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CHALERMCHAI CHAITONGRAT : INFLUENCE OF MELAMINE
FORMALDEHYDE WASTE ON MECHANICAL PROPERTIES OF
LIGHTWEIGHT CONCRETE. THESIS ADVISOR : SOMSAK

SIWADAMRONGPONG, D.Eng., 192 PP.

MELAMINE FORMALDEHYDE/ WASTE/ MECHANICAL PROPERTIES/

LIGHTWEIGHT CONCRETE/ RECYCLING

This research presents the influence of melamine formaldehyde waste (MFW)
on mechanical properties of cellular lightweight concrete (CLC) as fine aggregate by
partially replacing of river sand. The ratios of binder-to-fine aggregate and water-to-
binder are 1.0 and 0.5, respectively. The replacements of sand by melamine
formaldehyde waste are 15%, 25% and 35%, respectively. The replacement of cement
by fly ash is 10% by weight. The densities of fresh CLC are 1000, 1100, 1200, and
1300 kg/m® at the ages of 3, 7, 14, 28, and 60 days. Physical and mechanical
properties of CLC containing MFW were evaluated. Physical property tests included
fineness modulus, particle-size distribution and specific gravity, while mechanical
property tests included dry density, compressive strength, water absorption, thermal
conductivity, porosity, microstructure and heavy metal leaching.

It was found that 25% replacement of MFW vyielded the appropriated
compressive strength and it was also found that the compressive strength increases
with replacing of cement by fly ash of 10%. Then, a full factorial experimental design
with center points is used for the analysis, three factors each at two levels. The results
indicate that values of dry density were slightly fluctuated from design density for

mixtures containing of MFW. The compressive strength of CLC containing MFW is



higher than that of control CLC while the water absorption increases with increasing
MFW replacement. The replacing of sand by MFW significantly affect thermal
conductivity of CLC compared with the control CLC. The MFW replacement of river
sand increases the total pore volume and reduces the average pore diameter of CLC.
The recycling of MFW as fine aggregate in CLC could be reduced the heavy metal
leaching from the CLC compared to leaching from MFW. The heavy metal leaching
from the CLC does not over than that the limits specified by the US EPA, Test
Methods for Evaluating Solid Waste.

The results of this study were expected to report the useful finding for
recycling scrapped MFW by entrapping in CLC. The MFW from melamine product
manufacturing have potential to be recycled as fine aggregate for non-load-bearing

lightweight concrete. The appropriate sand replacement ratio should be 25 wt%.

School of Mechanical Engineering Student’s Signature

Academic Year 2016 Advisor’s Signature
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Tuili@eriu Kim et al. 2010) Uszmaninald Tdsisaumsiszivlszansam
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113l n.71. 2014 Saikia and Brito (2014) 131891 5An Y1 duiiAIFINaveInOUNTA

HErUIAEYIA PET Tagmsunuiiniasinsssuma nilglsuana iy mnunie uuuuny
) .

(flaky), BUUNE1Y (coarse), HazuvUINA (pellet) Tasn1sunuinsivdosas 5 10uaz 15

v v 1 Y
TaslSu105 91NNITANHINDIT NITUNUNNIEA0AYYIA PET Mnuau M ldainias

9
v o %

FUNTIBANATMAIS USRIV NogaadanguazMaIsuusInaaaad onnegiuu

U

o A ' o w v v

1 < o
IABYIA PET §9lHanoi1aIuednounsa na1ne 1auv2a PET uuuilaldmaasuns
YOINDUNTA TAAN I ULLULALUU LYY AR
a a < Y o ' 1% 1 %
n33 lsAaveznaradan Tagldiiuigananluiagnoadie dsnaindeau #ala
3’, = o S a A Ao ~ a 2
5IUTINAWATY A9 2005-2014 Tagswunidlu yiiavesvez wara@niihuis lyda USua
A 7 ' 9 [ A J ~ a
msunui tazlsznnvesiggnead e awsonaas lasaglasnisiei 2.2 wu mss lda
a <3| v 1 [ a J
wunargan lagldiluigaulasauluaiuasuniadiulnailunaradnilsznnmes Ty
a o a a %,1 &
waraan SmanENe A NauNI U Ian (polyethylene terephthalate; PET) 11NVIAUIAY
A Aa X a i~ ~ a ¥ a gy 2 X ' oA
esmnwaradnlszmniinsgllaalualsmangann annaluu Iumuyuedneliio
' ~ a a 4 a ~ v A 19 = g
Tugruvesnss lmfanara@niszinnmes luaeasluauasunindiliogios 9nneain

o [

dailddonui ms3 ledawemaradnlaslfiluiag

v 9 o

=2 a A A 1
NITANEINIUIIYNINYIVDIAINEA D

[

v Y
a3 lunuAUNIA dINanoaNIAA1E 9 YaInoUNIA IagaTuanInInIT1en 2.3 Al



23

A A Ay N ~ s sY o ~
AT NN 2.2 fniI,L‘Vllﬁflll'Ja'i'lll‘ﬁﬁillGBTGIﬂ'Jfl‘JJ'Jaﬁ'J‘JJWfﬂTﬁ@ﬂiucﬁlﬂuﬁuﬂﬁﬁ'ﬁ/ﬂ@l‘lﬂiﬁ

Year Reference | Types of composite Plastic waste Amounts of substitution
Choi Mortar PET-bottle With fine aggregate 0, 25, 50 and 75
vol.%
2005 Silva Mortar PET-fiber Content of fiber 0.4 and 0.8 vol.%
Laukaitis Mortar Foam polystyrene Cement : polystyrene 1:1, 1:1.5, 1:2,
1:2.5and 1:3
Marzouk Mortar PET-bottle With fine aggregate 2, 5, 10, 15, 20,
30, 50, 70 and 100 vol.%
2007
Butayneh Mortar and concrete Plastic, glass and With fine and coarse aggregate 0, 5,
concrete waste 10, 15 and 20 vol.%
Panyakapo Non-load-bearing Melamine With sand fraction in aerated concrete
lightweight concrete
Ismail Concrete Plastic containers With fine aggregate 10, 15 and 20
2008 (80% polyethylene vol.%
and 20% polystyrene)
Mounanga Mortar Polyurethane foam Polyurethane foam : Cement 0.02,
0.03, 0.04, 0.05, 0.07,0.12 and 0.15
Albano Concrete PET-bottle With fine aggregate 10 and 20 vol.%
Choi Mortar and concrete PET-bottle With fine aggregate 0, 25, 50, 75 and
100 vol.%
Yesilata Concrete PET-bottle and rubber | Content of PET 10.27, 17.11 and 17.16
and Content of rubber 18.52 w.%
Kou Lightweight aggregate PVC pipe With fine aggregate 0, 5, 15, 30 and
2009 concrete 45 vol.%
Kan Concrete Polyurethane foam With fine aggregate 0, 25, 50, 75 and
100 vol.%
Kan Concrete Polyurethane foam Temp. 100, 110, 120, 130, 140 and 150
°C and Time 15, 30, 45, 60 and 120
min.
Remadnia Mortar PET-bottle With fine aggregate 35 vol.%
Akcaozoglu Mortar PET-bottle With fine aggregate 50 and 100 vol.%
Kim Mortar PET and PP-fiber Fiber fraction 0.50, 0.75 and 1.0 vol.%
Asokan Concrete glass fiber reinforced With fine aggregate 5 and 15 vol.%
plastic
2010 Hannawi Concrete PET and PC waste With fine aggregate 3, 10, 20 and 50
vol.%
Fraj Concrete PUR foam waste With coarse aggregate 34-45 vol.% of
concrete
Frigione Concrete PET-bottle With fine aggregate 5 w.%
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A A ay a = o Y o =l 1
M1IWN 2.2 fﬂiLL‘VI‘L!‘VI?J’Ja'i’JN‘ﬁSiiJGBWIﬂ’JEJ‘JJ’Jﬁi’J‘JJWEI1ﬁ@ﬂ1u“ﬁluuﬁwﬂ§@1§/ﬂi’JUﬂi@ (919)

Year Reference Types of composite Origin of plastic Types and amounts of
waste substitution
Rahman Concrete and block HDPE and PUF waste | With coarse aggregate 10, 15, 20 and
2012
25 vol.% and 33-90 vol.%
Saikia Concrete PET-bottle With natural aggregate 5, 10, and 15
2014
vol.%

A13199 2.3 auianenavednsunsan lasieu luissunssunmneldna

Reference | Density | Slump | Shrinkage | Compressive | Splitting | Flexural | Elasticity Water Thermal
strength tensile strength | modulus | absorption | conduc-
strength tivity

