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Abstract

The objeciive of this research was to study the properties of ready-mixed concrete
containing foundry sand powder, a main by-product from the automobile engine casting process
of Siam Toyota Manufacturing Co., Ltd. in Chonburi province, Thailand. Two groups of foundry
sand powder were Green Sand and Molding Waste (GSW) and Shell Sand Waste (S8SW) from
outer- and inner-cast forming process. The tested properties included the chemical compositions
and physical properties of foundry sand powder. Fresh concrete properties were the water
requirement of concrete for the specified slump, slump loss, unit weight in fresh state, and setting
time. The mechanical properties such as compressive strength, splitting tensile strength and
modulus of elasticity at the age of 28 days, were investigated. The durability properties of
concrete were the expansion in water, drying shrinkage, and resistance of sodium sulfate
(Na,SO,) at 5% concentration by monitoring the expansion and/or shrinkage of concrete. The
other properties were the weight loss due to sulfuric (H,SO,) and acetic acid (CH,COOH) attacks,
The concentration of both acids was equal 1.0 Nommality (N). The main variables were the
percentage replacements of SSW foundry sand by weight of ordinary Portland cement type 1 (0%,
10%, 20%, 30%, and 40%) and the percent replacements of GSW foundry sand by weight of
natural sand were 0%, 5%, 10%, and 15% respectively. The ready-mixed concrete tested were
normal concrete without chemical admixture. In addition, the ordinary Portland cement type I
contents of 300, 350, and 400 kg/n:l3 and the initial slumps of concrete equal 5+ 0.5, 10+ 0.5, and
15 £ 0.5 centimeters were controlled.

The test results indicated that when increasing the proportions of Shell Sand Waste
(SSW) foundry sand powder in Portland cement type 1 (0%, 10%, 20%, 30%, and 40 % by
weight) it was found that, the water requirement of concrete at the specified slump, unit weight in
fresh state, compressive and splitting tensile strengths, modulus of elasticity at the age of 28 days,
expansion in water, drying shrinkage, and expansion in sulfate solution decreased compared with
those of the conventional concrete. Wheteas, the resistance due to sulfuric and acetic acids
attacks, slump loss, and setting time of concrete increased.

For the properties of concrete containing Green Sand and Molding Waste {GSW)

foundry sand powder, by replacing the GSW foundry sand in river sand increased with the

@



proportion of 0%, 5%, 10%, and 15% by weight, the water requirement of concrete at the
specified slump, unit weight, slump loss, expansion in water, dtying shrinkage, and expansion in
sulfate solution increased, whereas the compressive and splitting tensile strengths, modulus of
elasticity at the age of 28 days, and the percentage of weight loss increased.

From the study, it can be concluded the preliminary tendency to use the foundry sand
form cast forming process of engine foundry industry as raw materials for producing ready-mixed
conctete which 15 conventional concrete for the cement content (300, 350, and 400 kg/ms) and
intial slump loss (5 £ 0.5, 10 £ 0.5, and 5 £ 0.5 cm), without admixtures were specified. It was
found that the SSW foundry sand can be used as an ordinary Portland cement type I replacement
for up to 40% by weight, and the GSW foundry sand can replace the river sand for up to 15% by

weight, depending on the specified compressive strength of concrete.
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Atomic Absorption
Total Arsenic Mg/l as As 0.019 <50
Spectrometric Method
Inductively Coupled
Total Barium Mg/l as Ba | Plasma Emission 0.17 5100
Spectrometric Method

Inductively Coupled

Total Cadmijum Mg/l as Cd | Plasma Emission 0.02 £1.0
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Atomic Absorption
Total Chromium | Mg/l as Cr <0.10 <5.0
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Atomic Absorption
Total Copper Mg/l as Cu <0.10 -
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Atomic Absorption -
Total Iron Mg/l as Fe 0.70
Spectrometric Method
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Atomic Absorption
Total Mercury Mpg/i as Hg 0.002 <02
Spectrometric Method
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2.3 S Tunmnedns

