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Table 1. Chemical composition of Hered S 43 R2gz2 9 fF3E9)
mineral admixtures 318tEsl4 E7d 02 /84 2 4=3x &
Lo > = O3 1+
Content OPC MK FA Ae HES 48 YLz 2ol PNS(IIDOIZ
SOy 210 56 586 Naphthalene Sulfonate), PNS based blen
(PNS+Ad), PC (Polycarboxylate : UEAH] 3
AlQOs3 54 37 23.6 o - .
7HA 79 E3AE AHEAY. ALEE &3
FexO3 3.13 24 7.45
MeO 306 03 0.9 A =9 _’dL—C E% 40% 9o, PNS based
cgo 62' 0 2‘ 2 3'13 blend 7% PNSol} PNS$} A-g40] Qe Zg
T,ao : = o Sheng 1 AHAE (Ad) WOl EFE F ALE
et ' : S, A4E 7+ A9 FHTEAL Fig.
K20O+Nax0 1.2 0.9 16

10] Z+eks] YERARATE

Blaine(cm®/g) | 3,386 | 12,000 | 3,900
Appearance Gray |Light Pink{ Gray

22 A%

o
0%

=
=
* OPC : Ordinary Portland Cement, :

MK : Metakaolin, FA : Fly ash Table 2= 2 A3oA zx Z=g= v

LN

HE Yeld Ao KS L 5105 739 wa =
B A AHEEHO AHEE U AAE 2el25 AFEHA o Table 32 Axd 14
= A HE 1& FEUC AUEEZ A}Lsgo s ZAFE HIFH|ZA KS F 2402, 2406°) &

), EIAAREL HEIILd, Sgolod] 228 st ZAYEE Axda A= SA4E A

A28} 5}2‘%_'—*4%-5 B vEert&A Bt B HETedo] ArEod AdE

85 SiOz B 56%, AlO; A 37%E S o)2E ¥ maZg2dX o EgAzt 01X

A9t FA 24E AT YE RS B £ FFe AE}7] A3 F3Le 12 XRD

don, T4 BF T Ao ENE 713 A % SEM (EDAX) #4¢& Mf&l}%}%lmﬂ Al
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Fig. 1. Chemical structure of PNS, Ad and PC
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Table 2. Mixing proportions of mortar

W/B B S w AD

40% | 900g | 1926g | 360g | 0.65-1.75%

* Binder (B) : OPC 90% + MK 10%

24P o2 Water/Binder®] 40%, &A=&
PNSE AR&3le] dvElzl&ds} Eglolo4] X3
€ & rYSEHE H2EE APy

3. AdZm 4 nxE
3.1 E=d ZF/oll 2 oEzlEa 2=
El2 ¢ 2 Azl E9] workability 3t

Aerteds o8 uMdT e
workability & 7§A317] 98k WHow WA &
Al F7o WE REEE9 % EANS HAE

o}

sttt Fig. 2% H7bH ol &3k4 £Fd
€ E=2e2e 29 &4 Adgoly. By 2
+ #%2 180mm= &t PNS, PNS based blend
(PNS+Ad), PC (YE4h) F3 o] 3%2F9 &
A& ﬁ%}‘ﬂ e ¥sE HEsgn o
A¥ PNSO| 29 o2 A=A} gy me
frEA4 7%7} H“E e e & & szlaim:%
PNS based blend 7 -9l l PNSol} Hj3le &

dol AdE RAE & F = Yk olfﬂ
g EFAEL 27) ‘%}7-11011*1‘: 2 PNS9| ¢
3 AA7)A diwtgo g AHE RE BAA
7131, $7] @AdAE PCY YAA urHo)
o AldWES] JArl BAEARN oz By
At? @9 PC we vEoz FrE AL 7}

0 rlr

—e—PNS(1.75%)
—8—PC(0.65%)

—¥—PNS+Ad(1.75%)

200
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Fig. 2. Effect of superplasticizer type on
the fluidity of MK mortar.
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Table 3. Mixing proportions of concretes with various superplasticizer

Binder W/B S/A SP Unit Weight (kg/m°)
(superplasticizer) | (%) (%) (%) Water(W) | Binder(B) | Sand (S) | Gravel(G)
MK (PNS) 30 42 25 150 500 719 1004
MK (PNS+Ad) 30 42 25 150 500 719 1004
MK (PC) 30 42 12 150 500 719 1004

* Binder (B) : OPC 90% + MK 10%
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® Ca(OH),
2500 - 2500+ ACS,CS
VC-AH() [CaAL(CH),]
& C-A-H (1) [Caghl,04(OH)*2H,0]
2000 4 > 2000 - 0 C-A-S-H (l) [C2ALSi,0,°H,0]
B C-A-S-H (i) [Ca,Al,{SiO) (Si,0,) « (XHO),]
® C-A-S-H (Il [Ca(Si,AlL)O,, *H,0]
1500 1500 - © C-S-H [Ca, ;Si0, XH,0]
1000 - 1000 -
500 500
3 » . )
2¢
2500 - Normal portland cement paste (PNS) 2500 - MK paste (PNS)
2000 2000
1500 - 1500 -
1000 - 1000 -3
500 -] 500 -1
o T T T T T T T 1 o v 1
(] 10 20 0 0 50 60 70 20 0 10 30 40 50 n 80 20
20 20
MK paste (PNS+Ad) MK paste (PC)
Fig. 3. XRD patterns of each paste sample at 1 day.
® Ca(OH),
2500 2500 ACS,CS
VC-AH@) [CaAlL(OH),,]
L 4 C-A-H (Il) [CagAl,04(OH)2H,0]
2000 2000 [ C-A-S-H () [CaAl,Si,0,+H,0]
B C-A-S-H (Il) [Ca,AlL(SI0,) (SI,0,) » ((HO),]
® C-A-S-H (i) [Ca(SI,Al)O,, +H,0]
1500 15004 © C-S-H [Ca, ¢8I0, XH,0]
1000 1000 -
500} 500
o 1 0 \
o 90 0 10 20 L] 50 70 80 ]
20 20
2500 Normal portland cement paste (PNS) 2500 - MK paste (PNS)
2000 - 2000 4
1500 1500 -
1000 - 1000
500 500
3 r s ® % ™ m %
20 20
MK paste (PNS+Ad) MK paste (PC)
Fig. 4. XRD patterns of each sample at 3 days.
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® Ca(OH),

