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Abstract

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, and 1300 kg/m3 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, and microstructure

It was found that 25% replacement of MFW yielded the appropriated compressive strength
and it was also found that the compressive strength increases with replacing of cement by fly ash
of 10%. 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 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%.
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(irregular), U U (flaky), T GER (angular), 817 (elongated), thag U ULaL 817 (flaky and
Y] Aa I ' 2 <3
clongated) HazHUIaNYULANTY 6 uu 1dun 12 (glassy), 5o (smooth), tUA (granular),
Y
W& (rough), NN (crystalline) A2 TIA (honeycombed)
JUINMAEANHAUEAIVDINIATINUNAADNIAIVOINOUNTA TABIRNIZNIATIY

4

Y = a A A
NOUINAYUUASHINYITUISUN
]

k4 v
a A o v

~ ~ o Yy A = ~ 1
HUNAING MIRLAUNTHTUNITIAHNEITZINNIATIY

2

o w a =X v

= 4 J dy [ s R
LASHIUUAUNTAUTINUVU AIUUNIAIUDIADUNTAIIAUVUAIY
2.3.4 M

[ 1 1

? g ! { o G =
WU UAIURANNAIAYOI1ININADAVUNTNYDIADUNITA UONIINTUNVIN
a aan % = J Y o 9 2 Y A 1 ] G o
Tunsinalgnie lamsduvesdimuaud didoanmain lud o sy mstuaounia M
& ' A vy 3 A ~ 3 2
AMNAZDIANINIATIN HDVHAD tazinIenay Hudu i lslumskannounianisitiui
A A 1 1a v 3 =2 vad g o ? Ay o 8 2 A
vanazeia lasaiulngyionlainlizi eqaauiandiayvesiindesdiilanine
$ ] Sol Y] 1 [ 1
asudandasuiieduegluii dunnlimsulantasudinaindeiusguin e1anedyn
A1UTZIZ1IAINITNOAD NTHAAIVDIAOUNIA N1TUITOIATIVINGD (efflorescence) DGNAD
YDIADUNIA LAZDIIAINANDAAIVOINDUNIANAIAY NADAIUANNAINUVDIABUNTAAADY
] Y I a ~ J a ~
msudaniasuansousesn ldilumsuuiuase a1saza1edunid tazasaza1eoiuns

AVNINTIIU BS 3148



2.3.5 mainvlesoma
15199991719 (foaming agent) Avasny linaeso1na Tasldvdnnig
=K A 901 ) Y a 1Y %’ 9 [l 1 =1 < 1
aausanerIve i M lmnadeanamaunuinaway uareseimatvuIaEnnININ 1Ay

v
(% =

~ o ' ° ~ o ~ 3 o Y A
ianua (luuan) vaginmseaunouninaunszninounsaudena Jagn laniluarsmuy
[ a [ I o J a . .

oo mategriateria aunniuassznaudInInnIanIsuenEan (carboxylic acid)
9 a . . [ 4 - |

Wsensadaluiia (sulfonic acids) Waruny laTasA15uen (hydrocarbon) Hananieailuans

o A a 9 . = J @ 4 .

mwamﬂamwumaﬂu (salt of wood resin), ALND TLIUFAILATIEH (synthetic detergents),

= o a a . . A IS a2
naovodya lviuiaaaniy (salts of sulfonated lignin), NaovoInsall lasiaew (salt of
o a I { @ 1

petroleum acids) tag Tviiuusyiia Wudu arsdlFludvgiuaruunldunngasmnssy
a =\ a o 4 v A Y Y 9

nszay Ulasal uazpannuinndgad Usuavesansaz lsdosun dszanmuiosas 0.005-
2 o a s A D) o YA Y a

0.05 Tagviny udiuud iesninlspaunviueanaNwduIuvelsnaaIsuazan

4

a H v 2 = a a @ A o
LLiQﬁQW’JﬂJ@\‘IHH“ﬂWUﬂ (‘]JﬁﬂJUﬂJUW ﬂu@Wﬂﬁ&!ﬁij} Lag ¥ INNNEYNQ, 2556)

a

24 IassaalnsavednaunInNIa
9] ~ 1 wa A )
uranaz Insaas1eves Insdina lnoasenenduliauesnounsaulan Tagnall
Tasead19Twsa (pore structure) Y9 IAOUNIANIADIUTENOVAD 3 d2u (USnayr Iuan

J

Uszia3g uaz %o 119INNNENA, 2556) uaadnazilin 2.2

q

A 1 1 1 3 A g . A o <
1) Tnsaea (gel pore) ABFDIINNTLHINUNAFNUALIA (gel particle) mruiunsanay
Ao = 2 = E & P a P &
aarnvvadn ¥ Insavaiiudiunilaveslaseadnvssduudma Tagna il Insuaa
=\ <3
Hvuadnunseuas 0.0005-0.01 1y Taswas
a ~ . A 1 1 g d' A o aAan v
2) Insenilais (capillary pore) ﬂf]ﬂffN’JNﬂJEN‘L!WIL‘HﬁEJ%1ﬂﬂ1iﬂ1ﬂ§]ﬂiﬂﬂﬁlﬂ‘i%u
=\ P
éumlljumuuﬂ Fanvuadszana 0.01-10 Tulasmas
3) %9347199109 (air void) ADFBINNAAINNITANNOIDINA (air entrained) YDIANS
A A A ~ ) = B
MU W0991N1F HIBINAINNITINADUNTA (entrapped pore) muﬂﬂzmumiﬁmmﬂmma

waz Insamilaats Taena llyesieermetivuiniszana 0.1-1.0 u.