Melntyre, S. W. et al. (1992) I¥ars1/luseanutissdudoafumsims ol duuu i
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(Calcium Silicate Hydrate, C-S-H) A9aun159 (3.1) uaz (3.2) laslanymuedinmi 3.1

2(3Ca0Si0, )+ 7H,0 — 3Ca0.28i0,4H,0+3Ca (OH), (3.1)
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2(2Ca0S$i0, )+ 5H,0 — 3Ca0.28i0, 4H,0+ Ca(OH,) (3.2)
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Sulfoaluminate) HozuniFouda Iios 5@ (Calcium Sulfoferrite) Aamrumsh (3.5)
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3.5 noudnifuauauidiiinisnaaou

3.5.1 MINTENYUUIAADEUDIDUNIN (Particle Size Distribution)
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3.5.2 noufinnuilundnvesais
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3.5.4.2 Tuadatanguysinounin

Tugdadanguiiuguausadenguussnouniaiinnuddydonindegdves
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3.5.5.2 N13NIeRuiinanInTamn

anzndoufiivamaziinansenuasegnis ldsmveslnssadrnounia
Taovi lilsamawuTugduos Imdoudama (N2,50,) TmmmFsudama (€,50,) uuniidoy
Fala (MgS0,) uazunarfousama (Caso,) Fuionfedaniadanududuninndr 1000
davludrudou (ppm) sz Mesunimfannu@svnis Tavdamnerinljsoidunng
nARf N A0sTsuAnanouseno 1 1IAan s ¥o1692 (Expansion) N15UANS 1 (Crack) Uz
MSUARIBU (Spalling) TuszEze1?
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%’ucﬁauuazi‘fu‘adﬁunm sudlosuinniladefifoatosdunisifal fAsondu anududy
voaamaloosu gunglvesenizzuiedon stiauardaduveaToquszeu Sandani
Aodagrauaznarlumstiy ifuduy ua:xﬂuﬁfjﬁ?uﬁi‘fuag'ﬁ'unmmswmnms'ﬂs:mu'uaq
Famlalooouiidarisoud1sdh niasuain Wendfasess iR iRad i3 Ind (AFt-phase)
AfquautRluveesann

dminlfisvves Tedoudams (Na,50,) AuFudnadansouyoon iy
4 Sunoussdo

L m3ifadU 4y (Caso,2H,0) Tns I damaseil §aToduunad vy

Yaason’len (Ca(OH),) iRanansmanihiilsy dsummaluaunisii (3.10)
Ca(OH), + Na,SO,.10H,0 — CaS0,2H,0 + 2NaOH + 8H,0 (3.10)
2. maifadym3a1ne (AFt-phase) FaBUsui o n§i5er luaumsi (3.10) s

e300 [ } ) = £ Py = oA - o ar i
Uffsemeilosit lasunaFuuesgiiue (C,A) Nandadmationnislng daaaluaunisi
(3.11)

3Ca0.A1,0, +3(Ca,S0,.2H,0) + 26H,0 —> 3Ca0.ALO,.CaS0, 32H,0 (.11
3. mufialuTudalhesgiun laode lnsunadousrgiiainl §Asmdy

ar o oy ar ] - 1 ] A
Famnozir i UTuiudamalumadonae denaldidnndInditeugdllegluanuzis

wdusnGenhluTuda ez giioug (AFm-phase) Aaaaa luaunisi (3.12)
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2(3Ca0.Al1,0,) +3Ca0.Al1,0, CaSO, 32H,0 + 4H,0 —
3(3Ca0.AL,0, CaS0,.12H,0)  (3.12)

¥ . . ¥
4. MsiAadnNSaInad (AFt-phase) i1 uadamaminiu ln TudaTrozgiius

wilfougy liihudvnialnds duaasluaums (3.13)

