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A Hydration Reaction and Strength Development Properties of Cement
Using Pond Ash in Coal Fired Power Plant
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This study comparatively analyzed the properties of hydration reaction and strength development of four types of pond ash(PA) and fly
ash(FA), aiming for the effective use of PA. The PA whose chlorine content was highest due to the seawater movement method had a
faster setting time, higher cumulative heat, and greater initial strength development than those of FA due to the acceleration of the
cement hydration reaction. However, the activity factor increase rate decreased after seven days of curing due to the rapid generation
of early hydrates. The PA that contained impurities, such as a large amount of unburned carbon, had a delayed setting time due to the
lower hydration reaction. Moreover, the strength was degraded in all curing ages. The PA whose chlorine content was lower due to the
freshwater movement method and the amorphous content exhibited similar hydration reactivity and strength development
characteristics compared to that of FA. The thermogravimetric analysis results verified that it had a similar level of Ca(OH),
consumption and pozzolanic reactivity with that of FA. Conclusively, it is necessary to expand the application of the freshwater
movement method and manage the ignition loss to raise PA’s usability.
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Table 1. Experimental plan
Binder ratio(%) )
Type W/B(%) B:S Test item
OPC FA PA
FA 75 25 -
PA1 75 - 25 - Setting time*
- Isothermal conduction calorimetry
Paste PA2 50 ) s - » + Thermogravimetric analysis(TGA)
PA3 75 - 25 (7, 28, 91 days)
PA4 75 - 25
FA 75 25 -
PAl 75 - 25 - Compressive strength
Mortar PA2 50 1:3 75 - 25 (1, 3, 7, 28, 91 days)
- Activity factor
PA3 75 - 25 1, 3, 7, 28, 91 days)
PA4 75 - 25

* In the setting time, the water content was determined by the standard consistency test according to KS L ISO 9597.
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Table 2. Chemical composition and physical properties of coal ash type

Chemical composition(wt %) Physical properties

T e . .
Y1 $i0; | ALOs | Fe05 | Ca0 | MeO | $O5 | TiOs | NasO | K0 | P05 | MnO | 810 | Ba0 | 1 | ror | Density | Blaine
(g/em’) (cm/g)

FA | 562|236 50 | 43 | 1205 | 13 |06 | 16| 05|01 |01 01| - | 50 225 3,170
PAI | 498 | 215 | 81 | 56 | 25 | 03 | 1.1 | 19 | 14 | 18 | 01 | 02 | 02 | 067 | 51 241 3,056
PA2 | 517|249 | 92 | 43 | 16 | 06 | 14 | 13 | 13 | 06 | 01 | 02 | 02 | 003 | 27 236 3328
PA3 | 407 | 146 | 126 | 47 | 14 | 19 | 09 | 07 | 08 [ 04 | 02 | 01 | 01 | 010 | 210 235 3,154
PA4 | 497 | 232 | 61 | 38 | 21 | 07 | 13 | 14 | 16 | 08 | 01 | 01 | 01 |08 | 81 230 3,250
FA PAI PA2 PA3 PA4

(a) Appearance

(b) SEM (x1,000)

Fig. 1. Appearance and SEM images(x1,000) of coal ash type(Raw materials)

7MY O|HEATE CfgF ZStE|0fQle e SISt 4 9QlC} Fig. Table 3. Rietveld analysis of coal ash type(wt %)
(b)S AHEH FAE 5~10um 37|12 HEE S YEH| Xt Phases FA | PAl | PA2 | PA3 | PA4
7h F2 PEEE B PAZ 10~20um 37|12 MR 2 Xt Quartz(SiOy) 109 | 161 | 109 | 181 | 140
= 1 S >~y .
7h S0, 2T el sIEofAE B BEE. Mullite 147 | 166 | 146 | 115 | 135
[ ! o SlO=l AlE (BALO; - 2Si0,)
Table 3= FA 2! PA 4&9] XRD—Rietvelddls 225t 45 £ .

MAT L H =2 L FIHO =

|' I-E‘I-I_ jiO“:l' oo™ H HEES ﬁool'M_ Hematite(Fe-05) _ s 04 B} 10
O, HE2E o -ALO:Z 2t AR0l| 10% X250 EAMGI¥Ct FA Halite(NaCl) i 05 - - "y
= Quartz, Mullite 2 Magnetite2 A E|0QleH, PAE E2/0] Anorthite 0 o
OflA2t HEEHOHAIZE S 82 EH0]7] ThZ20l Quartz, Mullite %! (CaALSi:0g)
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5HT O|%tcl>|')i!o *%Ef PA1 E‘J PAAI_ NaCl J_éll' I-O‘_| Hahte% (K(OH,Fz)zAlssisolo) - - - - 6.7
242+ 0.5%, 0.7% Eé,éfﬂ O, EHa 0l5YAS ME ot PA2 Others 0 0.7 0 1.0 0.7
i PA3= Hamejf E|X| (Bg |'|:_r H|I‘|I|(Amorphous phase) Amorphous phase 74.1 62.1 73.6 56.6 63.3

S ATHEH FA 74,1%, PA1 62.1%, PA2 736%, PA3 56.6% %
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2 metEr)
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A1, 0] 25EL MEH2EA(Conduction calorimeter, TAM
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Thermal analyzer, SDT 650, TA Instruments)E&
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Fig. 2. Setting time of coal ash type
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Fig. 3. Cumulative of hydration of coal ash type
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Fig. 5. Compressive strength of coal ash type
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Fig. 6. Activity factor of coal ash type
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Fig. 7. SEM image of coal ash type
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