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Han, Jun-Hui In this study, to suggest an efficient method of using coal gasification slag(CGS), a byproduct from
Tel : 82-43-229-8480 integrated gasification combined cycle(IGCC), as a combined fine aggregate for concrete mixture, the

E-mail : gksehxhf@naver.com  djyerse performances of concrete mixtures with combined fine aggregates of CGS, river sand, and
crushed sand were evaluated. Additionally, using CGS, the reduction of the hydration heat and the
strength developing performance were analyzed to provide a method for reducing the heat of

Received : August 23, 2021 hydration of mass concrete by using combined fine aggregate with CGS and replacing fly ash with

Revised :September 24,2021 cement. The results of the study can be summarized as follows: as a method of recycling CGS from IGCC

Accepted : November 23,2021 as concrete fine aggregate, a combination of CGS with crushed sand offers advantages for the concrete
mixture. Additionally, when the CGS combined aggregate is used with low-heat-mix designed concrete
with fly ash, it has the synergistic effect of reducing the hydration heat of mass concrete compared to
the low-heat-designed concrete mixture currently in wide use.
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Figure 1. Flowchart of integrated gasification combined cycle
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Reduction of Hydration Heat of Mass Concrete Using Coal Gasification Slag as Mixed Fine Aggregates
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Table 1. Experimental plan

A E(Ordinary Portland Cement : ©]5} OPC)2} A4t H<= 27 (o]5t CS)

RE Aol T

r: 2EAeEEEA A osf AsiAle Al

f910 2 & ASHH|(W/B)= 50%°] téte] HE

o] Za}o]ofA](Fly-Ash : ©]5} FA)S}
151A] A-8-5131Tt.

Factors Levels
W/B (%) 1 50
OPC : FA=100:0"
Binder compositions(%) 2
. OPC:FA=70:30
Mixtures
A Coarse aggregate 1 CG
regate types
ggregate bp Fine aggregate 2 CGS cs?
CGS? contents(%) 2 0 50
Experi-ment Hardened concrete 1 Adiabatic temperature rise test
. . Temperature History
Analysis of heat of hydration 2 Thermal Stress
1) Plain(OPC=100) 2) Crushed sand 3) Coal gasification slag
Table 2. Mixture proportions of concretes
FA CGS Unit weight(kg/m’) AE/C SP/C
(%) (%) W OPC FA CG cS CGS (%) (%)
0 0 180 360 0 868 849 0
50 180 360 0 868 425 424
0.1 0.15
30 0 180 252 108 852 832 0
50 180 252 108 852 416 416
a2 HL OPC % FAE AFE-SFET, FAS] 2| 2he&-2 AHE Fdo] tal] 0, 30%2] 272 &2 Al=lek3int. 419 A9
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Table 3. Hydration heat analysis design
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V&3l A ZF ] E (20mx15mx 1m)2} AHH24mx20mx3m)
2o} -FHEEE BRIk A 0= oGt 3L,

=, S 1A A 0 2 F A S5
, AR EofA ARt do] A[Hho 2 AP E| L= 5}

A5 FAJ5HATE TS oA ey MlRARRS AR EA] Fh2 Table 4

Construction stage

1/4 Shape of hydration heat analysis model

modeling

Monolithic placemen

Mass concrete size : 20mx15mx1m

Ground size : 24mx20mx3m

Admixture
OPC:FA=

100:0

OPC:FA=70:30

Fine aggregate

CS:CGS=100:0
CS:CGS=50:50

Table 4. Physical and mechanical properties of each Mixtures

N A= se] Agstot], 1 BeA Ade

Table 77+ 231 AR8 ZA 0] B = Figure 49t 2T}

Physical property of material FAO0 CGSO FAO0 CGS50 FA30 CGSO0 FA30 CGS50 Ground
Specific heat(kcal//N°C) 0.025 0.025 0.025 0.025 0.02
Density(N/m”) 23000 23000 23000 23000 17000
Heat conduction(kcal/m hr °C) 2.3 2.3 2.3 2.3 1.7
Convection coefficient(kcal/m® hr °C) 12 12 12 12 12
Outdoor temperature(°C) 12.5 12.5 12.5 12.5 -
Concrete temperature(°C) 20 20 20 20 -
Compressive strength at 91 days(MPa) 423 52.0 49.8 42.6 -
Compressive strength index a=4.5, b=0.95 a=4.5,b=0.95 a=7.45,=0.97 a=7.45, b=0.97 -
Modulus of elasticity(N/mm?) 29616 31726 31272 29686 980
Coefficient of expansion 1.0x10° 1.0x10° 1.0x10° 1.0x107 -
Poisson’s ratio 0.18 0.18 0.18 0.18 0.2
Unit Weight of cement(kg/m’) 360 360 252 252 -
Maximize adiabatic temperature(k ) k=53.7 k=45.2 k=428 k=39.7 i
Reactive velocity coefficient(a) a=1.33 a=1.50 a=1.16 a=1.24
3.3 A 8=
£ A7) A AR ZA OPCE T AAMTE 152 AFGSHATL, BEARA FAE T MAKES AHgstgon, 11 2
2] 2472 Table 59} Table 63} 2t} A= B F-2-Z A (0151 CG) et A4 A (0]51 CS) = =] AJAtof| A AATE 7S
ARESHATE CGS= = Ul TaFe Ao A E IGCCoA T sk Z o= 5= 1814 675 5 AEH5t] F 63 1
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Table 5. Physical properties of cement

