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Influences of Calcium Oxide-Magnesium Oxide Blended Expansive Agent and Temperature
Rising Inhibitor on Hydration Characteristic of Early-Age Cement Paste
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Abstract: The effects of CaO-MgO blended expansive agent (CMEA) and temperature rising inhibitor (TRI) on the hydration of cement
paste were investigated by low-field nuclear magnetic resonance spectroscopy. The results show that the transversal relaxation (T,)
intensity increases in the dormant period and decreases in the steady period with the increase of CMEA content. The change of cement
paste containing CMEA and TRI with CMEA content is similar to that of cement paste containing CMEA addition only. However, the
duration of the acceleration period and deceleration period increase, and the hydration rate decrease evidently with increasing the TRI
content. Moreover, curing temperature has an effect on the hydration with the combination of CMEA and TRI, and a high curing
temperature promotes the dissolution and diffusion of TRI, resulting in a further decrease of hydration rate in the acceleration period.

Keywords: calcium oxide-magnesium oxide blended expansive agent; temperature rising inhibitor; dual regulation; hydration;
low-field nuclear magnetic resonance spectroscopy
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Table 1 Chemical components of materials w/%
Material SiO, ALO; Fe;O; CaO MgO Na,O K,O SO; TiO, LOI
Cement 19.53 431 289 63.84 0.89 0.13 0.64 2.53 0.26 3.03
CEA 331 483 1.18 82.62 123 030 044 2.52 2.34
MEA 457 082 1.52 373 88.36 0.09 0.43

w is mass fraction. CEA and MEA are calcium oxide and magnesium oxide

expansive agent, respectively.

100 |

Transmittance/%

999

60 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

TRI is temperature rising inhibitor.
Bl 1 392K 0.4 em™ [ FTIR J63% A9 TRIGRALER K
i kE)
Fig. 1 FTIR spectrum of TRI with a resolution of 0.4 ¢cm™
(palletized with KBr powder)
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Table 2 Experiment temperatures and mix proportion

Mix proportion/(kg-m™) Curing
Sample
Cement CMEA TRI  Water temperature/'C

WCO035 1444 0 0 506 40
CMEA02 1415 28.88 0 506 40
CMEA04 1386 57.76 0 506 40
CMEAO02TRIO1S 1415 28.88 2.17 506 40
CMEAO04TRIO15 1386 57.76  2.17 506 40
CMEA02TRI030 1415 28.88 433 506 40
T20 1415 28.88  2.17 506 20
T60 1415 28.88  2.17 506 60

CMEA—CEA and MEA blended expansive agent.
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Table 3 Parameters of LF-NMR analyser

TD SW RFD TW RGl1 DRG1 PRG NS NECH TE DLI
Auto set 200 0.020 200 10 3 2 16 500 0.11 500

TD: Time domain data size; SW: Spectral width, kHz, RFD: Radio
frequency delay, ms; TW: Recycle delay, ms; RG1: Regulate analog gain 1;

DRGI1: Regulate digital gain 1; PRG: Pre-amplified receiver gain; NS:
Scanning number, NECH: Echo number; TE: Pulse gaps between m and m,

ms; DL1: Pulse gaps between n/2 and =, ps.
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Fig. 4 Hydration curves of cement paste with different CMEA contents
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Table 4 Period division during hydration of cement paste with different CMEA contents

Beginning and ending times for the four periods (duration)/h

Sample
Induction period Acceleration period Deceleration period Steady period
WCO035 0-1.87 (1.87) 1.87-4.60 (2.73) 4.60-21.06 (16.46) Started at 21.06
CMEA02 0-1.57 (1.57) 1.57-4.86 (3.29) 4.86-25.27 (20.41) Started at 25.27
CMEA04 0-1.49 (1.49) 1.49-4.99 (3.50) 4.99-23.85 (18.86) Started at 23.85
¢ :Ca(OH),
* « :MgO *
z oy
£ z
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Fig. 5 XRD patterns of WC035 and CMEA04 at 10 h and 96 h
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Fig. 6 Hydration curves of cement paste with combination of
2% CMEA and different TRI contents
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Fig. 7 Hydration curves of cement paste with the combination

0of 0.15% TRI and different CMEA contents
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Table 5 Period division during hydration of cement paste with the combination of 2% CMEA and different TRI contents

Beginning and ending times for the four periods (duration)/h

Sample

Induction period Acceleration period Deceleration period Steady period
CMEA02 0-1.57 (1.57) 1.57-4.86 (3.29) 4.86-25.27 (20.41) Started at 25.27
CMEAO02TRIO15 0-2.36 (2.36) 2.36-5.39 (3.03) 5.39-55.13 (49.74) Started at 55.13
CMEA02TRI030 0-2.44 (2.44) 2.44-156.98 (154.54) 156.98-317.59 (160.61) Started at 317.59

6 ARIGHEFKTIZES 0.15%TRI B2 RI7KCR R IRRIK L Z I B E B8]
Table 6 Period division during hydration of cement paste with combination of 0.15% TRI and different CMEA contents

Beginning and ending times for the four periods (duration)/h

Sample

Induction period Acceleration period Deceleration period Steady period
TRIOLS 0-2.59 (2.59) 2.59-5.22 (2.63) 5.22-49.53 (44.31) Started at 49.53
CMEAO02TRIO1S 0-2.36 (2.36) 2.36-5.39 (3.03) 5.39-55.13 (49.74) Started at 55.13
CMEAO04TRIO1S 0-2.39 (2.39) 2.39-5.66 (3.27) 5.66-53.17 (47.51) Started at 53.17
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Fig. 8 XRD patterns of CMEA04 and CMEAO4TRIO15 at 10 h and 96 h
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Fig. 9 Hydration curves of cement paste with the combination
of TRI and CMEA in different curing temperature
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Table 7 Period division during hydration of cement paste with combination of TRI and CMEA at different curing temperature

Beginning and ending times for the four periods (duration)/h

Sample
Induction period Acceleration period Deceleration period Steady period
T20 0-2.62 (2.62) 2.62-8.22 (5.60) 8.22-88.09 (79.87) Started at 88.09—
CMEAO02TRIO15 0-2.36 (2.36) 2.36-5.39 (3.03) 5.39-55.13 (49.74) Started at 55.13—
T60 0-2.09 (2.09) 2.09-5.25 (3.16) 5.25-24.49 (19.24) Started at 24.49—
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