10

Gel

Part of an
Air Void

C = Cappillary
Pore

51041 2.2 Tn39a$199001AVIFNUFANAA (Powers and Helmuth, 1953)

a v d' d' k4
2.5 NHIVENNYIVON

1 {1 a a I @ '
lugranarsseiriuu mss ladarsnargan lasldiuiganauluiagnoeadic

L)
Y

I A @ . a a o a I % ]
Tagnn1z81989HIInDUNT A FAUIN1INTT lsAarsnardandi ldinaduias I

v
= IS

A VA 7 a & g = Y] g Aa ! A
NLIININ %LMH@ﬂ@MTWﬁﬁ %QlﬂuﬁuﬂﬂlUﬂﬁ!LﬂﬂﬂJﬁW mmmﬂuwuau’ommm LHBDIAN

9 9 4 a a 1 dy YA o 9 a o
UD ﬂL‘]_IaﬁlfJ“LIWTQLﬁiHjﬁWﬁﬁiLLﬁ$1JL'Jﬁ'J1/181 11!?{')1!1!Ej'JfﬂEJulﬂVI‘]JVI'JL!L!ﬁgi’JUTHJQ”IH'JﬂEJ

[ 9
#neates Tumsd luAarunaiaan laslfiluuiaswluiagreaaislunazarsilszme

Y
[

Y A
AU

—

113l @91, 2005 Choi et al. (2005) Uszmannala 1a51891UMIANYINANTZ NV
UIATINALIDEAVINIABYIANDALONAUINISWN1AA (polyethylene terephthalate; PET)
' a a g ya A9 9 v
ABABUNIA WIATINALIDIAN 1FADIAYYIA PET NHUAIGABASNTUIINAIMADN (blast-

1 ko A A o 1 3
furnace slag) MIHANIEHIUAYNIADIDGNQUNYN 250 DIANTAITIA TAsNOAT 1IN
ADYUFWUAIMIAY 0.45 0.49 1AE 0.53 AWEIAY NITUNUNANTIGA0IAEYIA PET F000z
MU 0 25 50 uag 75 TaedSu1as MaMIANYINUI MIUNUANTIWAI0IAEYIA PET NN
H ' Y Y

MgiaznTuNnAIasuitindy s liaanunuivvesnouninanas BnNgIND N

A Y A Yy o a A zg 1 Y
MIUNUNNITIBAIBIAYYIA PET NHUAIAYAZNTUINO a0 N NANTY aanalininis

] 4
gUA (slump values) YDIADUATANUUTY LAAINIAITUUTION (compressive strength) U
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AMMAITUUTIAUWVVAIEN (splitting tensile strength) aAAY TABANITENEINTUNUNTDEAY
o Y1 o o w o =< 9 o ' Y A P 9
75 M ldmMdeSunsIdaatadganedosas 33 uazoanaIuIaeHUUATINNAUN Y IH
AMAISTUTIDARIAUUIALINU
TuThi@enu Silva et al. (2005) Yszmausida 1@31091UMTANEINIIAOUANINUD
9 =) a 9) ] 4 T W =~ [
idule PETS lanfavinadurigquinaraniny 26 Tulaswas uazlivuiaanueriminy 20
Aa Aa [} =1 4 4 4 =Y 1 = g T W [} ]
Haawas luagmuudiesanaua Taslioandruifudmuanensieminy 1:3 1azonsdaiu
“g 1 = g 1w Ao 1 9 =] a 9 =y
aeudiuudminy 0.61 Noasiauwamdule PETS lafaiosas 0.4 uaz 0.8 Tagil5uas
= ' Y} ~ a v a ~
NAMIANEINUI Msnaudule PETS lgifadoeas 0.4 uaz 0.8 Tasdsuias luasunia
liaawan g nuao A8 ULTIOALAZAINIAITULTIAWUUAITN LAZFINUDNIABUATA
9y a a @ ' ' 9 Y
nerueidule PETS lanfiaeig 164 10 amnsosegosaaodule PET Ia
MThiAen U Laukaitis et al. (2005) Uszmaanaiie 1as1oa0umsAnunanssnuve
<3 a = ] = o =< <3 a =
wWalunweda'laTu (polystyrene) AoADUNTANEYN TagyiinisAnsuda IunedalaTu
~ 1 ] A <3 ] < 1 < =
AUANANAUAINLDVAD uUULIAIH ey (large) HULITATIU (crumbled) HazLUULIAAZIDYA
A o 1 = g < a ~ 1T o o W
(fine) NDATTIUFIUAADIIA TWUWe A @T1UMINY 1:1 1:1.5 1:2 1:2.5 uag 1:3 A8
= 1w ' = ol < a A oA A 2 ° ] '
NaN1TANEINUI da1a UG uaanoma Tunoaa lasunmiuiu v ldanuvuiuiy
F) v Y
YDIADUNIAAAAY DNNINTINNUUUDIANUAUIAINA1 a1 AT uns v atazn151in
A 2 < a [
anudouvosnpuniamuauan ludre Taadia Ivuweaa las unuvaziden dwwalinounia
A1 o o w [ 1 [ [ o v = 3'/ < a = 1
lamassunsssaunamuylvauazuuuitumuaiay dnnada luweda lasuunusou
! Y = = | o Y Y ' = 1 ) [
danaldaounialisinisiianuioudesniiuvuazideanazuuulvgaiudiay

[

1 [ [~} a o a <
NnMIAnEIENIana lai wuda Iuweaa leuaiunsotimns loaa lasldilutaa

q

~ Y =~ A I @ 9 ~ [
vrasu luaeunsanau'ld Tasdauiialumsdluauiunuainusounmuizayluyig
ANUHUILUY 150-170 kg/m’ FaTAINI1THIANT O UNIAD 0.060-0.064 W/m.K 11ag A8
FUUTIOAUNIAD 0.25-0.28 N/mm’

