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ABSTRACT

Thus paper discussed hydrothermal reactivity of Ca(OH), and classified bituminous {ly ashes which were collected al an electrostatic
precipitator in coal fired power plant at 181°C. The major products of hydrothermal reaction were tobermorite and hydrogrossularite
because bituminous {ly ashes contained Al,O5 content greater than 20 wi%. As increasing amount of Al,O; in glass phases, formation
of hydrogrossularite increased. Formation rate of crystalline tobermorite increased with content of finer particles. higher glass content
and more Al;O; in glass phases. There was a positive correlation between residue on 45 pim sieve and hydrothermal reactivity of fly
ash up to 3 hours. The hydrothermal reactivity of fly ash at 181°C for 12 hours was more affected by firieness than by glass content
of fly ash.
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Fig. 1. The collected hoppers in the electrostatic precipitator in
coal fired power plant,
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Table 1. Fineness and Specific Gravity of Fly Ashes

Fly ash | Load(MW) | Collected position | Specific gravity | Blaine valuf:(crnj“/g) Residue on 45 pum{wt%) | Mean particle size(Lm)

A-l 600 1st hopper 2.06 2760 22.8 346

A2 600 Ind hopper 222 4180 3.3 18.6

A3 600 3rd hopper 242 7360 1.7 6.9

Al 300 1st hopper 2,08 3580 166 304

A2 300 2nd hopper 223 4980 32 156

A3 300 3rd hopper 240 7920 0.2 6.9

Table 2. Chemical Analysis of Fly Ashes (w(%)

Fly ash Si0; AlO; Fe.0, CaO MgO TiO, Na,O KO S50, C Ig. Loss
Al 638 24.8 46 2.3 0.9 1.0 1.2 0.7 0.3 0.7 1.1
A2 62.0 255 43 22 1.2 1.1 1.3 0.8 0.4 0.8 1.2
A-3 59.5 26.4 48 23 12 Ll 1.3 0.8 1.0 03 1.7
Al 62.5 26.4 4.2 2.0 1.1 1.1 12 0.8 0.5 1.5 2.1
A2 60.9 25.4 12 23 0.9 1.1 1.2 0.8 1.3 13 2.1

3 59.6 26.4 4.3 23 1.1 1.1 14 0.8 0.4 0.4 1.9
EE AFFE Fe,0y U7 o WlgES AlRe] %4 Table 4. Chernical Analysis of Fly Ash Glasses
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Table 3. Mineralogical Compositions of Fly Ashes {w1%)

Fly ash | c-Quartz | Mullite | Hematite | Magnctite | Glass
A-1 10.9 154 0.0 0.9 711
A2 8.7 12.4 - 04 773
A-3 72 12.6 - - 78.5
Al 13.0 17.3 04 0.5 66.7
A2 113 16.5 - 04 69.7
A3 8.5 135 - 04 75.8
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Fig. 2. XRD patterns of the product obtained by hydrothermal
reaction of fly ash-Ca({OH}, for 3 h.
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Fig. 3. XRD patterns of the product obtained by hydrothermal
reaction of fly ash-Ca({QOH), for 24 h.
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Fig. 4. XRD paiterns of the product obtained by hydrothermal
reaction of fly ash-Ca(OH), for 48 h.

oA AA ET @S Feo) ohaie] 24l S0, 4
Pe iskm ALO, Bl F715P] HES Ros 4

i},

3.3. Z210| ofiflel Lty

Fig. 591 181°C ¥3H27]91e) Zajo] of4]-Ca(OH), <
AxkElA Ca(OH), WS Hebddy, FERE A4
7ro] AoldE Ca(OHy, HHEHE F718aL 27 3A7
7A€ Ca(OH), ¥HEE 41.8~568 wi%E JEpx 2l
o] %7] 3N7AA 50 wi% FE2] WS Vel 24
A1000A 80 wi% olde] WheRE vehix slem, 2 o)

100 T T g T T T T

807

faz]
<
L

=
=)
1

Reacled Ca({OH), (wt%)

20

- T T T T T T T T T

] 10 20 a0 40 50
Hydrethermal reaction time (h)

Fig. 5. Amount of reacted Ca(OH), with hydrothermal reaction
time.

