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Abstract

Calcium silicate cement (CSC) is an environmentally sustainable, low-carbon cement and has garnered significant attention
in recent studies. However, the pre-curing step required to activate the carbon dioxide reaction and to handle the sample. This
study aimed to examine the viability of extending the application of CSC without pre-curing by enhancing initial strength by
mixing calcium sulfoaluminate (CSA) fast-hardening cement into CSC. The investigation assessed changes in compression
strength and Q-XRD mineral characteristics concerning variations in the mixing ratio of CSC and CSA fast-hardening cement
within a carbon dioxide atmosphere. The compressive strength results indicated that the 3-day and 7-day strengths were 14.18
MPa and 22.98 MPa, respectively, under the 50% CSC condition, meeting the type 1 cement KS standard. Mineral characteristics
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analysis revealed an increase in calcite mineral, a byproduct of the carbon dioxide reaction, contributing to strength

enhancement. Even after seven days, substantial quantities of unreacted rankinitene and pseudowollastonite were observed, as

well as dicalcium silicate and yeelimite, which are hydrated minerals. This observation was confirmed the possibility of strength

improvement after 7 days.

Key words : Calcium silicate cement, carbon dioxide, pre-curing, calcium sulfoaluminate, fast-harding cement

.M B

oAl AE ol 8 3A HEE2 A= 7IES
o ZERAIHRE ARFE QLo W, 194]7] 2] 18 ZEHE
AHIEZ} /= HA 73 4AHEZF HS5E AAte] A=
& 7]20] EQIHt. SHAINE 2 AHEARIOIA ] gaF:
Hol 8FEHA oilsletas 7"‘/\171 Q= 9Al
71&2 A Eo] gils] oliteleta 2 o4kl
HHS- 293} FHoA TRt At %l%‘ﬂﬂ At
AT A0|E AJHIE(calcium silicate cement, CSC)+=
ollsletag Fotol AsoRe 7144 AMERA, |
% BEWC AMIE o] 70% o) o] olAltekag 45
2 Sl 2197 Aeka: AWlEo) CSCO] 2 aYEY
2 wollastonite(CaSiOs;, CS)@} rankinite (Ca3;Si,O7, C3S,)
EH, olitelgta W75} B0l A CaCO59} SiOyF&
42 B A7t FA50 A 70MPac] Y7
o] 7hssto] Mg AR =] B8] 7Tt Ao
2 gejA Qo). o]2igt EAdofl FE3te] mlt SolidiaAt
ol A= 2015 FE CSCof| Higt 2FA 4, &84 I
7L 2L wrtUS 2 Uid 871 5ol ]It A
A2 AlEsHe] @Ale 7 3 = 5OIA HiRA A
AeE APohs 5 et A7t A= QP =
A E 2024 0] A7F 1,000E 71 TAE 12 A%
A SEAYNS Bx R AFE A S Aot
CSC olialeta: Whgo oJsto] Fol== 717384 &
A2 279k E451E fIsiA= REHAS 57t
Al7l= Aol 58351, olF {154 B Uiitol ot
U= TS AASH APdAe S ARA Hot 5t
A9 AP B2 AR 7] Heliads AlE S A
F|R] 95 4Bl A Al 2P ofu 2 AUt SR
7] Ale171& oI5 fIetgH]7F 87-F o] 483t 480l
ol 89103 QIAJE] T Gick. CSC Bhalg % AFEaIE
A APASE IS AXA| 93 CSCO| 2714
£ 33D 5 3= 71e7iEo] RSHA|NE oFA71A] o9

R

o
>

nﬂik

Mo et ofx

*}30}01 A z3E cscoll
kg”;‘tol'e t]y|o| E A|HE(calcium
sulfoaluminate cement, CSA) & L=Z0|L AJH E(alumina
cement, AC)S &3}5l0] A&7 w9} JEEA] Sk ¥}
£ AuEQlh

2.1. AExi= & HHEH|

RS HALAATAANN A4} 2 S
B A1gsl] e CSCE URE ASoHSIc) 73
3 AHERH F= TARA 903t CSAE ARESIGLS
], G2=0|LAH E (alumina cement)= =] SAJOA 2
S35 A ES AFESIITE F4=4 T (anhydrate gypsum)
L HAE Alo)A B AL Estel st
CoA AMIEE 4734 S48 7 918 2 ohiehslagt}
fly ash} 22 52 299) T3] £ FL R0
= dHA QS H oy CsCol F87
BEO] FEA0 FFE = 2= A Stk &
SulpRESH A3 CSAHIES] H3 gl S
23 Aol 2 gfstol A1gsgi. A& L=olA CSCtCSA
AHIE 9] 531442 M4 TORNADO (Bruker o)) 2]
2 o] gsto] £4J519100, Table 19] LAATHE Lieh)
Qi LA-950 Laser Scattering Size Distribution Analyzer
(Horiba LA950)E- 0]-8-5}o] CSC X CSA AHIE i
£S BAsigon], Fig o] 24 20E Lehpoldt
Median size7} ZF 2} 7.09um 2 5. 59umE CSA &7}
CSC QI seh vlAE AL & 2 Slek