11431 .7, 2007 Marzouk et al. (2007) YszmearSuera Tas18911m AN THETUIAY
410 PET Tuna3dns ANvauanaanuaun (A, C 1ag D) Aiv ¥u1Aii08n 0.5 0.2 iay

0.1 3. AMUFIAL uazmnmuﬁmw%’aﬂaz 2510 15 20 30 50 70 (@ 100 AING1AL

[ [

1 d 1w [ 1 F S 1w
ﬁ Gli?ﬁ’)ﬂﬂi?ﬁ]@l@%&ﬂﬂ@&ﬂ?ﬂﬂ 2.8 uazamimauumaﬂ,u%mummﬂu 0.5 Wﬁfﬂiﬁﬂ‘HW
1 H ' Y
WUN ﬂ1§LL‘VI'lJﬁ‘VI§TEJ€])’JEJLﬂH°U’Jﬂ PET ﬁmuﬁu ﬁﬂﬁ’mmwumuu NINTULUIIDA N1ANTY

9
UIIALU VAT AUAZ AT UUTIAAYDIADUNTAAAAT DNNIVUIADUNIAVDIUABYIA PET

~

'49! J Y1 o v w [ o v o = 1A ~ A 49{
Wiﬂiyﬂ]u ’ﬁ\'lWabl‘ﬂﬂ’lﬂ’la\iirﬂllﬁ\ﬁ]ﬂua3ﬂ’la\?fl'lllli\iﬂmlfﬂ‘ﬂW1°]5ﬂella\°lﬂ@uﬂﬁﬁlwu6]]u
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TuiliAeany Batayneh et al. (2007) Usgmsaasuau lasteunisaenlfianiag

nnnuneaumanluneunia 1INMsANEINLI A TERIINIUNEES NANLNINAgaRD

9 Y I ~ a <] a o [ 1%
LﬂHllﬂJ'ii’)EJﬁS 30 509NNy 1A UNT A Y93 UADN gUsy 1van Jaare 819NN

q

Y o

v Y
Wamﬁﬂuamﬁ’a%’aaaz 14 14 12 8 5 4 3uag 2 MUaIAL Famsanwil lavusynaraan
uazuﬁ”sgmumw%’aaaz 510 15182 20 MUA1AY LAz UAYADUNIAUNUNIATINNIIY
v Y 1
%’aﬂaz 510 15 uag 20 MUA1AY HANISANEINDN mnmuﬁmﬁmﬁﬂanmﬁ’né’fu NG

1#AIn13guaAIYeInoUNIABAAT 91NATANEITINUD NI MTUNUNNTIGADIAHNAIEAD

v v [ [

] v 9
ﬁmzﬁu ﬁ"l‘lﬁ)ﬂ"lax‘lﬁﬂl,!,iﬂi’)ﬂ ﬂ"la\iiiJLLﬁ\iﬁ\uL‘U‘UNT%ﬂLLa3ﬂ?ﬁﬁiﬂlliﬁﬂﬂﬂlﬂﬂﬂ@ﬂﬂ%ﬁﬂﬂﬂ\1

v
S A v @ v o

a A v v A o9y v o = " A
VUSNNTITUNUNNINYAWIAHUNINIWIY U Tnbl‘ﬂﬂnlﬁ\‘liﬂlli\‘]@ﬂ NIANTULINANULDUANIB DS

Y 9
[ = [ A

v 1 1] Y
AT UUTIAAVDIADUNT ALNVAY DANINTUNUNUIATINHITURBIAEADUNTANIN UL

)

v o @ o = 1

MIAMEITUUT 09 MEITUUTIRUVVET NS IS VLT IAAUDIABUNTAAARY
1udl a.7. 2008 Panyakapo and Panyakapo (2008) U321n a'lne T meaumsaam mai
o a ~ 9 = ~
w3 waaann g luasuniaulann las ey ariunanluasunsauliaiuuo
’& H ] 1 I'd %‘

19111 (autoclaved acrated lightweight concrete) MU FIUNANTEWIN YuFuugd nie 11 161000
A A A Ao ' ' A v o = Vo
Heegiition tazema1iy Noa1dIuA1e 9 e ldrmumasineunsauamwiuuy Tusuns
(non-load-bearing lightweight concrete) A1M11AT§1U ASTM C129 Na1A0 A04UAIA15Y
15989 1o 8N 31 4.14 N/mm” agauvu ey 1Ay 1395 kg/m’ Fanan1sAnyING I

v Y v Y
ﬂmwnﬁummaﬂmumymmﬁumwaiﬁ’mmwmuuuuazmms‘uuiqeﬂaﬂm ﬂ”liLWiJﬁLl

v
o v w [ a

% 1 1 Y ] 2 2 2 (% 1
voddadIUNIwaINa THANUN U UULAZ A 1S5 VUTIDANLAY MTINUUVUVDITATIU
Y 1 Y (] o w w = 9 A ds! A 49! @ [
D1808FINA 1T ANUH LU UUAZAIAITULTIOAN UL THIWUAYY HagMINUAVUVDITATIU
a 1 Y (] o o w [ Y [ [
HaRQUIT BN AIHa 1AW NI UL AaI5 VNI I0ATIUI 11 NAAAIanad DA IAIUNAN
' ~ o -4 9 a A s A S w VoA 1w
FEUIN YUTBWUA N918 11 161008 FBIINEN LAZIABIIATNY NHINMNAINAIUANMNY
Y
1:0.8:0.75:0.3:0.0035:0.9 lag1iiin
v . . Aa v Y 9 a
11318971 Ismail and Hashmi (2008) szimadsn 1asrearums fiaynaradn
{ . a { 9 Y
Tupounia lasmsununulaidn Fuaunaraanilylsznoudais nodonauuazwoda lasu
) 0o w Y] [l %’ 1 S 1w 1 a
Fo8ay 80 LA 20 MUAAY 6AIAINNIABYUTIUUAMINY 0.53 LazdIUNTUNT 1Y Huuay