Choi ‘ f n/a ‘ ‘ n/a ‘ n/a n/a
Silva n/a n/a n/a n/e n/e n/e n/e n/a n/a

Laukaitis ¥ n/a n/a 4+ n/a n/a n/a n/a * (fine)
Marzouk ‘ n/a f ‘ ‘ ‘ ‘ n/a n/a
Butayneh n/a ‘ n/a ‘ ‘ ‘ n/a n/a n/a
Panyakapo ‘ n/a n/a ‘ n/a n/a n/a n/a n/a
Ismail ‘ ‘ n/a ‘ n/a ‘ n/a n/a n/a
Mounanga ‘ n/a f ‘ n/a n/a n/a n/a n/a
Albano n/a ‘ n/a ‘ ‘ n/a ‘ f n/a
Choi ‘ f n/a ‘ ‘ n/a ‘ ‘ n/a
Yesilata n/a n/a n/a n/a n/a n/a n/a n/a ‘
Kou ‘ n/a ‘ ‘ ‘ n/a ‘ n/a n/a
Kan 2 n/a n/a 2 n/a n/a n/a n/a n/a
Kan f n/a n/a f n/a n/a n/a n/a f
Remadnia n/a n/a n/a 2 2 2 n/a n/a n/a
Akcaozoglu 2 n/a n/a 2 n/a 2 n/a 2 n/a
Kim n/a n/a f ‘ ‘ n/a ‘ n/a n/a
Asokan n/a n/a n/a f f n/a n/a ‘ n/a
Hannawi ‘ n/a n/a ‘ ‘ ‘ n/a n/a n/a
Fraj n/a n/a f ‘ n/a n/a ‘ n/a n/a
Frigione n/a n/a n/a ‘ ‘ n/a n/a n/a n/a
Rahman 2 n/a n/a ¥ n/a n/a n/a 2 n/a
Saikia n/a n/a n/a ‘ ‘ ‘ ‘ n/a n/a

n/a: not applicable; n/e: not effect; \ & decrease; 4 : increase



25

2.5.1 ANURUIMUY
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2¢

o0 Type A: d=0.5cm
® Type C: d=0.2cm
& Type D: de0.1cm

Bulk density 10°* ( kg/m*?)

0_5 T T T T T T T T T
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Volume of PET aggregates (%)

JUM 2.5 ANUNUMUUVBINDUATANTUIALYIA PET (Marzouk et al., 2007)
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2,52 MIgUM
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317 2.8 MATVNTIBAVDINDUNTANANIALYIA PET (Marzouk et al., 2007)



29

o
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2.5.6 MAITVUTING
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2.10 MAITVUTIAAVBIADUAIANANIALYIA PET (Marzouk et al., 2007)
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2.5.7 wegaaHAtY
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311 2.11 uogdddakguYaINOUNTANAUIALYIA PET (Marzouk et al., 2007)
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2.5.8 MIGATNIN
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3U7 2.12 MIgaTuI Y0 IAOUNITANTNIAEYIA PET (Albano et al., 2009)
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— =—22(yi—ﬂ0—Zﬁjxujxu =0, j=12..k (2.17)
ﬂo . i=1 j=1
BoBri By
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‘1]31ﬁjﬁuﬂ15ﬁiﬁﬂﬁﬂﬂﬁﬂEJﬁfij‘]_l‘Uﬂﬂa (least squares normal equations)

AaaUMITN (2.18)

A A N A n A n n
n,Bo +ﬂ1i§Xi1+:Bz i%Xiz +"'+ﬂk Exik ZEYi

n n n n n
o A . A A
,Bo Exu "‘151 gxu "‘182 ExilxiZ +---+,Bk gxilxik = Exilyi

n n n n n
o o P P 2
IBO Exik +ﬂl gxikxil +182 gxikXiZ +"'+ﬁk Exik = Exikyi (218)

o < [ o a [ a

zdunamiu 1891 1uuaumsind p=k+1 Tasluneazaumsinauny
[ a £ ~ 1 (] v J ad U o w 9 ~
Fuilszansnsonasen lnsum Fwasninnaunsilnane mﬂﬁzmmmmﬁmuaﬂmgﬂ

r'd

VoWNUaNsLaNINT0A00eY B Birns B

A Y Y £y IS 2

e leuaznse¥ulumsunaunis ffmﬁmmaugﬂuuummmammwﬁu

a o a =\ 9 v A o 1 ~ L= 9 v A 4

;sﬂmmﬂcu T@ﬂmmﬂmﬂmmumﬂmwuw“lwmuunwm VULNINAD TLUVIULUNUAIIAINUN

< o ~
RANUUUYUT AFUNITN (2.19)

'y, ] 1 oXy X e Xy |
Y, 1 X, Xy oo Xy

=).
<
Il
<
Il

Tag

L Yn 11 X, X, X
By &
By &y

p=1 | c -

lBk_ gn
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Tagna1d y iflumnmes (nx1) veswanevauss, X iuiuasad
1A (nx p) vousvaudmlsdase, g iflunmes (px1) vesadullszdntnis
I 4 A 1 o & 4 1
2008 taz ¢ Wunnmes (Nx1) veRnNuAAIARA ULV AT UNNMB YDA Tz

(2

Maaestiosiiga 4 uaaedsaunmsi (2.20)

S(B) =2t =& = (y - XB) (Y- Xf) .20
nazawnsnsnlneglugl S(B) werAs AN (2.21)

S(B)=Y'y-BXY-yXB+BXXp 2.21)

=YY -2fXYy + XXp

dio Xy ifhuwainduua (1x1) viedumnar TasfinmsuaTnaiy
(B'XY)=y'XpB Famdhuduainan ﬁ’qﬁuﬁaﬂﬁzmmﬁwﬁqﬁmﬁ'aaﬁqﬂ RN RLEIRER]

(2.22)

0S

= 2X'y +2X'X[ =0 2.22
7 y p (2.22)

B
vioWouleglugdededuilu
X' X3 =Xy (2.23)

é d' S A o w Y d' a A [ Y
FIFUNITN (2.23) NAD ?mmimaqamuaﬂwqmmuﬂﬂmmmuﬂuﬂuaumi
[ v
(2.22) FvsumsudaunsUndvesaunisn (2.23) 151'@q@mmﬁm%’mﬁ}mmwwumm X'X

91 o 9 { AN @ {
1w lannlszanamaiaearivengaves § deaumsi (2.24)

B=(X'X)"Xy (2.24)
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9 [

dwmsumsssiiuanuisanevesglunumsaanesuuuny au1soilsziiv
'd

lannduilszansdaiimua R? aedianeglusie 0<R? <1 Tasm ldninauns (2.25)

_SSR_
S S

vy vy

R? (2.25)

4 [ a £ @ o J U 1
Lﬁ@ﬂﬁﬂﬂ R? ﬁ’t’) ﬁlll]53ﬁ"ﬂ‘ﬁﬁ‘ﬁﬁllWU‘ELLDUWﬁigﬁ’JNﬂTWE‘JUﬁHﬂQ y ag

v A1 A

[ t‘ﬂ zg o [ A tg [ g’/ YA 4 1 =3 [
SIERT Xy Xy yeeny Xy FINUAUNNUYUKHINTIUIUT VALY PNHUNUATISHUNNMUIINN

I'd

Heuly duilszansarmivuanisuudn (adjusted coefficient of determination; R;dj ) ¥ 9
usamua Idnanms (2.26)
SS. /(n— n-1
Rz, =1 e/ (=) =1{ }(1— R?) (2.26)
S,, 1(n-1) n—p

2 1 2 = Y A [ 9 1 g’/ 1 Y 1
A1 R° uazan Radj A3 INAAEINY DIAINIFDILANAINNUNIN LAAII

aHa A 1

Hawlsn lulignTwanenanouausseglugluuumsaanesuunnyg
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4 .
31 99 (Materials)

3.1.1 YuBmua

= sq U = ¥ A =t 4 s I P =
Yuswuanlglumsfineinsatine Yusmudilesauauailsziannnilanio

A a o a % 7 s .
NLIYNNUIN ﬁummu@ﬂaimgaumsmm (ordinary portland cement; OPC) A1 N1ATIIU
ASTM C150

3.1.2 1aoy

9
[

[ 9
191208 (fly ash; FA) 11 lumsAneiasetine id1aeevin Tse Inihndeau
9 o ] [ v o = o 1 9 a
Anuiou sunoulmz saniad1l e dszma’lne Feveegludraseriia C amniasgiu
ASTM C618
3.1.3 N8
=2 g’/ dy 9 1 ’é . &2 1 14
Tunsanyng sl Ena o0 (river sand) TITOUNIUAZUNTINIATIIUIUOT 16
3.1.4 ANy
= . ~ Y =2 3}; dy
IAHLN Q1YY (melamine formaldehyde waste; MFW) 71 1% 1un1sAny1ng 9l
1 I
anunsaudsesniy 2 3y
<3

1) I AAINY (melamine formaldehyde waste granule; MFG) AolAHIIAT Y
A 9 1 = =\ 4 a a [ 4 =\
A1491nMITUAGREIANAT VINAI1T Y (melamine scrap) ATIVTIUVBUHAAN M 1NN U

a A o = 4 d o @ o ~
MINNTZUIUMIHAAYDIUT ENAS Insagli)osiag 1na (urau) udasasgili 3.1 (n) uag (1)
ANAIA
' = 5 < S
2) mm!ummuu (melamine formaldehyde waste powder; MFP) WAy aIuuY

