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To evaluate the properties of inorganic composites using a great quantity of high-calcium fly ash generated in combined heat and
power plants, high-calcium fly ash and F-class fly ash commonly used as concrete admixtures were substituted with binding materials
to examine changes of fluidity and compressive strength depending on the substitution ratio for each curing temperature. According
to the experimental result, CFA-mixed mortar showed a tendency to reduce its flow unlike FFA-mixed mortar as the substitution ratio
was increased, but its flow loss showed smaller than FFA as time passed. As a result of examining compressive strength depending on
mixing FA, FFA-mixed mortar had an optimum range within 50% when curing at ambient temperature, but it was found that the
compressive strength is reduced when mixing CFA. When curing at high temperature, FFA did not relatively have a great effect on the
substitution ratio, but CFA could expect a strength enhancement effect compared with 100% of OPC when using within 25% of binding
materials.
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Fig. 1. CFA generation process schematic diagram(An 2013)

Ol= Heleixl 22 1RYE, MSHE, HYIE § 2 7Igd
2201 tioto] Zefet Bz AME0| 7issitt, £, ¢laz 2=
£ °f900T F== RAGH Eateie dES omlg & AU
M5|A UE 9 T mZof

Moz b oI AT S 45l
= =]

L
Y] Rot 2I2|EES 2kt AMIE B2 AZER 2
0 St

HEEL QU0 ZH2Z0]| &ret A+ X 287[=0] 2+

off A 210
afet ZelolofMle] B2t TEECE OI2E GAYAl| FF Bt

2
>
|'|_|II
0=
Q'L
|0
Hu
fon
Jon
I_
0x
1o
00
0o
oA TIr
2
H—|
ol
_O'L
2
o
Ral
10
ol
jlas)
o X

B
Glassef2 | =Lt 0loi| Bholl 2 2tRES HAYAIS| ME|
1ZHEE210|0HA|(C—type Fly Ash, 0|t CFA
Lol LetiohH, =L 23S 57| fla AeiME Foishy| of
Off AMELTHO A0 A3 20] LiXHSI Ca0 2iet=2l FEi=

r

i
©
S
3
1o
re
b
[

M AD

Table 1. Classification by chemical composition(An 2013)

Category Chemical component Note
SiO, > 50%
AlL,O3+Fe,0; Moderate - Excellevnt
I CaO < 7% pozzolanic
reaction
Other Small - F-class fly ash
component
SiO, 35-50% - Pozzolan +
I ALOs High Hydration
Fe O3 Medium reaction
CaO Larger than Type 1 |- C-class fly ash
4000
P o -Quare- 50,
Gr: Grossite - CaAl,0,
3500 Ca : Calcium Oxide - CaO
Ge : Gehlenite - Ca Al(AISIO,)
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Fig. 2. X-Ray diffraction patterns of CFA
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Table 2. Chemical components and physical properties

Composition ratio(%) Ig.loss Density Fineness

Ca0 Si0, ALO; Fe;0s MgO SO; (%) (g/em’) (em®/g)
OPC 61.12 22.11 7.1 3.06 3.14 2.21 1.4 3.16 3455
FFA 3.37 60.15 24.99 4.7 0.94 0.18 2.85 2.21 3684
CFA 42.60 21.30 9.79 8.21 6.09 5.28 6.41 2.92 4404

% OPC: Ordinary Portland cement, FFA: F-type Fly Ash, CFA: C-type

x10000
(b) CFA

x10000
(a) FFA

Fig. 3. Image of SEM
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Fly Ash
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Table 3. Experiment condition

Type of fly ash Substitution ratio(%) Curing temperature Measurement item Mix design
Ambient temperature curin - Flow (immediately after, 30
FFA perature curing minutes) - B:S=1:2.5
0, 25, 50, 75 (20C) . _
CFA - High temperature curing (60C)| - Compressive strength (1 day, 3 - W/B=50%
& p & days, 7 days, 28 days)
250 250
2() min. 80 min.
SAfter 30 min. || sAfter 30 min. |

Flow (mm)

FFA content
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Table 4. Experimental plan

1.D. Type of binder ?01;? G}?:/s;lm \g//l)a Curing temperature Test items
0 0 0
C 0 - Slump
) - Ambient - Amount of air
C temperature curing - Unit weight
C-CFA 10 0 40 (20C) - Setting time
- High temperature (Initial set, Final set)
curing (607C) - Compressive strength
SC-CFA SC 10 0
(1, 3, 7, 28, 56 days)

% C: Ordinary portland cement, SC: Slag cement, CFA: C-type Fly Ash, G: Gypsum(Anhydrite)
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Table 5. Concrete mix design
W/B Mixing ratio of Binder S/A Unit weight(kg/m?)
(%) OPC BFS CFA (%) W C BFS CFA S G
C-100 100 - - 180 450 0 0 806 926
C-CFA 40.0 90 - 10 47 180 405 0 45 797 916
SC-CFA 50 40 10 180 135 180 45 757 919
Table 6. Physical properties of aggregate
Type Max. size Density Fineness Absorption rate | Unit volume weight 0.08mm sieve
P (mm) (/e modulus (%) (kg/m?) passing(%)
Fine aggregate 5 2.58 2.70 1.46 1581 0.31
Coarse aggregate 20 2.62 6.48 1.96 1504 0.40
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