2500+ ° 2500 AC,S,CS
VC-AH() [Ca,Al(OH),,]
A C-A-H (Il) [CagAl,O,(OH)*2H,0}
2000 4 2000 o | OC-A-s-H (1 [Carl,SI,0,.H,0]
B C-A-S-H () [Ca,Al|(SIO,) (81,0,) « (XHO),]
® C-A-S-H (lif) [Ca(S},Al,)O,, *H,0]
1500 1500 © C-S-H [Ca, ;SI0,XH,0]
1000 1000
500 500
3 X i JRE R S Sagy Sy %
20 20
2500 Normal portland cement paste (PNS) 2500+ MK paste (PNS)
2000 2000
1500 - 1500 -
L
1000 - 1000 4
A
L ]
500 - 500 - 4
[ JREE S S T S Sagy angs L I e A S T )
20 20
MK paste (PNS+Ad) MK paste (PC)
Fig. 5. XRD patterns of each sample at 7 days.
® Ca(OH),
25009 2500 ACS,C.8
[ VY C-A-H() [CaAl(OH),,]
& C-A-H (Il) [Ca AL O4{OH)*2H,0]
2000 2000 1 C-A-S-H (1) [CaAl,S1,0,°H,0]
W C-A-S-H (i) [Ca,Al,(SIO,) (S1,0,) * (XHO),)
e xsw o tc oo 7A)O0g *H,0)
1500 1500 © C-S-H [Ca, 4510, 5XH,0]
L ]
1000 -4 1000
2 .
500 - a 500
R R m % & s W % 3 *
26
2500 - Normal portland cement paste (PNS) 2500 - MK paste (PNS)
2000 4 2000 4
1500 - 1500 4
1000 1000 -
500 5004
° 0 10 20 &’) 40 50 ﬂ') 7’0 1 ¢ ] 10 0 40 50 60 70 a0 1
20 20
MK paste (PNS+Ad) MK paste (PC)

Fig. 6 XRD patterns of each sample at 28 days
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4 X3 ¥ PNS, PNS+Ad, PC &3A1& #7}
& AlAE9 3 19 XRD ¥a 24 ZA o)t}
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o] BAAHAAE RS Y T F o

(a) PNS

U o

Lfn

Amount of fons (%)

3 in M Arm
Al Aumnuwn, 2clilicon, CxCalcium,
O xygen

Bistanres

= L ime EDAX anaksis of MK mortar

(b) PNS+Ad

Amount of jans %)

o 100 20Zpa-
Al Alum imen, 3i:Silicon, Ca:Calcm,
OiOxygen

Distance

= Line EDAX anaksis of N¥ mortar

(c) PC

%

* SEMmicrograpi of MK motar at 3 days

e 4

Amount of fons %)
i

(PR T 5T R TR TR - DN 1

Al Aluminum, &i:Silicon, CxCalcium,
C:Oxygen

Ristance

= Line EDAX analysis of N montar

Fig. 7 Behaviors of AI203 and SiO2 on MK mortar
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Fig. 8 Effect of superplasticizer type on

the compressive strength of MK mortar.

7b olAZAE AL RS < & F e
(b)9] PNS+AdE AHE3 A oM wEezl2d
UALet AME slo]~E Alole] AHA Al 2
Si o]&9] FitxojA C-A-S-HA +38o] A
AEHARAT e e 8 & YA} =%
(©)9 PCE 94522 AMESH H$- XRD £41=
vhR7FR 2= obA71R] o] o] Fito] zaE o)
2l gol C-A-S-HA F8& Aol A5 oz
T JASE B # 5 Yyt

Fig. 8& ZX 2% & 180mm 3t A=
¥ REEg=2Y g=74% Aot XRD 2
SEM (EDAX) &4dA dF3stad Zae} v
7M. BAAT PCE A7 A% 27 o=
Z%E7F PNS 2 PNS+AdE #7138 4950 =2
A e AL G0 & 5 Ao PNS+Ad9)
7AFolE PNSE ARSS Aenug 4=27wrt
HSy FRHA RS A & 5 A 9]
23 712AQ0 EAS v o2 Table 37 2L
e g 1% FIAYEE AxsY) Fig. 9
Azd HEFIEE 34T &

2 EAE A9E 5433 9} Figl (a)
T3A FTFO HE £YE TS =AAN
Ueld Aoz maelz 43843 Ao U3
= AL ¢ F ddern uIURIEZ PNS

2w froox rlf

- 262 -



AxA &3 87} Workabilityo] nlX& 43 8
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Fig. 9 Effect of superplasticizer type on the fluidity (a) and
the compressive strength (b) of MK concrete.
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Fig. 10 The effect of fly ash and metakaolin on the workability of mini-slump
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(c) MK 15%
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