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Development of Fly Ash/slag Cement Using Alkali-activated Reaction(1)
- Compressive strength and acid corrosion resistance -
Sang-Sook Park* + Hwa-Young Kang' - Kwan-Su Han*

*Division of Civil and Environmental Engineering, Sunchon National University

Department of Civil and Environment, Hanyeong College

ABSTRACT : Fly ash and blast furnace slag are an industrial by-product that can be alkali-activated to yield adhesive and cementitious
materials, whose production is less energy-intensive and emits less CO, than ordinary Portland cement manufacture. A laboratory investiga-
tion was carried out to evaluate the effect of alkali-activating conditions on compressive strength of fly ash/slag cement and the acid corro-
sion resistance of this cement. Two alkali activator solution, NaOH and waterglass + NaOH solutions, were used. Waterglass concentra-
tion was the factor that gave the highest compressive strength in all tests. The next significant factor was the NaOH concentration,
followed by curing temperature. Acid corrosion resistance of FC(fly ash cement) and FSC(fly ash/slag cement), such as sulfuric(H,SOs) and
hydrochloric acid(HCI), was far better than Portland cement(PC).
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Table 1. Chemical composition of fly ash(wt %)

Element Content(%) Element Content(%)
Si0; 49.58 K,0 0.88
AlOs 31.90 TiO, 1.73
Fe,03 5.93 P20s 0.79
Ca0 298 MnO 0.05
MgO 0.95 Ig. loss 4.30
Na,0 0.42

Table 2. Chemical composition of slag(wt %)

Element Content(%) Element Content(%)
Si0, 335 MgO 6.4
Ca0 418 MnO 0.5
Fe-20; 0.4 SO; 1.0
ALO; 13.6 TiO, 1.3

Table 3. Specification of water glass
Na:0(%) $i0x(%) 8i02/Na,0
13.5 30.5 2.26

Specific gravity

> 1.498
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Table 4. Mixing design of alkali-activated fly ash/slag cements
with different activator solution concentration

AS:;I::;?;T Solid(wt %) Curinﬂg ‘Curing Acst;‘l’?;:r/
NaOH | Fly ash | Slag temp () | time(day) (wt %)
100 0
3IM 70 30
50 50
100 0
4 M 70 30
so | so | BT
50C, 3,7, 28 0.45/1.0
100 0 65°C
5M 70 30
50 50
100 0
6 M 70 30
50 50

Table 5. Mixing design for effect of water glasses(W. G)
with different modulus on compressive strength of
alkali activated FSC(activator/solids ratio of 0.5 at
85T, FSC : fly ash/slag cement)

Solid(g) Activator(g) Modulus = | Times
Slag | Fly ash | W. G | NaOH | Water | Si02/Na;O | (ht)
790 | 171.0 0.8
548 | 1952 1.0
500 | 500 250 24
387 | 2113 1.2
272 | 2228 14
948 | 1052 0.8
65.8 | 134.2 1.0
500 | 500 300 2
46.5 | 153.5 12
326 | 1674 14
110.6 | 39.4 0.8
76.8 | 732 1.0
500 | 500 350 24
542 | 958 12
381 | 1119 14
- - 0.8
877 | 123 1.0
500 | 500 400 2
619 | 381 12
435 | 565 14
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Table 6. Mixing design for effect of activator/solids ratio on
compressive strength of alkali activated FSC(curing
at 85 for 24 hr)

Solid(g) Activator(g) Activator | Modulus =
Slag | Fly ash | W. G | NaOH | Water | /Solid | SiO»/Na,0
34.2 0.40
84.2 0.45
500 500 300 65.8 1.0
134.2 0.50
184.2 0.55
53.5 0.40
103.5 0.45
500 500 300 46.5 1.2
153.5 0.50
203.5 0.55

Table 7. Mixing design for effect of activating times on
compressive strength of alkali activated FSC(curing
at 60°C and 85T, activator/solids ratio of 0.45 wt

%)
Solid(g) Activator(g) Modulus = | Times
Slag | Fly ash | W. G | NaOH | Water | SiO2Na,O | (hr)
548 | 1452 1.0
500 500 250
387 | 161.3 1.2
658 | 842 10 6, 12,
500 500 300 24, 48,
46.5 103.5 1.2
96
76.8 23.2 1.0
500 500 350
54.2 458 1.2

