeee s 29
3.5 I ITTIADD et eee e e e e e s e e e s e s s ee s e s s e ee s s s 33
350 AU AIBIND oo e s e e 33
352 AHUABINVIN NN coooeeeeeeeeeeeee oo e s 35
353 AU AN IR IIITOU e 35
v d a
NAANBUAZNITODUT VIR oo 37
B D I e 37
Aan 2 Y ax v 3
42 WANMINAABUNMINIITNMIVUFUAIITNIOATY
= ]
VDI AN U Y oo, 38
1 I~} [
421  wWansEnUYeaIa1lums Pre-Heating ADAIIMUUYIUTIAR covrrrrverreeennen. 38
a . 1 <3 o
422 WonsTMABIINLEEg gl MO (Heating) ABATBUAILTAN. ... 40
[ I~ [
423 WANTENUUDINIA IUNTOUADANIUUVYILTIAR oo 43
43. WAYINMINAFOUAMANIAITINAVI TGS lmiAa
a2 v v Y <
NUUTUAVINITOATOULDZITU oo 45

G



a1siiny (D)

win
[ <3 [
43.1 Wﬁﬂi%'ﬂ‘ﬂﬂlﬂﬂlﬁ 11”Ii1!Lﬁ]%lL3Jﬁ1ﬁ UADA NIV ULINA A (Flexural Sﬁengﬂi) ............... 45
1 <
432 Waﬂﬁgﬂﬂﬂli’]\iﬂ%ﬂwmlﬁyma']ﬁuﬁ@ﬂ'ﬂlllmﬂlﬁﬂﬂﬁzu'ﬂﬂ
(Izod Tmpact Strength).........ccccveveeirieirieiieeeseeeee e 46
1 3 @
433 NaﬂﬁgVI‘UGUf’J\T]J%ﬂJ1ﬂ!Lﬂ]%lL?Jﬁ']flu@@ﬂ?']ﬂl!sllﬂlﬁﬂ@ﬂ
(Compressive Srength) ........c.ooveeeieeieieeeeececeeee e 47
~ Ak
4.4 NE‘]ﬂ']ﬁ‘l/]ﬂﬁﬁ]ﬂi/ﬂﬁﬂ"lﬂﬂ1W6119\1L3JE113JUGI,W?J‘VIGUH§1J
Y v 9 v
AIINTTDATOULLAS DR U oot e e e e e eaaees .49
=< 90’ = 1
4.4.1 Na‘ﬂﬂf’f@llﬂTﬁ@ﬂ“Kllu"lﬂl@Q!ﬂJa"llluchll ................................................ 49
2 A2 Y v 3
44.1.1 ‘Hu‘ﬂﬂﬁﬂﬂﬂﬂluqﬁjﬂ@ﬂﬂﬂ'ﬁ PUUU e .49
Qy d’g 9 v Y
4.4.1.2 ¥UNAaaU ﬂlugﬂﬂﬁﬁlﬂ’liﬂﬂﬁﬂu ............................................ 50
= 'd'ds!
4.5 N'ﬁﬂ’liﬂﬂfff@ﬂ‘ﬂ’l\?ﬂWﬂﬂWWﬂlﬂQ!NﬁWﬂJuiWﬂﬂﬂlugﬂ
Y v Y v
AIUNTIDATDULLASDRLYU Lo e e e eas Sl
451 Han1INAa0U Thermo gravimetric analysis (TGA).......cccoevevevevevrnenene. Sl
452 WanInAael Differential scanning calorimetry (DSC) ......cooeveveneneee. .52
46 HamMInaaoUdugIUINGVD ALY 11
42 v o v v
Wﬂlugﬂﬂ?ﬂﬂ’li@ﬂﬁﬂut!a$'ﬂﬂlﬂ|u ........................................................................ 54
a3 1
4.6.1 ﬂt%}’f)\‘]ﬂaﬂﬁiﬁuﬂ!aﬂ@ﬁﬂuuﬂﬂﬁ@ﬂﬂiWﬂ
(Scanning Electron Microscope: SEM) .....cooivveueeeericeceeeereeeeeeeveenne .54
r'd
462 ndosganssminunlBues (Optical Microscope) ............coccovererre.... 56
A
5 ﬂéﬂ!!ﬁ%"“i’)!ﬁﬂi’)!!ﬂ% ...................................................................................................... .59
5.0 AGUMO oo 59
5.2 TDUAUDUUE covoeeeeeeeeeeeeeee oo eeeeeee e eeeeese e e eseee e eessee e eeeseene 59
FAINNTONIDD oo e oo e e s e s e s e e s eeeeeeseeeeeeeseeene .60
NARUIN
a d' [y a o 1
NIARUIN 1. ‘]J‘V]ﬂ'ﬂll'J“]ﬂfﬂiﬂhl?s]}iﬂﬂ'liawuwmﬂllW'i .................................................... .62

UTZTAFIVOU .o 72



AN

2.1
3.1
32
4.1

4.2

43
44

4.5
4.6

4.7

M3VYMI9

=h.
=
=
-

ANHUENNNIATNYDIUATIU oo 4
BATVAIUMITHTUTADAY wooovvvrrrreeeeeeeeeeeeeeeeesssssssssse s sssssssssssssss s 27
WIATFIUAN ] VDINITNATO oo ssisssssssssenneees s 33
VOUIYAVDINITNATOUIATTUNT Pre—HEAtNG ... 39

HANINATDULULD One Sample T — Test VDY

(H,: 1=90.12) vs (H,: p 7 90.12) AAOAVIHFONU 95% oo 40
VOUWAVDINTNATOUYUNUYUUAZLIATIUNITOU e 41

HAMIAMUIUNNTDARIY Two — Way ANOVA

ANINTOIU 95% YOIRIIUTGUNDTIALIIAT oo 42
VOULVAVDIMNITNATDOULIATTUNITOL oo 44
NANITNATDULLUY One Sample T — Test YD

(H,: 5=104.05) vs (H,: i 7 104.05) §IOAVBITONU 95% oo 50
HAN1INATD ULV One Sample T — Test VDY

(H,: p=163.50) vs (H,: jt 7 163.50) AA0AVMHFOIU 95% ..oovovrooeeeeeeeee e 51



€ah
=
=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

3.12
3.13
3.14
3.15

3.16

U
ARETATRE]
uq
Y

Hin
1 d‘ [
AU TENOUUBIATOINIRADA e e e e s s es s s 5
TR R LR G2 YT oL W 6
ANHAULNMITNATOUUITIAAIBUUUTATIUYN oo 8

= Y Y 9 v 9 (3
M3@e3 D IA9000nA NI 1VITTAN I TATION (oeeeeeeeeee 9
Y
FUNATOUNATAANT TN T UNATOULUTION .o 10
Y
HAAINITTUMTIVDIFU U UNANTIUDIONT VTUTD oo 11
ANHAULMIMINIUUDUATOINATOULTINTLUN oo 13
Qy =)
FUNATOUMITNTEUNOULUBTIF VUAE IOEON oo 15
[ o
ANHAULNMTNATOUNITOTLUNNLLUBITY oo 16
Y
UHUAUEAIVUADUNITAUT LU TATTUVY oo 22
NANITNAFDLNT IAVUIARABVDININATHU Y oo, 24
ANH AU DI IV oo 25
BHUAINTZUIUMITIATOUTHIUANIU oo 25
NANITNATDLNIT IAULIARASUD UL AT oo 26
ANHUZITHIIDIIU oo s s e s s e e s e e s s s e e s s s s 27
9
FUNATDULUIIAA (3 — Point Bending TESt).......ceereereeeeerireereeeeeeteeteeeeereeteeeeeeve et eveeeseenens 28
9
FUNATDULITIOA (Compressive Test SPECIMEN) .......cvevrreeerrerireereerieeiierieeieee e ereeeereens 29
Y
FUNATOVUTINTEUNNUUY Tos0A (1zod Impact Test SPECIMEN)....r.mervveeeeerrereerrerereeees 29
g =\ v Y
NTEUIUMTYUTUNAUUUUBATOU oo 30
% 49! v
UHURINTUUTUBUTOUIU ..o 30
1a o <

A I AUDIUT NI DRI oo 31
Y
FUNATOUUTIAA UTIOAUALUTINTETIN oo 32
MINATOUUUUYATOIT VA MY oo 34
DVTNATDULLTIDR e see e s s e s e s s ses e s e see s ssessesee s s s ssesseseesessssesseseeses s sesseses 34



€l
=i
=).

4.1

4.2

4.3

4.4

4.5

4.6

4.7
4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

%4 Y
a5l (Me)
vq)
Y
1N
o d%l v
UHUAININATBVIUFUUVUOTAIIU ..o 38
Qy d'ds! 9 [ ra LR
FUNATOUNVUZUAIIMIOAUVUUUWUIIIU ..o 39
v o 1 3 [ Aq ¥ .
NI INLAAIANNTNNUTTZHINANVUTULTIAALAZLIAN JF Pre-Heating..................... 40
nsmluaasnnuduiusIzIegungl
A 1 <3 @
HAZIA D UNUNAADADTULUILTIAR ..o seseeesesee e 41
[ v v a
NIUEAIANUANNUTIZH 0 UNYI]
1 1 <3 [
HAZIATOUNUHAADATIMULUIUT AR ...oeeeeeeeeeeeeeeseeeeeeeeeesee e eeesee s s eeeseeeeseeseeed 42
1Y) v 1 a
NIUEAIANUANNUTIZH 0 UNYI]
{ 1 < [
HAZIATOUNUNAADAVIMLUILTIRR corveereeeeeeeeeeeeeee e seeeseeseeeseseeesseeseeeeseeseeeeeseeeeseee 43
1Y) o 1 < [
ATlLaAInNUFNN LT 219 NNETTIA AUz TUAITOU oo 44
1Y) o 1 <3 [
AT laasnNUFNI LTI EH IR NNLTILT AR
DS DAL LT U U oo eeesesseseeses s eeeeseeeseessenee 45
1Y) v 1 1 o
A uEaInNUANNUTIZH AN Ad
AT R VAL L LE Ve AT HE oS 46
o o 1 <
AT LA NUFNITHT 2 M9 NVUTINTINTZUNA
R A0 ST R VLT VLR Tk A oo OO 47
o o 1 < [
ATl NUFNITHT I LM INA NN 169
N 1o Ls L R R VR L s s VT I3 VLY DO 48
o o v I [
AT MluaaInNUFNTUTIEHINANNLTILT AR
v Y
YOIBUNATOUMTAATUU....oorrroeeeeeeeeeeeeoeeeeee oo esseoeeeeee e 50
o o 1 I [
AT luaaenNUFNTHTIEHINANNLTILT AR
v F
YOIFUNATOUMTAATUU....ooorooeeeeeeeeeeeeeeeee oo 51
2 A A an 2 v Y v <
N5 TGA vouuaNuienlasuIsmMsvuUuUUIATOUUALOAEY ..ovveeeeens 52
151 DSC ¥09e15U52NoUma1li (Melamine compound) ...........eve.eeeeereeeerseeereeserne 53
o td‘ds! Y v 9
1519 DSC YITAANUUFUAIINITOATOU c.oovvos s 53
o AX v v 3
1519 DSC YITAANUUFUAWINITOAUIU .oooooooeese s 54

