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Freeze-Thaw Resistance of Alkali Activated Ternary Blended Cement
Incorporated with Ferronickel Slag
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The present study assessed the micro structure and durability characteristics of ternary blended cement with different types
of alkali activators. Ground granulated blast furnace slag(GGBS) and ferronickel slag(FNS) was replaced until 50 % of the
weight of cement. In addition, potassuim hydroxide and sodium hydroxide were used for comparing the properties of
different type of alkali activator. Ternary blended cement with alkali activators showed higher peak portlandite peak than
that of OPC(Ordinary Portlande Cement) and non activated ternary blended cement. Also, there was no new hydration
products in ternary blended cement orfand alkali activators. Based on the mercury intrustion porosimetry(MIP) test result,
ternary blended cement increased macro pore while alkali activated ternary blended cement modified pore structure and
increased microp pore as compared to OPC as control. Combination with alkali activators is desirable to enhance the
compressive strength and freeze thaw resistance.
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LM E 50 %= AbX[at= OfUHX| CrAH| FEO0ICH 1 & AIHEE= 1 ton
MAEA]0,7~1.0 tonQ] OJAMSIEIAS HIEAIZIH, Ol= XA 0|4t
712R7 e =Y, B4 5 0lM7VIT SIYCE MAl 201 LiE SIEA HISEC| 78 %S AFXISHHCho et al, 2016). [2kA,
Lt o, © MAXcz F=aH0F & Ttd= 2HBHRICE Of 2ATIA X2 Aol | el 74 MHolM= AHEES thilot
2i5t 7|55} 27| IXE sk ZHALE|0| A= 1997F WEQ| of n2seT, Z20/0fl4] 52 APREMES BESIH AHE
HM wfEH(Kyoto Protocol 1997), 20153 Ii2|SAS HEHSI 1 NEEE 20|z A7t XSHE Fden Qlct
(Paris Agreement 2015) 22|Lizh= 2016 112 3Y Oi2|§HS 15 125t 0EUE SH20M MES Hag of Ay
HIZSICE AIAl 79129 2A7tA HIE=71) 22|L2t= 2030 D MYRMER ZEE BEE XU AR Y2 e
EIX| 24.4 %] SATIAS Zt=Gl= 4 2HZ 611 Qo0 SE AR 42 232EQ| 5t YHAE M, 2EdE
2050E7IX| EtA BYUS INT HS MAHSIACHWikiPedia AX, H7 8= g & UT ol 7|0dsle AR By
2022). 1 QUCHKiIm et al, 2013; Ryu et al, 2012; Leng et al, 2000).
A MA2 M o AX] ABIQ| ©F 30 %, O|MSHENA HIZ O T8, ANHIE 28kE 5 g2z X230l datets Mgt
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H2LZ M Al EdE= MAEEMSC H2LASHT
(Ferro—Nickel Slag, FNS)= =ZLj 1002t £(201013) (Lee 2017),
=2 388 E(Huang et al, 2017), Y= 38t E(Sakoi et al, 2013)
0| =3 O| A+ HA| 2stH Tl n £
5|, HELZAsIR 125 1S a2 880t dEA 2
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Fig. 1. SEM image of binders (a) OPC (b) GGBS (c) FNS
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Table 1. Chemical properties of raw materials (%)

Ca0 | SiO; |ALO; | MgO |Fe;Os | SOs | KyO |NaxOs | TiO,
OPC |66.98| 1743 | 3.97 | 1.60 | 4.16 |3.41 | 1.23 | 033 | 0.27
GGBS [47.18 | 29.70 |13.13 | 455 | 0.64 |2.29| 0.52 | 0.22 | I.11
FNS | 6.28 | 48.23 | 3.59 |23.01|15.76|0.50| 0.09 | - |0.11
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(Zhang and Scherer 2011)2 2 H|0|AEQ| 451HI2E HX|A|Z!
2 HR20| ARAA 24 & BHEIUCH, XM |H2M(X-ray
diffraction, XRD), &=&L=(Mercury intrusion porosimetry, MIP),
SEM(Scanning electron microscopy) O|0|X| EA1= AA[SHRILCE,
ZAZE AH2 242t YU SES Hds Ao X=

Mol ZHoIAC

2.4.1 XM g|™HEM (X-ray diffraction, XRD)
2 ARl AISE 22 01I22S ALS5I0 XRD BA1S T

SIFOM, Cu—Ka, 20 =5-65 | 2 C/minQ| =102 =HoICt
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Table 2. Mix design

=

Type OPC GGBS FNS Sand Gravel w/B Allaliactivator
KOH NaOH
OPC 499 - - - _
Paste 30SP20FN 250 150 100 - - o i
(& N30SP20FN 250 150 100 - -
K30SP20FN 250 150 100 - - 04
OPC 339 - - 831 1075
Concrete | 30SP20FN 170 102 68 831 1075
(kg/m’) | N30SP20FN 170 102 68 831 1075 s .
K30SP20FN 170 102 68 831 1075

2.4.2 O|MIZ=2A (Mercury Intrusion Porosimetry,
MIP)
HO[AEQ| Z2RXEMO ASTM D 4284 L2 NS0

et HAGIALH, CE2Q Washburn Al (1)0f LIEFHRACE

de —4ry(cosh) (1)