2(CaS0,.2H,0) + 3Ca0.AL,0,.CaS0,.12H,0 +16H,0 —
3Ca0.A1,0,.CaS0, 32H,0 (3.13)

HestitnansenurmyThate Taudamafifie Ui
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PSR lasuraifonozqiing (C,A) 1n

2. WSumunaion'laasenlad (Ca(om),) Tumad fivadySuiudssnsnzimiu
AMUATUNIURBNIT I INTaIA

3. avdutuvesmisazmodania TasnasududuiiiSmaumeediuduasy

' o J
ADWTANINYY

o &
3.5.5.3 MINIZNUNOIDINNIA

Tunawq f“ism:iiu-ummgyanﬁnsmﬁﬂ%uuazﬂsﬁﬁ1nwsnﬁ'ﬂn§euTﬂiqﬁ¥1q
aounsn Taovia Tnsavzuiseenidh 2 dszinnite ?

1. N5aB3UN3H (Organic Acid) F9119nAINITUNIIMTINEAT Tagmsmniylu
n3 :mumsdauaawﬁrmuu‘l%’uammu'lﬁ'l%’aan?ﬁswiums*ﬁwﬂﬁﬁ%’m PIMITU NIABLTEN
(CH,COOH) nsanBiLin (HCOOH) iiluduy TnsUndnsayszinniosianvansoluns
azawduarausautensaeeniiu 3 nduamuareunso lunmsarmvvesnfeunaiBoy

lunsadunsd aanslunisan 3.1
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A133991 3.1
asujanguanuEIse lumsazawvouniounadenlunsadunid

» »
miodunsuluii 100 N5y Agamal 25 ssnaidve)

. 4 ANV TUNTAZAW
N F¥onsa - . ”
vounfiounafoy (Ca™)
L azawlAga 1. CH,COOH (Acetic Acid) 52.0
2. HCOOH (Formic Acid) 16.1
3. CH,CHOHCOOH (Lactic Acid) 10.5
2. 0z0018 1. (CH,),COH(COOH), (Cetric Acid) 0.085
Urunana 2. (CH,),(OH),{COOH), (Tartanic Acid) 0.037
3. azorwlAdon 1. (COOH), (Oxalic Acid) 0.00067

Tasasafiiwmaasufunsunianaundunsiolduuuiiunsaezdan
) r »
(CH,COOH) Hifnglunquiiavainihge nazeusaiitasuninaarsdalandann 2 dou
s o ’ kY =1 I ey o LY
Uffisvesnsaninanduunaien leasonlad (Ca(oH),) (IanilnAnsaseynugisoitums
- da a < A 2 £
Usznsuusaidenfiilunouniavanue uaissninuaadon leasenladlinaualuns
oo r a ° = 3 4 ¢
Uffsvwareganizioraisluzyveslsepuininninsainey weunadunlsason lud
B oy e, a5 o oy oy 4
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h |
Fufafunsaiimsrzdnoon lluaziilfnsamuisansedidediminIndvosnounialg

' n’: q’::g ras LY o o o«
ﬂi).lll muwﬂgnnﬂ'mjwuﬂ’fmm:msazmummnamnmm
2CH,COOH + Ca(OH), — (Ca(CH,C00),)+2H,0 (3.14)

2. N3ABIUNTY (Inorganic Acid) N1ANINNTTBIUMINIATIUNsTU Taonsaiii

[ - é - = : =y Lyaty
vitnuIfie nsadayin (1,50, ¥anAsziAaluindeeingramnssy U§Asu1veansa
Fann fuunadonleasenlen (Ca(OH),) namaaunsi (3.15) Tnulidnpaznisiilnse

= at
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Tnsentiians luwaeiileoouvesdama (50,7 szsinl§asnduunasonlooou (ca) 14
wiasuatduunadoudamn (Cas0,) Faiinrwannsolunisazasd dadasiuaisieh
3.2 nazifionsang lesouvesergiidion (ar") sxh BusaiFvusamanuliisvinoiios
petludnnselng (3Ca0.A1,0,.3CaS0,.32H,0)

