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Development of Fly Ash/slag Cement Using Alkali-activated Reaction(2)
- Reaction products and microstructure -
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ABSTRACT : Investlgatlon of alkali activation of fly ash and blast furnace slag was carried out using waterglass and sodium hydroxide.
XRD, FTIR, *Si and Al NMR, TGA and SEM were used to observed the reaction products and microstructure of the fly ash/slag cement
(FSC) pastes. The reaction products were amorphous or low-ordered calcium silicate hydrate and aluminosilicate gel produced from alkali
activation of blast furnace slag and fly ash, respectively. On the basis of this investigation, waterglass solution with a modulus(Ms) of 1.0
and 1.2 is recommended for alkali activation of fly ash and blast furnace slag. Morphology of FSC pastes alkali-activated with Ms of 1.0
and 1.2 shows a more solid and continuous matrix due to restructuring of gel-like reaction products from alkali-activated fly ash and blast
furnace slag together with another hydrolysis product(i.c., silica gel) from water glass.
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Table 1. Chemical composition of fly ash(wt %)

Element Content(%) Element Content(%)
Si0; 49.58 K:0 0.88
ALO; 31.90 TiO, 1.73
Fe;0; 5.93 P,0s 0.79
Ca0 2.98 MnO 0.05
MgO 0.95 Ig. loss 4.30
Na,0 042

Table 2. Chemical composition of slag(wt %)

Element Content(%) Element Content(%)
Si02 33.5 MgO 6.4
Ca0 418 MnO 0.5
Fe;0; 04 SO; 1.0
ALO; 13.6 TiO: 13

Table 3. Specification of water glass
Na:0(%) Si02(%) $i02/Na,0
13.5 30.5 2.26

Specific gravity
> 1.498

Table 4. Mixing design for reaction products and microstruc-
ture analysis of alkali activated fly ash/slag cement
pastes(W.G : Waterglass)
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Fig. 1. XRD patterns of (a) raw slag and (b) FSC paste alkali activated with a 1.0 of waterglass modulus and activator/solid

ratio of 0.45 at 85C for 24 hrs.
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Fig. 2. Infrared spectra of raw fly ash and slag, and FSC
paste alkali activated with a 1.0 of waterglass mo-
dulus and activator/solid ratio of 0.45 at 85°C for 6
hrs, 24 hrs and 96 hrs.
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Fig. 3. ”’Si NMR spectra of raw fly ash and slag, and FSC paste alkali activated with a 1.0 of waterglass modulus and acti-

vator/solid ratio of 0.45 at 85°C for 6, 24, and 96 hrs.
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Fig. 4. “Al NMR spectra of raw fly ash and slag, and FSC paste alkali activated with a 1.0 of waterglass modulus and acti-

vator/solid ratio of 0.45 at 85°C for 6, 24, and 96 hrs.
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Fig. 5. TGA result of (a) OPC and (b) FSC paste alkali activated with a 1.0 of waterglass modulus and activator/solid ratio

of 0.45 at 85C for 24 hrs.

3719 GAE F9E v, gFRe] o] o4i(Fig. 6(b)~
@)= 729 LA FHZ dehpeh )AL w9 Heho]
HAH WellA B4 a2 329 5 2 Atz g3
a3 AZ g FEIEC £8H A T 1A
3t HAPE FEEA ERFZHOR sty (A FeH
T8 WEAE olFA FrkFig. 6(b). ©1EF YRE Fol
€ Wi & FFol A M2 o)(cenosphere; Fig. 6(c))
S R o e e AL 78 2FE SURAY
ol(plerosphere; Fig. 6(d)7} 41 Aed WH7F wloE
AF W57 AR de AR YutFoz o] =
o' =R Zalo] 4 YRS Fol: 9 A7t 2o s
8 F(cluster) & FH371® FFehFig. 6(e). olH T Za}o
qA9 BE3H E4& Gotry] Astd FJH 22 XRD
£40] ol &H =, XRD 24 A Fo] d4dle F
Quartz, Mullite 28] 3 Magnetite 0] = AFEAZ o
A2

Fig. 7(@)~ ()= 83 2§ 1022 239 4zZ+ 84

3} 8AL o]f& G activator/solidS 0.45/1.00.2 E33
B 85TolA 6A17, 2443 a8l a 96AI17HESE &4 3)Ely
AzF FSC #Ho]2ES] SEM #F ZAE EAFal glvh
Fig. 7(a)& 6A17 B¢ B335t AZT FSC Ho|2E9
EHE HAFE= A0 1,0008] S8 FHAAE ofd®
kg FE9 Eo] A4 YA ot AEE & F A
o, 10,0008 s G ZTHY A ETho) A4l
2o gZe Sukeed o8 WA EC] IF BHHA

S B = Utk 28 ol Ho|2ER o FRE &
gsutgol o|FoAA] gk & F JLH, ojHF ol F
2 o|E HoAEE AYFor J& IEAE(15.6 MPa)E
B

Fig. 7(b)8] 2% 24A1 &/dskstd A£G FSC Hol&
ES FHE EHAFE Ao® 1,0008] S8 W A
o] g £t 4L B9 8dd A FTES &
A5l whgo] o) FFoH, ARF LR olF whg AHER
g3l Aty Aol 98 AL ¥ 2HFEE

iy ¥

o
=]

oflt

ot 5ot 293 72, 20073 7H



816 wy% - Zaq - dds

(©) x 3,000
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Fig. 6. SEM of (a) slag, and various particles in fly ash; (b) spheric glasses, (c) a cenosphere, (d) a plerosphere, (¢) cluster of
particles.

(c) x 1,000 (c) x 10,000
Fig. 7. SEM of FSC pastes activated with a 1.0 of waterglass modulus at 85°C and activator/solids ratio of 0.45 wt %
(activating time : (a) 6 hrs, (b) 24 hrs, (¢) 96 hrs, left : x 1,000 magnification and right : x 10,000 magnification).
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Fig. 8. Scanning electron micrographs of fly ash/slag cement pastes activated with different waterglass modulus(Ms) and cured
24 hr at 85°C and activator/solids ratio of 0.5 wt %(left : x 1,000 magnification and right : x 5,000 magnification).
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