Table 8. Mixing design of alkali activated FC and FSC, and
PC for evaluate of acid corrosion resistance(curing
time and temperature : 48 hr at 85C, FC : fly
ash cement, FSC : fly ash/slag cement, PC : port-
land cement)
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Fig. 1. Compressive strength of alkali-activated fly ash(FA)/ slag(S) cements with different activator solution concentration
(NaOH) at 35T for (a) 3 days, (b) 7 days and (c) 28 days with a activator/solid ratio of 0.45, respectively.
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Fig. 2. Compressive strength of alkali-activated fly ash(FA)/ slag(S) cements with different activator solution concentration
(NaOH) at 50°C for (a) 3 days, (b) 7 days and (c) 28 days with a activator/solid ratio of 0.45, respectively.
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Fig. 3. Compressive strength of alkali-activated fly ash(FA)/ slag(S) cements with different activator solution concentration
(NaOH) at 65T for (a) 3 days, (b) 7 days and (c) 28 days with a activator/solid ratio of 0.45, respectively.
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Fig. 4. Effect of water glasses(W.G) with different modulus
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0.5(wt %) at 85C for 24 hr.
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Fig. 6. Effect of activating times on compressive strength of alkali-activated fly ash/slag cement with a (a) 1.0 and (b) 1.2 of
modulus(SiO»/Na;O) at 60°C and activator/solids ratio of 0.45(wt %).
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Fig, 7. Effect of activating times on compressive strength of alkali-activated fly ash/slag cement with a (a) 1.0 and (b) 1.2 of
modulus(SiO»/Na,O) at 85°C and activator/ solids ratio of 0.45(wt %).

Totetg 5 otel x| 203 7%, 20077 7¥



806 wy% - AsY - duS

g FEE AFsA X3, o7 Q) AF FEG ¥ &
g HSAGEC] APEHA R Aol dAFHQA few
dEn. B¢ d2d B9 A7t2 s FPFRPAA 6
of #AA FL B2 ¥ FEol FEsA Hi o=
3 B Be o) WG YIPES sk Aoz vy
"t

Fig. 6@%} (b) ¥ Fig. 7@ (b)e 244 B4 ZE 1.0
I 128 239 47 843 898 0]839 activator/
solid = 0452 EZ&d SZTEEA : Table HNE 60T
(Fig. 6)¢t 85T (Fig. DA 843 & A% WA W3
o W& FSC Ho|2ES 4&HAE WalE HoFa gk

Fig. 6(a), (b) % Fig. 7(a), (AN & F ARe] ERAE
350 g F7lete] 24T EHEACR AT Ho2ET B
FEHE 300 g FUlsted 2T 2H98A02 AxE Fol&
Ed) W& dAFes 52 4FAEE HFH 9lod, B
%2 B8 @ 1004 243t Hol2E5} 1204 BHH
g HolAEHT HuFoz 47 5L FEAEE HAF
T GAT, 2 Aole mEd Aoz e

FSC Mol2E9) GHBZE Z4d) gd @43 259
T B, 60T 43 HolAEY FE=ZE(Fig 6)
o Hls) 85CelAx &dste Hol2EQ AEFBE(Fig 7)7}
433 FHEHAS S ¢ F deH, o FHF AJE: B
7 A7 €29 843 A9 FA¢ we 257 457
= UdEE A% $2% E09A8E AL AT F AA
o 60T st & A9 vhSAIZE 242058 B35t
AP = @ 85Tl &35 & F$ ATt 647
H 337t g ¢ + AUAh 60TNA 4847 6
AR Ho| 2B 45 ZE=e] FA¢ 85TolA 2427 ¥EgA)
2 dHol2EY EFFEY HI&F FE BoFa glony, ¢
SZE A3 g 85TolA 482413 &435 & A7 95
3 EA Yt QeS¢ & Atk

FSC Hol2Ee] 4&ZE S it &435 Aty 3
Fe BH, 8438 2% 60T 9 85T EFoA ¥hgA|7to]
71 W AEZEE F718H 484124 Ho)|AE
3 FHZE Fe vl a3y 243 AHE 964
T2 AFT A9 298 Hol2EY U&FE Fo]
aeH, 2 ARE S 2E 60ToAM Az A

e

O|ZERTE 85T AxF Ho|2EdAN & © A vt

gtk olHd FEFE PaE Beho) 49 s &
29 92 Sl $28 § 1L dolA AYAA B
SANE AFT B9, Al2E RN ABFo] LA}
q AFHoz AU 2ATES e8] YEoE By
.

AFNA AREHE S, BRUE 300 g Fi= 350 g 7
Pk $ASUIESS ol§ste] BRY EEL 1.0% 12
23T L BYSAR Belo] 4% sY} &
H TFES 0.45(activator)/1.0(solid) 0.2 33+ 3, 85T
A 48N AT B 40 MPa old Hl% B AE
EE Bdshs FSC M| 2EE AZF & AU wetA

rid

N
4

hu
(ol

ﬂ

ok

of

=

ol

J. of KSEE / Vol 29, No. 7, luly, 2007

33, HO|AES] At KM

Table 8014 HolE WGEALE o] 4AFC), Seh
o] j41% &2 EFR(FSC) T2 3 TEAE AIMERC)
g ogald] Ax@ AIZES 5%} 20%e] A4 4 4
g0 Arh 04z AT F F4 Al BE FFPE
Y 33 3488 345908, 1 A%E Fig 814 1o
F3 Qe

