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This study investigated quality properties of alkali activated cement free mortar using industrial by-product such as cement kiln
dust(CKD), silica fume(SF) and quartz sand powder(SP) to compare with previous research about blast furnace slag(BS) and fly
ash(FA). The results were as following. All materials were effective to increase compressive strength, however they showed different
tendency on flowability. CKD and SP increased flowability, but on the other hand SF did not because it's blain was great difference with
other materials. Flowability and compressive strength were related with grading distributions of binders because CKD, SP and SF
which had small particle size filled up BS and FA. Application of industrial by-products with various grading distributions could be
effective for the high early strength and flowability of alkali activated cement free mortar using BS.
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Song & Yang & Kim& Kim 2010) BrAISHE CKD, AlZ|2 MZA| 2= H7fAS ERIGH] HE
reti 2 AoMe 12227(0lsh BS)E 7[Hez ot ¥ 2ot SF & M) TS Tl - 24lioh= 2HH0iIM M= SP,
2o] 2 DEFI20| Z7|YE B2 Y AHO| RSH HES 9 0y 35RO AURNES HEIRC
o0, Mt 2ol M &7 2 Eelo| == F= S2H0[0H CHAlE ZEHY] AlZ>E FAS] S&H| 30, 50, 100%2 xletst
A0t FA)Ql ABZE £0|11 7[E} APRAZC! A2|7H=5(0] o 7140 Holdss &loh| flet 6 o5 H HLUEER
5, SF), AIBIE 212 CIAE(0[3f, CKD), FMOIZZ(OI3E P2 off Olft RSN ¥ Y= HAS 9Ush CKD, SF & SPE iole]
FAS| CIAITIZ AIS5i0] 22| By TAME B2EI20| 7|2 HIBR B854 4% § 5 11 2502 HIBIRTIS HFaICH
M E40f tish &N dEE Tlallotuxt ottt 12|71 FA ThA| Asist=ozE= ZX| S R2EZ0|AM EtEAl Holg BRE
2XE ME0l| wet s R2EE20 RN B ¥ 27| =dotu, daf R2EI20|M= HEE YFLE H HAi0lE
S A B - 2AIS Sl USRE BAS S8 X0|L{X] 2
Mol BB 4 = Yots Hotstuat sttt Table 1. Experimental plan
Items Variables
W/B(%) 43
2, A=l 9 gty Flow(mm) 165+15
Binder - Blast Furnace Slag(BS) :
21 Aa'@ﬁli—! comp.ositi(.)n(%) Fly Ash (FA) = 70 : 30*
=2 o1710] M| E Table 12t 210, HHEIZIR Table 2%t Mi Alck‘?iipzcstllﬂvjft‘ed RROH RSy T A
[ o= (- ixture
2t} Consumptions(%) |- 15
oix| HiEEZIoR 2-ZEMHI0ls, WE)S 4% 1Ee sty Ty
2 MHOIE Sof RS4T MY YSL=0IM 1Y 245 YoM |- Quartz sand powder(SP)
ZZ LIEHH(Kwon, Y, H 2012) BS 70%, FA 30%E Zeitiz Replacement |35 "50, 100
Ratio(%/FA)
AR 2ol 4 SAHE DEEL2 HES PainoR A5 ravie Flow
Fon =1 HO0IE E2= 160+15mmE BHEGHEE dighAd x| - Compressive strength
8}%& 1E|1 EEE’-EQ‘ ijp&E %é% $|6|-O:| BSO“ H|OH e Hensement - (Slc’ajr,ané égle(cifr}(])S)Microscope
2Ze| gyt ZI[HIEH0| Hot Z7IMHF0| H2 YELEE L (SEM) - 1Day
Eti= FA TIXE ZEM=z AHE A Al ZE AgaEolM * Plain
Table 2. Mixture proportions of Mortar
Variables W/B Dosages s Unit weight(kg/m’)
(%) (%/FA) BS FA CKD SF SP S NaOH | Na,SiOs
Plain 0 171 - - -
CKD 51.3 - -
SF 30 119.7 - 51.3 -
Sp - - 51.3
CKD 85.5 - -
SF 43.0 50 1:2.45 399 85.5 - 85.5 - 1396.5 53.2 29.6
SP - - 85.5
CKD + SF 50:50 - 85.5 85.5 -
CKS + SP 50:50 - 85.5 - 85.5
SF + SP 50:50 - - 85.5 85.5
CKD + SF + SP 33.3:33.3:33.3 - 57.0 57.0 57.0
szidesixtasisl=2% 2013 6% 59
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Table 8. Physical properties of NaOH