@

1o

18- 815

{ll

Folle MM BrEEe] SFEIETE AHA SoelA A3
S Blane #°] 7000 cm¥g o9 ko] <l A-39)

A AT Ve o 48X7F Bl ME 90 wi%
ol 4be] wkeks Ui}, Foduh Fadia 33 Sete)
o|4)= Blaine Fro] £, 238 300 Mwen]e] Zete] o
7F 600 MW He) gh-g-gke] Zit),

Zate] ofiz]e] FEukSAe)] W= Heto] dlse] <A}
= Huhee) fEldEe) 2 G nAE HdeE AE
S W7kl Ae] 45 um AR} Ca(OH), BHs-
o] PAIZ Fig. 6ol viepdo)k = 23 A4l At
AL Jehle) 45 um AzHEo] FH25E whEede ok
vt fE1Ee] o Ca(OH), WH8dsle AV B
oA|A] gttt ofeldt Fog Aol 7] dRked 2
=7t & H43E vH= des Azbdo e =
Axsy] 9s, #2112 9k, CaO+MgO 482 oF & v
dgkigo] AR} HUEs) b2 A24180 cn’/e)2t A-
37360 cmifg) Zto] o] Ca(OH), BH&2S Hlw HE
st Fig 514 EReo] $EERE 3A7kA 38 wi%,
12747104 73 wi®e?] Ca(OH), HE8339] Alo)E Halont
24M kM E 24w, 48X Tl E 02 wi%Rl] Aoid
o, FEE 7] 12277 Bl &old g it
o) 215 B0t 24471 o] Fellis gake] ThAidl=
Zlo g Uelgt) mE|al A2el A2 EEfe] ofHe] ant
SA|7he] B g F uie] WIE Fig 7ol YERRT
Ca(OH),3} Fdheo] ofse] dhego] T HH8-ES offy
. S Al Zate] o] iR WA d)gk WS
o] Ao v 1-(1-0)PE UEld £ 9T vrgdheae
ot ok

il

ol 2§

g |

N

70 Y T T T T T

B85 i

Reacted Ca(CH), (wi%)

354 T

30 1

25 h

20 T T T T T T
q 5 10 1% 20 25

Resitdue on 45 pm sieve {wt%}

Fig. 6. The relationship between amount of reacted Ca(OH),
and residue on 45 [tm sieve at 3 h.

A 374 A 8 ZT(2000



814 o] - Estuo Sakai - Masaki Dajimon

oT

05

110"

0.3

o "o m 30 4
Autoclaving time (h)
Fig. 7. Reactivity of A-1 and A-2 {ly ash.

[1-(1-00" T =k {1
A7V o dbE, e FEREAI, ke A, Ne
g2lgeln), A2 Ealo) dlHE A2 Bdlo] olsdl HF)
C’a’]/ﬂ o] k2 76 wi% B2} Blane 3t 800 om’/g &

£ E7o] sl Fig. 74 RA, frde] 42 4
OL} BlEEA0] & A2 A-29 1|8 1287 = v
gl 7177 Ay, oelde YeERe] U @
Tl A= AR Vel W] A2 124]7E o) R e
HHedw s S78Rs AES Jeo] 2447 o]l A
28} 719 A wheSEE vepl gk o8 Ao
Hal ZEgie] o9 =7 FEigAdols B2re] Ao
S FEhars & ez AzhEr)

4.8 B

HEFgistel we) wslke|e= HEg dardes] B
& WA ZE o A7F[A e FEAE 925 iﬂ Fgt
A Z2fo] o3} Ca(OH)E 181°CellA] EytEAl7]
Ezjo] ool Al AEH ANt AAE l’/&?} 4
v 22 AEE o

