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Assessment of the Mechanical Performance of Nano-Silica and Nano-Calcite Incorporated
Limestone Calcined Clay Cement (LC") Paste
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Abstract : This study investigates the effect of nano-silica and nano-calcite on the hydration properties and mechanical performance of limestone
calcined clay cement (LC) paste. The pastes were synthesized by replacing limestone with nano-silica and nano-calcite in order to enhance the
mechanical properties in both early and late stages of hydration. The nano-calcite enhanced the strength of LC pastes at 1 day of hydration, however,
the strength decreased compared to the ordinary LC® pastes afterwards due to excessive amount of carboaluminate produced in the pastes. On the
other hand, nano-silica improved the mechanical properties of LC pastes at all ages of hydration. This is mainly due to the nucleation effect and
pozzolanic reaction of nano-silica, affecting the early age and late ages of hydration, respectively. The nucleation effect of both nanomaterials were
confirmed by the analysis of hydration heat, supporting the enhanced early age strength of nanomaterial incorporated LC® pastes. Furthermore, the
dense matrix was shown in the pore size distribution, and the increased C-S-H due to the pozzolanic reaction evidence the improved compressive and
splitting tensile strength of nano-silica incorporated LC? pastes.

FI/E : MM AY FE ATBE, LI a2|7t LI ZAO|E, 7|A1M Hs, ZEEHES
Keywords : limestone calcined clay cement, nano-silica, nano-calcite, mechanical performance, pozzolanic reaction

1.

R
FEW T AW E(Portland cement, PC)©] 4| % TFA o A= 1t 0F0.8 9] CO,7} HFAY 1= 7 0 2 ok A 9l 0.1, A A A| CO, B2
FO| oF 8% A5k A o2 Al A ek EA AME AFA Ao A= AHE Al = 574 S 2 5E WAshH= CO, &3 &0°17] 9

3l Z2}o] o Al (fly ash), 1L =<2 T (blast furnace slag), 243 4 E(calcined clay)@} 722 S 3}1Af|(supplementary cementitious materials,

SCMs)& A|HEE 2]8lel= WFAl S 886101 9l o, AR 1A o) ufal AR A4 dA o] A AFRE a1 9iTh.

A3 A AA HE A9 E(limestone calcined clay cement)= @A AGLEH T = 34 EY AHIE & 7MY =2 A2 Hol|=
A& F shkoln, A3 A 15%, 24 HE 30%, 43l 5%E AHE S8 A S 50% 4% 2|8t 4= It 1] =2 AU E X|ghgof & &1
313, LC 4 8hA| o] A7) 3w el 49 AME A Bt v 58k AY o %2 4574 S vrebdch skR) 9 LC A8t o] 4 AR
He a4 HEY ek %(metakaohn)—i ool - 2 PR WS Buk oy}, 27 Tk AIHE 3k of v]sf ol 7 A o]
HQSHTH1]. tie 28-S AIHEA A 2o SYAE 745, HAY K nucleation effect) 2 27] F=5 FAA A 4= 915 #utofy ),

e
T

1o

22X
==

mlm re

AR A A o 2 2] wj&of SH A Edl(filler effect) 2 =g 7RAAZ 4= it LA 2]7H(nano-silica, Si0,)2] -0l &= &
2k ¥F-3{(pozzolanic reaction) S 5310 52714 9] Zr< A 2]HA| 0] B 4=8-E(calcium silicate hydrate, C-S-H) S A A 35}o] o Wt ASAIE

AT S ol A0 UelA SITH2). Ao Al 48 AT AR A TES AU &= b gtAfo] E(nano-caleite, CaCOs) 9} ] 52
S YES A iz Alel7} 8, LC9) H3j4 0] 452 X@ste] 71414 A W S3HE A vl 9 542 sk,

1) gk s, 44}
2) ahopfaban, AjubbE Rty
3) StoFdighw, w4, WAL A 2 (sbae@hanyang.ac.kr )

