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Abstract

According to Vietnam government establishes additional coal-fired power plants to secure generation capacity, emission of
ashes is accelerating and processing them is urgent issue. This study targeted utilize fly ashes that occurred in circulating flu-
idized bed combusion (CFBC) power plant to use ground solidification materials. CFBC fly ashes are used to make solidification
with ground granulated blast furnace slag (GGBFS), gypsum and cement. Then produced specimens by mixing with soft ground
soil to confirm mixing effect of fly ash in solidification. As a result it was possible to find mixture design that is satisfied 3 MPa
compressive strength in age 28 days and reduce weight loss rate over 50% in acid immersion test than plain specimens that using
only ordinary portland cement.
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A argstaL ole Ftolelie] SHE 71E Al
2. CFBC ZzZl0JojAle] §M A AHE-SE CFBC Eetolofrle] 548 #7185t &

Aol ALgE FefolohAel Ag- 1 WAl Yet
B Aol AMgE Beololdt WIEY B Cao  UlEe] S4o) B3Pl EIAR A8HE PCC F

Ngan 2|9}9] CFBC WAAelx AR Zolul, AR golifAlshs the 202 vehgr). Hefelohe] %
S% 3] F FEsh 9Esiel F88 bsdel 2] GuFe wdE o8 F o B g8 rlduiery
whe] ARE WS4 AZste] Wyskich WS Bat FES FASRE 440l Qo) 22

PCC Il aof|x] wAlsk= ZEfolofale} Blwelr] < YE AEEE E3A9 715E #1717 wiEel
ste] =] SR3lEA dAEE PCC Egtololr]e} 2 TS Alsel JAEE B ATdials EgtololA
HlwEA g om, FAAAANH(SEM, Scanning S ARt RA 24 sl Zo)7] wlEe] 2 dFe
electron microscopey ARE-dte] S Ax}, Uzl FA ¥ FOE WekH)
uie} o] PCC EEpolofAle 3ol 7k d¥S,
CFBC Eglololrle #4F ] A4S B XA &
FEA 7| (WD-XRF)$} ASTM C 114 (Standard test
methods for chemical analysis of hydraulic cement)
o] HAM A FEA 3 S wet sl 5 ; 0.,
#2488 BN Avke Table 19+ 2TH PCC Z o ' 45,000
Z}o] o Al = Si029+ A12037]' FyRo7 7} 59.87, l)genera!(PCC)ﬂyash
2139 wit%, CFBC E2olofAl= SiO%F ALOs= 32.19, ,
14.93 wt%Z EAEen Ca0st SOy7F F+HESZ
Z¥ZF 20.86, 16.67 wt%, 950+25 °CE 7}d3te] a7+
Fol 15.87 wi%= YERSITE : 5

PCC ZFolofAle] AE- T2 ZATNE THAZEA X500 5,000

AREE7] & KC L 5405 Zgfo] oA oA A& 2) Cao Ngan CFBC fly ash
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Table 1. Chemical compositions of fly ashes

(unit: wt%)

Si0, ALO;, Fe,0, Ca0 MgO SO, LOI £-Ca0
PCC F/A 59.87 21.39 8.51 3.59 133 0.76 321 0.30
CFBC F/A 32.19 14.93 9.71 20.86 2.00 16.67 15.87 1.80

Table 2. Chemical & physical properties of fly ashes

Fly ash grade (KS L 5405) CFBC
Items q h
I | I | m | v y as
Si0, (%) over 45.0 32.19
LOI (%) under 3.0 ‘ under 5.0 ‘ under 8.0 ‘ under 5.0 15.87
f-CaO (%) under 2.5 1.80
SO; (%) under 3.5 16.67
Blaine (cmz/g) over 4,500 ‘ over 3,000 ‘ over 2,500 ‘ over 1,500 1970
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C: Calcium oxide, CaO
A: Anhydrite, CaSO4
H: Hematite, F203

G: Graphite, C

Q: Quartz, SiO2
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Fig. 2. XRD Pattern of CFBC fly ash.
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Table 3. Unified soil classification system (U.S.C.S) of fine grained soils

Major division Group Symbols Typical names
ML Inorganic silts of low plasticity
Silts and clays - - .
. . . LL 50% or less CL Inorganic clays of low to medium plasticity
Fine grained soils OL Organic silts of low plasticity
[50% or more
passing #200 sieve] MH Inorganic silts of high plasticity
Silts and clays - - -
LL greater than 50% CH Inorganic clays of high plasticity
OH Organic clays of medium of high plasticity
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Table 4. Basic properties of soils on test site