2H,S0, + Ca(OH), - Ca(S0,), + 2H,0 (3.15)
Fl"ﬁ‘]d‘ﬁ 3.2

MTudsnguaANuase lumsazawveundenamdunlunsaetiunid

muaduniuluiii 100 niu Hgungll 25 eruvaidon)

. 4 mmmmm‘lumiazaw
N ¥on3e N - .
YDUNTADEANEN (Ca” )
1. azawlAga 1. HCI (Hydrochloric Acid) 73.9
2. HNO, (Nitric Acid) 127.0
2. azawfhunan | 1 H,S0, (Sulfuric Acid) 0.256
3. azauldiiey 1. HF (Hydrogensulfide Acid) 0.00067
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ﬂ'l‘iﬂﬂﬁi)‘ljffﬂyiu:‘uE)dE]‘lgﬂTﬂ%’)ULﬂﬂﬁﬂ Scanning Electron Microscope (SEM)
At unAnNYee GSW 1y SSW #303F X-Ray Diffraction #REN15ATTIBYUIARAZ VDY
833 (Particle Size Distribution) na#ay lnsguinivsiiedsvinumeasuszmalulab

< 3 ar
PHIDINTUUHTINTITY

4.1.42 N1INSAOURUANAYBINOUNTA

AusdRvsInsunalnduazney n3ATfina Shell Sand Waste (SSW) M50 Green
Sand Waste (GSW) Tﬂumﬂsgmﬁlﬁu manarouezidu 1A §Iu American Society
for Testing and Materials (ASTM) # el

1. 'Hu'amfmﬁﬂumﬂaun‘%’ammummgm ASTM C 138 (Standard Method of
Test for Weight per Cubic Foot, Yield, and Air Content (Gravimetric) of Concrete)

2. MIMSYUR AT UAUYBINOUNTAMIINTIATIIU ASTM C 143 (Standard Method for
Slump of Portland Cement Concrete)

3, 5802192 TMITNOAIVDINOUNSIAATVUTATFIN ASTM C 403 (Standard Test
Method of Time of Setting of Concrete Mixture by Penetration Resistance)

4. Tugdadanjuuninouniafiony 28 Tu AMNIATFIU ASTM C 469 (Standard
Method of Test for Static Modulus of Elasticity and Poisson’s Ratio of Concrete in Compression)

5. fdssauazNidAuuLidnysanounia lanlddrodunsnssuensuin
durgudnms 10 ge 20 9. Taohntsnan 3 #3006 1Ronitsdadunam ndinooauLY
ﬁmq 1 5u Mﬂﬁ”’uﬁ1'11Jﬁ1ms1ju‘lmfwu3mmwﬂﬁanﬁ 3,7,28, 68,90 uaz 120 Ju
ANAIRY SunpumInaTouidesaazus e 183 EnaaouILUHIEn (Splitting Tensile Test)
ATV NIRRT FIU ASTM C 39 (Standard Method Test for Compressive Strength of Cylinder
Concrete Specimens) Il @ £ ASTM C 496 (Standard Method Test for Splitting Tensile Test of
Cylinder Concrete Specimens) AU &1A1 Tavfdnvazasinisaduniosfionaaeuuans

Tunm 4.1
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6. M1INARWVULAS (Drying Shrinkage) Tavfin1snarunauniauddainmnas
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¥ »
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NG Shell Sand Waste (SSW) HOBABUATA

»
s

5.1 i nug e s 1 tduvvngy Shell Sand Waste (SSW)

Namsmtfa‘uqmﬁuﬁ'ﬁﬁugmﬂmmE;IumwTﬁuwnfjn Shell Sand Waste (SSW)
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5.2.3 MMsgUA NI uAuIazms gaionIn1syuda (Initial Slump and Slump Loss)
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