* 151



UieAlE)7tel tieziilo] E E9) 43514 24 HE AME(LC) Fol2~EQ] 71414 A5 B7t

B4 Y LC A3 & ARsE7] 8l LC 9] 4 3]14-8 2.5%, 5.0%4) X|3ste] Ui A e] 7t 9 yhie Ziato| E B9 ARIE 7
SIS AFsH o, Ui 2A17F EHE| A 9 A= LC, te ezt 3 e Ziato] BV B9 H AlMIEE 2.5%7F EE 7
$-NS2.5,NC2.5, 5. 047}%0151 78 2HA=NS5.0,NC5.02. =2 7|5kt Ule &2 0] 7141 4] 450l v A= G B71s6k7] fl5ke
QFE7 w0l BN EE Z A sto] vl WA 0w, o] A7 MakE Ms}s] 915 52 @epE 7 Gsothermal calorimetry), X- A
3] & (X-ray diffraction, XRD) 4 ZEWE B A (Rietveld analysis), 2] of 2 €]A E335H(Fourier transform infrared spectroscopy,

FT-IR), =2 ¢ ¥ (mercury intrusion porosimetry, MIP)-2 €85} % t}.

2.2 Als A}

0.0030 24
224
0.0025 204
- ~ 18 =y
= X &
50,0020 €16 E
= o 144 o
= o
500015— g 124 %
2 2 14
g e g
g 0.0010 A t/:) 84 -5
T O 6] T
0.0005 4 4]
2] —=—C-SH1d —e—C-SH 28”
He+Mc 1 d —e— He+Mc 28 d|
0.0000 T 0 T . . T T
Lc3 NC2.5 NC5.0 NS2.5 NS5.0 0 2 4 6 8 10 12 14 16 18 20 22 24 Lc3 NC2.5 NC5.0 NS2.5 NS5.0
Time (h)
— A= A=l . =
a2, e AE aE 2. estE 12 3. 3= Rietveld 24

Ui Edo] E9H E A oA :3H YA B vt SXE AS BRlE 4= YT E D), o U Edo] £9d
Zo A Ui -0 A ATtR Soprt A E QY] fiE o & BHE 2 2). Yie B3 59 LC A3HA|Q 27] 814
EME B0 A] C-S-HEt 7H2 B AR uly|o| EZFLC 8t o vl 8] At o 2 gro] #ahe|o] vhie E4 0] =5} %3] A4S St
SHATH LY 3). ¥ A7) o)l 4] NS2.59-NS5.00) A A 2 E 458 W ojz2 2|uh, Uhie Zhato] E 7} 23HE NC2.59F NC5.0S
0388 =7} 74 Hgo] WHETHLY 1). 0= NC2.59NC5.0 A3H| W FH=51A4] B4 72 B dFu|yo] E Ao] C-S-H
2 7] e} 232 50) A& Waliate] A1 2 Q) A A7) R o2 ol AFE] 9Tk NS2.59FNS5.02] 74-%-, C-S-H Wl Q7/Q' v]&0] 7]
e} 3HA o Bl sl LA £ = o] C-S-H ¢t ofyh A el A o] E AbE Zoj e 2] 0.2 2 A o= deks Aok gt ofuf e thie
277t B E o] Zwrt SHE LC AA 9] B, o2 Ao ol visiA 3 BT A4 AAE R o2 e

e rin

>

]
K

a9

3.2 E

B ATE e 2R AL el ) £ Fokol LC 489 71418 4% SAA711 1w AY ZE 245
A st om, Ui B4 BUNA $818 A7 27] 4w S8 AL skt theAlelrt £ LC A3 9) 4w nE
Ao 4 27 F74eE AT D), Uhezabol 2 £4) LC 4B CaCOy7t Hesh| h2 o] ylo] =8 443t C-S-Het
Lo TR AR HHo] 8-S i 5518 AN S Walshe] 4] At 2t Ao waet,

ZAS| =

RS 2020 ARIEAAN IR 9 AFY 7] 718 fU(KEIT) (RS-2022-00155521)9] ] 2| @e. S-34 219d & vl

ZI2d
R, S, 2 AR AR YRS 2y el v Aol 2YUE JUELCS] $IHE 4 YA 5
A A7k SR AR LA L83 =R, 2022, 4108 3. pp. 252-260.

2. Li W, Huang Z, Cao F, Sun Z, Shah SP. Effects of nano-silica and nano-limestone on flowability and mechanical properties of

—_

ultra-high-performance concrete matrix. Construction and Building Materials. 2015. vol. 95. pp. 366-374.

* 1562





