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Abstract

This project evaluates the effect of fly ash, activated carbon parlicles, silica fume, and surface
modified silica fume on compressive strength and selting time of cement paste and mortar. This
study comprises of three parts. First, we evaluated the effect of the types of admixtures including
fly ash, activated carbon particles, and silica fume on compressive strength of mortar. At 28 days,
fly ash vielded the highest compressive strength but was slill lower than the control, i.e. mortar
without any admixture. Presumably, at this early age, the pozzolanic reaction by fly ash was not
effective yet. Thus, relatively, the additive of fly ash reduced the amount of cement and the extent
of hydration. Similarly, activated carbon is a chemically inert admixfure. It would not participate
in hydration reaction. Consequently, the addition of activated carbon reduced the amount of
cement and the extent of hydration, resuliing in the even lower compressive strength. Secondly,
we evaluated the effect of surface chemistry of silica fume (i.e. hydrophobicity and
hydrophilicity) on the compressive strength of the mortar and the setting time of the cement paste.
Interestingly, hydrophobic silica fume enhanced the compressive strength of the mortar at the
carly age (7-14 days). However, at the middle age (28 days), the compressive strength of the
montar with the hydrophobic silica fume decreased dramatically. A further study is needed to
explain this interesting behavior. In addition, the setting ltime of hydrophobic silica fume was
greater than hydrophilic silica fume. Presumably, hydrophilic silica fume could adsorb water to its

hydrophilic surface, decreasing the amount of free water for hydration in the system and



accelerate the setting of the paste. Third, we investigated the effect of porosity of activated carbon
on the compressive strength of the mortar and the setting behavior of cement paste. The activated
carbon with low porosity yielded the greater compressive strength than the one with higher
porosity. Nevertheless, the activated carbon with high porosity set faster than the one with low
porosity. Presumably, water was absorbed into the pore of the carbon, resvlting in the enhanced

setting,
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M 2.2 femmuamaniiveufiaesnuunIgIH ASTM C618

.. . W1in
dofmuamani
N ¥ C
Si0, + ALO, + Fe,0, a9dSovag 70.0 70.0 50.0
Si0, 819g4, fevaz 4.0 5.0 5.0
USumanudugage, fevas 3.0 3.0 3.0
¥ [

Msgauieriminiiednnn s (LOID), gegniovas 10.0 6.0 6.0

vinomg misdewTyarwiia N (Class N) iihuaisdes Tsamss sumnd (Natural Pozzolan)

M3197 2.3 dedmuamaniifiufiumuanasgIu ASTM C618

/ : Piin
4 L = £y
dafmuamaniimiuiy
N F o
Psinasan lagegaiiiamom Na20, founs 1.5 1.5 1.5
= qy 3 o o el ~ ona b =t delat a
winug iy lsaydimiuneunianiiuasafii§isounsded ddmudnfisanla

Tiifudmun

- ‘J 1 - =] ar =y
3908 C (Class C)iihudasui Idvmmsinduiuan lud uazdudy
tifaiiudanng Sil3umwea sio, + ALO, + Fe,0, winhidevas 50 YT cao g4 uaziy
uﬂadi 4' 3 = dyd r_"t = 1 4‘ 1
AuANTADUA NN IUNIATEIN ASTM C6l8 1daauyiiailsuniodnednnilaiudiaos
o s = =4 ia J = = °
snoiougad My ALO, wnnaumiies Taviidn ludisznon T dodumilerdisi ALo, d1
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] 1 4 3 b d
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M13197 2.4 padtlszneumaniivesisdiudasan luduinn szn191] W.e1. 2528 — 2544

) penilsznoumanl, %
1 w.f1.
$i0, | ALO, | Fe,0, | CaO | MgO | Na,0 | K0 | 8o, | LOI
2528 | 12.0 59 173 | 395 46 2.0 0.8 11.5 6.3
2533 | 378 | 205 142 | 174 33 0.9 2.1 3.9 0.8
2535 | 403 | 240 | 150 | 112 28 1.0 26 3.1 0.5
2540 | 415 | 281 2.3 10.0 1.2 0.6 33 2.0 0.8
2544 | 399 | 181 136 | 172 24 13 2.7 1.5 0.1
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3138 (Activated Carbon)
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afen 1 fsan 2
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M 1
2. vmiinueanswond e, a3 (S) 500.00 500.00
» 1 »
3, thminvesnizvenalei laiuazvie, niu (©) 923.50 925.30
¥ 1 ¥
4. iminvsInszvenaen 1o, niu (B) 621.70 622.90
3
5. 9 MInve NI aA 100U, AT (A) 495.50 495.30
i
6. ANV RS UMITRIYa luamazuinumey (Bulk
2.50 2.51
specific gravity)
F4d ]
7. Ao s uwiznanyaluaniizoudAuA s (Bulk
2.52 2.53
specific gravity at SSD)
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v r e o s ¥
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4 »
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v -
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» o
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¥ v
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¥ 1
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¥ 1
7. 0 minSnndn g, ndu 3)-6) 60.50 63.00
¥ 1 ]
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4 »
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» ]
7. hmindeeoh 19, nsu (3)-6) 48.90 47.80
v 1 1
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10. AWANsuzRAY 2.20

M3 N5 MTHIAIATNO 1S UNSIZYBIATUNUAT (Carbon) WINTFIU ASTM C188 [11]

Eod

mMsnaapInad
SWMS 7 LA
Asan1 AsIn2
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