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Cement is pointed out as the main cause of carbon dioxide emission in the construction industry. Many researchs are
underway to use blast furnace slag, an industrial by-product, as a substitute for cement to reduce carbon dioxide emitted
during the manufacturing the cement. When blast furnace slag is used as a substitute for cement, it has advantages such
as long-term strength and chemical resistance improvement. However, blast furnace slag has a problem that makes initial
strength low. This is due to the impermeable film on the surface created during the production of blast furnace slag. The
created film is known to be destroyed in an alkaline environment, and based on this, previous studies have suggested a
solution using various alkali activators. But, alkali activator is dangerous product since it is a strong alkaline material. And it
has the disadvantage in price competitiveness. In this study, an experiment was conducted to improve the initial hydration
reactivity of the blast furnace slag to secure the initial strength of the mortar substituted with the blast furnace slag and
to check whether the carbonation resistance was increased. As a result of the experiment, it was confirmed that the
mortar using alkaline water showed higher strength than the mortar using tap water, and there were more hydration
products generated inside. In addition, it was confirmed that the mortar using alkaline water as a compounding water had

high carbonation resistance.
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Table 1. Experimental plan

Factors Levels
Water/Binder ratio (%) | - 55
- Ordinary Portland cement

Bind
1nder - Blast furnace slag
-0
Blast furnace slag 25
replacement ratio (%) - 50
- Water

Type of binding water - Alkaline aqueous

- Compressive strength(3, 7, 28 days)
Test item - SEM(Scanning Electron Microscope)
- Accelerated carbonation test
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Table 2. Physical properties of cement and blast furnace slag

Specific gravity (g/cm’) Fineness (g/cm?)

OPC* 3.15 3,750

BFS** 2.73 3,600

* OPC : Ordinary Portland Cement
** BFS : Blast Furnace Slag

Table 3. Chemical properties of cement and blast furnace slag (%)

Si0, | ALOs | CaO | MgO | SO; | Fe.0s

OPC* 22.1 5.0 63.8 1.6 2.0 3.0

BFS** 342 14.47 425 5.26 1.95 0.63

Table 4. Physical properties of sand

Type Density (g/cm’) | Fineness modulus | Absorption (%)

River sand 2.56 2.57 0.94

Fig. 1. Alkaline aqueous solution generator
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Table 5. Alkaline aqueous solution generator specifications

Factors Category
Model AT-3000 A
Water supply method Fixed way
Rated voltage 400 W
Power consumption
p St:.mdard 300 W
generating voltage
Amount of water Acid 1.5 L/min
produced Alkali 1.5 L/min
Acid More than 2.3
pH range
Alkali More than 11.0

Cathode(—) : 2K(ag) + e = 2K + 2H,0
= 2KOH(aq) + Hu(g) (1)

Anode(+) : CO# (aq) + 2 = CO;

= COAg) + 1/2 04g) @
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Fig. 2. Early hydration of BFS using normal water and electrolysis
aqueous
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Table 6. Mix proportion of mortar

Type of mortar | W/B (%) | C:BFS (%) B:S Type of water
OpPC 55 100:0 1:2 N*
BFS25 55 75:25 1:2 N
BFS50 55 50:50 1:2 N
ABFS25 55 75:25 1:2 A**
ABFS50 55 50:50 1:2 A

* N : Normal water
** A . Alkaline aqueous
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3.3 EXIEMISIA|E(Accelerated Carbonation test)

Fig. 8~12

Bt} 20

(a) Iweek (b) 2week (c) 3week

Fig. 8. Accelerated carbonation test results of OPC

(a) 1week (b) 2week (c) 3week

Fig. 9. Accelerated carbonation test results of BFS25

(c) 3week

(b) 2week

(a) Iweek

Fig. 10. Accelerated carbonation test results of ABFS25
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(c) 3week

(a) 1week (b) 2week

Fig. 11. Accelerated carbonation test results of BFS50

(a) Iweek (b) 2week (c) 3week

Fig. 12. Accelerated carbonation test results of ABFS50

Cabonation depth(mm)

Y T T T
0 1 2

Time(weeks)

Fig. 13. Result of Carbonation depth measurement
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