S 1w o w { Y a
ﬂ”u%luuﬁlﬂ']ﬂﬂ 715 1020 1ag 380 kg/l‘l’l3 AUl IﬂElﬂ']illﬂuﬁﬂi'lﬂﬂﬂﬂlﬁﬂwa'lﬁ@ﬂ

R |

$ouaz 10 15082 20 AUAIAD HANTANHINDI MILNUANTIORIBABHAIFAN TN U
dara ldaimsguaa anuvuuniuidlen anuvuiunds MassuusIsa wagamasus g

AnaAAY
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113)1R 8371 Mounanga et al. (2008) Yszinarsuna lasreanumsdnudaaiuuas

(2

ANNULZVDIADUNTANIAUINANLAY TW Y PUR NUAN@ 190 UA 0 M UUAD LUVALIDYA
1 H 9

A = ] 1 A o 1 1 = S 1w
NTUUIA 0-10 MY, HAZLUUHAVTVUIATHANIT 10 WU, NOAT 1AL UFIUANIAY
0.4 0.5 0.6 0.7 uaz 0.8 SaTIAIUTAANABYUTINUANINY 0 1 1.5 2 1Az 3.5 uazdns1dIn
1 4 v [
Ay IWy PUR Ao tuuatnIny 002 003 004 005 007 012 uag 0.15
= ' A 2 a ~ ' 9 '
NANISANHINDIT P15INNUUY9Usuanas Ty PUR Tuneunsadana lvanuvuinuy
@ Y o w w @ ~ d‘ = [ = a
MSHAA N IAS AT VLTIOAVDIRDUNIAanaulalTeumneunuaaunIallng
113l 2009 Albano et al. (2009) szmeriuagoal 1ds109uMIANEIBNENAVEIVUIA
1 ~ = 1 % 1 = S J [ =<
DUNMAVDUABYIA PET ADADUNIA TAsdAdININAD I UFLUANLANANAY GIUUIADYNA
4 $ [ ] I 1
MABYDUABYIA PET N 1FUANA 1N UADIUUVAD 0.26 az 1.14 v, (tuuanuazuuy v
{ =) ] 1 ¥
AWEITY) MITUNUNNIBF8AEYIA PET S08az 10 uaz 20 lagSuias vazdadiuiiige
=~ S 1w = ' ~ 9 A 4 X
YUFUUANINDY 0.50 18 0.60 HANTANBINDIT MIUNUNNTIIAINAYYIA PET NN

=) = 3}/ A tg [ [ gol = s A 3 o Y o
Tag5u1as NN INWHVUVYDIVUIABUNIA LUASTATIUUIADGINUANINNUYY VIWGlﬁﬂWEJUG]’J

v v [ =

[3 v < \ @ a
NIANTULIIDA LLi\‘]ﬂ\‘]LLU‘]JW"I%ﬂLLﬁ%ﬂ”J"INLi?ﬂl@\iﬂﬁﬂi’)ﬁﬁ%}"ﬂcﬁuﬂ (ultrasonic velocity) aaa

= [

A a A =X o v w v A = A ' ]
lllﬂl‘ﬂﬂllﬂu%‘lﬂu’ﬂﬁ@ﬂﬂ@ FINTTAAAIUDNIN AN TULLINDANLUAS LU IIAILUVURNTIY N ﬁﬁwaiﬁ

[

Tugaeadangy (modulus of elasticity of concrete) Yo4ADUNTAAAANFUIAGINY TUNINGUNY

P4
=<

1 3 J { { A
114“\1511’8]\1?713@@]‘%%1«“ (water absorption) W11 ﬂ"lilLV]l!ﬁV]ﬁ"lﬂﬁjﬁﬂlﬁH‘U’Jﬂ PET AN U
Y

a 2 X o 1 P 1 ¥ o °
Tagd3uas vazmsmuauvesvinasymainldainisgaduinnuiu 8nnedadiui

' ~ ed 2 2 o o Y1 = ¥ 2 X oA o A A o = a
G]’E]ﬂ“uclfmuﬁmwuﬂluEN”I/]ﬂﬁmmiig]ﬂ%uuwmm LBURYINU !Na!%ﬂﬂﬂﬂﬂauﬂiﬁﬂﬂ@

a

] Y
MINNUIVBAINAMITIND I BNTHAVDIUUYN NI UNINg g Rves li/ggmugil 200 400

U L] U

= 1

uag 600 paAUTAFeR dawa TiAIM a9 UNT IR U Fnanas 1InMsANYIEINIT0 Al
[ 1 wva A a3 1
1871 daimswaneyua PET lupeunia aanaldauidmanaanad uanainisosiean
Yy I A a a2 o 244 2 ~
YozuI9 PET a9 14 uilumadaeszuniing 9nnin1sgaduinimuiuyenounsa a1u1so
{ A o 3 ] = [ ¥ I
Tul 14l anunnede st v usuaumuaz neszeu 1l udy
Tuilifea1 Choi et al. (2009) Uszman1vuald 1ds1091un15AnET audnbue