A Y % 1 a a [ o = [ A
“I/Illﬂﬂ'lﬂﬂﬁ%‘U’Juﬂ']'i‘lJﬂ@]ﬂLL@NU?L'J‘EM‘U@‘]JNE’I@QN"VIL?JQTMU Llﬁﬂ\‘]ﬂ\igﬂﬂ 3.1 () uas (3)

AN
3.1.5 i
% { sol $ g @
mnlslunswauaouniaae wilszihazeialsiaannarsniusuasie
] =
AOADUNIA

3.1.6 msnelny
] H 3’; 4 I~ 1 a
#1500 19y (foaming agent) N 19 1un1sAny1nsatl uarsne Iuwiia
o 4 A 4 a
duasizdilszianiszgan gasesmunounenIsHaAABUNI ANIAIILLD CLC gas 1

d a aa

2 Y Yo o A o
‘ﬂ)’\il‘lﬂﬁﬂﬂﬂﬁlmﬁ]ulﬂinﬁ‘mﬂ FIMANU FTUAT LAz (2554)



=
unn 3

AEMIAUHUNUIVY

Aa o A A 9 [ a o o Y= A o 1Tag
NNYTNAITTUNTTUMNEIVOINVIIUIY ﬁ\iﬂhlﬂﬁﬂkl”lclu‘llﬂﬂ 2U01gID

[

msauiiua medanynnudu 1l lumss lsRarsuartiuvesuiadlea lag 1 uiere

q

= A ! = s X = an
Nﬁai’JiJﬁZL’E)EJﬂGluﬂﬁLL‘I/IMTI“VI?WEJUN?{’JHGU’E)Qﬂﬂuﬂiﬁhﬁam%%’agEﬂi HITNYASIDYNID

o . A ao [ dy
msmmumm%ﬂuﬁmmm”lﬂu

3.1
32
33
34
3.5
3.6
3.7
3.8

a9
A4 A @
1n3eNBLazglnIal
MInageUauaveI3an
a Ld [
MIAATIEHIZAVYANIA
zg L ~ 4
M3vuglrunageuAsUNIANIAITAgaS
MINAFOUADUNIANIALUTAGATT
a J a ~ 3 ~
M3AATIZHMIBBALUVMINAaUFUNNBTsauUY 2 ulaneiea

HUNINAITA UL UIUIVY
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4 .
31 99 (Materials)

3.1.1 YuBmua

= sq U = ¥ A =t 4 s I P =
Yuswuanlglumsfineinsatine Yusmudilesauauailsziannnilanio

A a o a % 7 s .
NLIYNNUIN ﬁummu@ﬂaimgaumsmm (ordinary portland cement; OPC) A1 N1ATIIU
ASTM C150

3.1.2 1aoy

9
[

[ 9
191208 (fly ash; FA) 11 lumsAneiasetine id1aeevin Tse Inihndeau
9 o ] [ v o = o 1 9 a
Anuiou sunoulmz saniad1l e dszma’lne Feveegludraseriia C amniasgiu
ASTM C618
3.1.3 N8
=2 g’/ dy 9 1 ’é . &2 1 14
Tunsanyng sl Ena o0 (river sand) TITOUNIUAZUNTINIATIIUIUOT 16
3.1.4 ANy
= . ~ Y =2 3}; dy
IAHLN Q1YY (melamine formaldehyde waste; MFW) 71 1% 1un1sAny1ng 9l
1 I
anunsaudsesniy 2 3y
<3

1) I AAINY (melamine formaldehyde waste granule; MFG) AolAHIIAT Y
A 9 1 = =\ 4 a a [ 4 =\
A1491nMITUAGREIANAT VINAI1T Y (melamine scrap) ATIVTIUVBUHAAN M 1NN U

a A o = 4 d o @ o ~
MINNTZUIUMIHAAYDIUT ENAS Insagli)osiag 1na (urau) udasasgili 3.1 (n) uag (1)
ANAIA
' = 5 < S
2) mm!ummuu (melamine formaldehyde waste powder; MFP) WAy aIuuY

A Y % 1 a a [ o = [ A
“I/Illﬂﬂ'lﬂﬂﬁ%‘U’Juﬂ']'i‘lJﬂ@]ﬂLL@NU?L'J‘EM‘U@‘]JNE’I@QN"VIL?JQTMU Llﬁﬂ\‘]ﬂ\igﬂﬂ 3.1 () uas (3)

AN
3.1.5 i
% { sol $ g @
mnlslunswauaouniaae wilszihazeialsiaannarsniusuasie
] =
AOADUNIA

3.1.6 msnelny
] H 3’; 4 I~ 1 a
#1500 19y (foaming agent) N 19 1un1sAny1nsatl uarsne Iuwiia
o 4 A 4 a
duasizdilszianiszgan gasesmunounenIsHaAABUNI ANIAIILLD CLC gas 1

d a aa

2 Y Yo o A o
‘ﬂ)’\il‘lﬂﬁﬂﬂﬂﬁlmﬁ]ulﬂinﬁ‘mﬂ FIMANU FTUAT LAz (2554)
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A4 d
32 In3esNeuazlnIas
3.2.1 1n3equAdoENAIEAN
IN59UAGDINAIAAN (plastic recycling machinery) 14 DK-5953 14 1un1sua
] ~ = a A i G = Y 3 2 g ° v
gooruaAs UaIu TaenszuIUMIATNa e uagearuas Lwa iu I urwan 1h'llg
< A A A @ A
wwdamadui ¥ lunmsnauneunsautaw naanagili 3.2 (n)
3.2.2 1A39930UNENVINA
INT0950U (sieve shaker) 011® Retsch 31 AS200 W 0UYANLINTITOU (sieve)
Y 1 1 =\ A o o A 1
a9 ASTM E11 T lunissewasdumaiiuwenmdaasulaniaouoonaimeaueu

= ! ] =~ % d'
wantiunewih lwauneunsandaw awaaslugdi 3.2 (v)

(1) 1INSDIUALDUIABAI LA (v) 1ATRITOUIAEAUImATTIY

dl ﬁ' 1 = = dl ! \ =
E“IJVI 3.2 LﬂifN‘]JﬂElf)Ellﬁ’k!ﬂ’i‘]JL‘lla1ﬂJu!La$Lﬂiﬂ\1§@ulﬁBPJHL?Ja"IﬂJH
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3.2.3 1N309MAN
A . = g v = = ' =
1ATRIMEY (mixer) ABUNIANIANNTFlunsAnEIATIN Wuuuy Tunawdes
v Y 1]
(tilting drum mixer) NAF1W DN 1NOANUMMIZANADUTHIATMTHANLAZANNTZAIN
v 1 ¥
Tumsldau TaeaaTi (drum) shondenarg@nussyasaiinmiums ldaundrdaimnae 1a
) < (% a a A ] . a
1) Audamaa@niszinnnedoiaunnurumiuga (high density polyethylene) U3u1a3
a =S 4 =S ' d‘ g =S !
120 803 ANuBsnIwauszinm 22 0am tazliluniuegmelu nsosnaniianisne 1y
) o = Y = = o £y [ 1A J
asdwmsumamasuniaeenla ssmsmeaounsadusari lasiasuas ldmansuena?
2’, 1 Aa 4 o A Y J Y
anuylumskaugaganivag linu 0.025 gnunanas Tumasudronames IWihuuia 172
9 Y < 1 P~ 1 J 9 o J Y v
15937 Ny UAIBANNGI 1450 soUAD N Tagaoyaad Vi Inuyaada v uIAd U1y
¢ 2 o w g g 7 .
AUINA1N 2.5 182 6 17 MWAIAY Wi PUNINATOUANWISINNBYANYSNATOV (worm gear unit)
80310 1:50 1R 0HENTOATIMINYUVDINIHENDEN 12 TOUADUITN ANHULIATOINAN

HaAnAagla 3.3

~ A a o
E‘ﬂ‘ﬂ 33 Lﬂi’fNNﬁﬂﬂﬂuﬂi@]uﬁﬁlﬂn“ﬂﬁgﬂTi
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3.2.4 309a319lvlw

4 I 4 o A a v o ) o
1nFe9a3 1979y (foam generator) 11130 eR utian o v Hind s IMAd 11T

1 a

(% 1Y 1w N (Y X @ J
ﬂauﬂ”ﬁiﬂmmmizum%agm ‘Buﬂﬂ\‘lllﬁ\‘lﬂuclﬂgf}ﬂﬂ‘ULﬂ%@\‘l@ﬂ@'lﬂWﬁ G?);\‘lulﬁ}ﬁﬂﬂ'l"mﬂléllﬂi']%ﬁ

o o a a

aQ v S a aa a = ~ [ A 9
90 53 AUAs, MA G, tazlSya Iuanlsziaty (2553) anvazinIedasa Ty