= O] DINIF12R0| Hats 2{Qlotnxt otic Densi Molecular Boiling Freezing Fe,0
_ _ _ o ensity . . . €03
H UEPAS S GATER BN 2|0 YeREst o o) | e | peit | gt S
22| B BAHIE Q2E29 S=A 9 £7|24E EAMo| 0)x
Ze| 287 | 129 7&d 14 &oil ofx| 5 20 o8 106 Lol
= s HEstIX} oiACt
Table 9. Specification of NaySiOz
=2
2.2 A}‘oxHE Density Na,O SiO, . Purity
_ @em) | %) o | YO0 w
2 70l A=Y =R, BS= AL AM—I HEs AMEsIUe £
1.61 13.5 30.5 2.26 38.5
0, FAZ= =L BMQ\ = SME MEs AEsiR=l, 229
M=zY =2 - ofsts ENS Table 3~4%} ZC : ;
d ERMEE % &, Table 10. Physical properties of standard sand
ESH CKDE AIRIE EE AHIEH0IM bt YRS At
- L Sieve size(mm) Residue(%)
=L CAL XMZS AIEoIL, SF= DAL, SP= el 24410l 0.08 99 = 1
RIXIBF ZLHAL EALO| M= o = A :
A TEIst AT EARR] HIES ARBSISICH NaOH= ZUHAF FAL 016 s
O XMZS MESIVCH, NapSiOs= TLIAF GALL] KZES AtEot 0.50 67 £ 5
Grain size(%
o, 4 Mzd =2 - SN JE2 Table 5~92 &, ) 1.00 335
1.60 7+5
) 2.00 0
Table 3. Properties of blast furnace slag(BS)
o o . s 0, _ _ _ -
Density | Blaine | LOL | __ Chemcal composigon0) = w2 Zust 222 iR HBKHE IS0 BEAS AR
(g/em’) | (em™/g) | (%) | Si0, | ALOs |Fe,05| CaO | MgO | SO3 Sloton] SO T2 EEALS| OZHels Taple 107 2
[lpvas 4 A = laoble .
291 | 4500 | 2.1 [35.08[14.92]0.32 [4226 6.41 | 0.11 M =eT TE
. AlS{HIH
Table 4. Properties of fly ash(FA) 2.3 Hedd
: 2 o0 M= 2 X = S35t SerEH o QlE 2y
Density Blaine LOI SiO, Hﬁ:;:zizlc oA l B € 28 RiEAel B |-
(gem’) | (em¥g) (%) (%) %) 2= ¥ R840 0lXl= HEs HEsI=, 2 Mol Y=g
0 | w0 | 23 | 26 o X2 QI8 KS A SO 13320-19] #0|x} SIE0f T2 20|H &I
JAAL URIEE SHE(LA-950V)E ARSI SHBHUCH
Table 5. Properties of cement kiln dust(CKD) dze| SN D2E20| A2 7 SHY UM A 2228
= |25 AlS{HtH = 5
LOI | CaO [ $i0; [ ALO; | Fe05| MgO | SO; | KoO [ NaxO IS AIE0101 KS L 51009] SZE0 ter 22825 XZof
(o) | (%) | %) | (B) | (%) | (%) | “0) | (%) | (%) F=0|, o2 Fig, 104 LIERA HiQF 2t
36.11 | 43.59 | 1.25 | 145 | 2.07 | 2.63 | 095 | 2.22 | 0.41 IX| wS pEtzol EMAIBIOR EFAAl H0|2 Z25 KS
L 51110 2t AlA|SHECt
Table 6. Properties of silica fume(SF)
Density | Blaine Chemical composition(%) Low Low High
(g/em’) | (cm’/g) [LOI| SiO, |ALO;| Fe;05 | CaO [MgO|SOs| K20 speed speed speed
160 Mortar
2.21 1.38/96.65| 1.87 | 0.03 |0.38|0.19(0.32|0.56 .
000 Binder .. +
Dry mixing .
+ Admixture .
- + = Excretion
Standard W +
Table 7. Properties of quartz sand powder (SP) Sand ater Addition
. . . agent
Density Blaine Si0, ALO3 Fe;0O3
(g/cm3) (sz/g) (%) (%) (%) 30sec 30sec 60sec
247 3 685 91.8 4.06 1.61 Fig 1. Specimen set-up for autogenous shrinkage
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Table 11. Result of grain size analysis

T Median Mean D10 D50 D90
(m) (4m) (pam) (pam) ()

BS 32.25 73.40 5.62 32.26 79.34
FA 34.75 65.66 7.09 34.75 73.91
CKD 27.08 54.10 5.45 27.08 68.69
SF 8.31 9.20 3.44 8.31 13.87
SP 28.12 47.03 14.13 28.12 50.29

F)Median : F7F Mean : H4Y73 SD : EEFHA
D10:10%% 91 A 7 D50:50%H ¢ 27 D90:90% £ 2 4
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Photo 1. Fine structure of Mortar depending on industrial by-product
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