= JY A a = a Aq YA
VONADUNTAUASUDIATNTNNTUNIATINASIDYIAINIAYUIA PET mmasmazmawhﬂa

'
o A

1 Fd =Y H =\

n31euNUINgNYUA0IABYIA PET Tae5n1snauigumngil 250 osrusaidod u2asiu

dananiiaweqdanduazBeaning 4.11 6as1d1uuSiuudaoniasinazideaniny
] ¥ Y o {

1: 2.44 803 19IUUAOFINUAININY 0.45 0.49 1AL 0.53 AIUAINY LAZNITUNUNNI 1A

¥ Y o w ' ) P
IFYUIA PET s080sM1nU 0 25 50 75 g 100 auaial NaﬂWiﬁﬂHW‘W‘U’N NITHUNTIINIY
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' ¥ !
IAYVIN PET ﬂ?iﬁﬂ?ﬂﬁf}ﬂ%ﬂ‘L!WJ@QN’Jai’JlIaﬂﬁQ IﬂEJmW1$ﬂ15LLVIuﬁ1/I§”IEJ$]J’JEJLﬁH"U’Jﬂ PET

9 o Y =< ¥ I d 3’; o 1 A 9
I0yag 100 ‘1/1ﬂﬁmmiﬂﬂ%uuwmu’mi’maﬂadtﬂuﬁuﬂ DNNIINUINITUNUNNTIYNIY

Re

s A

{ A 2 1 U ' 1Tl o v w o
AHUIA PET MAndudanalinin1squaeanasalsiuiu uan1i1aiiuusionanas
Tagmmizegagamsununiosay 75 miamassuusidnataddadesas 30 tazensiaiu
Y A o A 2 I, Y1 o @ w @ =
WA HUUAMNNUY LN IHAIMAIT T ID A IBUIALINY
Tuilifennu Yesilata et al. (2009) Uszimaqsn Tdsrearumsine msdsvilgeauia
I 1 { 1 1]
matlunuruanudouvesnounia lagnsnaueyyIa PET taze1e a1ngliniuanaany
AuuUY U52ABURIE LUUAITI LDV ULAZLULIMABY NI THANIAYAINA1IT oA
[ Y o w { [ 1 4
MU 10.27 17.11 4ag 17.16 MUEIAY LaZHaueLUUAT 1950882 18.52 NOATIAIUTNUA
] ] %,‘ 1 (% o [ '
AONIIIADUUNINDY 1:2.75:0.5A1UE1AY HAaNITANHINYI NITHANLIAYYIA PET
= ] o <3 G Y = 1 Y av dy
paze1s Jdrugelivlseanuiunuiuvesnouniald aeauisonai’ldn auidel
1 =Y % A Y 9 [ A 1
150 reanlsuinvez1InvIAian PET taze1ela arensliulgsautianienaluug
I 9 ~
voamslunuIuANuauvInoUNIA
TuiliRenu Kou et al. (2009) 1sgmagoans ladnuauauidvesnouniaulai
{ < [ A A $
NAUIAY PVC NTUUAIEANI 5 Haamas Ingn1sununniiedeey PVC Sogaz 0 5 15 30
=Y [ 1 % 1 g (% 1 {
uaz 45 Tagllsuas dandIniiae U ANy 0.32 HamsANEINDN MINUNNTIY
[ ] Y
Freay PVC My danaliainnuruiuuy f1aasuusasanasfaasunsafauyy
[ ="} =} d'@ 1 Y v A " 1 % 7 d‘
FI#NYeIn0UNINaNad Faaina linuegaadarduanauruny Tunanaunsunuinse
Y 44 2 ' 9 A A =) o) 4 2
Ay PVC My dana ldnounsalinnumiled (ductility) iy
13lif 219U Kan and Demirboga (2009) 5zimaasn 1as1ea1unsHanneuniaula
g ]
Y [ [} 9 = =~ A
naaedaqlvy Tao sy Tduwoddlaiu (expanded polystyrene foam: EPS) filluuiaaynin

WIDIINAZDIAUATUIATIVRIUNIND 0-4 1A 4-16 Nadns Awd1ay Tagnsununiag

1IDTINFITUIAAAY EPS 0802 0 25 50 75 uaz 100 lasd5uas audau wamsanyi

Lo

WU ADUNTANA LAY EPS AAIUMULILU 900-1,700 kg/m® ganalrinounialiaimg
Fuusonag Uy 12.58-23.34 unziana

1uiliR 02U Kan and Demirboga (2009) Usginaqsn lasroarunaiialuidiniy
wasawaaes Tunedaletu Taomsiuas Iuwedaladui 1duudlufiuanaiai
ABIVUAD UUVYNUIASUAZUUVUHUYUIA 50x50x50 1. 11AT 300x200x35 . ANUEIFL
mmi"uﬁw"lﬂauﬁqmwgﬁuaznm@hq " il gaMYN 100 110 120 130 140 11z 150 04N

J 9 ' Y
L"]fﬁ!%f]ﬁ ag 13a1 15 30 45 60 uay 120 uiﬁ fl]’lﬂNﬁﬂ’liﬁﬂ‘]&l’lW'U'J’l ﬂ')?lli@ua\iwaclﬂ
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v ' 9
w Inuneda lasunasd éﬁqﬁﬂﬁ'mmmwumuu miﬁwmm%’auuazﬁwmsummmwuﬁu

