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Hydration Properties of Cement Matrix using Electrolysis Alkaline
Aqueous and Ground Granulated Blast Furnace Slag
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Cement has been used as a main material in the modern construction industry. However, it has been pointed out as a main cause of
global warming due to carbon dioxide generated during manufactured. Recently, research that replacing cement substitute to
industrial by-products such as Blast Furnace Slag which is by-producted in steelworks. When Blast Furnace Slag is used as a cement
substitute, it shows a problem of lower initial strength, which is caused by glassy membrane on the particle surface. In this study, we
used Electrolysis Alkaline Aqueous to improve the usability and problem of lower initial strength. As a result of the experiment, cement
matrix using Blast Furnace Slag and Alkaline Aqueous showed initial strength and hydrate product were developed than that using
general mixing water. Also, as a result of porosity analysis, It was confirmed that cement matrix using Alkaline Aqueous and Blast
Furnace Slag has a tighter structure in internal porosity and porosity distribution than using general mixing water.
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Table 1. Experiment plan of this research
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Table 2. Bacis of mix design

. Water Cement BFS
Weight W/B(%) © © © Total
OPC 40 557 1393 0 1951
BFS 30 40 546 956 409 1912
BFS 50 40 539 673 673 1887

Fig. 1. Alkaline aqueous solution generator equipment

Table 3. Chemical composition of cement and blast furnace slag

SiO, AlLO; CaO MgO SO; Fex0;

OPC 22.1 5.0 63.8 1.6 2.0 3.0
Factors Levels
Water/binder ratio(%) . 40 BFS 342 14.47 425 5.26 1.95 0.63
Blast furnace slag - 30
replacement ratio(%o) .50 23 ﬁ7|E‘3H %l';a"al ¢ A°H*°1 '?.;-IEI
Curing condition <20 £ 2°C
+ Flexural - Compressive strength(3, 7 days) T |2eli= 2(H:0) X7t A E= 2AE Y &l M
Test items + SEM(scanning electron microscope) OrEat UItHE AMA e A4S 2| Kl SHREE HYE
* MIP(mercury intrusion porosimetry) QI7teto HIXMEAC R Ao7|= Y2 A, Y3F0M= 0=
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Table 4. Physical composition of cement and blast furnace slag

Specific gravity Fineness

(g/em’) (cm’/g)
OPC 3.13 3,790
BFS 2.25 3,600

Table 5. Alkaline aqueous solution generator equipment specifications

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

Anode(+) : 20H —H,0+ 2™ + %02

Cathode(—) : 2H,0 + 2¢"—20H + H,
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Fig. 2. Flexural strength of cement matrix(3, 7 days)
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Fig. 3. Compressive strength of cement matrix(3, 7 days)
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Fig. 4. SEM result of normal concrete matrix using BFS
(replacement 30%)
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Fig. 5. SEM result of normal concrete matrix using BFS
(replacement 50%)
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Fig. 6. SEM result of Alkali concrete matrix using BFS
(replacement 30%)
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Fig. 7. SEM result of Alkali concrete matrix using BFS
(replacement 50%)
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