[

FAQMHAMABNANIU 0% orrerreeeeeeeeeeeeeeeeeeeeeeeeeeeee e 55



U Y
CRENGTINGE)
siii M
419 TAQMAAMAHIDNUU 20% ..oooooreeeeeeeeeeeeeeeeeeeeeeeeeeseeee e eeeessessssseeeeeesssnsssseseeeeeee 55
420 TAQMAAMAHIDNUU 50% ..oooooreeeeeeeeeoeeeeeeeeeeeeeee oo eseeeeeesesessssseeeeeessessssseseeeeeee 56
421 PNAAUINYBITAAMAU TN oo 57
422 MNAAVINUDITART IWAAVIMTHINANIU 40% ..oorrrroeeeeeeeseeeeeee e 57
423 MINAAVINUDITART IHAAVIMTHINANTU 50% .ooerrroeeeeeeeeseoeeeee e 58

q



T-value

P-value

R-sq
DF
SS
MS

F-value

o a YY) d o
ﬂ1ﬁﬁu1ﬂﬁiyaﬂﬂm!!ﬁ$ﬂ1dﬂ

A ldnnrsanlu T - Distribution

MaADANUANANBINNTBTIAYNIZAY 0.05

ANYATIUNAN (Null hypothesis)

AUYAFIUTO / AUYAFIUNIUGON (Alternative hypothesis)
4 z

AundsveszanInamuanauly

AUV UNIATYIY (Standard deviation)

Coefficient of determination

0971052 (Degree of freedom)
waﬁmmmﬁjmmuﬁﬁmm (Sum of square)
ANANNE9E09 (Mean square)

A lgnarsanlu F — distribution



11 anuilnuazanumngue e

A I
a1ty Wesu1adladis ¥y (Melamine Formaldehyde Resins) 131 Indiuosngu

q

s A P Yy Ao < ' 1 A o
mos luwa LN@NTUﬂTi‘Hﬁ@NﬂJugﬂLLﬁQ UANHUS LU "luwaaumm Ulllﬁ%ﬁ"lﬂ HIUUIUN
a I A Y [ Y 9] Y dy I 9 =< a
Namﬂum%uzuazmiaﬂwn ) YU DAY B TU IG]Z N8 L‘]Ju@]u Gﬁﬂiuﬂi%ﬂﬁ]uﬂWiNﬁ@]

a a [ s a [ a 1 a @ 4 2
i]$LﬂﬂLﬁBWaﬁﬂm“ﬂﬁlﬂﬂﬂ1ﬂLﬁEﬂ%Uﬂ18Wﬁ\‘]ﬂi$U’JUﬂ1§Wa@] ANUAINAANUNUAS T UITU

A a o & ' 0w Y v Ty
T]L‘]Jiﬁl’i]ﬂ!ﬁﬁﬁﬂﬂ?ﬂﬂﬂﬁ "lmmmmumaumwaaﬂﬁaaummﬂ@

a o dyl'lSJd

A a @ 4 = dy 1 o dg@l 3 Iy
mﬂmimﬁywamﬂmmmamuu”lmmmmumwugﬂ«mllﬂaﬂ J1UIYU AU

s A o P { ° P ° A o e
15z Tomilvourunaasusimariunorsaunsniinunlddse Tewi1d Taonsviuaunandas

Y
v XK

=~ < [ =) 4 2 J a A o T A 9
wardunuadusenaunumariiv Wosuad lasssu 183 ludumsoatugilive 16 iv
v KR v A o I J dy dy = ?;}, < Y da! Ta -4
AvaszrINKINTanyuzilumes lueail naziugldnaimilsdremsiugUuuuuinum

1a J < ¥ wva

§ou (Hot Molding) Hagzui NuWidu (Cold Molding) Wi auninadeuguauiian1anaves
£ = 9yyo Y 9y = ao o 2 A

Fuau Wldmhmsduaddneiidenaziiiminaasinszuaumsmsvugdimanz duuaz
= A A& [ U 1 1 A I Y a [ A A A
AnvinaaesilSmadadiuvesdiunduais q e i ldnaadusinliguanianiena
awnsoi ld1daoulduaz 1ddununmsnaai biganuld Taghnmsnaaeu nagouusda

[ v

MINATOULTIOALAZNATOVUITINTZUNN NVGUANTANMIZAUAUMTIIIREATUIY

szania

(Y] J a v
1.2 39]%;!1]53@1’&?]0153"1)8]

v ~

A = 49! a = ) o 1a Y
1.2.1 !W@ﬁﬂ]&l1ﬂ156111!gﬂ’Jﬁ'ﬂillclﬂ,ﬂaiﬂﬂlﬂlelm&muﬂ’)ﬁ]ﬂ'ﬁ’E'Jﬂll‘]J‘]JLLiJWiJWi?JHLLEI&

1A 3
UUNYNLYU

122 ednInuantiABinavesiags lsfaann1ssauuinuisounas

q

[ 1

1a I { 1
UURUWIEU NIRRT UNSATIEIUAN 9



= W
1.3  UdUIUAVYDINITIDY
== 1 Y v 9 (=Y < I 1 a <Y =
ANBINITUUUAI8NIToAA IEUUNUWITULAZ NN WT D UYR IABINAINY
a o = 4 d o w Aa o I o =
110U5EM o5 Inegiliesuas $10a (uiww) NlanvauzuadumingunurauaItiu
4 = 4 a cs' o [ ] 49! = d' a [ 1 1
Wosuiad lesmisdu ndeludunszuirunsvugl nazfnpiNdsum dasidrunauai 9
9 1
wiouninageunuania ¥ulsyneulilde
1.3.1  NAAOULITINTSLNN
132 NAAOULIIAA

133  NAdoULsIoa

d Y l (Y}
1.4 dszlaviiimanazlasy
o ds! a (% 4 =1 4 = 4 a
1.4.1 ff’li”iﬂfnﬁu@ﬂ1§ﬂlugﬂwaﬁﬂmCWLna1Nu —V‘I@ﬁil']ﬂﬂhlaﬂlﬁcﬁuﬁluﬂ'li
5 lanaa'la

142 hladwwansznumsfinadiusduayatiuaenuauliagng



UNN 2

U

o d a y
U3NAIIUNITNLAZNMILNINYIVBY

2.1 pah

= a A

e NsMsnmuizanlumssenuuunInaasINtlszaninn MIninInaasd

o 9y 9 == 2 9y 1 A A o
uuiﬂl'ﬂ‘LlG]ENHJ'I‘IFI]ﬂ\iﬂigﬂﬁluﬂ'ﬁllagiﬁlagmﬂﬂGUEN‘UEHSI,@GH\? S MNYINUNITNATDUAIY
< ~ s ay ¢ a L2y o229 o w o A4 9
LLUNELINUDILNATUU ‘V\l@jlﬂaﬂllaﬂﬁc]fu V]Quﬁ@\jﬂﬂlu\iﬂ\‘]Gllﬂfl]']ﬂﬂllagﬁfl]fl]ﬂ@'l\‘l ] NNYIVDI

A 9N 9 Aa a A
LW@1W1ﬂﬂ13ﬂﬂﬁ@ﬂﬂﬂﬂﬁ$ﬁﬂ‘ﬁﬂ1w

= d = d A . .
2.2 wandiu Wesinad ladisdu (Melamine-Formaldehyde Resins)
~ ° Y o o = s A a d A o o = o = s
wadiu CHN, W ldnuvesunad laa imenaailunaanuaiwaril esuiadlaa
a . _ A =\ Aaa ~ a o o = I = 4
13%% (Melamine-Formaldehyde Resins) ¥ 3 9LUATNUNTA LAIUNWAU (2542) FuuInawos
o a l a3 o ' a o 3 9 A A
o3 luaallszianesi T (Amino) Himinuianiinaraanna  liiandes Asliniu
AT UNIZTENIN 1.47 — 1.52 Suusand Idaneaunis Sunsadauazusaiaie ldauin nu
9 Y zg [ =\ (] Y [} [ 9 ~
anwdoulaa eudusinumsiaiiulda bimungnumsldnieuen gnuaaaaszdauaz
A aA = 3’/ = Y =2 a9 Y
idounmnniidans q Insdfhuazfunasyiiafhnszaneuasldauin
A I { [ { 'o 1 o
auautan il uauau ldihnanunszua liihaudd lumangduns 1y
[ { o J a PN 4 a a
nunszud lfhnnudge ldvigunsal lWdhurssiianna liersaunumsldwaradnaiia

Wuoan

=\

auauianaual nunsaanriaseula linunsaasyiaun nuaisaiiou 9
1 @ ? o v A 4 = ¥ Y Y
wussanlon Wiy luiu fuwes gaduirldihe
Y Y Y
m3savugwatiu TasdndwariuvugilTasnsdatugi (Compression Molding)

1a o 1 ] 1 a g’/ o
Taguinuazgnonsz s ldnnudouvemnuilsznulalasan viniuneuilnidadl

@ <3| a { - ' f a
anvazilunlulSuaimson13vzgn Pre-heating 1ite lanuaungumngii 90 - 110 °C
?xja 1 d 1a o’d‘d 9 [ adg! é 1 ]
vintuldneu il lumiiusindanuewmnuguwgiyugy F9eeglunnuilszno
{ =Y

1 a) [ [ a 1 1a 4
umu%zﬂ@ﬁﬁamm@mﬁmmﬁfuzi”Jmﬂuﬂmﬂ@mumﬁuumuammwuw Tunseuaums

dy 4 1 @ 1 1a 4 @ A a <3 a
tnowihiszeoudnaz Inaldawgdswvesinu uazranniiguugiiganenazing

U

] o 1a 4 g/J 2 <3 o 1a 4
N13UY (Cure) ﬂl@ﬂ?ﬁﬂiuLWWMWﬁﬂﬂuuﬂfu\ﬂuﬂﬂggﬂu'lﬂﬁlﬂiHﬂLmWiJW



AN 2.1 ANHAULNIMEMNUDUNAITY

ANHULNIINGNIN VDI Melamine—Formaldehyde Resins
pavgiflFlumsnan 149 - 204°C
AWDIT NN (Specific Gravity) 1.47-1.52
NULLTIA (Tensile Strength) 34 — 90 MPa
NULIIOA (Compressive Strength) 227 -310 MPa
NULTIAA (Flexural Strength) 62 — 110 MPa
Flexural Modulus 7.58 GPa
NUUTINTZUND (Impact Energy) 13.3 J/m
ﬂ’ﬂlll!ﬁﬂ (Hardness) M115-M125

v
QA Y

a
23 NQEYNNEIVDI
MIANEIIE AmaNTAFINaveIdaas lmAannAuuaiuNaIUHIUAN 9 A20N13

dg! ra Y ra ] dy ] < = é’ A Y
wgﬂuummwuwmuuammwmwmuu GluGIf’NLLiﬂﬂmﬂuﬂTﬁﬁﬂ‘H1ﬂ1i"Uu§‘ﬂLLU‘ULLNW3JW‘i’E)u

% G a

1a <] Y 2 A o J 1 wa 1 !
UASHUNUNIIU mﬂuwfiugﬂmm%mamm1mumﬂ N HAENATDUAUTNUAAN ) @ﬂll‘ﬁ

o9 v
NAIVNAU

Vo
aa A 9 [

v v & T = d‘ ¥ Ao A & < oA
lusdetivgnantmguiinertesnazldlunuidet Farzifunguinerny
NMINATOUAUTUTANIINAVDITAS 1AL NITNATOVLTIAA NTNATOUUTITALAZ NS

