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Abstract

The object of this research is to produce alkali activated fly ash-cement using
low calcium fly ash as substitute for portland cement. The experimental program
included activation of fly ash by a strong base(NaOH) at different concentration,
temperature, and liquid-to—fly ash ratios. To achieve for higher compressive
strength of the hardened product, sodium meta silicate is added to the alkaline
solution. From the factors considered on strength development, the ratio of lig-
uid/fly ash, the activator concentration and temperature always result to be sig-
nificative factors. The optimization studied show that the alkaline solution con-—
centration of NaOH(210g) + Na»SiOs-9H-0(30g) + H.O = 1L at 50T produces
the best alkali activation effect for the low calcium fly ash. SEM and XRD pat-
terns showed that the components of alkali-activated fly ash consist mainly of
mullite, quartz and amorphous aluminosilicate.

2 X

B Ao BAe g FPo] e Heo] AT 0§l TEAEAWES hAT & 9
= €728 Zdto] AA-AMEE Azxst=d Atk Feto] of4ie s = U kst
UYEF =58 2% 221 liquid/fly ash EHIENA FPsiAth F o 52 AFTES
7 BEAE A7) 95k ﬁ‘*P‘Jrﬁfrg &Ze] §Ao HrFEATh %‘E‘ﬂafﬁ_«l TN B
o liquid/fly ash®] E3HIE&F FAFA & a8 25E I F23 AxE ALY
t}. NaOH(210g) + NaleOg 9H,0(30g) + H,0 = 1L2 FA"Y <¢Zg Fgsgde 5
0ColA Zg FeFo] we Zgto] ofHY &Zedd axE I =4 vetdoh. ¢z2843
" Zgto] e F2 quartz®t mullite 283 FAF ] aluminosilicate®  FAHASS
SEM# XRD &4 Z2#o|Ax Bt
Keywords : Fly ash, Alkali-activation, Compressive strength, Cementitious material
# 80| : Sejo] of4), U B, YHYE, AWE B2
sAdEty EESA I R, FEEkAL E-mail: khy9792@hanmail.net, 061-650-4038
stduist BT 2ug, FEAL e B =0 3 B 2005 12€ 31Y7HA d3E Hu

sk P ERSAY g, FEEML FAIE 2006 49356 E2EAHE ARSI

IZAxSRICEE| Mo Maz(005. 100 261

ok



.M E
U AeslEibdsddA wWEEHT e ks @
e vjd Zrlete Al e, old ulel A
dbgee o001 d  4919FEA 20050 At

2 758 ZoF odE o Aes|d
ALl et A77HEo] v Aladr AgoleH A
5 2002 1 st e EEol i AEE
A7e AHE &R, F7F 259 5 34 Al
gHese] Alx U8 T v BolllA I eisitt
=4 5, 1990). JEM ZAYE A, AHIE
T T &% A7kt AREske Boke Aldjstale
71E4]] FAHCR et A8t D= R vAaL
9)= AlAolt}

A Il BAsk= Seto] oiF T S8
A e R S B S vl s AR
o] mHA SRS gk FAF e opet
AEgel s B2 SFEA

HA ek B9 3
S TN Q7] Wl ZEhe] o4l AEE7]
zol tig Ave B84 Ade =2 75T A
A R ApdoA dAHolof & Fad FATE Ha
Atk

ARAZANE Zgho] fHAS Q2837 A% A+

N
:‘—I‘

HeEHA FEo] 1 d¥F 2AYE A8
a1tk 53] 9] A% d7t dAse ¢
640‘1%9] “E}ﬂ F AHE 28] Fopol &85
%65 EFEI F 60% AETE AGEET Qe
g3 AZEE HA=dn JHJapan  Cement
Association, 1996).

}
1

i?ﬂ

ol Flr i

5

TE WS Y F 7] wEel #H 2L o
8 TEE Add AT o= dHAn gt
(Cochrane, J. W. and Boyd, T. J, 1993). =%
1 olg)d BHoz AMEE Felo] oj4e grEe
C# Eo] o4 BE Ca FFo| & Edo] 42
AR, e Ca B Fejo] o4 EE FF F

262

STESTEEE| HM9A H|45(2005. 10)

e

2ol ool AL F3] Ak

% ° we 9o Zeo] o4E FaE Auw
AE7] s P Seho] o4 EE Ca H
o) o F2lol A4l clgalel ZEA=AU=S) 4

5&0}* AT7E v T8 Ae=R -ﬂr%%‘:‘r H
ojgfg =¥ o] dgow Zgfo] °H¢M e LAt
ol gk A7 s JPH o, AF7HA
H‘C‘L Zeto] of+lel &z 51'@‘5'}0\_ A F 7t
A WHoZ s 4 JtKKhadilkar, S. A. et al,
1998; Samadi, A., 19%; Silverstrim, T. et
al, 1997). A WA e Sho] ofet ZAsA