{o o A o Y o

o o o 4 @ @ {
UsznoualoglnsaiNdiA Aoaa1SunsIauIn g (regulator) te a1 uau o ludned

3 &

0.6 wnzihama tazgunssinauasne Iufhdee e s Tuuswauann #ldnamsla

' v g o ' ' ! g g o [ {
a1sne uienenuih ludadiu ensnewesTnuaeiin 1: 40 Tasrhmiin uaasasgilii 3.4

17 3.4 w5eeadalvly
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3.2.5 1n3099A01A
d' 1Y . Y 1w ¢£' 9 a [ [ o Y d'
IAT90ADINA (air compressor) 1FgNUIAT0IA3 19 Trluradwssduiinif
[ 9 (% A 9y =~ =) [ J A 9y 1R g/}
daomeain ludivounsesada Iy JuualsuassaTaniuasosadiane 4 91 Faaannu

AueglUrI 0.4-0.7 wnziania naaeaaziln 3.5

719 3.5 1n5090AR IMANADIIN LIRS DIt UTia THy



52

3.2.6 MBUZHAZIAIBITINHIINADUNIAAA
' o o'/ %‘ 9
MINATDVMIANNNUIMUUUDIADUNTAAA 11118 IAgFI1MITNUDINDUNTA
. d‘ a dl I A a o g Y]
aalun1BUL (container) NN31VUSVIAT VU1 UL N IFLUTUI95 1 aa5 Taerariiniin

AMUIUMIANVHU MU UYDIADUAIATA FIANMUNUIMUUVDIADUNTAADOATIAIUTEHIN

Y
o

@ G ' a | ' 3 3 o P
Wmiinvesnounsaaanedsuasvesmyue Iniudlu nn./w. Llﬁﬂﬂﬂﬂg‘ﬂ“ﬂ 3.6

dl d‘ o %’ @ G
qﬁjﬂ‘ﬂ 3.6 MBUSHASIATIWIUIHUNADUNTATA
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3.2.7 !!‘U“U‘Vid?]?ﬂﬂiﬁ]ﬂ

=1

[ Qy J 1Y

HUUHAOFUNATOUADUNIANIALEAYATT AINUINTFIU BS 1881 uaasaagy

3.7 U52noud e
1A o 1 Aaaa 9 ' J 9 @
1) uUUMasNIANDNIF VUIATUAIUAUENA1N 69 WU, g9 75 Wy, d 113D
Y
NADFUNATDUM TNV OU
Y

2) BUURADNIATTIUVUIA 50x50x50 WU, FIUT UV ADFUNATO VN1

FULTI0A

1 9 % ! ng 90’
3) HUUMABNIATFIUVUIA 100x100x100 Y. ﬁTﬁiUﬁﬁ@%uﬂﬂﬁﬂUﬂﬁﬂﬂ@NUT

31N 3.7 nuUMARABUNIANIANLIATFIU

U
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3.2.8 1A309NATIUMAISUNIIIOA

@ @

MINAdeUMAITILTIon 191nT0anado U ELE Maigaga 200 AU nadol

) Q

Y Aa 9 9 a gl.: @ A w 9 A @ 1
Taglusananm AU TUNAAIRINAVUUILTI NOATIANWAUAIN 0.4 UNSNITAND

a = o lﬁl
AN aaRegali 3.8

l:' d‘ o U QJ
g‘]J‘V] 3.8 IATDINATDUNIAITULLINOA
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32,9 feovaniou
1 9
Aouaniou (hot air oven) 8o Memmert §1 BE-200 6111350999 NaZIIA1

Y A ¥ v {
ﬁWﬂiUﬂ"lif)U’Jﬁﬂﬂ%@‘h'uﬂﬂﬁ@‘U TﬂULﬂWWZfJElNENﬂ']iTIﬂﬁfJ‘Uﬂ']iﬂﬂ"TmuW Llﬁﬂﬂﬂﬂgﬂﬁ 39

A\

Y

191 3.9 dovausou

Qo
=3
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3.2.10 !ﬂ%ﬂﬁﬂﬂﬁﬂﬂﬂ1§ﬁ]ﬂ’313~l%®u

Y

MInaaouMIaNusouvsInounIaNIaL TagnsInanudsunmvin

9 = a’l 1 a Y A 9 [ AN ya a 9 1 <
ATUHUIVDNYUNATD U mumwmaﬂmuiﬂmqmwguTawqquuweﬂmmswaawu

Yy ¥ A qua o ) a 1 ad o & A 2
AU Lwaﬁlmﬂﬂmimmmiaumﬂqmﬁguqﬂﬂqqmwguﬂm Gﬁﬂiﬂﬂiﬁ]ﬂwﬁﬂl@ﬂ‘ﬁuﬂﬂﬁﬂﬂ

= Y o = 9 vy Y ' a2 o [
aJmaﬂmnum‘iqq;mﬂmmmumaamuﬁm@EJN@ 1uﬂlﬂ!%ﬂﬂﬁﬂﬂﬂ1ﬂ1i’mﬂ1qmﬂﬂh

' @ 4 ' I o o H oA
HAANAINUANLS U (heat) NUWUIBEY Tad (W) mnnszuauaz Tad Iihnilewdh an
c;y/ o o " W a Qd o $ ] I 4
Tanamuaszih ldauamadulszansmaianudeu (k) Muviedlu WmXK Tasniog

o [ 4 [ da ana % {
ﬂﬂﬁ@ﬂﬂ15u1ﬂ31ﬂ%l@uulﬁjiﬂﬂ'NiJﬂHLﬂiWZTWWﬂ I TUAT LazAn Llﬁﬂ\‘lﬂ\igﬂﬁ 3.10

~ A o Y
3‘1]1/1 3.10 IATOINATDUNITUIANNIOU
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33 MInageuanliAvea I

wa ] I o A A Y Y =® wa 1
ﬂ’liﬂﬂﬁflﬂﬁﬂﬂ@]ﬂl@qqrdﬂ Lﬂuﬂ’liﬂ@ﬁ@ﬂﬂﬁ@ﬂluwuﬁ'lu LW@iWLﬂJ’Iiﬂﬂ\?ﬁNU@@’N 9

a

v ¥ '
YOI IAQUUNUFIUNAIHAADNTHANADUNTA

331 MINATOUMIAINGIIUINIZVBITaQ

J ° . . I va @ Aq 9
AN IITUNE (specific gravity) 1T uanifavesdagnldlunisesnuuy
' v ° @ T 1 Y 9 o 1 H o e
drurauaounia Fediuraldvindasiaiusennaimminvesiggaeiiminye i
MlSuesmnuIdgnadon MuIATEIN ASTM C128 agaunisi 3.1 Tagna llarna
Y [

At ivianen dmsuauIseil 19118629512 590H (bulk specific gravity) Iagfa

v
[ ] a

Niaqogluanwaudi i (saturated surface dry; SSD)

B
Sg= _— (3.1
B-C
(3o Sg = mmd’sﬁuwwmaﬁﬁﬂ
Y A o a )
= umuﬂeumm@anmmuﬁ’wﬂummﬁ (2)
4 A o oo 3
C = umuﬂmmm@gaumﬂfﬂum (2)

332 MINATOUAINIGATHINUDITQ
= 90’ . I A o A =< so' 9
N139AFN1T (water absorption; WA) 1 uantidvesiagnaimisogaduii 1]
! = ¥ A a 1 1 = Y 9
M1311AIN1IgAFNIT teAdIuguYsuanh ludiunauaeunsaliegluanudumad
= o v L o v 1 & A o a Y o
Inomngnumsldau Fadaaldnnmansvesanuiu lugnimdudiduianuanin

MImu1AT3IU ASTM C128 faunish 3.2

B-A
W, = x100 (3.2)
A
1o W, = mMIgasuiii (%)
B = ihwinvesiaaoudiduiadalueinis (g)

%‘ o o Y o
A = umuﬂmmmmmwﬂummﬂ (2)
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[
v

3.3.3 MynageumaNNrUiinIvesiag

v
[ =

,i’ AAa . I A g Y A
ANUBFUNNI (surface moisture) L‘]JuﬁﬁJ‘lJWU’e)Q’Jﬁﬂ‘ﬂlﬂ’ﬁnﬂﬁﬂvl?imslﬂ‘ﬁﬁﬁf)ﬂﬂ
1 1 < [ Y X =) ’.f A zi’ a 1 =y %’ !
Glu%mamaﬂ i SU’EN?ﬂ'EIllﬂ GlmJﬁmmmm@ﬂa1u%u1umamuumamﬂimmuﬂumumu
¥ ] '
ﬂﬂuﬂ%ﬂ mmm%u‘ﬁmmmm@mamuamﬁamummuﬁ’q ( Ps ) AUUINITIU ASTM C70