]
A a

= a Ao = A X [ I Y
FIPUHYUUASIAINTDUNANGTAND QUH YN 130 D3R ALBYE L3217 15 UIN "]NVIﬂ‘I’illﬂ

a

yrasmnnes Iuweda ledunianuvuiiy msthanudounasMasuLsdamnIny
217 k/m’, 0.0555 W/m.K 182 8.29 MPa @1ua1a 1
[ < [ o
113188211 Remadnia et al. (2009) Yszmadiuaa 1ds1sa1umsldTdsauainda?
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Tu3li@e29 U Kim et al. (2010) Uszmennivald 1ds1oaunsdsziivdlszansnn
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YUFuUA a5 aLI0eA LATNIATINNEIY NN 1:22:4 900100 Hazlons1aIudl

U
1

Ao UBMUANINY 0.4 TAsMITUNUNUIATINKOUAI8AY HDPE 3980z 10 15 20 1ag 25

U

a a < { o 1 1 14
Tag5u1as uagmspauay PUF ludguden Noas1diuszna19 Yudud nsie uag
1 @ o @ [ 1 % [ d 1w 4
1@y PUF 10D 1:0.5:1-0.85 gua1a uazlons 1auiiaey udmuaminy 0.4 Tagmsunun

YIDTINHOIUA01AY PUF 3080 33-90 1A S H1aT HaN1SANEINUYIT NITHEN

]
S A v @ v

Y Y
1@y HDPE luasunIafimuay 1 19a 18189500590 naaad 0NNIN1THaNLIAY PUF
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3.1 BJJi,’I’(ﬂ (Materials)
3.1.1 YuBmua

a sq v = ¥ A ~ 7|2 ¢ A & A
Yusmmuanlelumsanvinsatine Yusmualesauaudilszinniniianie
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=

A o ~ o s s z
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3.1.2 1Haee
v 9 Y
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anuiou dunoulme saniad1l e dszma'lne Fevaegludraseriia C aniasgiu
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Tumsaneiasadl 19nseuaiin (river sand) FITOUNTUASLUNTINIATIIULUDT 16
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3.1.4 1AM@Y
= . Aq ¥ = ¥y 2
IAHINAIN Y (melamine formaldehyde waste; MFW) #1195 1un1sAnyias 9l
1 3
anunsanseanity 2 3iluuu
<
1) I AAI N (melamine formaldehyde waste granule; MFG) AolAHIA Y
Ay v ' G = . a a [ 4 =
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a a o ~ 14 d o [V ~
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ANAIAL
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A Y % 1 a a [ ' = [ A
Vlulﬂ{l]']ﬂﬂﬁg‘U'Juﬂ'lﬁelJ@W]ﬂLL@QUﬁljmmﬂﬂwaﬂﬂﬂ!“ﬂlnanJu Llﬁﬂ\‘]ﬂ\igﬂﬂ 3.1(A) uagy (3)

ANAAY
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3.1.5 M
3 ? A Qo
W lFlumswauneuniane Uiszdrazeralsimnarsndusunsie
1 G
ADAOUNIA
3.1.6 a13nelny
1 y g}.; 1 I ' a [ 4
#1579 193 (foaming agent) N 1FumsAnyns el Wuasne Tuytiadunsiey
Uszianiszqan gasarsmuveaienisndanaunianlatuiuuy CLC gas 1
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& Yo 4 =)
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3.2.1 n5e3UAtDENAIAAN
IAT0IUAGDENAIEAN (plastic recycling machinery) §1 DK-5953 1% lunsuados
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s uwaiiu Taenszuaumsuaiana ouadoaayas uma1lu il ugwan sl g
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3.2.2 139950 UNENVINA
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120 43 ANUBBINIHTUY T 22 038 nazl luniuegnalu e awauiianITnDea 1y
o o = Y X ~ o N ¥ 3 ' a o
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¢ 2 o w 2 g s .
guUINaN 2.5 uaz 6 11 Aud AU WiBNNINATOUANNIGTIAILYANIINATOU (Worm gear unit)
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v g X o { v
0.6 wnzihania wazginssinaumsne Ilunuiaes InWe Tudwounn Aldnnnsla
Y

1 o % 1 Al 1 90) 901 7 v 1
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3.2.5 1A3090A0 1A
A [ . Y] A 9 a [ [y o 9 ~
IATOI0AD1NA (air compressor) 199N UIATOIAS 19 TN UY AR WTIAUTIHTN
% 9 [ A 9 = = [ 1 A 9 1R g‘/
apo1med lunsveunsosad ey FvnadSuiasaslaniuasesasiane 4 1m1 Faanw
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3.2.7 !!Uﬂﬁdﬂu1ﬂi§1u
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LUV FUNAADUADUNIANIABAGATT MIUNIATFIU BS 1881 tiannaagl
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FULTI0A

1 9 % ! Qy ’o’
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3.2.8 1A309NATDUMAISUNIIIOA

[ Z
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3.2.9 dovandou
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A A o Y
sUn 3.10 LATOINATDUNITUIANNIOU

U

33 MInageuaNlAved g

wa o 3 o A A Y 9 = wa 1
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YO IIAQUUNUTIUNAIHDADNTHANADUNTA

331 MINATeUMANNEITNINVRITaq

1 ° . . 3 va [ Aq o
AUDIITUNE (specific gravity) 1T UauLAVeITagN 1y U100 nNIY Y
1 : o v ! ' % 9 v ! %1 £ %
AIUNdUABUNTA FaA 1w 1A9INoATIdIUTEHINHIMITNVeITagARU IMITNYD 911
MSuesmnuidgnadon MuuIAT§IN ASTM C128 agaunish 3.1 Tagnaliarna
9 1

gtz ivaiem dmsunuIsell 19a1AN0295 12 5IUA (bulk specific gravity) Iagaa

v
[ ] a

o ﬂ@g‘lu’d AWOUAIAINA (saturated surface dry; SSD)