3 =S \ ‘:91
NATOULTINTLUN A5 10azBoane 1T
Y
23.1  mM3ru3UA75M30a3oU (Hot Compression Molding)
a [ I a 2
MANANTBASOU (Hot Compression Molding) (Humaiamsvuslioun

3
S o A
NYIUNIT

' (=1 a & 13 o A EY a [} 9 Y]
muANgamaiani uangalinmslelumsulssnaradnedianinenie Tutlagaiu
Yy A o A ' ¢ o 2 Aa Y o 7 a
lsmatiansoanaraannguimes luwa tazens wenantduilunieylsnumes Tuwaraan

ntsgidrematinoulden
o [ A‘ [ a 4 2’; A 9 d'
dmsuinseedn lumsuilsgweawesuusuauilszanuaaissen 19 lag
[ 2 ' Y
1iNgA®11N351%0 Thomas Hancock l¥oan1e19 nszurumsulsgiiignaaduansasausn
@ a v a 14 4
lutlsgmeavnizowsn Tuill a.a. 1870 TasiinInemaaiaoinu®® John Wesley Hyatt Laz

(% o v a ?1// [
S. Hyatt nszuaumanisziTaemsonilszgnd lnunara@naswsniasen Bakeland AUN1



9

o J a J I o o o
Fmsduasizdsduiluearosuad ladluil a.e. 1980 Tagiiunszurumsuisguidaldn
PEINTHAY

J [ A A 1 3 o o = ]
d115ENPUNANYDAUATOY AD UWLIKANDA (Platens) TIUIU2 YA HIUIHY

a o 9

& A d'é’ Y A ' == A o Y o a2 2 Y Y
Wuﬁﬁﬁﬂﬁﬂlﬂﬁ@uﬂﬂluﬁihlﬂ @ﬂLLWUﬂ%Qﬂﬁlﬂﬁﬂﬂ’U@ﬂu‘ﬂ“lfniﬁﬁnﬂﬁfl‘VHﬂTi‘l]ﬂﬂJﬂﬂJflﬂ
A Y fK a o [ I ko ] dy U A A Iq Y 9
FHBNINLUYNIAAANVUAUIN AN NITDILN U muﬂ‘izﬂauau i ﬂﬂ@ﬂﬂ‘iﬂﬂﬂﬂ?ﬁJiﬂu
a J T3 @ A @ A
iszlam@ammzqﬂﬂimwamﬂu ﬂﬂ‘Hm%Lﬂﬁ'ﬁ)\‘lL!ﬁﬂﬂﬂ\‘lgﬂﬂ 2.1
.~ ] o U ¥ o w ) v y D, o o
Wnsvuglila laethTaguaudt 1) luah vaz ldanusouvmziiinmsoa

Y qu Vg v ¥ 2 Y 1 ' Y . )
%1ﬂuu1°ﬂ§3ﬂﬂﬁaﬂlﬂu1ﬂfJGlGD'u'lulﬁaﬁl!unﬂuﬂl’]q3$ﬂﬂﬂ'f)1ﬂﬁﬁﬁﬂq'J’]\ﬂl'l’)\ull']

7 ~H- Platen
Heat and cooling—— e |
[— Mold plunger
6“\‘* - .
[~ Guide pins
’H" | )
Heat and cooling™ [ [~ [« : Mold cavity
e— old cavi
Compound to be molded | S Platen
Hydraulic pressure ——— Hydraulic plunger

317 2.1 dranlszneuveunseinada

v Aq Y v Y 9 g ¥ Y A ' A o Y] A
anuaunlFlumssanihdeldlddosnga uauinwensi ldwaradnlva

[
] 1 Sq 9

< ] 1 o A O [ %
WureeInuew ua lugsaushildwaraansar lvasenninsesnenin szauanuaunly

Y

Y Y H Y
YuegnuriaazANUHNYIFUNUNTINTIUgL



2 v <
232 mieuugﬂﬁ)’wmiamﬂu (Cold Compression Molding)
1 Y [ < an A o an a
mM3vugldrenmsoadmiunssuisnaaulasuiannssuisnmsnaalu
A ¥ a Y 2 @ ] = 19 ¥ 9 o Y as
gaamnsunsosfuauen Inieassoaaruaen lildanudouildvaouazats n3su3s
@ A 1Y v Y 1 o Jya ! vy 4 ' A o 9
mhmlounuuuusadeuuainldizinan sz lidesseldnasuazaienou iedanou
Y KX o Y Y v A ¥ & & a Ao dy
udrvai lhdumeululSuamnnndon q Audnas Faiuaoumskanaiinil
) e daumaNIeINaIdaANHaInUIaaNaudu U leriu Alldnyus
poumlaluminuumniown
1 Y o 3 A Y 1A
2) wanaunuuy Taglessaon 13.7-27.5 MPa ANUITINAALAAFIAVD
IATOIAZANNAZAINTUY
Y
3) NFUNUBDNIINUNLLIY

=\

o Qy 9 = a = G Y dy 1K
4) uwuam"lﬂmmmummmﬂgu 232°C ﬂimmmmm@uaﬂmuagﬂu

E]

) o o ) a 3 o
VHIAVDIAN 1%i$ﬂ$L3ﬁ1ﬂi$M1m 72 ‘MIEN ﬂwﬂwwamﬁﬂqﬂuammm

o £ = Y
5) HIFUNUNBULUAIDDN

e——— Platen

/

\ 1 Mold

Compound N

«——— Platen

g1 2.2 w14 unsoa

a a I 14 a a 9 = a .
¥iavosnaraanduninmes luwana uaztonlsnnigiuoan (Phenolic)

o A

1 g,l} 1] o =\ ?J’ (% = [} 1 (%) =) d'
iy nouldihueamirt lwausuleniuldudnyazooudl Yaaduuenannaradnnly

q



a 9 as dyd a ] S A A o 1 v W
HARAeNTTUABLUVLN Wandgmu (FusaealannieNFonnuieawzaee) Nuidanaw
4 ] a 1 a a (% L [ 4 { o U
pwguleriu  druriaveswdansmai lgsimanginsal WihsiagniFunsades q 1u
A v
naziiodu
233 MINAAOULIIAA (Bending Test)

[ [~ 1 o w ay o a
MIsnagauIIdaItlumslausanszinnusunaaeund v Iinausadu

S A Y 9

vy H vy
ANV NUMUDUYDINTNIAATUULAZINALT UAUAINUT NUATUANVOIHINAATUNIU N3
@ o 9 vy A o A A a v 2 A A Y
ANIDDIINTLINAIBUTUAUATI UTUROUAA HIoUTUROUTA TasunaFuIuNLNIT 151U
[ v Y

AN ATNMITULTIVVAIUNNLTNIZTINTNATOUNTAAID FIWNIFUIUIZTNT IR0
a X & A A = Aa @ @ < a '
MAVY 8 HIRUUHUAIUTDANIMITULE Mdasaifumsnageuaaivavewmanaasy
% < Jd o ' wa A @
Fegnsa lniudsnsuluduvesaminaaniuavesiag

7

)

Y [ @

{ A < [
oy ﬁlﬁ‘(’J’JSU@Qﬂl]fnﬁﬂﬂﬁ@u@ﬂqaéﬂglﬂuuﬂﬂlaﬂjﬂuﬂﬂﬂ1iﬂﬂﬁ@‘ﬂllﬁ\1§q
q

U
' < . o . . 1% 1
Ul@%l!,!,ﬂ ATVUUULITIFIFA (Ultimate  Strength) AU (Yield Point) Tu@aﬁmmﬁwqu
. A v 2 o = g9 &
(Modulus Of Elasticity) (LagDU 9 ﬂ’JﬂlﬂﬂuﬂﬁV]ﬂﬁﬂllfﬂiﬂﬂﬁﬂ%di%!ﬂUﬂﬁ%ﬂﬁﬂUWU§1u

v v
A A

Pl v
nangalumanagousuauniisUnswuais q Tunmsi 1o

d‘ Qy = [ [ d‘d [ g’/ Y A 1
WerunaaoulmsIuussluanyue NI U UNIdowua’uns lause

a3

Yy
A

Y 1 Y
n3zMUTNUATINANTUOIY Feazinlddualvesuauednelazuaunazauuueg
Y o = o Y [ Xy SR A 1 [ o SIQS’
Melansaon 13aazi naiuanveIruNadeUgnAYEn0aNdIULIIBAILI INFUNAdO
[ 9 o a = 1 dyd 9y A ]
PNOAIMINY HAZUINIVUNINANTEUINADIUTINADITUNT DN UL
v = 9 ~ ol o o Aa X ° ~
msuiindoyaussinszinumsanseMnaduainisoii lihdesunsiu
HIUAUAMIATEANTAAID (D 1Flun1T0T UIeANAN YL YEITEAINNITNATOLNITAAID
9 Y '
UBNINUUAITINTIBNUN IUAIUVO T INNILNNUMTANND Uszianuazuanyuzyod
MIUANKN 1FY DTVIIBTIAVDITDILUANTNIWANTAIINLTIAG UTIDAKNIDNUTURNDU HIBN
Q" 1 ) (Y] Y~ []
MSUINVDIFUNIUNOUNTUANTNNS B 1 anvuzussoouaniniluedsls vern ugusy
A A o & v A ~ o ' o A H &
WIeisuaueny uau n300190MINA3s08uanTNAIT1I 9 YsenoumoTuliadu o &9
I A R A a [ o
Hudsmsntianalumsesuislszmnuazanan ¥z UDIT0IUANN
o Y] o 4 4
AINATOUNITAAIDNNNINITNAADUAIBIATOINATD VIO UNY TS AR
v Y
(Universal Testing Machine) 3191 2.3 4e@@4dn B9 9FUNAOULASNITNATDUNITAAIDNT
[ 1 g’; 4 4 I Qy 1 [
nageuNIAAIeLoeAsINz IHAT e nadouounsrasn 1As19 IS VFUOUDUUNUSY

Y 9 ]
G]leTLJﬁ\‘] mﬂuuﬂmmuﬂmﬂi’wﬂwgﬂmﬁauﬁ’muu



—

™ I
e

€—_. Tension —

317 2.3 AnvAZMINATBULTIAAIBLLUVYAAINA

v = 9
NITUUNNUD

v
A o

{ A Y { o o {a X <
Ha‘ﬁlﬂEJ’Jﬂ']JlLi\‘i‘ﬁﬂi31/]1Llazﬂ1iﬂﬂﬂﬂﬁ!,ﬂﬂﬁu ATDAIUAIULIY

[ a3 A ] [} Qg’ a v I a o
Tumslauseiuaandian Taehinasidsuaunanisuandnsunuly nssimuanis

=4

NATOUNITIZYNB DI
Ferqulsizisuias1inuaz 3a91sznou (Composite) M3nadoUNITIANYNA
1 o ¥ A v v K s o Y a 1 dy A & I A Y
Tuannsorila esnnianvdazuauszihliinasossosuuiuimaezilugasudulu
H Y

msuanin uagiliwansnaaeuinld liawnsair 1l 1douls lunsahguiiag 19ns
[ @ < 1Y @ @ o £

nadouMsande lumsiannuudasinisaatonas lugaansuaniin a2ens 19usanuFu
= a dg@l = A 1 Y 3’, Qy

NATOUUVLYATINGA HIIRIIZINATUINgANINa1ed Tdusanszae ldulaensdesvo st

< [ [ [
naaoy ﬂ’g’]lll;lfll\ﬂlj\‘iﬂ’ljﬂﬂ\jaﬁ’]u’ljﬂﬂ']u:]m]lg{ﬂﬂﬁﬂﬂ’]i 2.1

ANudaLsaiage (N /m?) = 3FL2 2.1
2wh
d‘ =) o a U
1o F ABUIINTENT (HIAU)

