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Experimental Study on the Applicability of Reactivity SiO, Nano

-Materials as Cement Composites
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In this study, nano-silica and nano-titanium were selected to determine the possibility of applying the binder to reactive nano materials.
The basic characteristics of the nano material candidate group were reviewed. and the reactivity of nano materials was reviewed
through K-value. The reactivity of the nano silicate materials was measured to be high. Therefore, as a final candidate group, nano
silicate materials were selected. The finally selected reactive nano material was reviewed for its usability as a construction binder. The
mechanical properties and unit weight of cement paste were reviewed using silica fume and blast furnace slag and nano materials.
When cement composites with nano silicate materials, it was confirmed that it was effective in improving the mechanical performance

and decrease the unit weight of cement composites.
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Fig. 1. Nano-material candidates



HRIAOIEA HEE

O

(a) Nano titanium (b) Nano silica

Fig. 2. Le chatelier specific gravity test
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Table 1. Construction binder materials and nano-materials
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Table 2. Result of compressive strength of nano-material cement composite

Binder Compressive strength
. wie %) (MPa)
Specimens ratio
o Nano
(%) | Cement . 7 days | 28 days
materials

OPC 100 - 61.41 71.12

MW 1% 69.21 55.52

NS-15 1% 67.93 76.14

NS-30 1% 9 | 64.11 77.73

K-150 1% 63.86 73.80

K-200 1% 68.28 73.07

NT 1% 30 62.52 73.96

MW 3% 66.24 79.84

NS-15 3% 62.92 75.76

NS-30 3% 68.73 74.48

—_— 97 3

K-150 3% 74.56 76.20

K-200 3% 70.09 75.75

NT 3% 61.26 73.09

OPC: Ordinary Portland Cement, MW: Micro White,
NS-15: Nano silica 15nm, NS-30: Nano silica 30nm,
K-150: KONASIL K150(Fumed silica),

K-200: KONASIL K200(Fumed silica), NT: Nano Titanium Rutile

o Specific surface Specific gravity
Material Product name Ingredients area ) . Le Provided by
(nm) ) Micromeritics . .
(m’/g) chatelier supplier
OPC 20,000 0.38 - - 3.10
CaO, SiO,, ALO;,
GGBS grade 100 0.72 - - 2.90
Binder £ Fe;05 2| 25,000 ~30,000
GGBS grade 80 0.42 - - 2.90
Silica fume SiO, 99.6 100~150 18~20 - - 222
Micro white 96.08 22.65 20.8 2.11 2.56 -
15nm 99.78 14.05 203.8 1.40 - -
Nano silica 30nm SiO, 98.74 26.24 232.7 1.87 - -
KONASIL K150 99.75 13.60 144.0 1.51 - -
KONASIL K200 99.90 13.62 2572 1.43 - -
Nano titanium Rutile TiO, 99.66 3141 25.9 3.77 3.94 -
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Table 3. Mixing proportions of nano-materials and binders
Specimens Binder Cement MW SF GGBS AG
OPC 100 - - - -
MW or K150 99 1 - - -

SF 89 1 10 - -

GG3 100 64 1 10 25 -

GGQ2 64 1 10 25 -
GG3+AG 61 1 10 25 3
GG2+AG 61 1 10 25 3

OPC: Ordinary Portland Cement, MW: Micro White, K150: KONASIL K150(Fumed silica), SF: Silica Fumed,
GG3: GGBS(Ground Granulated Blast-fumace Slag) Grade 80, GG2: GGBS Grade 100, AG: Anhydrous Gypsum
Table 4. Mixing volume proportions of nano-mortar(microwhite)
Specimens wie Water Cement MW SF GGBS AG AD
% %
OPC 0.548 - - - - 0.60
MW 0.542 0.008 - - - 0.80

SF 0.488 0.008 0.066 - - 0.80
GG3 25 0.430 0.351 0.008 0.066 0.148 - 0.80
GG2 0.351 0.008 0.066 0.148 - 0.80

GG3+AG 0.334 0.008 0.066 0.148 0.024 0.90

GG2+AG 0.334 0.008 0.066 0.148 0.024 1.00
Table 5. Mixing volume proportions of nano-mortar(KONASIL K150)

Specimens Wi Water Cement K150 SF GGBS AG AD

% %

OPC 0.548 - - - - 0.60

K150 0.542 0.008 - - - 0.80

SF 0.488 0.008 0.065 - - 0.80
GG3 25 0.430 0.351 0.008 0.065 0.146 - 0.80
GG2 0.351 0.008 0.065 0.146 - 0.80

GG3+AG 0.334 0.008 0.065 0.146 0.023 0.90
GG2+AG 0.334 0.008 0.065 0.146 0.023 1.00
HiE! & 12 9lA(K, B0E SO HiE4 AN, 30E 4L 22 3.2 HEtM EM BA
DUA(T4) AN HEAIES TG AEYE S A
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