2.4.3 SEM (Scanning electron microscopy)
Hote| AMEA T0|AE )\|E4 'SOH 0]i=2 —A—HEIE Al

WS 0185t0{ SEM 0o[X| &

Z2OIN 20A12F SO HZNZ! TS SHBIACE

USUE AE2 & 100 X 200 mm FFSHOZ H&6H¥ 1,
o3 $ HRFBIVURE 20 C, &E 80 WO YMS Akt
RUCH LB KS F 24050] QIR0 K 32 72, 142
289 2 910l SHBHACH

SARE AIZHZ 100 X 100 X 400 mm 2355 ZARE

ZARE 20 C, & 80 %)0M
X STM C 666, A0 T2t 2452
[ AABIRICE 1 A2 & SAIMIS S 225 5 COf

.u_

2O 2 300 ALOIZ 7HK| 52

H s
% SoliS B=oien, 30 M0|2 Ot SEY 7l 2 SeHat

2 oM ALZE 2T XRD BIIE HAGIICH, Al
ZI}= Fig, 22F 2T XRD 241 A1} OPCo| AL Alite, Belite
Brownmillerite7} 712 2 O3S LIEHNRI T, GGBSS| AL Quartz
Qf Belite7} 7F& 2 HIESES XIX[G104, Belite 20| ZEXo2 21

Sli= St FNSQ| B2 OPCet GEBSUIN SHE dei=
L2 SH=|Q=|, Fayalite} Forsterite 2| Olivine ZH% |3

7t =& O[FUCE XRD 242 Salf FNSQ| XRF Z10f| LEH MgO
= Forsteritel} Fayalite ZZ20] EXol= HEUS Y 4 UUCE

3.1.2 HOJAE XRD B
Mg o llIOIAEOI XRD AHEH H7F AuE Fig, 30i| LIEr
417+ Z7HEl N30SP20FNZ! K30SP20FN2)
XRD IfES H|&:t Aorg ER oM, 4ct Portlanditez} Calcite
2| EMeIN|7F FIHEX| 2 30SP20FN
Ol M= Portlandite7} 714 H2 S8 Eon, 0|43} FNS 2
271 OlivineZ} Calcium Hemicarboaluminate Z&E|X| o=
ol, Ol= YZe| &4stx| 0|1-7t2 Clet HIZHE JEfe »31=
MNoz ARSI 71F S70] T2 H(KIm et al, 2022), Y2tz
LSO HI 45120 ZHUS O RESHE 2O Bk
C} E5h FNSE Z7t5t BE A[HO| XRD ABERS OPCYl
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Fig. 2. XRD spectrum of raw materials (Cho and Kim 2021)
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Fig. 3. XRD spectrum of paste samples

3.2 OMTZ=E4 (MIP)

ZHo| B3 75 22 g
SHS3 1y 5 Faels st U U5 B2 S 7

2 oo ZE0i| et B2 X0|7F LEHLY|

T20| B3 X 2AS S5 48122 2P| Bt 2 A3
o= TR 912 |A§ Aol MP Alzi2 FIgsIion]

71& H3Mindess et al, 1981)& Z5t0d 37(0f @2t Micro,
Meso, Macro 225 —Em?rofﬂ == EMEZ Z=E(Porosity),
ot Z=(Critical pore diameter), 22| ZE=(Threshold pore
diameter) & & Z=(Total pore volume)S £&F5t04 Table 30
LIEHLHRICE, OPCO| AR f3t22 EFE 4 U= Micro, Meso
2 Macro 2=20| 2t2F 953 %, 0.58 % 2 399 %= L2 o=

LIEFHRAS M, 30SP20FNS| AL Micro & Meso =22 7.65 %

2l 0,47 %2 71% LS S HOl UHH Macro 222 1158 %2
D m2 WS UEIRICL el 2MstiE dHotet
N30SP20FN 2! K30SP20FNQ| A2 Micro 22 2 22=0| 37
S7tot= BES LIEIRICE oo mhat, OPC} Hlw Al AIHES
At ¥ Aze| SHSHE ot Micro 35 3 SFE2
£=0FX|1, 30SP20FN1} H|W Al Macro 852 iMEl= A Y
2 QIACt E3| N30SP20FNA|HO| Micro 22 Z2E 5ty =
=, W 3= & B5=0| 25 76 =l=0, 0IE Hige=
KOH ELCt NaOHZt #3t2 3 &= 220l o U2 517t U=
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Table 3. Range of pore distribution and characteristics of pores

Pore structure (%) Characteristics of pore distribution
Type Micro Meso Macro Porosity (%) Critical pore Threshold pore | Total pore volume
0~0.1 wm) | (0.1~10 pm) (10 pm~) orosity (%o diameter (d o) | diameter (d ) (ml/g)

OPC 9.53 0.58 3.99 14.10 0.03395 0.06379 0.07944
30SP20FN 7.65 0.47 11.58 19.70 0.00725 0.01806 0.18230
N30SP20FN 2438 1.06 4.57 30.01 0.07330 0.11973 0.18925
K30SP20FN 15.62 0.42 6.41 2245 0.04820 0.06844 0.12537
3.3 U=UE A gMEH= 5|ME TH(dilution effect)2 £E 7|Qlst S 7|1&

L _ _ _ E2S10| A 2IRIGIHCHCho et al, 2020a), ESE Aziz| SASIHE

222l BysHR PPH s BIORE Beg a7 L j r :A| (Croae’ o o | h s
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Fig. 4. Compressive strength of concrete
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