Y
L ﬁmzazmwzmwami;mmgmiawmm (1un9)
v
W ABANUATNVDIFUNATDY (1ua9)

v
ﬁammqwawumﬁau (1ua9)



234 MINAAOULIIDA (Compressive Test)

'
A A v

@ I J o
ﬂWiWﬂﬁ@ﬂlliﬁ@ﬂlﬂuﬂWiﬂﬂﬁ@'ﬂ‘1/]3JﬁﬂBm$ﬂ1ﬁiﬁLL5\1ﬂ5$W1‘luLLUU
v Y o = A =2 o = A £
ATINUVIUNUNITNATDULTIAY ﬂ@ﬂ15‘Vlﬂﬁ@ﬂllﬁ\?ﬂ\‘]&ﬂuﬂ'ﬁ‘ﬂﬂﬁ@ﬂﬁluﬁﬂHm$ﬂ1iﬂﬂﬁlﬂﬂfu
1 v 1% o & a
‘ﬂﬂﬁ@‘Uﬁ’)uﬂTﬁ‘VIﬂ'LT’E')‘]Jlli\1@ﬂlﬂuﬂWi‘Vlﬂﬁ’E)‘]JGluﬁﬂ‘ngﬂTiﬂﬂﬂﬂ%u‘ﬂﬂﬁﬂU IﬂﬂﬂTiWiﬂimW
A v A é’ XY o 9
L'ﬁ’f)ﬂfﬂi‘1/1ﬂﬁf]‘]JL!ﬁ\‘1'E]ﬂl,l,‘ﬂuﬂ‘ig'U'Juﬂ'li‘ﬂﬂ’ﬁ'ﬁ]‘UEJL!"llu@gﬂ‘U“]Jimﬂﬂﬂl’ﬁ]iﬂ'liuflﬂcl“lﬁ'luﬂl@\?
[} 1 X 9 1 g’/ (% 1 a 1 ] o
Yag 1wy Tangaelianudumunssnsnoudege saunaiagnguwanaan aaulugaziinig
= J 1% 1 & a a o 4 A R A [ =3
NATDULLIIAN ﬁ')u')ﬁﬂlﬂﬁW% YU ADUNTA BF LASHAANUNLIFITNN FINAITULUILTIAN
1 9 :: A = [ <3 Y] Y dy 9 Y]
ADUVWNAUNBDINIUNUAITULUILIIDA '1J§$ﬂ’[’)‘Uﬂ‘]J'Jﬁ'@]‘llﬁ$!ﬂﬂufﬂ$1°ﬂﬁ1u1u§ﬂﬂlﬂﬂﬂ13iﬂ
Y 4
UINDANINNIN ﬂ\1uL!fnﬁ°Vlﬂﬁ'@‘U!,Lﬁ\‘]@ﬂﬂU’Jﬁﬂ‘]_]ﬁ$LﬂVIﬁ%ﬂﬁ'lalﬁ)UfJﬁ?'lﬂﬂJuiﬂﬂﬂ'J"lﬂWiﬂﬂﬁﬂU
=
LITIPN
9 v A d' [ Y v Qy d[ o SIQSI a Y
!LﬁﬂlﬂuﬂﬂlﬂﬂﬂWﬂLLﬁ\’i‘ﬂ@ﬂiﬁﬂﬂﬂfu“ﬂﬂﬁﬂﬂ GﬁﬂﬂWiﬁ“Buﬂﬂﬁ@UmﬂﬂWﬁﬁﬂ@n
A v W 9 [ gi Qy td' X [ tﬁy 9 =% g’/ a9
Wﬁﬂ@ﬂﬁ’)ﬂWﬂi@]Llﬁ\?fJﬂuu GI)'L!‘VIﬂﬁ@‘UVIGl‘b'GlLlﬂ?ﬁﬂﬂﬁ@ﬂlliﬁﬂﬂu%zﬂ@\iﬂ AHUSTULZUITY

[ Yy
Nmﬁuefﬂmmmmwmmma Lﬁi’Ni]”Iﬂﬂﬁ‘ﬂﬂﬁ’t’)‘mli\‘]f’]ﬂﬂllslfl!‘iflﬂﬁ@ﬂﬁﬁﬂ]u1ﬂ81’m$mﬂﬂﬁ

v v ' 9
TAssemude Fadigiuuumainan lundueusnmadeginuudangu asguin 4 aniulae

u
[

QQy d' Y v W ~ Qy = d'
ﬂﬂﬂ%uﬂﬂﬁ@ﬂ‘ﬂi%’iuﬂﬁVlﬂﬁ’t’)‘]JLﬁ\‘]i’)ﬂllﬂﬁ]‘éimjﬂu%uﬂﬂﬁﬂﬁjugﬂﬂiﬂﬂﬁgﬁﬂ’Jﬂ‘i/lf;(ﬂ
Y
i’)€°'l3Wﬂ’J"IllEJTN]’E)LI%’}HNWHE]‘L!fj’ﬂaNﬁUf’NGb'u'Vlﬂﬁ@ﬂﬁﬂﬂW%ﬁﬂﬂi’)ﬂNiguﬂiz’N
9

Yy ] ) v
natYuegnurtiaveiagnuReu lumsnadol 110991nn1uAIgJvoIFuUNAdoUIZANAN

v H 1 Y
AWANINGIHT0ANEIVOITUNATOU TN

517 2.4 madezlunuTdvesenmudwvesiagnieldinsion



10

v @ @ 1 1 1 4 1
Tunundunudisasidiuanuenasvaduriugudnalnoutiiooy

o 9 <3 2 A 2 ¥ A = '
‘V]'IGIW?]”HEJLLGU\‘IL!?Qﬂi?ﬂﬂﬂl@\?%u%ﬂﬁﬁlﬂl‘wnﬂ]u MUY UHANIINANUTFIANIUTZHII

Y
L= o

Y | 9 ]
ninduRavoIFUNage U UL UNA ey Fanihduratazyh vsunaaeu luansomou'la
Y o o o Y A 1 [ = < [ 49! 1 v o K Qy
aaoaninduda M 1NN TaalnuuIIDANINIY AIUAITVIATUNAT O
[ { a [ g.l} 1 J Qy $
vwilSunldenldawsiinvesiag unasuduriugudnanvosrunadouolndoulas
o w 4 1 [ < ] a [ ]
UMD UATOINATOV 10813150 1UAINE1 IIAITIDU T UM VB IVLIALF UAIU
g{u&fﬂmwaﬁﬁ@
Y Y Y
AU a18UBIBFUNATOUAITTIUVVUIUNUUALAIRNIN 1T UFUNAADY
a Yo o ~ Qy I
wanaan lamuualdluiasgiu ASTM D695 @93l 2.5 Funadeuawunasgivezilu
Aa A % o [ 1 ] o
NIINTTUBNVUIA 127X 254 Haawas Feeziioasiaiuniiuenaoiduriuguanalg

Usemm2:1

/7 12.7 mm.

I 25.4 mm.

1 Y
517 2. 5 FunageUNMIFANT NI UNATOULTIOA

U

A A 9 ¥ A a 9 A = v

!ﬂﬁ@\‘i‘ﬂﬂﬁf’]’].lTﬂfJ‘l]ﬂﬁllﬁqfﬂgGlf]flﬂﬁﬂ\?!ﬂﬂﬂﬂﬂlﬂjﬂqmﬂﬁﬂﬂlﬁﬂﬂﬁ LUty

, . . , <

Lﬂ%@\‘]%ﬂﬁ@ﬂﬂg@jﬂ@@ﬂLUJ1]11'l!ﬁ'ﬁlﬂﬂﬁﬂﬂlﬁﬂaﬂiﬂﬂlﬁw'lg ﬂ?’l?Jﬁ’lﬂJ’lﬁﬂm@Q!ﬂ%@ﬂV]ﬂﬁ@Uﬂ
, v

ENﬂ\1@.ﬂﬂoTﬁuﬂIﬂ8"]]Lﬂﬂlla$ﬂ5u@mﬂﬂjﬁﬂﬁﬂ$ﬁ1ﬂ15ﬂﬂﬁaﬂ ﬂﬂuuﬂWi‘]ﬂﬂﬁ@ﬂ!ﬁﬂ@ﬂ@’mﬁ1

[ ) [ Yy
fuaIeanadoudy o nenisaliusinasatuFunaaesutazaIvITaiaasaoala

[
A o v (4

4 1 < @ Y J o @
ﬁi’lﬂwﬂ’]a\jr’u@QLﬂ%@\jﬁﬂJu’]ﬂu’]ﬂﬂj’lﬂ'J’llllml\ulj\‘]ﬁ]ﬂsuE]Q')ﬁﬂ Qﬂﬂjm:]ﬂjgﬂgﬂ']j@@ﬁj

=

=) v o v
(Compress Meter) i]ﬂ%}tlﬂﬂlﬂﬂ’lﬂuﬂﬂqﬂﬂ‘iﬂ!’sﬂ‘igﬁlgﬁﬂ (Extensometer) Glumwmﬁammm



11

9 Y 9 v
mu1Jawmfdawawmmmiﬁsmmmaﬂuuazmamﬂucﬁwzﬁﬂﬁ’umﬁ’u
l,d' a g’/ a 1 g}l a v d‘a dy Qy
"lﬂazﬁmgmmnmﬂawmﬁm leuuuﬂglﬂﬂﬂ1ii'lJLLi\i‘V]“lJﬂLTJEJ’JUI,“]JiﬂﬂLLu’JLLﬂuﬂJ?N"KH

nadouAaAIzli 2.6

o

T F

Comest  Hecsniric buding

' Y
g‘ﬂ‘ﬂ 2.6 LEAAINTTULTIVOIFUNUNUNANVINS latL5 4

o J o 1% 3 % 2 x

AUz aANINATeULSIOANDNITIANNUITITITAVDITUNATOY HIT
9 A 9 Yy < (% ¥ o AQq = A a 49! [ 1%
doyainertolaun aAnuudwsinson iviind ld wagmsideglimneiu Jagqulszezia

< o ] 1 < Y [ = K 1o = 1 2 Y
ANULANTIOR 1R Ten daunnundussdnvesidgmiiorvzsuegiumsidegiimu@erny
MINAAOULIIAY tagddam s liudaseimsuaninuuusundumilounuiaalsiz
A [ =\ a 1 9 9 9 = @ ] dy
esnndaqmilerszinams lseenaiuig uazveyamadegy ludnyuzveans lileenil
Y o Y o R v A 1 < o @

wavuihimsauaziiuiin e 14 lumsmimanuudaswavesiag

1 Y o @ 2 9 A A A Y

ABUNATDUADININTIAVUIAVBIFUNATOUAIBIAT DI MMz AN W
VoA 9 A Y Qy A 9 o [ (% A
AMgnded e lamvuiavestunageuiminzaunanilusvusinadalunsomaao

Y 9
15999 uazAlssziasz it luminadou Tasdeslisunadounsaswazeglunuinnuyens
1 4 4 I { a

laussveunsomadounaoanisnagel Lol unsenivznIugumananITNIzae

] 9
ausuduegainavelusznIumInagon AaiumMsIanNuRz oAz 120° 50ULUY
9 ] 4 2 9 d v Y] A
idurugUInaNFUNageUIazals 15glnsaliansdauuumaslunmsnaaeu

95113 lausssunizvesuaaz igaazuanas llawismualumnasgiu

1 9 A k) A v v g v A 1 1 9 ' dy
ASTM E‘T’J‘H"’U@Z;I,ﬁ‘ﬂllﬂ“’l]%LﬂEJ’Jﬂ“]Jﬂﬁﬂﬂﬂﬂl!a$u1°ﬂuﬂ%iﬁigﬁ’ﬂﬂﬂ’liﬂﬂﬁﬂﬂ I@]EJGU?JQQL‘HQTL!