. 5 . ) Setting time(min) Compressive strength(MPa)
Density(g/cm’)  Blaine(cm™/g)  Soundness(%) — -
Initial Final 3 days 7 days 28 days
3.15 3450 0.05 275 325 28.4 39.5 523
Table 6. Physical properties of fly ash
. 5 . ) . Activity index(%o)
Density(g/cm”) Blaine(cm™/g) L.O0.1(%) Moisture content(%o)
28 days 91 days
2.24 3543 22 0.1 90.3 96.3
Table 7. Physical properties of aggregates
Type Density(g/cm’) Water absorption ratio(%) Passing ratio of 0.08 mm sieve(%) FM Soundness(%)
CG 2.63 0.36 0.13 6.71
CS 2.63 1.57 2.28 2.71 -
CGS 2.61 3.49 3.44 3.16 3.0

CGS9] FA 9 ALz 2 WA, Figure 291 Zo] SEM TH Ax} 7 4714] Fejo] 2 Eo] HEEH, (a) G-21Z, (b)
T4, (c) A, (d) tHad 2l dAE THEE QL) CGS Q] A= XRD 2427} Figure 33} o] oF 10°~40°0 4] H]A
A JHPEE Vehf= Aol EAolH, o] BEx]Zo] Y2 v A 3187} o] FA4-2 25°~30° Ftof] $1x]gtt). o] & 59

(a) Glassy (b) Spherical (c) Needle

Figure 2. Grain shape of CGS
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Table 8. Chemical composition of CGS(wt%)

5102 CaO A1203 MgO SO3 F6203 NazO
CGS 46.5 18.1 229 22 0.3 6.3 0.5

Table 9. Harmful substances elution or content

Series Cd Pd crt As Hg Se F B
Elution 0.01< 0.01 < 0.05< 0.01< 0.0005< 0.01< 0.8< 1.0<
(mg/L) 0 0 0 0 0 0 1.00 0.90
Content 150< 150< 250 < 150< 15< 150 < 4000 < 4000 <
(mg/kg) 0.41 0 0 1.94 0 0 450 0.34

3.4 Majury
2 Ao A 9 A RARFCZ CGSe P4 K ooy EAS EAstA s 2 A 7Y BEEE AHE &
A 5 0.08mmzE A|7FE5e], n]A|2] B4 0 2 FA} Quanta 400-2 AFE-5H9] SEM(Scanning Electron Microscopy)AH1-S 3+

oty om, 43P E 1912 915] BrukerAte] DSADVANCE #H]| S AR&5}o] 29} 40kV, 5 40mA, Scan speed: 1 sec,
Diverging slit 0.5°, Receiving slit 0.2mm, Scatter slit 1.0°= XRD(X-Ray Diffraction)E =7 ot

E3L CGS 814 AR 4452 Flsl Al G L EASA R 0 2 MaruiAte] MIT-686-3-018 AHgstg.o0, 238]E
e}l oA A o] Bt LEAE £ 1°CE Aof5tH, 500 ER-E7]o| 232 E A70] £:819 A5l whet F| 15714
158 74 0 2 160417+ 451k

(o]
=
SIS A2 B e 2} it 55] 20°C= St 35t o, SR s B4 24 B §7HE 915t 7]

[e) -1 X
Zeof] AT Q= 4] (5)2 o1 4510] Table 103} 72 AT E w&5]ct.

Table 10. Adiabatic temperature rise test results k and a

. Q=k(1—e ")
Series
k « R?
FAO0 CGSO0 53.7 1.33 0.981
FA0 CGS50 452 1.50 0.978
FA30 CGSO 42.8 1.16 0.989
FA30 CGS50 39.7 1.24 0.984
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Figure 5. Properties of Adiabatic Temperature Rise according to Equation 1
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Figure 7. Temperature distribution and history
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