AaUNITN 3.3

P = [—W Vs jxlOO (3.3)
W

X Ada Y A o a
ﬂ?TNWUﬁWQTQQUﬁﬂﬂﬂﬁ@U ﬂﬂﬁ?ﬂ')uﬁ}q (%)

=Y 901 ~ ~ Y [
‘lemmumgmmummmﬁﬂmﬂﬁau (2)

3 ! o A v A
u1ﬁuﬂﬂ1@ﬂ’3ﬁﬂﬂﬂﬁ@ﬂ1’iﬁ@%ﬂﬂ’JﬁJﬂ’Nﬁ]HWTgﬂﬂJﬁ’JW’JLLﬁ}Q (2)

=< = .0
Il

9
HIMUNVYDNIAANATDU (2)

a d
3.3.4 MIANEHVINANAY
o { ] I
Tagn 11 wraswnlFlumsnauasunIaaiuisoutseonilu 2 Uszian Ao
% o J 1 a
PIATIUNEIUUATUIATIVALIDEA FITWUNANVUIASIIALUNTUUDS 4 (Fo311A 4.75 UY.)
1 A A ] (] A 4 Y~ o o

na1Ae wasnlvalynnreulavotazinies 4 dadluuiasiuneny dimiunia

d‘d I~ [ [ a o v =1 a 4
FIWNVVUIABANNFDUTAVDINLUANTUVDT 4 9 UNIATIVALIDEA NITIUATIZHUYUIANDY

° ' ~ 9 I %) 1 =Y ~ [ 1
0912232 M 1d Tasmssounrasauin ldanmsnuaiedialuSannsua muaziunsa

Aa 9 [ Y A a [] ()
WINTPIUNGEBITRUNUMNVIIAYDIZINTY Taglvazunssnlyestlalvagaogaiuuuas

< ] [ o Y] a 4 4

PWIAANFADIATIUAN F1HTUMIUATIZHIUIAAAZLIAT MOV 1Fazunsa 1Wwes 3/8 3/4

L g v a4 a p a ) s
1. uag 3 W7 duau ﬂlﬂl%“l/lﬂ1§’3Lﬂ§1$ﬁ‘lJU'lﬂﬂa$3J’Jﬂi'JiJaz&@&@%gicﬁﬂguﬂﬁﬂ o34 8 16

1/2
% a o I
30 50 100 1A 200 MUIATTIU ASTM C33 Fawamsiaservmanavsinuaauiluiosas
Y ' o ' ' .
YDA UNNIUASTY (cumulative percentage passing) u,ﬁmmgﬂﬁ 3.11 iemuinspgazvey
Y [
W MinA9ae @ (cumulative percentage retained) DUAZIATINIATTIUNTAIONH 500 22 14

ANTeNN Tugaanuaziden (fineness modulus)
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ASTM sieve number
100 50 30 16 8 4
100 — ——
- I
s 90 P
§ L - - P -~ -
o 80 7 ‘5?))
7 AW 7/
2 70 AN
=9 y s /
o K
& 60 < /
£ / & /
= & /
5 50 # &
o &% /]
5] / 3 /s
2 40 AN ,
) / <& Ve
% 30 p / Qé%d(’\' //
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3.6 MInAgeUABUNIMINAILITAgAS
3.6.1 MINAADUANNHUIMWUUITS
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V= 5uas @)
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3.63 MSNATOUNMIGATHI
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3.6.5 MINATIVANUNIU
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(3.10)

A 4] v v W
V= wnamylulaseuiigngaduiinnuaudusing ()
A 4] { @ a @ %
V. = swnanslulasnuigngaduuuimluanyus Tuanasufed (o)
v A v &
P, = anwauduaine lulasou (mmHg)
v o {
P = anwaumslulasnuinlylunmsnaaes (mmHg)
C = mashvoandsnudldlumsgady
Elg Aa o o @ A
vz IdnunAIduda (S) Aserumsi 3.10
VNA,
S, =%
M
.S,
W
A Aa o 2
¢ = NUNHIVDIAY (m)
N = ave119n511035 (mol )
4 H o %) -
A, = nuimihdaTuanavesms lulasou (162+10% m’)
%} v (24
M = thwminTwanavesna luTasau (28 g/mol)
4
W = 1muUnveTa (g)
Y v
S = WURARITUMIZYIIA] (m/g)

wlddSnasgnguson (V) uazgvnagniumae (¢,) Asaumsi 3.11 uag
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(3.12)



75

110 Vv, = f5nasgngusimvesing (m)
W, = Suamslulasnuiigngaduuni
p = anuvuiuvesialuTasnuiigngaduuui (gm’)
¢, = VUIAIHTHIRABRL TR (m)

3.6.6 MINATOUMIBZAZAE
Y
NUITEHHINITNAFDUNTBLALD18A83T toxicity characteristic leaching
procedure (TCLP) A101)52 MmN zn319gaennssuniiui 6 Goamsmiadelfiganiodag
{ [} Qy 1 U 1 14 g’; Qy
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o ) A A Yy 9 o Aa T o A o 1
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Y 1 [
FEMINHIFUNATOUUAZAITAZAIOMINY 1:20 LAZIIGIROIATOUVGINOATINITHYU 30 TOU
' g J A Ay ¥ Ay Yy
apu1i 1Huar 18 91 Tuegungiines nainsesa1sazalen 1AA18nTzAIBN 0 (filter
4 o % v { o a Jd A
papers) 193 42 y11AgNgU 2.5 Tuaseu tazihmsazatealed1ai laviimsinsiziliuim
@ 4 a o @
Tangwiin Ae1n309UATIZH laviegniin (inductively coupled plasma spectroscope; ICP) LeTA

193519 3.21

Rl

~ A a o o
37 3.21 1939993121 lavigyiin ICP
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° 9 A = R A a &Y o ) A 4 A
HASNITUINITUIDU LW@ﬁﬂE']ﬂ\‘]@‘WﬁWﬁGU@Qﬂﬁ]ﬁ]ﬂVNWNﬂ Iﬂﬂﬂ’]ﬁuﬂﬁgﬂﬂﬂg'llll%@uu‘ﬂ 95

lodiFua (a=0.05)

3.8 UHUMWMSTAUHUNIUIIY

pruMNMIANENOUITY Iaeagl uaaaagln 3.22



"C’Taamniuia“"‘

77



e
o)
o)

v

)
1010998

v v

1518 ALY

| —

Toe
-

v

1500 Tvly

NATRUANIAING

v

At Y v v A Y Ay
DITUNUNFNUNAIUD1DTDIAY 10 LAY NITUNUNNIYAIYAYINATUUIDYAL 15 25 LAY 35

ATLANANUHUWUUADUNIATA 1,000 1,100 1,200 Uag 1,300 NN/,

v

911N 3 7 14 2818 60 U

v

nageou

ﬂawuwuwuﬂuuﬁa

!

nagaou

AAITULSI0A

v v

!

naaol nagaol

= 3 ° Y
ﬂ?ﬁ@ﬂ“ﬂllu? NITHININIDU

nagaoy

AITUNTU

v

v

A 4

a 4 a
AATITHMI0ONUULMINAaeuTIlnnoisea

naaou

OM, SEM

nagou

N1ITTASAY

ean
=
=).
o8

HUNUIY




=
unn 4

wanmIvetazmMIansena

as o a Ao A 9 1 9y A = 9 = A v Aad
1nIsmsautiuauIted ldnanuudr luuni 3 #9'lduaasiioaziBeanernuis
[ a a o Z‘, 1 A = I Y ~ a =\
nmsauiuauIteluruaouais q ivedneinndull s Tunss lsdawsmaiiiv
4 12 3 { '
Wosuad laa lasldiiluiaquiasauazidoalumsunun nieusaiuvesnouniaulai
= b v A ) Y ~ = 4 J = v o A
ragas onngalimstudiaseunldlumsunufyudmuauiediu Fawadwsvinnsauiiu
Aa o = Yo 1 dy
NuATBAINI AT 1eazdon laaae 1l
41  auliAvedidnoalszaunazuIaIINazDen
1 4
42 ANURUIMUULEIUBINOUNIANIAILITAATS
o o w @ 4
43 MATVUIIOAVOINDUNIANIAVUYAQANT
a do o o [ a
44 WAIATIENMAITUUIIOAVBINTOONUUUMINAADUFIHINOIT 8D
Y
45  MIAATUINEINOUNTANIALLYAATS
a2 J %’ a
46  WAIATIZHMIRATUIVRINMTOONLLUMINARDUTIWNNIT oA
o J
47  mahanuieuvesneuniauIaLagals
a J o a
48 wadnzrmaauieuvesmsoenuuumInaaeutulnneien
49  MimruamUateNmIzauINMINAADY
a 4 J
410 MINATIZHANUNTHUDIADUNIANIAUTAQAS
a 4 1
411 MIAATILHATNEG SEM U03nDURTANIRILISAgaTS
a 4 1 4 a 4
412 M3AATIERAMDIBaNIsAoolanoavaIndUNIANIAUYAgANS