12

o = v ~ < v A [ < =2
’t?ﬂllh'ﬂuﬂJTLﬂJEJuﬂiTI/\ILl,ixil,ﬂuﬂ’ﬂillﬂiElﬂ AITUULUILIIDAVSIUUDUNUAITULUUILTIAN

=~ 1 ! Y Y v 3 @ v 1 dy A Y o 2
UHRUIINITAID Iﬂflﬂ'lllfl'\uﬂufllgul@ﬁ]’lﬂﬂ’lu'lﬂuﬂﬂﬂ@ﬂﬁﬂwuﬂwu']@]ﬂm@\ialfuﬂﬂﬁeﬂ

235 MINATOUMIATLUNN
o <3 1 [ = A A é’ o Yo wAa 1
sasusamslausaazensimadoglimnaiuiliigquaasauiiduandag
v A (% 1 T 1y 9 49! U 9 =} ] 43! A
nudeiaadiulugaansasunseldgaiuneuuaninminiszeznainms laussunuiufons
NATOVUUVADA (Static Testing) LATILTIMULUNATA (Dynamic Testing) 11319 NTLHIAULT S

@

{ 1 a2 < @ g 2 wa 1 Y ~ X R
Mdesninlnasuaunuaninld Netlmsizauriaa1e  veuTagraleriaIuegnuons
A o . AqQ Yo 1 o Ao & [ Y v @ Y
M158AA7 (Strain Rate) N13naaevnlaiaaindsnunduiulumsmlviaquaniinniela
9
o o o T
MITVUIWVURVNAUTTEN I UMINATDUMINILUNN
I @ J J (% Ao & o
nmsnadeumInszunniumsiamsdearenasnunsuiulunisuaniin
@ 1 < 1 @ @ @
Y9939 AIANVUTILTINTATLUNNIZVIVONDIANUAIT0 TUMTT VT WU VR VNG Y
(Shock Load) usiwasauliennsoaduaziinets uanasnumsnszunnazgapdolylu
waneanvae U gnldlumsidegiuuudavguiaziun1svesiag uazusudeaniuein
A ~ Q" 1 [ I 9 9 A [
mMsnaouNveIFudIua1e 9 udy lagnmseonuuulnssaiuazinioddnsdsemsnsn
2 @ @ { ' { I 1 '
aoalnruauamsogagundsnuln ldunigamineziiuly 18 lugevesnisdangu
d' A 1% 1 d‘ 3 v d‘
nazlszmINaeInooIfon131u19D YLD DINBAANTQAFUNGINUYDUATDY TS

v
nageumInszunniz ldndsuvesgnaunszunnlisunadounanin Taewdsauoz e

3 2 I ~ o & 2 o
Wunuasailuesannsedlussosnanie a9auns 2.2
W =FD (2.2)

d’ = a w
1o W aA91U (UWIAULLAT)
A d‘ ) a w
F AUIInNnsem (UIau)
A 1 d’ )
D A9528LNIIUFINUTINTZI (1UAT)
o s A o Aq 9K o Y
mqﬂizmﬂmﬁmﬁammﬂﬁzLmﬂﬂamiammﬂﬂmwumwmw%ma
] [ [ . 1 { U %} Y] ] c?
NTSUNNDYWNAVUNAU c'fﬁmmm”lﬁ’mﬂmiﬂaaEJQﬂéj’uﬁmmmumuﬂuuuauawu%u
mﬁauﬁﬁammqﬂﬁmﬁq ﬁﬂgﬂ‘ﬁ 2.7 uﬁ’aﬁmﬁﬁmammmi@ﬂeﬁ’uwﬁ’wmmiﬂimmnw‘%’a
% 1 o [ v J 1 [
mmﬁ’mmumiﬂizLmﬂf’uamﬁm1ﬂwamwm3zﬂUWmmuﬁﬂﬂsueqgﬂﬁ’mauuawmmﬁ

ATLUNNAITAUMNT 2.3



13

E=w(h-h") (2.3)
=mg(h-h’)
A A v A 9 U Y % Y a (4
o E ﬂfJWﬁNTH‘V]"lﬂﬂWﬂﬂﬁﬂﬁ’E)EliﬂiJHWWHﬂ (HIUUAT)

A 90‘ @

w ﬂaumuﬂmmgﬂﬁu (HIAU)
A Y %’ @ a [
m  ABUINVDIANUINUN (ﬂTaﬂm)
Y ' [ o
h,h’ ﬁammqqgﬂ@nﬂauuazwmﬂimmﬂmmmﬂu (1n9)

[

A ' = 2 A o w
g fd @]31L3Q%1ﬂl!3ﬂﬂﬂﬂﬂﬂlﬂﬁjﬁﬂ (9.81 LAT/IUINNAITDY)

Starting position

End of swing

T T
\ >

JU7 2.7 AnHAUTMITNUVOUATOINATOLITINTZUNN

A [ { o v o @ 1 1
ﬁll‘]mm@ﬂﬁﬁﬂﬁﬁﬂWH‘ﬁﬂUﬂlTﬂ!mﬂﬁﬂfﬁﬂﬂﬁ?ﬂ'ﬂlluﬂﬁﬂ (Toughness) Iﬂﬂ
E‘ﬁlﬁﬂﬂli’)ﬂfﬂﬁLmﬂﬁ/ﬂﬁJ1’1]1ﬂﬂ15ﬂi$LL‘VIﬂﬁ%i’]tliﬂﬂigﬁulﬂﬂﬁjﬂWﬁJu Tﬂﬂﬂ'ﬂll!,ﬁﬁﬂ'llmgﬂ'ﬂﬂ
< A a ] ] ' o o
LLGINLliﬂ‘ﬂgﬁﬂ‘ﬂ‘ﬁWﬁﬂEJN?JTﬂﬂ’(’)ﬂ'J”I?JLLﬂiQGU’EN'Jﬁﬁ] ngIﬂEJ‘VI'JU],‘IJﬂgi%ﬂTSVIﬂﬁ@UﬂTﬁﬂiSLW]ﬂ

Tumsiannuunsaveaian



14

{ o o Y g @
Lli\iﬁﬂigﬂ'lclfl‘lﬂ'ﬁﬂﬂﬁﬂﬂﬂ'ﬁﬂfl'g!LVlﬂa']ll']iﬂ‘]/]1]19171\11u§ﬂ6113\1ﬂ']5ﬂ@\1@

~ A =

= (% A a ld‘Q YA (% d‘a 9 Y 1 (%
5A9 MIoA nien1sla uanteulsnouseansouazNionlFuseNganonsIng aIuLsIon

Q

a 9y a 1 & = o yy ! v ¥ o
uamﬁwmzi%mwwﬂimmmu ﬂﬁ@ﬂi$Ll,‘l/lﬂf’ﬂlﬂimﬂWUlﬂﬂ’JEJﬂWﬁJa’t’JEJQﬂi{]iJUTHLlﬂﬂﬁ
{ I @ ay
Lﬁ%ﬂﬁ@ﬂﬁhﬁ%ﬂﬂﬁﬁyu’)ﬂé}@ U1Qﬂ15ﬂﬂﬁﬁ]ﬂﬂ$£ﬂuﬂ1iﬂﬂﬁ’ﬂﬂﬂﬁLLGlﬂﬁﬂ"UfN‘]fllﬂﬂﬁﬂ‘U@glj’Jﬂ

3 < o 2 3
MINTZUNANIIATIUAD UWQﬂWiﬂﬂﬁﬂULﬂuﬂﬁLLﬂﬂﬁﬂ%u%ﬂﬁ@ﬂﬁ,’wﬂﬁﬂ‘iglmﬂWaWﬂﬂi\‘l

v X

v ' ! Y
ﬁ’aaumuﬂmu IﬂﬂlWNﬂ'ﬁﬁJ’gﬂgﬂﬁNﬂluﬁﬂﬂ N AUBUINUUANTD

q

1 < PPN o ]
pg19 13neumanagaunienlylasna 1l ldun n1snageunisnszunn
o g’; Iy o 1

uuUm151) tazuunloaea (Chapy and Izod Impact Tests) Tagnmsnagdounagiazyiinmslaus

o ¥ = ) v Ay a < <
nIzIAIENIsIgnduLaz IHyunaaeuNNTeINLAs NYINAED tazMInaaa Iz Y

U [ g’; e [ o y Qy <3
M3 1398 18MIANID MINATDUNIADIVVUA A UNNTBONUUUFUNATDULAZAINIZ)

9 Y oL = o <
ﬂlﬂﬁgﬂﬂllcluﬂTiﬂiZLmﬂ‘]fu‘ﬂﬂﬂ'ﬂ‘ﬂ TumsnageuuuumsUrunageuszgnonluanyuziiu

U

AUIAYI (Single Beam) HAIANTLUNNNUTNUMUNEIV09T090IN adulumsnageuuny

= 2 A = a9 &£ g Y 1
]'l’f)cli’ﬂﬂﬁ]zﬂﬂ%uﬁuslugﬂ"uﬂﬂﬂTHIﬂﬂ Llazﬁﬂi3“1/]ﬂcﬂﬂa’]ﬂi’]ﬂEU’]QWLNﬂ']UWU']i@Q‘U']ﬂ

»

Y Y v
Tumsnageumarimsgagundsnuszmuinlurunageulumsuvuloseadagilii 2.8

a [ @

=2 9 & g’./ 9 v o A 1 < A
ﬂgﬂﬂﬂﬂﬂa1Elﬁln\ﬁ/iuq(lullujﬁﬂﬂjﬂﬁjﬁ]ﬂﬂﬁﬂaq UAIFTU ﬂ’J”llJL’i’JilW]iﬁ”lHiHﬂﬁWi’JﬂQ

a a9

2

= 1

vlumsnagouminizunauuy loseans 11.5 WaaeIui luvaginisnagsuuuy

q

an

233

v
a

= g 9 ' 9 3 EY
“lﬂN'lui]g’QjﬂﬂﬂﬂfﬂEWNﬁfNﬂJ'NL!ﬁZ@QGlHLLU'Ju@u Iﬂﬂ‘lﬂfﬂ')']uliﬂ@jﬂﬁ{]llel,Uﬂ'liﬂizlwlﬂ

=)

o

%15
1A =1 2 o I 2 F) a = o Y a

17.5 }@@a 3N MIVINFUNAADVNIF0IU VD UMIHNLT VAUR M VTOIY FIazih 1vina

v L
MIPAFUUDINGINUNYARS AT NTIVUTHUNFUOUIZIAANTAn a1 lulimsinusa
Y o Qy =< o 9}::9’ a = @ P A a
RuIznsze lUmruau Fzimldsununamsde;lonsnnmsanseuinnnimnanis
- % o 4 ) o g’l ¢ 4 U 0}
uanin Feagihlinamanaaeunla liansoi ld1Fau'ld siililesaniagiszasnns
< [ [V d' 9 o [
naaouMInIzunNumMstalTnanasnundeIms lumsuaninueiae

) YY) 9 9 [ 4 I'4 dy I~

dmiviag Iz ldmasnaaenunudniiyates Tasmsnaaeunuutizily

{ 1 o [ [ 1 9 % o {

Msnaasunsnszunnnlausinszinludnyazmsdaisalenisdassfouinniinaan

] = d' 1 d' o 9/49‘ % EX '

AMUINTZEzANGINN 9 Tasnnugegeganmlisuauuaninozgnlylumsmainiy
1 o ) A Yo @ 4 c'dy Y o A ]

univueide uazdoyanaz lasuninminaaeunuusnigaues il ldun ugdaaudangu

o w

IS) 3 ! 1 a A tﬂ'
YANATATIU LASAUTBIAYUIRNAY



15

Striker / Specimen \ Y.

