Examining the roles of Fly Ash, Carbon Particle, Silica Fume and Surface

Modified Silica Fume on Compressive Strength of Mortar In the Long term
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Abstract

This senior project evaluated the effect of mineral admixtures on long term compressive
strength of cement mortar. The mineral admixtures evaluated here included fly ash, activated
carbon, silica fume, and hydrophobic silica fume at the replacement ratio of 0-20% by the weight
of cement. The cement mortar matrices al the size 5*5*5 cm’ and at the water-to-binder ratio of
0.35 were used in this study. Three major parameters evaluated here are 1} effect of mineral
admixture type, 2} hydrophobicity of silica fume, and 3) porosity of admixtures. Based on three
different types of admixtures, silica fume yielded the highest long term compressive strength,
presumably due to micro filling effect via silica addition which decreases porosity of the mortar
matrix. As for the surface chemistry effect, the replacement of cement with 1% hydrophobic silica
fume increased compressive strength while the addition of 2% resulted in the opposite. Last but
not least, the addition of mineral admixtures with high porosity such as highly porous activated
carbon decreased the compressive strength at 90 days. This suggests that porosity of mineral

admixtures can cause adverse effect on the compressive of mortar matrices.
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Properties,Unit r200(SiHL) R975(SiHB)

Specific surface area (BET} m2/g 200+ 25 110 £ 20
Carbon content wl. % 0.6-1.2 06-1.2
Average primary particle size nm12 nm 16
Tapped density* g/l
(approx. value) acc.to DIN EN 1SO 787/11, approx. 50 approx. 50
Aug. 1983
Moisture * wi. %

<t5 <05
2 hours at 105 °C
Ignition loss, 2 hours at 1000 °C, based wt. %

<10 <20
on material dried for 2 hours at 105 °C
pH in 4% dispersion 3.7-4.7 36-4.4
Si02-content wt. %

299.8 2 99.8

based on ignited material

3% 318 Famyuuuunisusl
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1 LW35ro 25 11906 | - | 650 | 2877 | arugu
2 LW35r20 2 | 1201 | 300 | s12 | 2265
3 LW35Si20 2 1195 | 299 | s09 | 2254
4 LW35AC20 | 3.03 | 1,750 | 440 | 749 | 3,318
5 LW3sSiHBY | 2 | 1,509 | 15 | s20 | 2301
6 LW3ISSiHLL | 2 | 1,509 | 15 | 520 | 2301
7 LW3sSiHB2 | 2 | 1491 | 30 | s19 |2297
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3 [
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Fd ] [
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w 1 ¥
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2. gavgiveair luseniuan, °'c 20.00 20.00
1 '
3. dhminduuduazneasusn, nfu 329.30 268.80
3 -
4. Imf51msveninfumansanda 19.50 20.00
5. numpiivenhlusniimas, °c 20.00 20.00
¥ »
6. minFmuAuazn1ARTINaY, NSy 268.80 205.80
o 3
7. dwmrinduudnld, a3y (3)-6) 60.50 63.00
¥ ] '
8 .ﬂ?nmsmaamﬂuﬁ'mﬁgmmuﬂ, mm, (4)-(1) 19.20 20.00
9, ATUAWINWIL, (7)AB) 3.15 3.15
10. AUONTUMIZINDY 3.15

A131$7 N3 MsMImANUAS UNTIzveud 188U (Fly Ash) MIASFIU ASTM C188 {11)

HAMINATOL
SRUE — —
599 1 ATIN 2
=) o”I o O ul:
1. VAUBNINUMAAT LT 0.30 0.30
| v
2. guugiivesirluenaiwsn, °C 20.00 20.00
¥ »
3. ihwinidasouazeianiausn, niu 405.30 356.40
v ¥
4. Yatflsuasveninfiumeansamas 23.90 23.20
v ¥
5. gungiivenittusenimas, 'c 20.00 20.00
» ¥
6. hmindasouaznanimas, nsu 356.40 308.60
T, Hq ¥ o
7. dwtinidasei 1€, n5u (3)-(6) 48.90 47.80
v [ ]
8. USumsvaniniumangaumun, mm. (4)-(1) 23.60 22.90
9. ANUDIWUNIE, (7)/(8) 2.07 2.09
10. AU NI UMIIRAY 2.08
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M319h 04 MsMAATINAS NS 1Zve9BamYy (Silica Fume) 115§ ASTM CI88 [11]

