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Influence of Silica Fume on Strength Properties of Alkali-Activated
Slag Mortar

Tae-Wan Kim"*
YResearch Institute of Industrial Technology (RIIT), Pusan National University, Busan 609-735, Korea

ABSTRACT This paper reports the results of an investigation into the effects of silica fume on strength properties of
alkali-activated slag cement (AASC) with water-binder (W/B) ratio and replacement ratio of silica fume content. The W/B ratio
varied between 0.50 and 0.60 at a constant increment of 0.05. The silica fume content varied from 0% to 50% by weight of slag. The
activators was used sodium hydroxide (NaOH) and the dosage of activator was 3M. The strength development with W/B ratio has
been studied at different ages of 1, 3, 7 and 28 days. For mixes of AASC mortars with varying silica fume content, the flow values
were lower than the control mixes (without silica fume). The flow value was decrease as the content of silica fume increase. This is

because the higher surface areas of silica fume particles increase the water requirement. The analysis of these results indicates that,

increasing the silica fume content in AASC mortar also increased the compressive strength. Moreover, the strength decreases with the

W/B ratios increases. This is because the particle sizes of silica fume are smaller than slag. The high compressive strength of blended

slag-silica fume mortars was due to both the filler effect and the activated reaction of silica fume evidently giving the mortar matrix a

denser microstructure, thereby resulting in a significant gain in strength.
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Table 1 The properties of blast furnace slag and silica
fume

Slag 1 | Slag 2 |Silica fume
SiO; 29.67 32.18 94.24
ALO; 9.90 11.25 0.57
Fe03 0.68 0.92 1.33
Chemical CaO 56.03 45.36 0.42
components MgO 1.99 3.60 1.51
(%) TiO, 0.78 | 045 -
MnO 0.37 0.17 0.19
SOs3 - 4.94 -
K20 0.48 0.63 -
_ Ig-loss 0.34 0.48 1.53
pI; gg:‘r:f‘gs Blain (m%kg)| 420 420 | 22000
Density 2.90 2.86 2.28

T aREHIY A7IEE AXFSEE A (1) 1.499)
1.16°13 2] (2)& 1463} 1.12, & (3) 2.28%} 1.87=% &
F 1 o149 9715 3 2t dVIEE 3OFoR W
Fakar =l A4 (acid; K;<1), F4 (neutral; A=1) 1
L A7) (basic; K)ol o] ATtelA V=
7F 1 oldel 7148 12EHIE AASCY AEE A}
gaba Qlrh wdk P AdE A7AYES AASCE AR
T AMEsE 1EEY 1] SR HE 2 7 J st
3 Sl CaO/SiO= 0.5¢14 2.08] #hE, ALOS/SIO= 0.1
oA 0.6 W91e nEEH 7 Tkl Sk Slag 1
7} slag 22] CaO/SiO= ZH7F 1.88%) 1.120] 31, ALO5/SIO,
0337 0352 AAE H el ol AL & = Qth
Asy AFatell A AR stEAE vle] HeY A=
obx7k2] &3k AASC WHg WAYEFS AYstal 3l
A= 93 Sk thRk, tfA| Al AEES ghetebsdlE Al

o
& 54 B WA gol, ol % B AT
g Folth o] ATME mELALY o] et
F9) Agol e 1

sferal] S13) F E7 nRLUL vy
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o} AEAE= ARYE ZHEFM) 2.7, UE 0.0026
FE 1.250th mi gl AMeE E3kAlE AT
2 3 FOE R RARS AlEolT

2.2 Hi®t A AERIE

2.2.1 Hiet
23S 93] W/B:= 0.50, 0.55, 0.602] A 7HA = &kl
AY7L F AFES W1 FTHY 0% 50%7HA
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Table 2 Factors and levels considered

Factor Level Index
L 1 Slag 1
2 Slag 2
1 W/B = 0.50
W 2 W/B = 0.55
3 W/B = 0.60
Slag Silica fume
0 (control) 100 0
1 95
2 90 10
3 85 15
4 80 20
S 5 75 25
6 70 30
7 65 35
8 60 40
9 55 45
10 50 50

(a) L1 (slag 1)

Fig. 1 The results of flow test

2|7t 50| E| 23t S2itl B2EIE9| 5L

A7t F& X kA F2(E UL 100%) wiEoz A

7F F& Agst it vwE 93k A EE(control)E 7
skt

2.1.2 \|HTA

REZELE AJES] AZS FEHE 12EY 1 v
A EFAE 12,002 813, %’45?'%% Al F57F2] W/BI

wet v2Ee 2w Skl dhall 0.50, 0.55, 0.60
o7 sto] AAAIE vRlSH % 50x50x50 mm =0
ERE S AtaE 55+5%, 23+27C 9] a5 7]o ¥
F 19@24h) F 225 AASIAL SAL7HA 75 St
STt A=A R (scanning electron microscopy; ©]3k
SEM; HITACHI-84700) S A ovAl= YFHAE
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(b) L2 (slag 2)
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(a) W1 (W/B=0.50)

(b) W2 (W/B=0.55)

() W3 (W/B=0.60)
Fig. 2 The compressive strength with W/B ratio.

EAS Yehd A2

W/Be & A= 5= Be AH(, 3, 7, 289)
olA =-A @A vl(W/B)7F SHE(W1=0.50)8-F-1 =57
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Al FASEL EFFEW)TE S7IAIRL 2 A THAE(W/B)
o] 3o 7 FuE)

Fig. 42 28Y ASHAEE 7o 2 A7t 5 2§
A 942 SO(control)2}2] 4t A= 3} :
Li(slag 1)9 7% WI(W/B=0.50)2 S6(SF & 30%),



(a) 1 day

(c) 7 days

Fig. 3 The compressive strength with curing age

Fig. 4 Relative strength at 28 days

W2(W/B=0.55)= S6(SF X135 30%), W3(W/B=0.60)> S10(SF
A2 50%)d ® S0L] 2uj(F A E 100%C]7 el o] =
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(b) 3 days

(d) 28 days
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Fig. 6 SEM images (continued)
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(i) L1W3S10
Fig. 6 SEM images

(i) L2W1S6

Fig. 7 EDS analysis image (L1W3S10)
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