Support

A 2 I
517 2.8 Funageumsnszunnuuumituas lowoa

' Ao & Y Y Y
drudszneunsuiudeslauiasgiulumsnaaounisnszunnlann
: 2 vl 2 Y
NIZUIUNTNATOU UNUINFUIIY FATOITUTUNIU FUNAToU UIMNVY0IgnNaN taz
<3
AUIFTINTNIZUNNVDIGNAY
= d’ % =S
JUHVUNNINGERUOUATOINATOUNITNILUNAUVVUANTN 1UATINAY?
. I o &
(Single Blow) 7251 uasHl
9 %,’ v A A ~ 9 @ P ~ o Q)Qy
e gquihmiinmasunalsezliwdsnuraunnnanenizin isunaaou
uan¥n luuTnUNMU
[ o &2 ~ o ~ Y3
® UNUIN YATEITVFUNURMNTOTUUTINNTEUNn TAANT

v 9

® NITUIBAMIUMITANSINUNAUHADVBINAVHAININAFUNULANKD

D.

4
‘Wﬁ\NTL!ﬁ]ﬁﬁﬂﬁﬂiglmﬂfﬂ%‘l{nﬂﬁflﬂuﬁgFI’J“]J?ZI?J%1ﬂu1WUﬂﬂ‘]J§$WLIﬂ’J"IﬂJEj\WI

] ]
= A

o : %‘ ] J ] a I ]
’Jﬂiﬂﬂﬁﬂﬂﬁ?\iﬂ?ﬂuﬂﬂlﬂﬂgﬂgﬂﬂﬂﬂﬂﬁﬂﬂﬁﬂﬂ"lﬂﬂﬁ@ﬁig meaﬂéj'umi%g,ﬂﬁmﬂuamﬁma

Y G
]

A 1

AADNINAVDINITLUN AU NI BUTINUILAZANMTIANTY AoApIoganINNoALLWND
' Y v ' Y
11BINTZUNINUFUNY AsiuReInINg Inmsudadeas q maritliioaanansznuaINNTon

e ANUSTIATMMTTY



16

1 QBI 90’ % 4 % U
Llﬂu\i'luﬁlfu\ﬂuﬂjii]gﬁu'lﬂuﬂﬂJ’lﬂW’ﬂlﬁ@LﬁﬂUﬂUWﬁ\“N’]Ui]’]ﬂﬂ’]iﬂigllﬁlﬂ
£y 1o Y v a = = A ) '
GU'E]QQﬂQEJ !LaguliJV”GlWWﬁ\i\ﬂuﬂ’lﬁﬂﬁgl,!fV]ﬂ!ﬂﬂﬂ’liqtylﬁfﬁ]’]ﬂﬂ’lilﬁﬂgﬂﬁﬁ@ﬂ’lﬁﬁu"]]'t‘]\uﬂﬂu

Y H
MLAzFUIZADIgNIRBgNALazeg ludImishgnAsnaoanInadol

=
2.3.5.1 MsnAgoULUU5L (Charpy Test)
A = a =\ 4
inIvInaaeuMInIzunauuUTUnAzivuin 220 Youain
o Iy o o [ Qy a
dmiunaaeuTanzuaz 4 UouanadmsuFununaiddn (ASTM E23) gnauilsznoudae
=< Y A 9 [ 1 s 9 901 v A VA Y ,g’ A ]
HUUEAYNANNABUT UL LALUINTIAs TN UUIMITNAAREY Nilate gRauilazinas UL
1 g’; d' =\ a2 A 9/::' 9y d' [ QSI é 9
serINaansodaedn Tastluliada liNvosuniznszunndiuFunaaey Fidoanizni
[ Qy a 9 [ I U AR A '
MUFUNULINAMUNAazuaIUNaNNgAYeIa0ILIN
Y
FUNATOUNIATFIUTVUIA 10 X 10 X 55 Hadwas uazlimivinass
2 v o 2 2 v ! , o & v
nanFuau Hnaumils TasFunadeuazgnae 1iszriaunusesiuruau Tagaald

Hapsatnuseanniiu Il lunanazsimanszunn Aslulianfnedduanduazdnanszunnii

U u Q

Y
a2 [

Pl v [ v 9
ﬂ‘]Jiﬁghl.!‘I’iE‘Nii’N‘U1ﬂsllE’N"’Iﬂl\ﬂuﬁ‘]J'iL’J‘EI!ﬁ\iﬂfﬂxﬁzﬁ’JNLLTII!?@QT]JGD'UQTL! ﬂ\igﬂ‘ﬁ 7 NAUUM

y X o ' R Yy A o £
ﬂﬁﬂﬂgﬂﬂnmu]lﬂENu‘uﬂauﬂ'immﬂ umﬂa@ﬂgﬂﬂmmammmﬂ’immﬂﬂu%u‘nﬂﬁau

VAN AN

Hammer at initial angle O

Hammer rises to final angle B

~ [ I
319 2.9 dnvagmInagouMINITUNALUVHITL



17

U
[

v v N at ! ' A o a
ﬂiﬂ1]ﬂﬁ3LLVIﬂ@]'ﬁ]\?ﬂﬂmu@?ﬂﬂﬂﬂﬂi’lﬂﬂ’llluu@Llﬂ@ (04 @NT]J 29
v

D.

~

q
Tumagugdgndu luianudunsla q deinmsidasegnduaisazliyuraunioshaiu
9/ [ Y =] < a = = A v ¥
aset R Uyy o miaudluanuiueiezinnudsanuveunios aaiulums
v = = (S = ' dyQ/ 4 o Y 9
nageunsTNaNIungads llduanudeanumartiae iieviimsnadeu ldengndqu
A g/} Qy Y o J 1 Y %’ Y] Y A v a
Ty @ MniunsFunageudinuunug Udesquiiminaan lagliniiesed1avdsy
] H v v Y
1HiegNguIMIBINTZUNNAUFUNAdOUIZIRANTIITNAIUd MK H IR RUFUNATe UIWAA
@ ¥ Y ~ o o 9 9 ' v

msuanin 1niugnduaziiieaas ldadeas sihudeyueniniy B
' L 2
M TuNnANMITNYeIgNAY ANVE1IVOWUUGNAN TIUNT

1] Y

YUONEUAUNUYUINUEINTZUNNVOIGNAN (o waz £) Nnuuhimsmuiadigadasly

aun1s 2.4

E =wr(cos # —cos) (2.4)

= mgr(cos ff —cos )

tﬂ' A [ d' X v Qy a (%
1o E Aonasnunlglumsuaninvessunadeu (Hadumwas)
= so’ @ Y A o
w Aehviingndu (1au)
A Y a v
m  APNIAYEIGNAN (A lansw)
A ! = a = o w
g ApANMITININLIIRIgalan (9.81 wasAuiieniaiae)
= Y
ro ABANNEIUUGNAY (1WAT)
a foyuenNgNANITUAUNOUNTZLNN
f Aoyuengnduganenainszunn

23.5.2 msnaaeuudylowon (Izod Test)
A a = s

ineanadoumInszunnuu leseatndvzlivuia 120 Youdya

[ I = v o I K Y Qy
drumanadeusziunnu@eInunuuuuNI Dadnrunageutazjluuumsnaae vy

v H
anm lumsnageumsnszunnuuy lowena gnduasgnszunnaunihvesyunagouiiso
% v v W 22 < 2 3 K

VINFIILNAUAUAUMINATO VMUV ANVLTITINTNIZUNNUDIFUNATOUIZYUDY N

AnyuraInszunn Falndmwasaiumsnszunnaunsaeiu 1d lagassanniunsesnaaou



18

o 4
2.3.5.3 MINAADUUINNYAIUDT (Hatt — Turner Test)
4 4 a 9
MInagouMInIzuNNUUULINNgaues lasdnasslslunis
v [ %’ @ [ Qy A
nadeuiag gz dadieildesgnduiihmiinasinszunniusunagonluuuifaiumsg

v 12 AR L] a A =9 2
T4 %uma@mmﬂu%u”lmmﬂﬂmzmum 2X2X30 U UAZFUNATDUITYNINUU

a Sid'

Y 1

unuva 28 1 Tasgnauezgnilaesaasananaaumung Tasanugaueagnauis uaua
2 2 . 4 3 2 g4 = 2 y 2

1117 ntuszshmsmuanugavuasaz 1147 lilises o audennugs 10 Housn SFuau

v ] Y Y Yy Yy Y

1 hiuanin ldmuanugaintuiiuadeaz 2 11 awnhFunuazuaninuie¥uaunams
v =

179490 6 U7 91NN INITZUNN

o 9

e ladoyandsnindimsnadeunisnizunn 1dideyanis
° T I = < a o 1
nageuIMILIAMIAIAN 9 unamsnadeudziuduiavesidgeae
1% @ 33 1 v { o
®  WALUQATY (Absorbed Energy) tHuamasaiunldlumsvirld

o & ' ' ) . Y o
’ﬁﬁ]u@m‘l"fﬂ GTN‘VH?HIﬂElﬂﬁ@1uﬂ1ﬂﬁu1ﬁﬂﬂl@ﬂlﬂ%@ﬁﬂ@ﬁ@ﬂ ﬂ%ﬂﬂ’]ﬁlﬂﬁﬂiu’Jm%TﬂﬁNﬂﬁ

NAINURAFY AYTUNIT 2.5

E =wr(cos f —cos ) (2.5)

=mgr(cos f —cos )

® A1MINTZUNN (Impact Value) n1ldvinmsihamasnugady

Y H
ﬁﬁﬁ}’wﬁuﬁﬂljj"lﬂﬂﬂﬁl’m‘!i’é]\‘i‘]ﬂﬂ PNTTUNIT 2.6

AMINTZUNN (Impact Strength) = (2.6)

> | m

DNAINUYAN
k4 H

A
fl
A A A Y o a 1

ABDNWUNHUINAUIIUIDIUIN

® 50uUANHN (Fracture Surface) WEMMINATBUNMITATEUNNNY

[ @ d‘Q ds! A o [ @ =\ é a 9 dy d'

