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Evaluating the Durability of Concrete Combined with Ground Granulated
Blast Furnace Slag using Electrolysis Alkaline Aqueous as Mixing Water
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Park, Sun-Gyu This research aimed to enhance the initial strength of concrete that is mixed with ground granulated
Tel : 82-42-829-7712 blast furnace slag, as well as to fortify its resistance to carbonation and chloride ion permeation. To

E-mail : psg@mokwon.ackr  achieve this, alkaline aqueous, produced through the electrolysis of potassium carbonate, was
employed as the mixing water in the preparation of concrete. To substantiate the increment in initial
strength, compressive strength measurements of the concrete were executed. Additionally, an

Received : June 14, 2023 accelerated carbonation test and a chloride ion permeation resistance test were undertaken. The

Revised :]June 30,2023 results confirmed that the initial strength of the concrete, which utilized electrolysis alkaline aqueous

Accepted : July 7, 2023 as mixing water, exhibited an improvement in comparison to concrete mixed with conventional water.
It was also verified that both carbonation resistance and chloride ion permeation resistance showed
enhancements.
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Table 1. Experimental strategy

Factors Levels
Water/Binder ratio(%o) -40
. - Ordinary Portland Cement
Binder
- Ground Granulated Blast Furnace Slag
Ground Granulated Blast Furnace Slag ) (2) 5
replacement ratio(%) 50
. - Water
Type of binding water - Electrolysis alkaline aqueous
- Compressive strength(7, 28 days)
Test item - Scanning Electron M}croscope(SEM)
- Accelerated carbonation test
- Resist Chloride Ion Penetration Test(RCPT)
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Table 2. Physical properties of cement and blast furnace slag

Specific gravity(g/cm?) Fineness(cm?/g)
Cement 3.15 3,750
Blast Furnace Slag 2.73 3,600

Table 3. Chemical characteristics of cement and ground granulated blast furnace slag

SiOz A1203 CaO MgO SO3 FCQO3
Cement 22.1 5.0 63.8 1.6 2.0 3.0
Ground Granulated Blast Furnace Slag 342 14.4 425 5.2 1.9 0.6
Table 4. Physical properties of sand and gravel
Density(g/cm’) Fineness modulus Absorption(%)
River sand 2.56 2.57 0.94
Crushed gravel 2.63 7.531 0.8

Table 5. Specifications of the alkaline aqueous solution generator

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

2.3 7|26l &l
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7t dojufz] gro B2 eREE(K,COs)S Mol d = &-g-cto] Aol ARGt pH 12.0 ~ 12.59] A7 &) 42|45 A4
Z o o] = WES-A]2 ofgff 4] (1), (2)°f] YrERH HEe} et

Cathode(-) : 2K(aq) + e- = 2K + 2H,0 = 2KOH(aq) + Ha(g) )

Anode(+) : COs*(aq) + 2¢" = CO; = COx(g) + 1/2 Ox(g) 2)
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Figure 1. Early hydration of blast furnace slag using normal water and electrolysis alkaline aqueous
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Table 6. Concrete mix proportions

. s Unit volume(I/m®) Unit weight(kg/m®)
Type of concrete  W/B(%) Air(%)  S/a(%) W(kg/m”)
C BFS S G C BFS S G

OPC? 1339 0 293 344 438 0 743 893
GBFS25° 104 40 290 341 328 109 737 886
GBFS50° 40 5 46 175 69 80 288 338 219 219 731 878
AGBFS25* 104 40 290 341 328 109 737 886
AGBFS50° 69 80 288 338 219 219 731 878

a: Ordinary Portland Cement; OPC:GGBFS = 100:0(normal water)

b: Ground Granulated Blast Furnace Slag; OPC:GGBFS = 75:25(normal water)

c¢: Ground Granulated Blast Furnace Slag; OPC:GGBEFS = 50:50(normal water)

d: Ground Granulated Blast Furnace Slag; OPC:GGBFS = 75:25(electrolysis alkaline aqueous)
e: Ground Granulated Blast Furnace Slag; OPC:GGBFS = 50:50(electrolysis alkaline aqueous)
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Figure 3. Results of concrete compressive strength tests(MPa)
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Figure 4. SEM results for 25% blast furnace slag replacement concrete

(a) GBFS50 (b) AGBFS50

Figure 5. SEM results for 50% blast furnace slag replacement concrete
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3.3 ETIEMMSIA|&E(Accelerated carbonation test)
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Figure 6. Carbonation depth measurement results
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Figure 7. Chloride ion penetration resistance results
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