_ HAMTNATOD
AT 1 ATIN 2
v 4
L. dadSumsvenshiumaniausn, mm. 1.00 1.00
7 WV
2. gungiivenilueeniausn, °’c 20.00 20.00
4 W
3. hminFwudnazoans s, niy 243.80 201.60
v 4
4amSinesvaniniumansmas, mm, 20.10 19.70
[ ¥
5. gunglvanihiluaasivag, °c 20.00 20.00
v W
6. MINFsuAIaZ AR NG, nTY 201.60 160.60
o’ o = £ ar
7. thmin@uudnld, asu (3-6) 42.20 41.00
L 1 1
8. USinasvaninfumafignunudi, mm. (4-1) 19.10 18.70
9. AMUANTUMIE (7/8) 2.21 2.19
10. AU UMITINGY 2.20

M50 N5 AITHIAIA NN UNT1ZUBIAIUANIAT (Carbon) WIATFIH ASTM CI188 [11]

K 1
AITNAADIANTIN
8 UL LE] o 7
ATan1 ATIN2
» i
1. IpfFasveniniumansuisn, mm. 0.50 0.20
Ed 4
2. gungiivenilugnasusn, 'c 19.00 19.00
4 4
3. MU N IUIAZ01ARTUISH, NT L 253.20 201.40
4 4
4. I lSmTveniniumansanan, mm. 20.30 19.90
I v
5. gunglveaihluenaimad, °c 20.00 20,00
4 4
6. WIMUNDIUUAZDIANTINAY, NY 223.30 171.40
Ed 1
7. hwdnvesnd e, sy 29.90 30.00
= :’ o oY - ol
8. smaniniumaigaumui, mm. 19.80 19.70
9. ANUANIUNILYDINY 1.51 1.52
10. AUBNIUWIZINGY 1.52




3198 A6 MIMIAIANNANSUNTIZUD IO AU A (Activated Carbon) 91NUTIIN Sigma

M#Ig1d ASTM C188[11]

37

HAN1 NATDL
510013 ¥ ¥

AN 1 A59N 2
1. ?]ﬂﬂ?mmmmifﬁuﬁ'lﬂﬂ%"’auﬁﬂ, mm. 0.60 0.40
2. Qmﬂi‘]ﬁﬂﬂd‘l{ﬂuﬂ"lﬂﬂi‘luiﬂ, c 20.00 20.00
3. 1fmﬁn=‘?unuﬁuaznmﬂ%auiﬂ, Ny 285.40 256.80
4. FBmsvonhiuaniings, mm, 18.70 18.00
5. qmngﬁmm‘fﬂuéna%ﬂﬁa, = 20.00 20.00
6. 1'iymﬁﬂ=§muﬁuazmnﬂ§l"wﬁ'a, NN 251.80 224.50
7. vinFunaild, niu G-6) 33.60 32.30
8. ﬂ?n‘ms'umif'lﬁ'uﬁmﬁqmmuﬁ, mm. (4-1) 18.10 17.60
9, ATTUAWTUME (7/8) 1.86 1.84
10. A7B9 UMZIN Y 1.85

§ ] ' o v (YR TR 4 . o
91151\1'?' A7 AIFHIATAIVDNNIUNT IRUDINTUNNUUA (Activated Carbon) 9INUTHN

Lobachemie H1A3§1% ASTM CI188[11]

MINARBIATIT
SWA3 ¥ ¥
Asan1 A2
1. ‘Idjﬂﬂ?lj’lﬁ‘i‘llﬂ\i‘l{’lﬁuﬁ’lﬂﬂizx‘miﬂ, mm. 1.20 0.60
2. Qﬂlﬂgﬁ‘llﬂﬁ’lfﬂuihﬂﬂgﬁuiﬂ, i< 19.00 19.00
3. 1{1ﬂﬁnd1untn:n1ﬂﬂ§m5ﬂ, n5u 230.80 293.40
4. ;lﬂ‘lﬁll1ﬂiﬂﬂﬂl§1ﬁuﬁ1ﬁﬂ%ﬁﬁﬂ, mm, 19.60 19.50
s, qquﬁmau‘fﬂuéwﬂ%ﬁﬁq, °’c 19.00 19.00
6. ﬁwmﬁmimuazmﬂﬂgwﬁ'a, N3y 201.50 263.30
7. ﬁymﬁ’nmmshuﬁ“l%’, a5y 29.30 30.10
8, ﬂ?umﬂfﬁuﬁmﬁgmmuﬁ, mm. 18.40 18.90
9. AMUN T UNIZVBIN TN 1.59 1.59
10. AT UMz A 1.59
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