209 sRULANHAMINAYUTDUUUADTBANY NS 1ZAUTaUAN T e FednaLaInun
v 9 H v

mnﬂawm%zagmnmﬁeﬂmw@ﬂu@m ’muﬁu*’71mimewﬁm%agmwmmw%mm

% d‘ = 1 = 1 dy d' = d’ o d%’ & a

Tagseu Tﬂmﬁ@‘nmummwzuﬁﬂmuwu‘wﬁa@Lmﬂmumaﬂmmmﬁ@gﬂiwmu ¥91na

wudasgvesiesasmuaniin



19

9 . I Y
® Spgazmuanuuulse (Percent Brittle Fracture, %B)Lﬂuiaaaz

Y H ¥ ' 9 Y
%ﬂﬂﬂ@]iWﬁ?uﬁuﬂi@ﬂuﬁﬂL‘lJ‘ﬂ%ﬂﬂﬁuﬁ3’E)EJLLG]ﬂﬁﬂﬂﬂﬁhﬂﬂl@ﬂ‘]ﬂuﬂﬂﬁﬂﬂﬁﬂWWiﬂEllmﬂlfﬂiw

k4
3

= I 2 o ] Al Aa Y] 3’; ]
AN UINTUUDIHANTIUINNIALAZUANLUVHUNT U Iﬂﬂuwuﬂwﬂlmﬂﬁﬂﬁﬂﬂ1ﬂﬂﬂ

= v v ¥ o &K A o
UUHILTINDTSUNNUAL TS ND UL 'if)EJa3ﬂﬁlmﬂL”]Jﬁ']%ﬁTulﬂIﬂﬂﬂﬁ’)ﬂWUﬂiﬂﬂlmmﬂ'i1$ﬂ1J
ki v

A A e Y o o
Wum@mmﬂmwmumuﬂﬂmmmmnﬁums 2.6

%S = (C/A) X 100 2.7)

k4

A A A A a & A y
$V13} C ﬂﬂwu%ﬁﬂm!@]ﬂ!ﬂﬁ']z 1o A ADNUNTDIUANNNIVIUA

9 = . I Y
® 39uarIRULANIYNET (Percent Ductile Fracture, %S U5 ooas

¥ H F4 v 9 Y
"U’EJ\‘]fJGIiWﬁ’JUﬁu‘ﬂ'ﬁf]Ell,mﬂl‘l’i‘uﬂ’)@lf]ﬁuﬁi@ﬂ!&@ﬂﬂﬂﬂh@ﬂl@ﬂ%uﬂ@ﬁ@ﬂ ANINTDULANIIUYD

[

Y ' 9 Y
ﬂgﬁ ﬂymgll@ﬂ@']umﬂﬂlﬂiusluuuj 45° ﬂﬂlli\jﬂigllﬂﬂlla$ull|ﬁ$1ﬂ@ullﬁ\1 IDYASNITLUAN

Y o f A o { A g}/ o
L“Viﬁfl’)’i’i1@1’Jﬁlﬂ1i’)ﬂﬁu‘ﬂﬁﬂEJ!,LGIﬂL“IKTf!‘(’J’Jﬂ‘]J‘ﬁ’LlTIi’E]fJLLGlﬂﬂﬂﬂhﬂ!t%ﬂﬂWHﬂlmﬁWNﬁﬂﬂWi 2.8

B = (F/A) X 100 (2.8)

¥

A A A A =
$V13} F  AWUNTDUANIYIUYD

o . 4 o
e gunginlasumlasaa1ugaIn (Transition Temperature) 1391

Y v H 1] H
MINAFOUFUNIUNAIY ) FuNgUUTIAN 9 nu tommguugimwz Nk liiaqnans

= = o Y v = Y v ~ dy a
nlaguulasaaiugain deazmlniaguanuainisalunsgadundsnuuazinunisoy

= ] Y a A 1 ado A a = I
sanagulledraunn dudelomuguugiiiaguzldsunganssuannmieniunlsz

A I = Y
Wi zlumtenlunenauny

o thigﬁmirﬂﬁauuﬂmﬁ'ﬂymziaﬂum (Fracture  Appearance
.. <3| ado aX Aa | A
Transition Temperature, Trs) Lﬂuqmwgw FANNUNHITOYUA NN UYUNINUNUNITDYLAD

P
aA A v 9

9 v 9
SIERH uuﬁaqmwﬂ“u U ﬂﬂ‘ﬁ%u\‘l']uﬂﬂﬁﬂﬂilwuﬂi@ﬂﬁ%ﬂ?iﬂﬂﬂlﬂﬁ"mﬂﬂﬁﬂﬂﬁ%ﬂ'lilmﬂ!,ﬁﬁﬂﬂ
' v
minuiesaz 50 Sevazmsuanriniiesiinsnadeuiaqilogurgiiliaaliiesaznisuan
= A 2 Il < @ a a I = v W
IHUHYUNVVUBDYINTIALTY Iﬂﬂ?ﬁﬂﬁ]glﬂaEJLle]@]ﬂiill’iﬂﬂ!ﬂi1$L‘IJ1!L1’11!EJ’JLLZ.’I$11WINﬂﬁ’]JﬂLl

o { a 3
Jaguznlasunganssunmmtienriieniulig



20

® guv)inmasunllaanaaIuQAsy (Energy  Transition
<3| A = P~ o @ ' S & o~
Temperature, Tre) (Huguuginiaginmai/asuuilaimsgadunainuediesiaEiaaim
MUY UNYL
Y
NIVEIEAMLIVIN (Lateral Expansion) ADAUNINV0IFUNATO
A A da! = v 9 A = [ Y a ! Y o 2L
MU NUsosuannauignaszunniisuiuaNun Nuauma 1a Tagmsidua
nageuiiuMsnadouNhimIavanune udnih lldnnummsveeaanuiuna

AIFUNIT 2.9

MFVEAWUIVIN = a — b (MU8UaAUAT) (2.9)

a v d' d' k4
24 NHIVEUNINYIVOY

v v

ioannmsaveiagaon Indannaywailiutasmsnageuguantianianalin

v o

v v a v o a a J [ ] g’; a
ﬂé’mﬂﬁmuﬂmmnﬂmimmywam@ﬂﬁvuﬂmeﬂm%ﬁﬂawﬂ%ﬂwm FIUNINUIVYIN

'
A o

N o = ° Av A A Y o Ay ¥ Y X v 7
ﬂ@NIWﬁﬂ%Tﬂﬁﬁﬂﬂu ¢ WUBDUUAUBDNITIVININYIVDINVINIUIVYVINAU "]Nﬁ]gnlﬂﬂigft!ﬂ@&l

q

f
Y
¥
a o 49’9)
Tunuddetiae
. . YR o a a o o @ F) [
Pickering, S.J. (2006) lafnyimsihvernaradnyiames Iuaiinauun gl

[ 1 a

0 3w & A gy ¢ A g o
Tasthuwauiluigaaon Tndame awmes sl uidaodiunsdlagiininaaey

q

2 J A g 9 a o ' J Aa
‘VNGUEJ%L‘V]E]5iulcﬁﬁﬂlﬂu@1§ﬂ1ﬂllaglﬁu13 AMNMAANTTIVYNUIN "lJEJ%L‘VIE]iTlIL"]W]VIﬂJ NHMUS

(3

I o [l wa A Y 1 o {
Wursir ldanuruuniutazauanifFinavesigaanas aauvezmos lusanlanyae

'
[ I

I Y = a Y A va Aa d‘ddg! =~ [ A
Lﬂumu%uﬁﬂamwmmmmmuiﬂﬂ UAUTUUALTINANAVU ﬁWﬂL‘V]EI‘Uﬂ“U’JﬁﬂV]VliJZJ

q

a = A A 9 A =~ [ A A a 9 9 A o
NITLATULLT l,mllﬂmﬁllUﬂl%\iﬂaﬂ@ﬂﬂﬁ3J1L3Jf]mEl‘]Jﬂ‘]J’J’dﬂﬂf)uIWt’fﬁ‘mﬁﬁm&i\‘iﬂ’wlﬁuiﬂﬂﬂﬁ

(BN dg! ]
Tusumsvugtnneu
YR o =\ I

Panyakapo, P., and Panyakapo, M. (2008) lamnpimsviervezwa vyl

gulsznevvesnounIaNla Taelimsanylsuadadiuvesainlsznouais q Tu
a I~} ] 4
ABUAIANIAIL TABB199991INANUUT T INALATANNHU W 1R ATInIuNIAT§IU
[ 1 1 ' %’ ] {
BNV WANITIVONLIUABNA N UFINITOFIGaAANUNUMUUFIM N8R W NN
] Y A ' o A Ao v 3 o A o '
08238128 11199210ANVDITUNIZVDIADUNTANGIA LALIHITNUDIABUATANGI 1AL
1 I~} 3’, %

WIATTIUUAANNUTWTINAUUA T 0T UL JART I IAT U

Durand, J.M., Vardavoulias, M., and Jeandin, M. (1995) Ulﬁ}ﬁﬂﬂnﬁﬂﬂﬁﬂmiﬁ%ﬁﬂ’?ﬁﬂ

A a 4 9 a I =Y [
aouIndavinlavizuazwoauos lasldnussiindueoymadsuusaluiag uaznadol



21

a o 1 [ % a 9 § 2
MIANNTO HAMIIVeNUN Taq TanzwaunueynasiniinnuaunIums InrsoNavY

D.

[

daufaguedeinauiveymamslininnuduniumsanuseiiesasninagh lu
HEUDLNIN LAZIUIADYNIATUIAAINGT 20 pm 1 IHANNAIUMUMsEnrToanas Tung
v o oo ~ v ' o Y Y =2 ddg! a
naunUeYNIAYIAN1¥YN120  um Mlvanudumunsanvsoavy taylulium
= 9 = d'
UMA 20% laglmnasidnenmlumsaumumsanisoniniga
Y= d' v 9 [ a d' ' [
Zhang et al. (2009) laAnuuneInumsailiagaon Indainanszrielaneny
a ) <3 @ awv 1
pymMAozgiu Az MagouANULdILTINALaz AN TATIa5 19U Tag HANITIEWD I
{ a A <3 4 o {3 1
Tang Nnauoyn 1A QNI TOANANULTITINA 1 111099 1N H LT T TITLHI
Tanzuazoymar liusanadunsooiemas ldfoyniavesnsezgiiun1a uaz Tnseadeves
)
Y] o 1 g [
aguuwuIniulnsedsrvesiaaulse
Thirumal et al. (2010) ladnwimisiuuaiulnaveaa (MPP) uagmaiiiv
I ' va A
lygnysa (MC) wwauduaisming I lu vy Twddgsmu (PUF) tagnaasugaaiiaizing
pazdlszansnmnmaniag il wamsisewnn Iy PUF Miau MPP laiauiiaidanaiianag
[ A A =\ A A d’dtg 1 wa kY } 3’,
dauTvly PUF fidu MC Tnaauiadnanavu aruauanianisdiumsniag ling Mpp
d‘ a = V=) 9 [} d’dtg 1 Y a A
uaz MC Atdvas 11y PUF Taaauianmemunmsvuae inaau ua MpP vz 1¥dszansam
mMsvue Innan
Gnjidic, Z., Bozic, D., and Mitkov, M. (2001) ladnuimsadieiaqgaonIndaszning
Taviguaziys1iin uazinsnadoUUsINg 2IAKRANITITonUIe YA IIn A lse
IWNAIAINAUATIN (Yield Strength) 1aZANORATUDIANINGANEGY (Elastic Modulus) UAYE
1 I o 4 [
anAAININUANTIGIFA (Ultimate  Strength)  HazANuTeIvesiag oymanivinalng
(33 um) M lkpuaiATInaanas
Bauri, R., and Surappa, MXK. (2009) lasinuimaaesadreiagnenIndgaain
I 4 o 4 I a
Al - Li alloys Hutiie Matrix waufiueyn1a Silicon Cabide (SiC) tioriluoymaaTunsinay
o 3 ' 4 A o
MNITNADDIANNUUILTING ( Compressive Strength) W‘]J’NLﬁE]LWﬂJﬂQ‘iiﬂmﬁ)lgﬂWﬂﬂﬂﬁ}ﬂ’ﬂu
[ o A dg! =< = 2 A = [ A A D
BV IagNIHAN IuSnamianz iA NN IgIgauaz e lT Ay
] <
Ao ldanuuiansszanas
Damadzadeh et al. (2010) 1@viimsAnyinaasslunmsaiieiganonInda 2 Teaan
. o & ) w
Poly — L — lactic acid t48& Poly — L — lactic — co — glycolic acid duiieans (Matrix) NaUNL
. <3 o 1 4 a
#1N1A Hydroxyapatite (HAP) 1azNA®0UANULAUITIAN (Flexural Strength) WUIUUDIANETT
v A o < @ 2 4 v A
auauuuueymah ldanuudusssaasaslsduasemulinaeyna iesnnaisduan

uuueyna e msaAusos Crack vouiag lamilounumsanauuuuidule



NN 3

v
U

YUADUMIAUHUNTIVY

3.1 nan

v =)