B
S 3.1
9 (B—Cj (3.1

=).
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1o Sg = mmdaﬁnwwm@ﬁﬁ@
Y A o a )
B = umuﬂﬂJmm@gaummuﬁ’wﬂummﬁ(g)
3. o A o & 3
C = umuﬂmm’m@;aum%ﬂum (g)

3.3.2 msﬂﬂaaumnﬁg]ﬂc'fmﬁwaﬁaq
=2 ¥ . < A o A =< 2 9y
N13QAFUUT (water absorption; WA) uJumJmmm’;a@wmmm@wum%
' = ¥ A A 3 ' ~ Y ]
N1TIUININITYATUUN Lwamuauﬂmwmuﬂumummﬂauﬂmiwagiummmumm
A o ) L o v ' X A va 9o
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3.5.1 ﬂ1§®®ﬂ!!‘]J‘Ud"JHNﬁ3J
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NUITEATIN M IPONUVUTIUHEN TAINTUNUNNTIEA AN US 0802

¥ v A & ua A a sy v P ¥ o
15 25 uag 35 Iﬂﬂlﬂﬁuﬂ 'E)ﬂ‘VNENlJﬂ1il!°Vlu°Vlﬂu“b’mu@lﬂ’]ﬂlﬂ'm@ﬂiﬂﬂﬂ% 10 IﬂﬂuTﬂuﬂ

[

1 ’.f 1 1 1w 1
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s Faam (aoihmin) AW
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MFOD10 1 0 1 0 0.5 1,000
MFG15D10 | 0 0.85 0.15 0.5 1,000
MFG25D10 1 0 0.75 0.25 0.5 1,000
MFG35D10 1 0 0.65 0.35 0.5 1,000
MFP15D10 1 0 0.85 0.15 0.5 1,000
MFP25D10 | 0 0.75 0.25 0.5 1,000
MFP35D10 1 0 0.65 0.35 0.5 1,000
MFOD11 1 0 1 0 0.5 1,100
MFG25D11 1 0 0.75 0.25 0.5 1,100
MFG25FA10D11 0.9 0.1 0.75 0.25 0.5 1,100
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MFP25D13 1 0 0.75 0.25 0.5 1,300
MFP25FA10D13 0.9 0.1 0.75 0.25 0.5 1,300
MFP35D13 1 0 0.65 0.35 0.5 1,300
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31U 3.17 mawaru TulunounIALIA LY pre-formed foam method
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3.5.5 MIBBANULIAZMTLIN
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3.6 ﬂ1iﬂﬂﬁﬂﬂﬂﬂﬂﬂ%ﬂ&l’)ﬁ!ﬂ1!"‘“%@@115

3.6.1 MINATOUANURUMUUUNA
MINATOUANUNUL LIRS (dry density test) VOIFUNATOUADUNANIAILN
VLA 50x50%50 W, Al 1gw 3 7 14 28 uaz 60 Su Tasdruaa Idornimiinnisdae
SuasvesFunaaen MUNINTFIU ASTM C567

D, =

w
— 35
v (3.5)

. v o
1o D, = ANuMUIMUULNL (AA/A.)
Y
W = 10993%uUnaaeu (nn.)

151105 (1)

<
I

3.6.2 MSNATDUNMAISTVUTION

[ [

Y
NINATDUNIAITULUIIDA (compressive strength test) VOITUNATOUADUNTA
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H H Y
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dosmuasanuduiudiusunss @mrihaunaliiFevazaianiuunuveasing)
vy o o ! G Y v AA o Y a Y 1w v A =
s Iihminassihunaeunia ldeanasnnmliinannuduminy 0.40 wazwiana/ i
o A A ua l (% A 49! Y =
W5z urm 100 kefls) aunszneneunsaltanasz luaiwisosunsengeiuldaoldn

AUNINTFIU ASTM C109 AMa5UL5I0a (C, ) taaedaaunisn 3.6

C,=— (3.6)
A
110 C, = Maduusda (nn./u.%)
9 Y
P, = U MuUnnagIgavoIsunaaoy (nn.)
dy A Y o Ao g LY Qy 2
A = NUNMUAANTUVUIVTUNNAVDITUNATDL (W)
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3.63 MSNATOUNMIPATHI
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RECYCLING OF MELAMINE FORMALDEHYDE WASTE
IN LIGHTWEIGHT CONCRETE AS AGGREGATE
REPLACEMENT

Chalermchai Chaitongrat*’, and Somsak Siwadamrongpong®
' school of Mechanical Engineering, ¥ 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 parially 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 ratio of
0.50 and wunit weight of 1,000 kg."mz. 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 wuseful information for
recyeling 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
207 century, is ubiguitous material. A substantial
growth in the consumption of plastic is observed all
over the werld in recent years, which also increases
the production of plastic-related waste. The plastic is
now a serous 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 types. The first
type is thermoplastic, which can be melted for
recycling in the plastic industry. The second type is
thermesetting plastic. This plastic cannot be mefted by
heating because the molecular chains are bounded
firmly 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 dangerous due 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 varicus toxic
elements especially cadmium and lead, which can mix
with rain water and poliute soil and water.

Recycling plastics is a possible altemnative. As
aggregate is application into construction materials
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 (iii} 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
be one of the envircnmentally friendly methods.

Therefore in this study, melamine formaldehyde
wastes have been recycled for use as fine aggregate
for partially replacing river 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. Its density is 412
kglm’. The chemical composition of cement is given
in Table 1.

