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1.1.1 KB E R 4T % CaCO;. Al,0;3.
CaSO0,2H,0 F2MEEE /R LA 3:3:1 Bl C4ASSHE R

FRA) . R S, HEA 1350 CRIERS I
PrBee, ORI 4 h, iR NG IF B EA R ER,
B RE IR B 22 3@ 0 80 um J7 FLIR, BRI 4R
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Table 1 Actual mineral composition for preparation of

ye’elimite
wW/%
- — Rup/%
C4A3S CS A1203 CaO
97.92 0.58 0.78 0.72 11.059

w is mass fraction. C4A3S is anhydrous calcium sulfoaluminate. CS is

anhydrite.

112 #RlSAE SRR $hK Ve okl (PC
PR E N 3.219 glen’, KB I EKB=KE
IRATE, WAEZE AN 2939 glem®, KEF LI
REREMAIRAA .

®2 EMBBOLEER

Table 2 Chemical composition of raw materials W/%

Material A1203 SlOz PzOs SO3 Kzo CaO TlOz MnO F6203 ZnO
Portland

. 2.89 14.29 0.33  0.01 0.38 77.46 0.27 0.26 3.80 0.16
clinker

Anhydrite  0.39 1.97 52.74 0.06 41.08 0.03 0.15

*3 EERECRHRAT YIERK

Table 3 Mineral composition of Portland cement clinker

wW/%
CsS CsS GA C,AF -CaO Total
53.12 22.80 7.41 10.72 0.93 94.98

C3S is tricalcium silicate. C,S is dicalcium silicate. C3A is tricalcium

aluminate. C4AF is tetracalcium aluminoferrite.
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C4A;S-CS-PC 7K RIK A& C3S.C,S.C3A . C4A5S
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(D] AEAR RIS, C4AsS H KA AE K AFm Al AH;[ 20
()] MR R AE A B A B ARSI, 55
Jgeidt—25 5 CS. Ca(OH), KMk AFt[3X(3)], Bl
CS/C4A;SEE/R bk s K AL =4 Rp kT, L2 4.

C4A;3S+2CS+38H—CsAS;H3o+2AH; (D)
C4A3§+1 8H—>C4A§H12+2AH3 (2)
AH;+3 CS+3 CH+26H—>C5A§3H32 (3)

Wk, #it T 4 NI CS/CaASEEREL X,
IrHE 2. 5. 8. 11, [EIREE 5 Fh C4A;S-CSB &
5%+ 10%- 15%, 20%, 25%3L 20 438 X s2i. B
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C4A;S-CSTE HE i £5 2 R JBEN 10%, [FEF I, -1
4ha _f FR AR TR BER 10%, [ e = b 100% @
CS/C4A;SEE /R HE x=2, 250

F 4  CSICASERIEXT CoA,S-CSIKIL 4IRS
Table 4 Effect of molar ratio of CS/C,A;S on hydration
products of C,A;S-CS/%
Molar ratio of CS/C4A3S (X)

Hydration product

0<x<2 AFt. AFm. AH;
X=2 AFt. AH;
2<x<8 AFt. AH;
x=8 AFt

£S5 C4A;S-CS-PC fARELRHEIT
Table 5 Ingredient design of C4A;S-CS-PC system

Number W/% Mol_ar ratio_ of
Portland clinker ~ CS CiAsS CS/C4A;S
Blank 100
5%-x2 95 1.54 3.46 2
10%-x2 90 3.08 6.92 2
15%-x2 85 4.63 10.37 2
20%-x2 80 6.17 13.83 2
25%-x2 75 7.71 17.29 2
5%-x5 95 2.64 2.36 5
10%-x5 90 5.27 4.73 5
15%-x5 85 7.91 7.09 5
20%-x5 80 10.54 9.46 5
25%-x5 75 13.18 11.82 5
5%-x8 95 32 1.8 8
10%-x8 90 6.41 3.59 8
15%-x8 85 9.61 5.39 8
20%-x8 80 12.82 7.18 8
25%-x8 75 16.02 8.98 8
5%-x11 95 3.55 1.45 11
10%-x11 90 7.1 2.9 11
15%-x11 85 10.66 4.34 11
20%-x11 80 14.21 5.79 11
25%-x11 75 17.76 7.24 11
1.3 7k

13.1 JiEbERe 4558 5 B HERRR BRI,
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L CFERAZE 0.001 mm). /KIB IR ZARIE R (4)
.
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Fetio B 1b o x=5 B R e AR, R
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C4A;S-CS>15% MR, o IAARFTRE R K . 5%-X5
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Effect of C4A3S-CS content on expansion rate of C4A3S-CS-PC system
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2 C4A;S-CSEEXT C4A;S-CS-PC 1k RBUEHIFZ MR
Fig. 2 Effect of C4A3S-CS content on compressive strength of C4A;S-CS-PC system
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I CSJE, BE#E C4AS-CSBEMIEN, W4 a
(AT IEIZHTIE K. 10%-x11 i FEH Ca(OH), ATt
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(a) XRD patterns (b) Ca(OH), (c) AFt
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Fig. 3 Effect of C4A;S-CS-PC system on XRD patterns of C4A;S-CS content at 28 d
100 £
\ ~
95 - \ =
5 £
< N <
£ 90 - N E:’n
g ~_ g
=] 3}
2 | | — Blank g
§ 5 5%-x11 \ £ 15 5%-x11
10%-x11 = & —— 10%-x11
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C-S-H is calcium silicate hydrate. AFt is ettringite. AFm is single sulfur hydrated calcium sulfoaluminate. CH is calcium hydroxide.