= aw 2 N A < = A ax
ﬂ’lﬁﬁﬂ‘]&l’lj"ﬂElﬂ'li6111!3L]J'Jﬁ'ﬂﬁllclﬂﬂafﬂ'lﬂlﬁyllla'luu LL]JUﬂ'liﬁﬂE']LW@WTJﬂVI'I\‘I

q

=

a = an 49! = A Y [
amlimmmmazmamuuazmawnwwmimugﬂmamumnaaﬂmﬂﬁvwawm

& Aa o dy = = 4%1 9 as o < I A A 4 g
Faluaruddeideninyin1svuglaledsmssnan 1ulIsnlszgnauiainmsaugy

9
a Y o

d' kA a 9 45! =) = va Aa
Lﬂﬁmﬁuﬂmwmaﬂﬂum’a‘mugﬂﬂuaaﬂ ﬁﬂﬂuu‘l/m]ﬁl‘lﬁ'ﬂﬂlﬂﬁlﬂﬂﬂ!ﬁhﬂm%ﬁﬂaﬁﬂﬂﬂﬁ

A 9 9

da! [ [ g’/ a o dyd = an d%l = d’ A
GU‘L!E”]JLL”U‘]J@WE?JL! ﬂﬂuuﬁu’ﬁ]ﬂuﬂﬁlill@uﬂ’)ﬂﬂTiﬁﬂ‘HTJ‘ﬁ‘V]NﬂTi"ng‘]J [MITYULIATDIND

Re
e

a A

Y
t’??‘l’iﬁ‘ﬂﬁugﬂ N3N AY YUIUFUNAT NATDUAUTNUALYING mm%’auuazﬁﬂm

Q U

Tassardravesiags lmAannaumaliuadwmudalugili 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
! ]

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

- Tensile test
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1) RTGRETAT! Wa%’maﬁ"laﬁ LT (Melamine-Formaldehyde Resins) ‘ﬁQLLU‘ULﬁ‘H%mmi
Gﬁugﬂuﬁ’a (Melamine Waste) 1182Ha411 1151 52n01 (Melamine Compound)

2) waniuRIaIaAn M200

3) hindu (Distilled Water)

4) @159ARNNIY (Silica gel)

3.3 insesdenlyluaidy
1) IAT99UARENAIAAN
2) ALUATITOULEAVUIA
3) INTOIUANTULLUQNUDA (Ball Mill)
4) 1A3090AVUIA 60 AL
5) IA3098AT oY (Compression Forming Machine) ju Long Chang Y110 200 AU
6) wiuNamusaugEy
7) 13098 1NIY
8) AN
9) ATLTATHNIIBUDS 600, 800, 1000, 1500, 2000
4
10) Tn@AANFY (Desiccator)
11) i].ﬂél:)’ﬂ (Zip Lock Back)
12) 1A509%4
13) gaileruanuiou
14) nosHies
15) iATeaNATe U TT AR (Universal Testing Machine) YU19 5 kN 12 50 kN

: 3
16) Lﬂ%ENV]ﬂﬁf]ﬂﬂfﬂmml\m‘iﬂﬂimMﬂ (Izod Impact Test)
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17) 1A504 Differential Scanning Calorimetry (DSC)
9 J 9 . .
18) namfgamiﬁmmu%mm (Optical Microscope)

19) ﬂﬁ’m@amiﬁﬁgmudmmm (Scanning Electron Microscope : SEM)
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Pre—Heat at

90-115°C

Compression Forming Melamine Product
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o b

Final Shape of

Specimens

©

®

Cut to Specimens Shape and

Finished with Sand Paper

®
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Weight Materials

Pressed Forming
>

Pre—Heating at

100°C 15 Hours

Heating at 160°C

1 Hour
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Specimen No. Pre—Heat Condition. Heating Condition
Temp. Time Temp Time
1 0
100°C 160 °C 6 hr.
2 6
3 18
4 36
5 54
6 9
100°C 160°C 6 hr.
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7
] 15
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Specimen No. | Pre-Heat Time | Mean | St. Dev. T P—Value Difference
2 6 76.62 6.84 -4.69 0.018 No significant
6 9 79.94 6.87 —3.70 0.034 No significant
7 12 78.41 7.48 —-4.26 0.013 No significant
8 15 87.66 9.18 -1.09 0.357 Significant
3 18 90.12 3.09 - 1.064 0.200 Significant
4 36 92.6 4.29 Ref. - -
5 54 84.73 2.80 -6.93 0.001 No significant
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Specimen No. Pre—Heat Condition. Heating Condition

Temp. ('C) Time (hr.) Temp.('C) Time (hr.)
1 155 6
2 155 12
3 155 24
4 160 6
5 100 15 160 12
6 160 24
7 165 6
8 165 12
9 165 24
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M15199 4.4 HAMIFAUIUNNETDANIY Two — Way ANOVA A1u¥ 03U 95% voadauls

Qmwgﬁ (Temperature) L8437 (Time)

Source DF SS MS F P
Temperature 2 201.461 100.731 4.23 0.103
Time 2 623.641 311.820 13.09 0.018
Error 4 95.720 23.818 - -
Total 8 920.372 - - -

S =4.880, R — sq = 89.65%, R — sq (adj) = 79.30%
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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, thiz study aims to investigate the
proper proportion of virgin Melamine powder and
waste Melamine in order to increasse 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 produets. 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 biochemical 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 inerease 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. Thermaoplasties, i.e. Polyethylene terephthalate
(PET), Polyethylene (PE), Polypropylene (PP),
Polystyrene (PS) and Polyvinyl chloride (PVC),
Can l)!‘ l'(‘!]&-’(‘(] in I.}'l(.‘ i}l:ﬂSLiC I'(?pl'()dllﬂl.l(]f] I}IWK:(?SS.
2. Thermosetting, i.e. PUR, Epoxy, Phenolic and
Melamine, these types cannot be reused due to
erogs  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
eritical  point. Normally, high temperatures
combined with high compressive forees 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 speecific weight about
1.45-1.52 (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 conduetivity, it is an electrical resistor and
is unmatched with high electrical frequeney.
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
composgite material. There are technologies that
can used to produce powder and fibrous recyelates
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 25-90 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 mized 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 cm.
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 (.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.

®)

@

(a)

©
Fig. 1 (8, (b) Unusable specimens or defect part
(Mixing ratio, 60:40, 50:50).
(e), (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,
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o o
® o N

——— 1 /¥

Flexural Modulus {GPa)

e N & a

] 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 minimuwm 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, ete,

As the waste Melamine increases it causes a
decrease of matrix which has a continuous phase
effect to the flexaral 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 m) . The waste melamine causes
an increase of the roughness and reaches about
93%, 123%, and 139% respectively.

3

25

Rouhness,Ra (pm)
-«

Lo [

10

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 thig study was to form recycled materials
from waste melamine. It is desired to use cold
compression molding, which consumes lower
(}nt?l'gy ODIISUH'IE}L!.(JII in l]'l(‘ F{)r[tli!1g pl'()(:ﬂs-“;es. Oi‘le
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 S-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 156 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),
ean be reused in the plastic reproduction process.

2. Thermosetting, i.e. PUR, Epoxy, Phenolic and
Melamine, these types eannot be reused due to
eross linking among the polymer chains,
Thermosetting has more durability, high
temperature resistance and it will be immediately
melted when reaches the melting point. [t 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, 1998) with high strength and
hardness. For electrie eonductivity, it is an
electrical insulator and is unmatched with high
electrical frequency. However, it is popularly
made for some electric devices instead of
Phenolie. 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 |228-510 MPa
Flexural strength 62-110 MPa
Flexural modulus 7.68 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 mald is opened and Melamine product is
removed from the mold.

Several fields of material forming research
studied on plastic recycle and plastic deformation.
S.J. Pickering (2005) carried out studies on
technologies for reeyeling thermoset composite
materials. Mechanical and Thermal recyeling
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 recyeled
materials usually have lower density and
mechanical properties than the original fresh
material, The fibrous recyeclates 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 eombination. They have been reported
that the waste melamine could be reused in some
type of lightweight eoncrete.

The ultimate goal of this study was to use cold
compression molding, which eonsumes 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
precheating 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

*  Moisture measurement

Fig. 1 Experiment procedure.
2. EXPERIMENT

2.1 Melamine powder
Industrial grade melamine powder (ready mixed
with eellulose 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 nmlding'). The specimen  was
formed by hydraulic press without heat. Then,
pre-heat at various time periods was earried 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 8]
2 100 C 5 160 +C | 6 hr
3 18
4 36
5 54
6 100 =C g 160C | 6 hr.
7 12
8 16
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2.3 Measurements
2.3.1 Bending test

Dimensions of standard specimens (ASTM
D790) are 125 mm.X 127 mm. X 52 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, cooling 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 eause by
meisture 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.

Fig. 2 (a), (b) Specimen without pre — heating.
(¢}, (d) 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 8, 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 6-183
hours.

120

Flexural Strength (MPa)
2 8

6 18 36 54
Pre-heat time (hour)

Fig. 5 Flexural strength of specimen no. 2- 5.

120 -

Flexural Strength (MPa)

o 8 & 8 8

3 9 12 15 18
Pre-heat time (hour)

Fig. 4 Flexural strength of specimen no.2, 3, 8, 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: p = 90.12) vs (Hi: p# 90.12) with confidence level 95%.

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

2 6 074 487 (57.72,88.71) | -3.47 0.040
6 9 7.63 341 (72.58,88.59) | -3.06 0.028
7 12 10.37 464 (63.54,89.29) | -2.96 0.042
8 15 575 2.87 (85.04,103.34) | 142 0252
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 decreasad as increasing
af precheating time.  The exponential function was
proposed to predict the remaining moisture content
in the specimen after sintering as follow:

v = 2,8058¢0 ton

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
caleulated to be 2.657% moisture.

5 -
30 4
25 4 X
2.0 ————n
15
10 4
0.5 o
0.0 . 4

0 20 40 60

Pre-heat time (hour)

Fig. b Remaining maisture content of specimen no.
25,

% Moisture
!
|
)
!
|
%
|
!

4. CONCLUSION

This study aims to study influence of pre-heating
an 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 eould be concluded that the
cold forming process with pre-heating has the

potential to form the melamine product. It is
recomnmended to formm and test the specimen
which iz mixed belween waste and virgin
melamine for the further study.
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