5% @3t Gl AN A9, Fig 8@AA RAF
£ A3} 2ol FCs} FSC Aol2Es ARARE 79704 A¢)
FHLE ga7h BASA Fgrom, FANE 09 A=
FEFE Ba7} e wlE dEtn 98e ¢ 5 U9
o FC Ao|2E9) 3% 5% @5 @il 9097 3
@ A 47 84%st 14.1%2] FFBE a7t PR,
FSC Mol 2ES] B9 5% $43% Gae) 904t AAH
A% 47 8% 102%9] FSFE gavh Atk 1
ik PC o) 2ES] B9 5% G AN AANZ
TARH 04 74 ASHOE FRLE Bav} BHAL
o, 5%9) Gare] e BAAZE 28LAN FAE 43
ZE a7} BB BF PC AolAEE 5% G
Qo] 90U AR BS A7 34.9% 533%9] FA%
YEFE Fart BAHGACH, o5 ol WS AGFE &
& A

20%9) F43% G4l FAN A9, Fig. 8(b), FC o]
2E9 A% FANT 0D AAE olg WEEY o) B
Aol e 58 Aom Vo, olf 4SBT @
282 47 12.1%%} 143%G k. FSC HolAEQ] HS- 20%
9 W= Gl b FANZ 39 o5 Hol2Eg
Y 2oih @43 geslel Aol WS Aok Aoz
UeRd v, 20%9) @4l dalAE @A 908 7R
E EPE gagel 151% FEZ 3450 Aol W)
948 A0E Ushdt. PC Aol2EY BS 20%
Qo QAN AR 3D )R] FAF YEBE FAv}
wgstgon 289 olF BEs $s RalEgon, 20%
Gato) tANE BANT 79 I FRE FAD SYE @
27} BB 8L E 86.8%C o2 ZE AsE U
BRI glo), ol Abe] dh§ AKES TAIRE HAY %
Agieh.

Fig. 8(c), (D 5%Sh 20%9) 4 2 G4t 3
S FSC g3 PC sol2E9 AN hE F
28 BAFT Qe Aoz, FFE AR WG
s402 aRe ¢ ¢ A

Fig. 9% 20%9] 843 4] IAF ¥ 24 J=2 »
A% Aotk FC Hol2E9) 49 #KFig. @)% ¢
Fig. 9b), BTN FANE 90Y FAE ofw 539
ARE Holx 2g FAER olF Ao i 2 ARHL

2 FC
22

B

X,



Compressive strength, MPa

Percent weight loss

que) B

BR 8 & &8 &

—& FC in 5% Sulfuric Acid

15 | —8—FSC in 5% Sulfuric Acid
-4—PC in 5% Sulfuric Acid
—¥—FC in 8% Hydrochloric Acid
5 [ —¥%—FSCin 5% Hydrochloric Acid
—8—PC in 5% Hydrochloric Acid

Compressive strength, MPa

Percent weight loss

0 3 7 28 56 0
(a) Days
100 W
%
9 |,
| —#—FCin 5% Sulfuric Acid
| —#—FSC in 5% Suifuric Acid
| —&—PCin 5% Sulfuric Acid
85 I' ——FC in 6% Hydrochioric Acid |
| —%—FSC in 5% Hydrochtoric Acid
| —®—PCin 5% Hydrochloric Acid |
80
0 3 7 28 56
(c) Days

(a) FC-90 day

(d) PC-28 day

acid(a, d) and 20% hydrochloric acid(b, c, e).

(b) FC-90 day

(e) PC-28 day

]

8

&K

e

o] &3t Zalo] di/&H 2 AWME A1)

—&— FCin 20% Sulfuric Acid
| —— FSC in 20% Sulfuric Acid
—a&— PCin 20% Sulfuric Acid :
—%—FGin 20% Hydrochloric Acid |

—¥— FSCin 20% Hydrochloric Acid|
—&— PCin 20% Hydrochloric Acid |

0 3 7 28 56 ]
(b} Days

—— FC in 20% Sulfuric Acid
——FSCin 20% Sulfuric Acid
—&—PC in 20% Sulfuric Acid

=¥ FC in 20% Hydrochloric Acid
—¥— FSCin 20% Hydrochloric Acid

—8—PC in 20% Hydrochloric Acid

o] 3 7 28 56 X
(d) Days

(c) FSC-90 day

807

Fig. 8. Effect of acid immersion on compressive strength(a, b) and weight loss(c, d) of FC, FSC and PC paste(FC: Fly ash
cement, FSC: Fly ash/Slag cement, PC: Portland cement).

Fig. 9. Picture of FC(Fly ash cement), FSC(Fly ash/Slag cement) and PC(Portland cement) paste exposed to 20% sulfuric
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