4 C4AsS-CSEEXT C4A;8-CS-PC 1 % 28 d TG # DTG Hh £k )5
Fig. 4 Effect of C4A3S-CS-PC system on TG and DTG curves of C4A3S-CS content at 28 d
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Extended Abstract

Introduction With the rapid development of assembled buildings, the low-carbon and high-efficient production of precast concrete
components becomes a hotspot for the industry. Portland cement (PC), as one of the most important cementitious materials for the
preparation of precast components, has the disadvantages of insufficient early strength development and late volumetric shrinkage. To
realize the volume stability of non-steam-cured precast components, expansion agents are often introduced into Portland cement.
Sulphoaluminate cement (CSA) with a large amount of Ye’elimite and gypsum is often used to improve the early strength and
volumetric stability of PC. Different types of CSA have different expansion capacities due to the different contents of Ye’elimite and
gypsum, affecting the composition of the hydration products with the saturation of ettringite. In this paper, the mechanical properties
and volumetric stability of the specimens were investigated via varying the relative contents of C4A3S and CS in Portland cement (i.e.,
CS/C4A5S molar ratio and C4A;S-CS content). The hydration process, phases composition, and the microstructure of system were
characterized to analyze the effect of C4A3S -CS on the hydration of Portland cement.

Methods Portland cement clinker (Tangshan Jidong Cement Sanyou Co., Ltd., China), and anhydrite (Tangshan Polar Bear
Building Materials Co., China) were used as raw materials. CaCOj;, Al,O3, and CaSO,4-2H,0 mixed in a molar ratio of 3:3:1 were
heat-treated in a high-temperature muffle furnace for 2 h to obtain the C4A;S mineral. Four different CS/C4A3S molar ratios of M, 2, 5,
8 and 11 were designed, while five C4A3S-CS content levels of 5%, 10%, 15%, 20% and 25% were set up in a total of 20 sets of
crossover experiments. The 10%-M2 represents the content of this sample of C4A3S-CS in Portland cement clinker is 10% at the
CS/C4A;S molar ratio M of 2.

The water-cement ratio was 0.35, and the paste was molded as a net paste test block with the sizes of 20 mmx20 mmx20 mm.
The compressive strength at the corresponding age was determined. The phase compositions of the hydration products were analyzed
by a model D/Max-RB X-ray diffractometer and a model STA 449F3 thermal analyzer. The pore structure of the specimens was
characterized by a model AutoPore IV 9500 V1.09 instrument.

Results and discussion C,4A;S-CS has an effect on the free expansion rate of Portland cement, and it can significantly increase the
early compressive strength of Portland cement clinker. When the C4A;S-CS content of <15% in the sample, the free expansion rate is
small, the volumetric stability is better. When hydration time is 14 d, the free expansion rate remains stabilized, and the expansion rate
of the specimen does not change at 28 d. The free expansion rate of the sample is lower than that of the sample with C4A3S-CS. The
effect of C4A;S-CS on the expansion properties of Portland cement belongs to the ettringite-type expansion. The key reason of the
volume stability and early strength development of the C4A;S-CS-PC system is affected by the amount of ettringte. Ettringite growth
in the molding paste is limited as the crystal grows, the pressure of ettringite on the surrounding paste environment gradually
increases, reaching a certain threshold that makes the specimen gradually collapse. As a result, the amount of ettringite generation is
strictly controlled. At ettringite content of less than 8.51%, the compressive strength increases with the increase of ettringite content.
Ettringite plays a role of dense pore. However, at the ettringite content of more than 8.51%, the expansion increases with increasing
ettringite content, and the mechanical properties of the cement begin to decrease.

The most available pore sizes of the specimens 10%-M11 were smaller than those of the specimens 5%-M11, while the
specimens 10%-M11 have a narrower distribution of pore sizes and smaller total porosity, which can account for the maximum
mechanical properties. The location and the crystallization situation of hydration products both have an influence on the expansion
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properties of Portland cement. Ettringite fills the pores of the paste, and the C-S-H gel can adhere other hydration products such as
ettringite to enhance the performance of the cement, and avoid the ettringite abnormal growth.

Conclusions The 10% content of C4A3S-CS appropriately increased the expansion deformation of Portland cement, limited its late
volumetric deformation and stablized the expansion rate. The content of C4A;S-CS also improved the early mechanical properties of
Portland cement, having a positive effect on the development of mechanical properties. Under the condition of 10% C,4A3S-CS and
the molar ratio of CS/C4A3S of 11, the compressive strength of Portland cement at 12 h was increased by 102%, and the free
expansion rate at 28 d was 0.279%. There were three main reasons of high early strength in the C4A;S-CS-PC system, i.€., hydration
of C4A;S-CS, hydration of C;A with CS, and rapid hydration of C3S. The increased content of C4A;S-CS facilitated the formation of
ettringite, and hydration consumed Ca(OH), in the hydration product to generate ettringite to cause the expansion, accelerating the
hydration rate of the silicate phase and improving the cement hydration degree. The ettringite generated by the hydration of
C4A;S-CS-PC could compensate for the self-shrinkage of Portland cement, and the short and fine needle-like ettringite grew on the
surface of the hardened cement paste and in the pores, and the staggered lapping filled the pores, reducing the total porosity of the
cement and the most available pores. An appropriate amount of C4A3;S-CS could optimize the distribution of ettringite in the system,
and avoid the expansion caused by the abnormal growth of ettringite crystal size.

Keywords Portland cement; Ye’elimite; anhydrite; hydration; volumetric stability