L g3 Zgho)] o= 20 wis o] AL, AES
TRHL 9] wjEe FEUE AL EMuielEd)
hydrogrossurite” 4875 &0 %151, AW Sl Al
FRE TE ALO; /el o] B wWEel hydrogros-
sularite®] 84 gFo] Wtk

2. HelEe] Tom 7¢l 600 Mwdn] W&3 E2te]
o] MUk fEde] eke Mo} BOus} 2 300 MW

oA iEg %F«FOT °H 7t FERkgAde] gid

-

S s

3. 444 Euzse)ss A4S el 4ol ¢
A7} HASE, fde] B ALO, o] BEEE 5
Ao bk A A Sl AR Fdo o7}
ki)

4. A Eo] oidle] &7 3AT7EA 8] kA

45 pm zﬂ 2 Az Holza 124 071A e =4
FhgdE fERe] PEPE BERe o] & Zlam 4

ERsTh
REFERENCES

1. V. M. Mathotra and P. Kumar, “Pozzolanic and Cemen-
titious Materials,” pp.7-34. Gordon and Breach Publishers,
1996.

2. K. Wesche, “Fly Ash in Concrete,” pp.160. RELEM, 1990.

3. Committee of Coal Ash Handbook, “Coal Ash Handbook,”
ppII-1, Association of Japan Fly Ash. 1995.

4. P K. Mehta, “Influences of Fly Ash Characteristics on the
Strength of Portland Cement-Fly Ash Mixures,” Cem. Caon.
Res., 15, 669-674 (1985).

5. 8. H. Lee, E. Sakai. K. Walanabe. T. Yanagizawa and M.
Daimon, “Properties of Classified Fly Ashes by Using of
Electroslatic Precipitalor and the Modification of Fly Ashes
by the Ramoval of Carbon,” J. Sec. Muai. Sci. Jpn., 48(2),
837-842 (1999).

6. 5. H. Lee, E. Sakai, M. Daimon and K. B. Bang. “Cha-
racterization of Fly Ash direcily Collected {rom Electrostatic
Precipitalor,” Cem. Con. Res., 29, 1791-1797 (1999).

7. T. Mitsuda, “Chemistry and Industry of Calcium Silicates,”
Ceramics, 9(3), 38-16 (1974).

8. N, Isu, H. Ishida and Mitsuda. “Influence of Quartz Particle
Size on he Chemical and Mechanical Properties of Au-
toclaved Aeraled Concrete,” Cenr. Con. Res,. 25, 1211-1217
(1995).

9. N, Isu, K. Sakai, H. Ishida and T. Mitsuda, “Mechanical
Properties Evolution during Autocalveing Process of Ae-
rated Concrete Using Slag,” J. Am. Ceram. Svc.. TT(8).
2088-2092(1954).

10. S. Tsunematsu, N. Tnoue and N, Hara, “Hydrothermal
reactivity of Fly Ash with Lime and Gypsum,” Gypsuse and
Lime, 212, 11-18 (1988).

11. R. T. Hemming and E. E. Berry, “On the Glass in Coal
Ashes : Recent Advances.” Mat. Res. Soc. Symp. Proc., 113,
3-38 (1988).

12. N. Hara, N, Inoue and (. Hatsuda, “Studies on the Cry-
stallization Process of 11 A Tobermorite by X-ray Line-
profile Analysis,” Yokyo-Kyokai-Shi, 87(7), 332-340 (1979).

13. H. Uchikawa and N. Kasai, “Hydrogarnet Phases in Har-
dened Products Cured by Auloclaving,” J. of the Research
of the Oroda Cement, 22(2), 116-128 (1970).

14. R. Kondo, “Kinetic Study on Hydrothermal Reaction be-
tween Lime and Silica.” pp.92-97, Inter. Sympo. on Au-
toclaved Calcium Silicate Building Products. London. Soc.
of Chem. Ind., 1967.



