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Effect of Vaterite on Hydration of Silica-Aluminate Cementitious
Systems and Its mechanism
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(1. School of Materials Science of Engineering, Southeast University, Nanjing 211189, China;
2. School of Civil Engineering, Qingdao University of Technology, Qingdao 266520, China)

Abstract: Vaterite (a crystal form of calcium carbonate) was utilized as a substitute for limestone powder (mainly
composed of calcite crystal form of calcium carbonate ) in the preparation of cement paste and mortar specimens. The
impact of crystal forms of calcium carbonate on the compressive strength and microstructure of cement mortar was
investigated. Utilizing calorimetry and X-ray diffraction and other techniques for microscopic analysis, the interaction
mechanism of vaterite and calcite were explored. The results indicate that vaterite exhibits a higher chemical reactivity
compared to calcite, thereby enhancing the hydration rate of the system. The introduction of vaterite into the
silicate-aluminate cementitious system induces a reaction between calcined kaolin tailings and calcium carbonate. The
resultant hydration products, including calcium silicate (aluminate) hydrate(C-(A)-S-H) gel and hydrated calcium
carbonate aluminate crystal compounds, cover the vaterite surface and bind with the cement matrix, refining the pore
structure and significantly improving the compressive strength of mortar.
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Table 1 Chemical compositions(by mass) of cement and calcined kaolin tailings

Unit: %
Material CaO SiO, AlLO, Fe,Oy MgO K,O SO, TiO, Na,O 1L
C 56.77 20. 86 5.90 3.61 3.50 0 2.43 0 0 1.18
CKT 0.89 53.58 34.33 2.37 2.54 3.88 0.11 0.21 0.29 1.14

P10 A0 AR VKRR R % ok e £ RV o i
W+ R R HL 8 (SEM) B R . i 18 1aT I . 7 K
Ak URE 22 O BOE 1 U 5 ORI A, R TR R

(b)N -

7 e (10 7 B 8 A 0 B 0 DR T R 5 DA AN R DU £ it 7R
ARBUL , 75 U F 308 FE A B A7 A5 URE /DS 5 BR A1 0 BK
MRPURE s Bebe m i+ FR A 52 7 JZIR A5

)V |

K1 sk e SEM IR

Fig.1 SEM images of raw materials
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Unit: %
Group No. Bound water CH CaCO,
LCTC 14. 48 2.07 14.77
NCTC 16.73 1.52 10. 41
VCTC 17.25 1.42 9.79

2.4 M FLBEEEH

FIH VG studio MAX22 84+ Tl CT Y1 J ik
FFFLBR SR b . B’ 7 M LCTC NCTC il VCTC 1
LB oA . BB 7AW, A8 LCTC, NCTC #1
VCTC BF W T FLAEFE 0~100 pm B A WL A
AL L TR T 100 pm B RFL L X W Bk
T ARG A ik R 85 14 B ik R R h I BE AR R AL AR
B4 i W1 e ROR  HAEAS /N T 100 pm A9 FLBR o L
PSR FEFE RS K . A, REAR R R I BE R R 1 ) 2
P B8 15 L B 3 19 A G 1 A5 ——FL B ERIG , ) 2%
PEREAE R . X — a5 7E 2.1 HP A E EIE

- 100 -

5 80 ;

[ 1

2 |

E 60 :

J3) | ”7/’}‘ ' [ Dyo

3 40 e ! LCTC
= o0 [Py NCTC
g ) — VCTC
O b

0 200 400 600 800 100012001400
Diameter/pum

(b) Cumulative pore size distribution

B 7 LCTC.NCTCH VCTC HFLER S
Fig.7 Pore distributions of LCTC, NCTC and VCTC

£ 3HLCTC.NCTC M VCTC W FL45 1 2%
T4
%3 LCTC.NCTCHMVCTCHILLEMSHITEER

Table 3 Calculation results of pore structure parameters of
LCTC, NCTC and VCTC

Most
Porosity(b tabl
Group No.  Dg/um  Dy/pm OroSIyIbY portabie
volume)/ % pore size/
pm
LCTC 360 600 9.1 416
NCTC 190 360 5.3 230
VCTC 180 350 3.2 211

Note: D and D,, represent the values corresponding to the
cumulative distribution percentages of 50% and 90% in the particle

size distribution, respectively.
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