tg v ~ J
4.13 ﬂﬁ‘;])'%ﬁza']ﬂfﬂiﬂuLﬂ@ujaﬁgﬁuﬂﬂlﬂﬂﬂ@uﬂiﬁm’Jﬁ!,‘]_l"l!,“]fﬁga"li



79

U

41  andfAvesTagaadszaumaziasinezidua

3 A

wa @ I A o o { va
ﬁllﬂﬁ"llf]\?')ﬁ'ﬂﬂ\‘l‘1/]’]\1ﬂ’lflﬂ’lWl,!a$V|'l\uﬂfl Lﬂuﬁﬂﬁ’lﬂﬂgﬁﬂ?ﬁﬁﬂﬂ’l IHBDINNANUA
k)

q

o o 1

Y = ' 9y = A 9 1 G va A ' =
YoadaqinasenslFnuvesneunianseuiunneunsaurann auiandinw laun s1s19 @
a "o < 3 4 a9 o )
ANUAZIBYA ANDNIUNIE MIGATIIN tazeerllszneumunil udu msianuile
9
auiaveaiagiu 9 v ligmsldanldedgndewazmimzau
4.1.1 audamImamn
a Jd v [ =< = J Y
HAM3AATIZHANHUENIIMININVBTTaEallsyau (uiuuduaziiiaoy)
@ ~ ' = J J I o 1 3 = =~
HEAIAINTINN 4.1 NN Yuamualesauaudndnvas j1suummm vineeymamae
wn 7.05 Tulaswas nazlinnnuaa9edumzming 3.15 (8198901ndran) vazitdiase
A o 1 I = ’o’ ~ [ '
nanvazyUs1etlumd@hmam vueeymamaemiin 8.82 lulasmas uagaiany
[ o 1T o = 1 Y = = o k) =
8293 UMAY 2.02 AenIanan lanveeymamasvesududuazidiaesiiving
[ 1 1 U o v ] o a Jd o
Tndifeanu uatimnnuaadumzganindiass dIM5UNMTAATIEHANHUZNNNIENINUDT
= < = J A J A o ' < Y
¥IATINAIBEA (N8 iRElamauuazIApdLa1NY) wun nelanyarjluiuneu
Y [ 1 1 o T W 1 %’
wudhaa Tugdaanuaz@eaminy 1.97 AANU8RTUWIZINNY 2.52 1agAINIATUN
Y A < A A w 1 I Y = [ =
Fowaz 0.33 vazeylamariulanyazdiuiuneuuuuad Tugaannuaziden
\ 5 Al 1 o \ 3 1 90’ 3’1 1
N1 3.98 AANNANT WA 1.50 LAz AMsgaduiiesas 5.51 dnnurudumaiiiv
A o ' < oo = = ' o 1
Hanvazylnudumadudvn Jvuaesyniamasiiny 3401 lulaswas uazainiy
[ o [ Y & U FIl = 2}; < 1 a0 = %,' 1
829 UMWAY 1.50 Feeninsana1 tauaumanliy (Mudlauazdy) Innsgaduiiigani

N300 LANAIANUDNIUNIZAINNT Y

A13199 4.1 aufanameninvesiagialszenunazuasivazidon

- ' 7
a9 rRIERNIG YA YNIAR AL/ AW M3gAFNIN
Tugdaanuazdoas | andunz | (Gooaz)
Yudud IasNN/AN 7.05 lunsou 3.15% n/a
v a3
2109Y NaNNW/ma 8.82 lunsou 2.02 n/a
Y
N30 AouNw/iaa 1.97%* 2.52 0.33
<3 = Y =
AHHANAINY | NOUNDW/EVT? 3.98%* 1.50 5.51
Wiy | sEu/aun 34.01 lunsou 1.50 n/a

9 Y a Y a o a T ] = a
HUgve - *may‘amqmmﬂgwam, **Ti]@,aﬁﬂ’]”limmﬂﬂﬂ nJuﬂwmmanmmma:mammmaﬁm



80

a ¢ v q 9K = o ¢
HAM3ANTIZNNINTENBVUIADYMAYRUDIa08N 1FTunsununudmuea
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4 o { ' s s J. s 4
Tagn3oanaaoy XRF 1aaain1s1eh 4.2 wun Yusmudlesanauaiiosnilsznovoon s

[ v 4 aa 4 aa

Wan (major oxides) 141N uAaIBouo0n l9A (Ca0), Fanou lason leanTosani (sio,),

A b4

oA 4 Aa A Jd A 9y o @ " W
wlosinoonlua (Fe,0,), uazozgiifiononn ladnioagiiui (ALO,) Sosaz Tagiiviinminy

U
Y

o o & o’gl.l =1 @ Yy =1 4
66.33 18.60 4.03 Ay 3.77 MUAIAU Faoon loand 4 Usaunulaseeas 92.73 ve e uBHiuud
0 { < 7 . . 1o s s
drufmaeiilueonleasos (minor oxides) 1dun daos lasoon lag (S0,), uuniliGouy
4 4 (% a1 rd
pon lad (Mg0), uazoon luaveidanila (Na,0 tag K,0) uaziidiullsznouvesoon loa
A v Y 1 = 4 L I Y = 4 ] g o Aaaa o
punduoaging iy Tnmidlenoon lea (Tio,) 1udu oo ladimartiazilgnsernu
uazsauinueylugdvesmsiszneuidianyed 4 siiafo
a aa . ! . J QA . b=}
1) lasunamendame (tricalcium silicate) 29A15LNOUNIUANAD 3Ca0.Si0, Y179
= I
el C,S
= aa A . . J A . A
2) launarFeusamna (dicalcium silicate) panllsgnouniunine 2Ca0.Si0, 1170
= I
el C,S
a I3
3) "lmzmm%amgmum (tricalcium aluminate) pan1lsznounIual 3Ca0.Al,0,
A A I
nspeuilu C,A
a 4 4 4
4) mmmmaL%ﬂuaguiuwlaﬁ“lm (tetracalcium aluminoferrite) panlsznou
A A A <3
NUAUAD 4Ca0.ALO, Fe,0, H30wauilu C,AF
) [ F) = 4 Jd  w Y = 4 aa
dmsuidassliesdlszneveon ludvdn laun unameuean lua (Ca0), Fam
. oA 4 a Y 90} % LY
(Si0,), io53ineanlaa (Fe,0,), 1azogiiul (ALO,) Fosaz Iagimiinininy 13.56 36.16
o o = o’glj dy [ Yy 9 = (%
10.90 a 18.83 Mua1ay ¥aoen laand 4 Usiunu'lasoeas 79.45 voud1a9e FIA590U
Y a Aa @A . (% Iy = 19
iwaveviia C NNUSUIMV04 Si0, + Fe,0, + ALO, 53N 143 000z 65.89 Fa1nn113ooaz 50
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) . Yudmudlosauaua iH1a0e
aanlsznauAll ) )
(Fovaz Iagiia) (Fovaz Taouaa)

unameueenlod (Cao) 66.33 13.56
¥an1 (Sio,) 18.60 36.16
wosinoonlud (Fe,0,) 4.03 10.90
9911 (ALO,) 3.77 18.83
Fanlof lasoonlud (S0,) 2.67 3.32
uunfiiFeuoon lad (MeO) 2.13 7.85
TReneon 4@ (Na,0) 139 7.34
Twunendouoon las (K,0) 0.46 1.93
asilszneudu I 1.00
miqauuﬁﬂﬁmﬁmﬁmmﬂﬂmm”lwﬁ'(1oss

“ n/a n/a
on ignition 1138 LOI)
Ca0 + Si0, + Fe,0, + ALO, 92.73 .
Si0, + ALO, + Fe,0, + CaO + MgO - 87.30
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a J a
RERIGERER, I REVISIER1 Aot (analysis of variance; ANOVA) ¥93IN1TNAAD LY
= 3 ~ o v w @ A = R A A o
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2y 0 o A 4 A g < a ¢
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Term Effect Coef SE Coef T P
ﬂﬁﬂﬁ‘ﬁ 4.5265 0.04267 106.07 0.000
gﬂuumﬁy (A) 1.271 0.6355 0.04267 14.89 0.000
iaed (B) 1.070 0.535 0.04267 12.54 0.000
ANUARUIUY (C) 2.515 1.2575 0.04267 29.47 0.000
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AC 0.405 0.2025 0.04267 4.75 0.000
BC 0.734 0.3670 0.04267 8.60 0.000
ABC 0.026 0.0130 0.04267 0.3 0.762
S =0.269899 R-Sq =97.40% R-Sq(adj) = 96.82%
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Source DF Seq SS Adj SS Adj MS F P
Main Effects 3 90.856 90.8557 30.2852 415.75 0.000
2-Way Interactions 3 7.158 7.1578 2.3859 32.75 0.000
3-Way Interactions 1 0.007 0.0068 0.0068 0.09 0.762
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Residual Error 36 2.622 2.6224 0.0728