[e)

g T4 v O ERES ¥ 2xelAM sk
_‘:'_.

s Ah %él% ZAYE A x| AHEEE A
otk

o|Hgt Zuto] ool A BN AREEE
AN FFoRE FMNSUER, FAEEE, @it
UEF 183 fAEF ol Jon, gze &4
B2 Zeto] oo E]-318H 547 SAsiA9
5 a8ln HHemd s A FHpEHE Ao
A A HZhaohui Xie and Yunping Xi, 2001). ©]#A
o] AFolA Shi (1996)e Zglo] S o]ga}o
W G- 3]-Eto] ofj4] Flo]2Ed Fale A+
BuEgon Samadi (19%)e FF 28] oi49t

Sinh=s :éif’;}é}oq 60CollA 24712 kA3l 8000

psi® =& ‘?J T2 717 Fo]2EE W= 1
2L o g 91 3 717 ERS Betn YTAle]
ol AA z}] 22 uE=r] 98 vle-g2nuarar

Qo] Fhikge] A3 AoEH o= F= AHHE A

Fol gthWu, X et al, 1994; Sliverstrim, T,
et al.,1997).

A B AMe FF o] di9lE ¢4
Jate] Axgk ZEto] of4-EEZEl29] HFEEA o
g ZsA = B ArHE, Hex a8 24
3l go/Zgto] of4] EFHIEY FTS e
W, ¥4 S4stE Ego] o¢-EE2H=29 P
d W7IUSS skt 9] E3 o] it



A

2. &

0o
ot

o
0T
1%

2.1 AL EME

B o) AMgE Zgto] dfHe H 4%ﬂé%
A wlEE AoE o|AS& ASTM C 618 7
neh Fe Eeto] 42 R —E}Ol ofj <]
318t AL Table 13 2om, &2 HIEY AHA
A ALOsSIOFe0>91%)S et Q)
FASUEF 2 HElAUERT & vk A
S JHNA gtk @] 2489 15 IEER
7} HERHAEFS SF5E 83089 A=Zs19th

ox |‘2\i
2 b

22 MeEH M=

sk ashiE
B 1 MRS Sl SuARAs 4o

Table 1. Chemical Composition of Fly ash(wt%)

Element Content(%) Element Content(%)
Si0, 62.6 K:0 1.8
AlOs 224 SO; 0.6
FeO3 6.2 TiO. 1.2
Ca0 2.8 P:0s5 04
MgO 0.7 MnO 0.1
Na0O 0.6 Ig. loss 6.1

Fig. 1 Photographs of alkali activated fly ash.
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Table 2. Mixing Design for the Manufacture of Specimens
from Alkali-Activated Fly Ash(M : mole)

NaOH Concentration Liquid/FA Tem Time
(Liquid) (wt %) D
1M
2M
o 3M 03:10
P 4 M 04:10 | 20T
. 7 day
5M 05:10 | 50C
6 M 06 :10
7M
8 M
Liquid(g/L) Liquid/FA -
NaOH NaSiO; + (wt %) Temp. Time
(g) 9H,O(g)
200 0
StepIl | 175 %
20C | 3da
150 50 04110 ) v
50°C | 7 day
125 5
100 100
Liquid(g/L) Liquid/FA -
NaOH NaSiOs - (wt %) Temp. | Time
(g) 9H:0(g)
240 0 3, 7day
Stepll | 919 30 37,2
0c | dav
180 60 04:10 50 3, 7day
150 90 3, Tday
120 120 3, 7day
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Fig. 2 7-Day compressive strength obtained for the low calcium fly
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(a) Solution Concentration(g/L)
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Fig. 3. 3 and 7-Day compressive strength obtained for the low calcium fly ash after activated with sodium meta silicate
added to the sodium hydroxide at 50°C and 20°C with liquid/fly ash ratio of 0.4((a) 5M NaOH, (b) 6M NaOH criteria).
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(b) Fly ash activated by NaOH 150g + NazSiOg « 9H,O
90g/L(x2,000)

(c) Fly ash activated by NaOH 210g +
NazSiO3 + 9H.O 30g/L(x2,000)
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(d) Fly ash activated by NaOH 210g + NaySiOz + 9H,0O
30g/L(x10,000)

Fig. 4. Scanning electron micrographs: (a) raw fly ash; (b, ¢, d) fly ash activated with sodium meta silicate added to the

sodium hydroxideat for 7 day at 50°C with liquid/fly ash ratio of 0.4.
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Fig. 6. XRD patterns of fly ash activated with alkaline liquid(NaOH 210g + NazSiOs -+ 9H,O 30g/L) for 7 day at 50C

with liquid/fly ash ratio of 0.4.
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