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Fundamental Research on Reactivity of Silica Source in the Rapidly
Cured Inorganic Micro-Defect-Free(MiDF) Concrete
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In this paper, the reaction properties of silica source in the accelerated curing conditions using autoclave and the fundamental
properties of inorganic Micro Defect Free(MiDF) concrete using silica source are studied. Studies show that Si ions elution rate from
silica source in autoclave curing is higher in amorphous source. In tap water conditions, solids which is source after autoclaved curing
show a higher mass reduction in amorphous materials, which is attributed to the higher elution rate of ion. In Ca(OH), solution
conditions, amorphous materials show higher mass increase, due to increase in C-S-H minerals. From experiment for influence on the
properties of MiDF concrete by using nano silica materials, the specimen with silica fume shows an increase in compressive strength
and a decrease in absorption depending on replacement rate up to 5.5%, while nano silica with amorphous phase and high-fineness
shows a decrease in compressive strength and decrease in the water absorption. The specimen with nano silica increases the pore
below 10,000nm, but reduces pore between 10,000 and 100,000nm. The above results show that the porosity and absorption rate of
MiDF concrete can be reduced by using amorphous nano-size silica. However, to reduce the pore of 50 to 10,000nm, better dispersion
of nano material in the cement matrix will be necessary. We will focus on the this item in the next research.
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Table 1. Chemical composition of materials

Type | CaO | SiO, | MgO | ALO; | SO; | Fe;05 | KbO | etc. |Total
WC [74.78 | 1525 | 1.75 | 3.12 | 3.95| 0.25 | 0.13 | 0.77 | 100
SP-L | 236 | 85.82| 2.15 | 473 |10.08| 2.83 | 1.3 | 0.73 | 100
SP-H | 0.11 | 97.56 | 0.14 | 0.11 | 1.52/| 0.05 | 0.32| 0.19 | 100
NS-C | 0.06 | 98.66 | 0.03 | 0.71 | 0.05| 0.24 | 0.05| 0.2 | 100
NS-A | 0.01 | 99.72 - 0.01 |0.01]0.02 | - | 0.23] 100
SF 0.08 | 98.46 | 0.03 | 0.77 | 0.03 | 0.25 | 0.13| 0.25 | 100
* WC : White Cement, SP-L : Low quality Silica Powder,
SP-H : High quality Silica Powder, NS-C : Crystalline Nano Silica,
NS-A : Amorphous Nano Silica, SF : Silica Fume

Table 2. Blaine of materials

WC| SPL | SPH | NSC | NSA SF
(Ii’ii;‘ge) 3400 3,000 | 6000 | 800,000 | 2,000,000 | 200,000
:Z:gji‘; 7,500 12,000 | 8,500 80 10 150
2,2 A A&
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Table 3. Experimental plan for silica source reaction in autoclave condition

Condition
Materials | Temperature | Time Solution Test items
© (hour)
WC
SP-L Ton measurement
SP-H 10 |- Tap water .
NS-C 180 20 |- Ca(OH)-1mol |~ mi:l C;a:;g:is
NS-A 4
SF
- Solution : powder = 5 : 1
10 hour e 20 hiOUF
5 10 15 20 25 30
Time (hour)

Fig. 1. Operation condition of autoclave

Table 4. Experimental plan for MiDF concrete

Materials Replacement ratio(%) Test items
SE 0, 15, 55% - Compressive strength
NS-C O0(SF5.5%), 1, 3% - Water absorption
NS-A 0(SF5.5%), 1, 3% - Poro properties

Table 5. Mix design for MiDF concrete

- - 3
D VZ/B Ulgliil(;?ght(kg/m aggregate

(0 | Water | TFT QP Ns-C[Ns-s [ Q2 [ Q3 | 1o

SFO 273 |869] - |578] - | - |462] 116 2,298

SF1.5 272 |845]22(576] - | - |461] 115 |2,292

SF5.5 271 |841]79(518] - | - 459 115 2,283

SF5.5+NS-C1| 189 | 271 |834] 78[513| 14 | - [455| 114 |2279

SF5.5+NS-C3 272 [819]76|504] 42 | - |447] 112 2271

SF5.5+NS-Al 271 |834] 78[513| - | 14 |455] 114 [2279

SF5.5+NS-A3 272 |819] 76]504] - | 42 |447] 112 2271
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Fig. 3. Ca ion depending on curing time and solution
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