Pure Error 36 2.622 2.6224 0.0728

Total 44 100.838
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Surface Plot of compressive stre vs density (C), melamine waste (A)
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Surface Plot of compressive strenght (MPa) vs density (C), fly ash (B)
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Surface Plot of water absorption vs density (C), melamine waste (A)
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RECYCLING OF MELAMINE FORMALDEHYDE WASTE
IN LIGHTWEIGHT CONCRETE AS AGGREGATE
REPLACEMENT

Chalermchai Chaitongrat™!, and Somsak Siwadamrongpong®
' school of Mechanical Engineering, 2 School of Manufacturing Engineering
Suranaree University of Technology, Thailand

ABSTRACT

Thiz paper presented the study results of the
utilization of melamine formaldehyde (MF) waste in
the production of lightweight concrete. This MF
waste was used for partially replacing river sand.
Investigation was carmmied out on two different forms
of MF waste for mortar samples, one made with MF
waste granules and, second made with MF waste
powder, in which river sand was partially replaced by
MF wastes in percentages of 0%, 15%, 25% and
35% by volume, constant water-to-cement ratic of
0.50 and unit weight of 1,000 kg."ma_ From the
studies, it was found that the lightweight concrete
contained MF waste was slightly variance density,
the compressive strength and water absorption
were increased and the thermal conductivity was
not significantly different. The results gathered
would form a part of useful information for
recycling MF waste in lightweight concrete mixes.
Keyword: Recycling, Melamine formaldehyde waste,
Fine aggregate, Lightweight concrete, Replacement.

1. INTRODUCTION

Plastic, one of the most significant innovations of
20" century, is ubiguitous material. A substantial
growth in the consumption of plastic is observed all
over the world in recent years, which also increases
the production of plastic-related waste. The plastic is
now a serious environmental threat to modem
civilization. Plastic is composed of several toxic
chemicals, and therefore plastic pollutes soil, air and
water.

Plastics can be divided into two fypes. The first
type is thermoplastic, which can be melted for
recycling in the plastic industry. The second type is
thermosetting plastic. This plastic cannot be melted by
heating because the molecular chains are bounded
finly with meshed crosslinks. At present, these
plastic wastes are disposed by either buming or
burying. However, these processes are costly. If the
thermosetting plastic wastes can be reused, the
poliution that is caused by the buming process as well

as the cost of these waste management process can
be reduced.

Land-filling of plastic is also dangsrous dus to its
slow degradation rate (more than a hundred years)
and bulky nature. The waste mass may hinder the
ground water flow and can also block the movement
of roots. Plastic wastes also contains various toxic
elements especially cadmium and lead, which can mix
with rain water and pollute soil and water.

Recycling plastics is a possible atemative. As
aggregate is application into construction maternals
has been conducted, particularly for the concrete wall
in buildings (Rebeiz, 1996; Soroushian, 1999; Choi et
al., 2005; Batayneh et al, 2007). In Thailand,
lightweight concrete is extensively used for the
construction of interior and exterior walls of building
for the case where the walls are not designed for
lateral loads. This is due to the special characteristics
of lightweight concrete. Lightweight concrete can be
produced by introducing: (i) gassing agents such as
aluminum powder or foaming agents, (i) lightweight
mineral aggregate such as pedite, pumice, expanded
shale, slate, and clay, or (i) plastic granules as
aggregate, e.g., expanded polystyrene foam (EPS),
polyurethane or other polymer materials. Recycling of
plastic waste to produce new materals, such as
cement composites, appears as one of the best
solution for disposing of plastic waste, due to its
economic and ecological advantages and recycling
MF wastes to river sand for concrete production can
ke one of the envirenmentally friendly methods.

Therefore in this study, melamine formaldehyde
wastes have been recycled for use as fine aggregate
for partially replacing rver sand in lightweight
concrete. This study has investigated the properties of
concrete using MF waste, conducting tests which
analyze density and mechanical properties to achieve
this purpose; a study of these MF wastes for
application into construction materials has been
conducted, particularty for the concrete wall in
buildings.
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2. EXPERIMENT
2.1 Materials
2.1.1 Cement

The cement used in this study is Portland cement
type | as per ASTM C150-12. Ilts density is 412
kglm’. The chemical composition of cement is given
in Table 1.

Table 1 Chemical composition of cement

Components Mass%
Calcium oxide (Ca0) 66.33
Silica (SiO;) 18.60
Fermric oxide (Fe,03) 4.03
Alumina (Al203) 3.77
Sulphuric anhydride (SO,) 267
Magnesium oxide (MgO) 213
Sodium oxide (Na;0) 1.39
Potassium oxide (K;O) 046

Loss on ignition 2

2.1.2 Sand

River sand was used as the fine aggregate in the
concrete mixes with 1.97 fineness modules (FM)
2.52 specific gravity and 0.33% water absorption are
given in Table 2. Its particle size distribution,
obtained fine aggregate according to ASTM C33-13,
is provided on Fig. 1.
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Fig. 1 Gradation of sand and MF granules.

2.1.3 MF wastes

Melamine formaldehyde wastes come from the
flash on melamine products in activities industry.
They were provided by a manufacturer of Srithai
super ware public company limited, in two different
forms of MF wastes: a form containing “scrap” waste
was produced by shaving flash of melamine products
and a form containing “powder” waste was produced
by flatting edge of melamine products (Fig. 2a and 3).
And both two forms are studied here. Only the first
form (“scrap” waste) was granulated by grinding
machine to small granules (Fig 2b). The MF waste
granules was separated under sieve no. 8 with 3.98
fineness modules (see Fig. 1) 1.50 specific gravity
and 5.51% water absorption (see Table 2). On the
other hand the MF waste powder was separated
under sieve no. 140 to removal of grime particles. Its

mean and standard deviation of particle size are 34
and 29 micrometer (see Fig. 4), respectively. These
MF wastes were used to replace a fraction of river
sand in the concrete mixtures (by volume).

Fig. 2 Recycled MF waste (a: before ; b: after crushing).

Fig. 3 MF wastes powder.
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Fig. 4 Particle size of MF waste powders.
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Table 2 Physical and mechanical properties of lightweight aggregate (LWA) and MF wastes

Aggregats Shape FM/particle size* Specific gravity Water absorption
Sand Round and smooth  1.87 2.52 0.33
MF waste granules Flaky and rough 3.98 1.50 3.51
MF waste powders powder *34 micron 1.50 -
Table 3 Methods of testing properties
Properties Diatanl of test Specification
Wet density The wet density of concrete was determined by measwing the ASTM C133-14

mass and volume of fresh conecrate

Compressive strength

The 50 x 50 x 50 mm cubic specimens were used to determine

ASTM C108-13

the compressive strength of concrete at the concrete ages of 3, 7,
14, 28 and 60 days. A “ELE" compression machine with a
loading capacity of 200 kN was used for the experiment

Water absorption

The The 30 = 50 = 50 mm cubic specimens werse used to

ASTM D648%-12

determine the water absorption (W) by measuring W, = (Mg o,
- M) /M) of concrete at the concrete ages of 28 and 60 days.

Thermal conductivity

The 65 x 6869 mm cylinder specimeans were used to determine the

ASTMEIL225-13

thermal conductivity of conerete at the concrete ages of 28 and

60 days.

2.1.3 Foaming agent

The foaming agent was diluted with water in ratio
of 1:40 by weight, and then aerating to a density of 50
kg.fmz. Water and liquid chemical creates many small
air bubbles in the cement paste. The sizes of air
bubbles are in the range of 0.1-1.0 mm. these small
air bubbles, which are entrained in the mass of
concrete, cause an expansion of concrete mass.
Thus the foaming agent was used to density
contrelled of concrete mixes. This type of lightweight
concrete is then called cellular lightweight concrete
(CLC).

2.2 Sample preparation

The concrete mixtures were prepared in the
laboratory. The design characteristic compressive
strength by Chandra and Bemtsson (2003) at day 28
and B0 of control specimen (i.e., MF0) without MF
wastes. The concrete mixtures were prepared with a
cement content of 412 kg/m® and water-to-cement
ration of 0.50. The proportion of river sand was
designed at 412 kg}ma_ The MF wastes were used to
replace 0%, 15%, 25% and 35% by volume of sand in
the four mixes. The mix proportions of the concrete
are shown in Table 4 and 5.

The wet density of the concrete mixtures was
determined before casting the concrete in melds. For
each concrete mixture, 20 numbers of 50 x 50 x 50
mm cube specimens were cast for the determination
of the compressive strength, 2 numbers of 85 mm
high x 69 mm diameter cylindrical specimens were
cast for the determination of the themmal conductivity
and two numbers of 50 x 50 x 50 mm cube
specimens were prepared for measuring the water
absorption. After 24 h. casting, all the specimens
were then de-molded and immediately covered with
plastic sheets before being air-cured in the laboratory
at room temperature and dry curing until the ages of
testing.