Table 1 Chemical composition of cement

Components Mass%
Calcium oxide (CaO) 66.33
Silica (SiO,) 18.60
Ferric oxide (Fe;0,) 403
Alumina (Al203) 3.77
Sulphuric anhydride (SO,) 2.67
Magnesium oxide (MgO) 213
Sodium oxide (Na;0) 1.39
Potassium oxide (K;0) 0.46

Loss on ignition -

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 foorm 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

Aggregate Shape FM/particle size* Specific gravity Water absorption
Sand Round and smooth  1.97 252 0.33
MF waste granules Flaky and rough 398 1.50 551
MF waste powders powder *34 micron 1.50 -
Table 3 Methods of testing properties
Properties Dietail of test Specification
Wet density The wet density of concrete was determuned by measwmg the ASTMC138-14

mass and volume of fresh concrete

Compressive strength  The 50 x 50 = 50 mm cubic specimens were used to determine ASTM C109%-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 50 = 50 = 50 mm cubie specimens were used to ASTM D6489-12

determune ths water absorption (W) by measunng W, = (ML, .,
- L) 7 ML) of concrete at the concrete ages of 28 and 60 days.

Thermal conductivity  The 63 x 869 mm cylinder specimens were used to determine the ASTME1225-13
thermal conductivity of concrete 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."m’. 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 feaming agent was used to density
controlled of concrete mixes. This type of lightweight
concrete iz 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., MFD) without MF
wastes. The concrete mixtures were prepared with a
cement content of 412 kg/m?® and water-to-cement
raion of 0.50. The proportion of river sand was
designed at 412 kg/im™. 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 % 50 = 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 thermal 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 MFO MF15 MF25 MF35

Replacement (%) 0 15 25 35
Cement (kg/m™) 412 412 412 412

Sand (kg/m®) 412 350 309 267
MF (kg/m?) 0 B2 103 144
Water (ka/m?) 206 206 206 208

Table 5 Code of concrete mixtures

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

Table 6 Specification of non-load-bearing
lightweight concrete (ASTM C129)
Type | Compressive strength (MPa) Density

Average of Individual unit | (kgim®)
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 values
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!m’]. an
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 (MFO) are shown in Fig. 6.

Thig 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
contributed 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 iz characterized by the presence of
a thin layer which bridges the aggregate with paste.
This layer iz formed as a result of a chemical
reaction between the cement paste and aggregate.

3.3 Comparison between the test results and

standards

Bazed 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 kgfm3 respeciively, are
comparable to the specifications for non-load-bearing
lightweight concrete according to ASTM C129-11
Type Il standard, as shown in Table 6. t was found
that the compressive strength and water absorption
of MF wastes lightweight concrete is 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. However, 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.8. The experimental results
reveal that at all replacing (in volume) of sand by MF
wastes do not exert a significant influence on thermal
conductivity of the concrete in comparison with the
control concrete (MFO).

1200
Mix 11
1000 ?—'{— = ?
: . f .
& i ) i
2 5 f /// f
= oo — / /_
: n % ;
b3 400 ?— % ? ?_
200 / - ,%; 7 f///_
. I i S
MF15 MF25 MF35 MFD MF25 MF35
OAge 28 days| 1008 1071 1037 44 1008 1051 1110 1002
B Age 60 days| 997 1044 969 927 997 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?) {(kg/m?) 3 days 7 days 14 days 28days 60 days
Mix | MFO 412 o 0.95 1.15 121 1.21 1.49
MF15 350 62 1.03 1.44 1.48 217 229
MF25 309 103 1.11 1.79 2.00 2.09 2.41
MF35 267 144 0.84 1.30 1.32 1.74 1.89
Mix Il MFO 412 o 095 1.15 121 121 1.49
MF15 350 62 1.33 1.62 203 216 2.18
MF25 309 103 2.35 2.69 271 3.7 4.24
MF35 267 144 1.25 1.59 1.92 2.20 2.40

97



[=]

o

-
T

Mizx |

Compressive strength (MPa)
(5]

%

—O— MFD
—O0— MF25

—&—MF15
—#—MF35

—

| Mix 11

—o—MFOD
—1—MF25

——MF15
—#—MF35

o 10 20 Agiﬂtdays?ﬂ 50 G0 i} 10 20 Agiﬂ(days?ﬂ a0 &80
Fig. 6 Compressive sirength of concrete mixtures.
* Mix | {F% Mix Il *
-7 =5 5%‘ 8
N I T B I
g 7 |5 2 Ty 1
S & R AN
B B R R B s
2 ‘Bl RN
il B B R IE B
1 MFo | MF1S | MF25 | MF3s LN
DAge 28days| 1983 | 2114 | 2409 | 27.80 1983 | 2905 | 2308 | 2365
mAge 60days| 1929 | 1862 | 2832 | 2920 1923 | 2398 | 2421 | 2132
Fig. 7 Water absorplion of concrete mixtures
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A I y
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0000 FO | MF15 | MF25 | MF35 MFO | MF15 | MF25
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BAge 60days| 0092 | 0099 | 0407 | 0.112 0092 | 0092 | 0107 | 0098

Fig. & Thermal conductivity 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 strength 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
ugeful information for recyeling scrapped MF wastes
in lightweight concrete mixes. The results show that
the MF waste powder derived from flatting edge of
melaminge 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.
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Abstract

This paper presented the study results of the ufilization 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%. 25% and 35% by volume, constant water-to-cement rafio of 0.50 and unit weight of
1.000 and 1,300 Icg.fma. From the studies, it was found that the lightweight concrete contained melamine 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 melamine waste in lightweight concrete mixes.

Keywords: Recycling, Melamine Waste, Fine aggregate, Lightwaight Concrate, Mechanical Properies.
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