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The Reduction of Maximum Hydration Temperature in Cement Paste
Using Calcium Silicate Hydrates and Glucose

Hoon Moon,” Hyeong-Keun Kim,"” Eun-Ji Ryu,” Eun-Ji Jin,” and Chul-Woo Chung"*
> yeong yu g
"Dept. of Architectural Engineering, Pukyong University, Busan, 608-737, Korea

ABSTRACT In this study, a method to reduce temperature rise due to hydration in mass concrete is investigated. It is to use retarder
(glucose) for reducing heat of hydration and to use calcium silicate hydrate (C-S-H) for compensating the retardation effect due to its
role as a nucleation seed. For this purpose, the temperature rise of cement paste due to hydration was measured and the effect of using
both C-S-H and glucose on setting and 28-day compressive strength of mortar specimens was investigated. According to the
experimental results, using C-S-H and glucose caused the reduction in the maximum temperature but accelerated the time to reach the
maximum temperature compared to that of retarded cement paste using glucose. In addition, using C-S-H and glucose did not show
significant effect on 28-day compressive strength of mortar specimens, indicating that the method shown in this study can be a
successful alternative to control maximum temperature rise in mass concrete.
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Table 1 Proportion to make calcium silicate hydrate

Table 4 Chemical compositions of OPC

Materials Solid(g) Mole(M) Ca0 | SiO; | ALOs | SO;|MgO| Fe,05 | Ko0O| TiO; | P2Os [MnO| ZnO
Na,Si03-9H,0 284.20 0.5 63.42119.48| 4.69 |4.08/3.11| 3.04 |1.32{0.380.20 | 0.13 | 0.11
CaCl, 110.98 0.5

Table 2 Water/Solid ratio of calcium silicate hydrate

. Calcium silicate . N
Solution(g) hydrate powder(g) Water/Solid ratio(%)
4,184.30 139.30 30.04

Table 3 Chemical compositions of glucose

Contents | Glucose(%) | Sodium saccharin(%) | Stevia(%)

A 95 5 -

B 95 5 -

C 75 - 25
Sope W] 9lste] ZReE AMEdke] 2o
5] o] ¥}l Tt =5 %¥ C-S-Hi= Thomas et al.'? ol A /\]-*‘l
Sl L EOlA 115°CE 2447 7x38ke] 2bxds]
T,‘}% x-]]ﬂz:sl- _‘E'z /\].Q_g]_oﬂ\;]_ Table 2= A o xﬂ /‘Q_oug]
FTEY 13 F C-S-HY T%S =73 3to] water/solid H]
S5 5% Aotk £ A7 water/solid P& 30.04
2 uERsth
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Table 5 Mix proportions of cement paste and mortar

. Calcium
Calcium silicate
Glucose | C/S silicate
Type wic (%) ratio | hydrate (?ey;gr:;i)
0
(0.5M)(%) %)
Plain 0.5 - 1:3 - -
Glucose 0.5 0.1 1:3 - -
C-S-H(0.5M) | 0.5 - 1:3 3 -
C-S-H(0.5M) 0.5 0.1 1:3 3 -
+glucose
C-S-H
(reagent) 0.5 - 1:3 - 3
C-S-Hlreagent) | | | |3 ; 3
+glucose
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3.2.1 XRF 5! XRD

Reagent grade®] A1oF @ 2% | %3k C-S-HS] 3}3t4 A
25 gelshr] $95e] XRF(X-ray fluorescence spectrometer,
Shimadzu, Japan, XRF-1700) %418 X33t A T2E
sto}slr] 91ste] XRD(X-ray diffractometer, Rigaku, Japan,
Ultima IV) 348 288k9c}
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4. dEda

41 XRF
Table 62> C-S-H XRF ¥4 A= vehd Zlo|t}

T EF0 C-S-HE 51.6~54.6% A =7} Si0,8] Ao ® 1}
bl Ca02 ke 44% HAEZ UEhgon, AA A

Table 6 Chemical compositions of C-S-H

Chemical Component 0.5M(%) | Reagent grade(%)
SiO, 51.66 54.70
CaO 44.99 4412
Na,O 1.76 -
Cl 1.19 -
MgO 0.32 0.92
ALO; 0.08 0.17
SO; - 0.10
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Fig. 1 XRD patterns of calcium silicate hydrate
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Fig. 2 Temperature rise in the cement paste, 0.1% glucose
and 3% C-S-H
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glucose and 3% calcium silicate hydrate
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Fig. 5 First derivative of temperature rise data shown in
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Fig. 6 Penetration resistance of cement mortar incorporating
0.1% glucose and calcium silicate hydrate
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