Table 4 Mix proportions of concrete mixtures

Mix code MFD  MF15 MF25 MF35

Replacement (%) 0 15 25 a5
Cement (kg/m) 412 412 412 412

Sand (kg/m®) 412 350 309 267
MF (kg/m?) 0 62 103 144
Water (kg/m?) 206 206 206 206

Table 5 Code of concrete mixtures

Code MF waste form
Mix | MF waste granules
Mix 11 MF waste powders

Table & Specification of non-load-bearing
lightweight concrete (ASTM C129)

Type | Compressive strength (MPa) Density
Average of Individual unit | (kg/m®)
three units

Il 4.1 35 1680

2.3 Test methods
The test method and the associated

specifications for determining the properties are
reported in Table 3. Each of the tested wvalues
reported in Section 3 is the averaged results.

3. RESULTS and DISCUSSION
3.1 Density

The dry densities of the different concrete
mixtures are reported in Fig. 5. The results show that
the density of the control concrete (MFD) was
changeless from wet density control (1000 kg.fma]. On
the other hand values of dry density slightly variance
from wet density for mixtures containing of MF
wastes aggregate when compared with river sand.
Due to the water absorption of MF wastes higher than
sand result to the difficulty control dry density.
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3.2 Compressive strength

The results of compressive strength of the
concrete are presented in Table 7. It can be seen
that at all test ages, the compressive strength were
increased with the increase in MF wastes content
and it was also found that the compressive strength
of concrete contain MF waste powder showed the
highest at 25% MF wastes content. The ratios of 28
and 60 days compressive strength values of the
concrete mixes prepared with MF waste replacement
to that of the control (MFQ) are shown in Fig. 6.

This strength increasing can be explained by the
following reasons:

(1) A combination of the two aggregate (sand and
MF waste) has resulted in a better gradation which
confributed to increased compressive strength.

{2) Angular particles with rough surface texture
provide more surfaces and thus result in increased
bond strength between the MF wastes and cement
paste.

{3) The bond is characterized by the presence of
a thin layer which bridges the aggregate with paste.
Thiz layer i= formed as a result of a chemical
reaction between the cement paste and aggregate.

1200

3.3 Comparison between the test results and

standards

Based on the above results, the optimum
proportions of MF wastes powder is 25%. The results
of compressive strength and dry density, which are
424 MPa and 1089 Icg.l‘m3 respectively, are
comparable to the specifications for non-load-bearing
lightweight concrete according to ASTM C128-11
Type Il standard, as shown in Table 6. It was found
that the compressive strength and water absorption
of MF wastes lightweight concrete iz close to the
class 2 of for non-load-bearing lightweight concrete
(ASTM C129-11).
3.4 Water absorption

Water absorption values of different mixtures are
given in Fig. 7. The experimental results reveal that
the water absorption was increased with increase in
MF wastes content. Howewver, for higher content,
water absorption seems to increase with MF waste
content.
3.5 Thermal conductivity

The results of thermal conductivity of the concrete
are presented in Fig.B. The experimental resulis
reveal that at all replacing {in velume) of sand by MF
wastes do not exert a significant influence on thermal
conductivity of the concrete in comparison with the
control concrete (MFO).
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MAge 28 days| 1008 1071 1037 044 1008 1051 1110 1002
BAge 60 days| 997 1044 989 927 997 1016 1089 978
Fig. 5 Density of concrete mixtures.
Table 7 Compressive strength of concrete mixtures
Code Mix Sand content  MF content  Compressive strength (MPa)
code  (kg/m®) (ka/m?) Jdays  7days  1ddays 28 days 60 days
Mix | MFOD 412 0 095 1.15 121 121 1.49
MF15 350 62 103 144 148 217 229
MF25 309 103 1.11 1.79 2.00 209 2.41
MF35 267 144 0.84 1.30 1.32 1.74 1.89
Mix1l MFO 412 ] 095 1.15 121 121 1.49
MF15 350 62 133 162 205 216 218
MF25 309 103 2.35 269 271 am 4.24
MF35 267 144 1.25 1.59 1.92 220 2.40
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Fig. 8 Compressive strength of concrete mixtures.
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4, CONCLUSION

This paper presented the results of a systematic
study on the effect of incorporating MF wastes on the
properties of lightweight concrete. The following
conclusion can be drawn:

With an increase of replacement ration of river
sand by MF wastes:

1. The dry density was slightly variance.

2. The compressive sirength was increased.

3. The water absorption was increased.

4. The thermal conductivity was significantly not
different.

The results of the study would form a part of
useful information for recyeling scrapped MF wastes
in lightweight concrete mixes. The results show that
the MF waste powder derived from flatting edge of
melamine products has potential to be used as
aggregates to replace sand for making non-load-
bearing lightweight aggregate concrete. The optimal
replacement percentage should be within 25% by
volume.

REFEREMNCES

Batayneh, M_, Igbal, M., lbrahim, &_ 2007. Use of
selected waste materials in concrete mixes. Waste
Management 27 (12), 1870-1876.

Chandra,5., Bemtsson, L., 2003. Lightweight
aggregate concrete. Moyes Publication, Norwich, N_J.

Choi, Y.W., Moon, D)., Chung, J.5., Cho, S K,
2005. Effects of waste PET bottles aggregate on the
properties of concrete. Cement and Concrete
Research 35, 776-T81.

Marzouk,0.Y., Dheilly, R.M., Queneudec, M.,
2007. Valorization of post-consumer waste plastic in

cementitious concrete composites. Waste
Management 27, 310-3158.
Phaiboon P Malika P., 2007. Reuse of

thermosetting plastic waste for lightweight concrete.
Waste Management 28, 1581-1588.

Rebeiz, K5, 1996. Precast use of polymer
concrete using unsaturated polyester resin based on
recycled PET waste. Construction and Building
Materials 10 (3), 215-220.

Soroushian, C., 1999, Experimental investigation
of the optimized use of plastic flakes in normal-weight
concrete.  Magazine of Concrete Research
(February), 27-33.




183

- - - rl X d
mlEnAnmnasaheima T T neautalTandng add 20 “E_nlm
- o -
30 IqunIa-2 AEngTAY 2888 SN TRWATIERN

AMM-08

msslmnaamuainlasliiuizauasuluaawniauiann

Recycling of Melamine Waste as Aggregate in Lightweight Concrete

winds loosiinl' us: sudnd mfmamad

10 wa = rl = - - - - - -

RN IMNTITTRMA TSN Iﬂ"rlﬂm.ul:“ﬂr‘lhﬂ'.-iu"l n.F‘nT D.LAEE WWATTWNT 30000
e waa - - - -

i immemm e uwinmitenuladere s sallas sunrrein socoo

“fmeia: bon-phai@hoimsl.oom, (87-2432008

unAmda
|mm'mﬁn']u.ﬂ'1':11'1Lml.awar‘mﬁnmmﬂ-ﬂ'ﬂ'i:Iu'sﬁmnLﬂHLumﬁuTﬂuHLﬂm”ﬂri!maﬂuﬂ:tﬁun
TurawnTauIELN lFIH-LIJmﬁ'll.ﬂ"dnﬁﬂqn'lfuﬂuﬁﬂﬁLILLI.IIJ:WI.INH’m TnodfinmIaTIaa s unase UHAY
W iuTeaniain 2 wuy wwunsniduunassursnmsdnea issswueisendufunasaunay
Lﬂw[w.umﬁu Taodanemmauminmowhdoemaiiviasdmind fooas 0, 15, 25 uas 35 samawiy
aewFundiriil 050 us=Faeniminl 1,300 nnua TInaIERETHL AERATRUIALLIHENLARELATTY
feaanumnuinulslTsenidmuadntas i fuesdauiad m':gﬂiuﬁmﬁ'u'fu R LT B
mubenyiauediibady nnmmUﬂua:Lﬂua"mﬂlﬁnE:am‘aqnﬁﬂuﬂ'i:‘[uﬂmﬁumﬁhﬂﬁnmmumﬁu
TumInEuAEUATRIIELLN
dman: msTlnds, lewamiin, JwqnanuRzBoa, ABUATRAIALN, ETFFAR

Abstract

This paper presented the study results of the utilization of melamine waste in the production of
lightweight concrete. This melamine waste was used for parfially replacing river sand. Investigation was camied
out on two different forms of melamine wastes for mortar samples, one made with melamine waste granules and,
second made with melamine waste powders, in which river sand was parfially replaced by melamine wastes in
percentages of 0%, 15%, 256% and 35% by volume, constant waterto-cement ratio of 0.50 and unit weight of
1.000 and 1,300 Icgfma. From the studies, it was found that the lightweight concrete contained melamine waste
was slightly varance density, the compressive strength and water absorption were increased and the themnal
conductivity was not significantly different. The results gathered would form a part of useful information for
recycling melamine waste in lightweight concrete mixes.
Keywords: Recycling, Melamine Waste, Fine aggregate, Lightweight Concrate, Mechanical Properties.
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