CSC 9} CSA &3 AHE 9 HHS-EA BH71E 9J5}o]
CSC g8 25%, 50%, 75% E 100%= HF5IH

o

2.0] wollastonite

Aol S Al 328 A 65, 2023



12 ol oAl - WP - BIG - A - A
Table 1. Chemical composition of CSC and CSA cement (unit : wt%)
Comp. SiO, ALO; CaO MgO Fe 05 KO TiO, SO; P,0s LOI
CSC 51.4 0.27 45.2 0.56 0.09 0.56 1.24 0.39 0.09 1.1
CSA 9.47 27.6 48.1 2.98 2.95 0.87 0.01 8.31 0.09 2.2
Table 2. Mix proportions of CSC and CSA mixed cement paste (unit : g)
Specimen Weight Ad w
CSC CSA CAC AG
CSC 100 3,000 0 0 0 8.40
CSC 75 2,250 281.25 281.25 187.50 17.40 1,200
CSC 50 1,500 562.50 562.50 375.00 26.40
CSC 25 750 843.75 843.75 562.50 35.40
: 2 W84S molsly] 93k AlRE 100%100x5mm SakA
™ [ CoAmedangies 7.05pm g Ag871°] 3m FA9 Ho]AES ol ojitstea
[ o wg7lo] SUSIth 24717kah, 19, 39, 72)
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Fig. 1. Particle size distribution of CSC and CSA cement.
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Fig. 2. XRD analysis results of cement paste according to changes in CSC content (100%, 75%, 50%, 25%) and curing time

(4h, 1d, 3d, 7d) in carbon dioxide atmosphere.
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Table 3. Rietveld analysis of CSC 100 paste according to
curing time (4h, 1d, 3d, 7d) (unit : wt%)

= w2 2AT - 2

Table 5. Rietveld analysis of CSC 50 paste according to
curing time (4h, 1d, 3d, 7d) (unit : wt%)

Curing time Curing time
Phase compositions Phase compositions
4h 1d 3d 7d 4h 1d 3d 7d
Calcite Anhydrite
(Ca(COy)) 3.0 10.0 10.1 11.7 (CaS0) tr 22.9 26.7 28.4
Calcium Aluminum Calcite
Oxide (Car(ALOs) 7.2 tr tr tr (Ca(COs)) 1.8 7.8 9.3 9.1
Cristobalite low Calcium Sulfate
(SiOy) 11.5 11.7 12.1 12.1 (CaSOy) 15.9 tr tr tr
Dicalcium Silicate Cristobalite low
. 5.9 7.2 10.8 7.1 . 9.0 8.2 7.0 7.7
(Ca2(5104)) (SlOz)
Larnite Dicalcium Silicate
(Can(Si03)) 3.0 tr tr tr (Can(SiOy) 14.0 11.9 11.3 8.8
Pseudowollastonite Pseudowollastonite
(Cas(Si500)) 58.0 60.3 55.4 57.0 (Cas(Si;0v)) 38.8 33.7 28.8 29.6
Rankinite Rankinite
(Cas8:07) 11.4 10.9 11.7 12.1 (CasS$:07) 18.6 12.4 12.7 12.3
Cﬁ}“(‘)‘mastg 19 | 3l 42 40
Table 4. Rietveld analysis of CSC 75 paste according to ( sO012(S04)

curing time (4h, 1d, 3d, 7d) (unit : wt%)

Curing time Table 6. Rietveld analysis of CSC 25 paste according to
Phase compositions m ” 3d d curing time(4h, 1d, 3d, 7d) (unit : wt%)
?gg}égit)e ir 6.6 6.3 79 Phase compositions h ICduring tirr;z 7d
(C(;?l(gi(t)f)) 52| s1 | 49 | 48 A(gg‘git)e 459 | 502 | 520 | s54
Cal‘zg‘gg:‘)lfate 35 tr tr tr (C(; ?lccgj)) 3.3 7.1 8.7 9.0
Cri“?;f‘(l)iztf ow o | 134 | 120 | 121 C“St?;’f‘cl)i; low g6 | 34 | 33| 31
(Iéznls(:?(l)tf) 152 | 138 | 93 | 88 ( ij:igg‘(asta) 62 | 81 | 95 | 87

A9] gli= "FAl, CSC 3 50%, 25%Z 704 k37
Zto]| thE FE F A= 71, 7 28.8%~38.8% L 14.4%~
24.5%2 A& 0 &2 W2 FF9] pseudowollastonite *J-=
ol Fadlk= RS L o AUtk €SCO F=83FE2] wolla-
stonite R rankinite 32| YA} A/dET FFRAA ]
thet e 177} eyEglon, MEH o] v SR
ehAls} QIAYS Bt . B A ATt CSC
50% 9 25%ZZ0)| 4] pseudowollastonite X rankinite 33
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Fig. 3. Compressive strength according to CSC cement mixing
ratio and curing time.
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