No. Passing rate (%) LL* PL*™* - No. Passing rate (%) LL* PL™ sc
#4 #200 (%) (%) #4 #200 (%) (%)
1 100 88.12 50.8 384 MH 17 100 100.00 62.19 26.60 CH
2 100 88.21 56.31 31.83 MH 18 100 60.80 34.90 18.60 CL
3 100 91.54 56.46 32.60 MH 19 100 76.59 36.69 20.88 CL
4 100 95.69 56.21 31.70 MH 20 100 97.30 63.10 31.50 CH
5 100 81.80 55.98 31.83 MH 21 100 51.10 51.00 27.00 CH
6 100 92.13 55.72 31.83 MH 22 100 97.50 88.40 51.80 MH
7 100 94.94 56.14 31.70 MH 23 100 97.20 66.21 25.10 CH
8 100 88.69 56.80 3233 MH 24 100 80.70 35.10 18.00 CL
9 100 88.44 56.70 31.83 MH 25 100 77.60 38.00 18.50 CL
10 100 81.40 36.47 18.60 CL 26 100 100.00 73.73 30.80 CH
11 100 84.90 41.70 20.10 CL 27 100 98.50 62.76 34.01 MH
12 100 62.80 46.19 23.10 CL 28 100 97.70 74.68 39.52 MH
13 100 67.70 41.10 18.80 CL 29 100 97.90 63.30 34.17 MH
14 100 53.00 48.94 22.60 CL 30 100 72.60 74.77 39.69 MH
15 100 99.40 61.40 31.36 MH 31 100 97.80 75.15 40.07 MH
16 100 95.60 37.40 21.31 CL avr. 100 85.73 55.30 29.23

*LL: Liquid limit, **PL: Plastic limit, ***SC: Soil classification on U.S.C.S

Table 5. Chemical and physical properties of materials

Chemical composition(unit: wt%) Blaine Density

Materials 5 3

Si0, AlLO, Fe,0, MgO SO, (em™/g) (g/em’)
GGBFS 34.65 13.93 0.41 44.01 3.59 1.72 4,675 291
Cement 19.68 5.08 5.48 60.66 1.92 1.45 4,320 3.15
Gypsum 0.19 0.07 0.03 40.94 0.25 57.88 3,015 2.60
Fly ash 32.19 14.93 9.71 20.86 2.00 16.67 1,970 2.23
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Table 6. Mixture design
Soil Mixing ratio by weight of binder
Solidification
. Water usage ID .
Density g GGBFS Gypsum F/A Cement W/B ratio
content
1 30 30 30
2 35 35 20
200 3 40 40 10
kg/m’ 4 45 15 30
5 52.5 17.5 20
6 60 20 10
263 %0 10 0.8
t/m %o 7 30 30 30
8 35 35 20
240 9 40 40 10
kg/m’ 10 45 15 30
11 52.5 17.5 20
12 60 20 10
£ AAsHAT. Z18y 33Tt
o] ¥ SR FUe W 98l 74 BeE wEn
Ygow WEe] 2013°C LEXAN PAL AN 5. A3z
siler 3, 7, 14, 28d AFIA Y F A=
242 Qslsich. TR RYE Ao AW AL {51 YFUT
= HY J&F, 8 5 =& 7Fe=E 7] Wi AR Z45 AAA ] FAE I Fig. 300
o 50x50x50 mm Z7|= Hx A&e AlHAE 28Y Ueigler, & ze A A]E Z w8k w
7F FEt] Wi H7EE OPC AlEAIeh vlwste £o] 200 kgm*Y w), $= 2T 89| H]Eo]
0 Solidification usage = 200kg/m? 0 Solidification usage = 240kg/m?*
| 3 7 14 28 (days) 7 3 7 14 28 (days)
45 —e—2 | Not. 0.160 0639 0942 1401 (MPa) 454|—e—8 || No7. 0201 0843 1273 2063 (MPa)
1l 43| MNo2 0216 0713 1120 1553 (MPa) a4 Q|| NoB 0255 099 1426 2801 (MPa)
404 4| No3. 0255 0833 1248 1665 (MPa) 404 10| No9. 0323 1120 1630 3005 (MPa) >
s 1Y No4. 0280 0866 1.324 1.889 (MPa) T VU1 No10.0433 1324 1935 3310 (MPa)| — <
g 354 45| No5. 0308 1200 1528 2002 (MPa) € 35 < 11/ Not1.0484 1989 2801 3820 (MPa)
< "] »6/| Nob. 0318 1760 1.732 2190 (MPa) = > 12| No12.052 2088 2954 3998 (MPa) v
£ 30 S 304 —
2] 2
2 25 D 25
1] ] 2]
% 204 % 20+
) 1_5_- 0 15
o Q.
£ 1 £
8 1.0 8 1.0
054 05
00 ] T T T T T 00 T T T T
0 5 10 15 20 25 30 0 10 15 20 25 30
Age (days) Age (days)

1) Solidification usage 200 kg/m?*

2) Solidification usage 240 kg/m?

Fig. 3. Compressive strengths of solidifications.
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Fig. 4. Acid immersion test.

Table 7. Weight loss according to acid immersion test

2 weeks later 4 weeks later

ID initial(g)

after(g) | loss(%) | after(g) | loss(%)
OPC
solidification 218.0 | 145.6 332 collapsed
Fly ash | o156 1 1812 | 160 | 1791 | 169
solidification
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