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ABSTRACT

Impedance Spectroscopy (IS) has been used to study microstructure and hydration mechanism of cement pastes. In this work, the
early hydration behaviour of portland cement paste with different blaine values and contents of blast-furnace slag was investigated by
IS. As slag was added to portland cement, the values of Ry, (the solid-liquid phase resistance) and Ry, were decreased in the early
hydration period. It showed that hydration of cement paste containing slag was slower than it of the reference cement paste. As the
content of slag was increased, the values of Rys,i) was decreased. Furthermore, the diameter of semicircle, Ry, observed at 72 hours
was decreased with the increment of slag content. However, the values of Ry, and Ry, were increased with blaine value of slag
from the early hydration period.
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Fig. 1. (a) Schematic of the “Solid-liquid interface unit cell”
model.? (b) The corresponding equivalent circuit for a
single layer of cement paste. (¢) The simplified equiva-
lent circuit for one layer of cement paste.
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Fig. 2. Impedance spectra of the hydrating portland cement
paste until 14d.
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Table 1. Chemical Composition of Raw Materials (wt%)
Chemical Raw Materials
Composition OPC Slag(A)  Slag(B)  Slag(C)
Si0, 21.73 34.82 35.00
ALO; 6.01 16.19 14.90
Fe,0; 3.00 0.47 0.65
CaO 62.08 41.25 42.80
MgO 277 8.05 7.13
SO, 2.16 0.16 0.21
Ig.Loss 1.75 -1.86 -1.33
Blaine Value 5 4400 3000 2000
(em/g)
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Table 2. Mixing Ratio of Specimens (Wt%)
. Raw Materials
Notation
OPC  Slag(A) SlagB) Slag(C) WIS
OPC 100 - - -
S(A)-20 80 20 - -
S(A)-40 60 40 - -
0.35
S(A)-60 40 60 - -
S(B)-40 60 - 40 -
S(C)40 60 - - 40
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Fig. 3. Impedance spectra of the hydrating cement pastes with
different blaines of slag. (a) 12 h and (b) 24 h.
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Fig. 4. Impedance spectra of the hydrated cement pastes with

different blaines of slag. (a) 72 h and (b) 28 d.

— opC

—-—= S(A)-40
S(B)-40
————— S(C)-40

Heat Evolution Rate (cal/g/hr)

A S T s SR

T

T
70

T
50

60

1
40
Time (hrs)

T
30

Fig. 5. Heat evolution rate of the hydrated cement pastes with
different blaines of slag.
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Table 3. Hydration Heat Comparison of the Hydrated Cement
Pastes with Different Blaines of Slag

Hydration Notation
Heat OpPC S(A)-40 S(B)-40 S(C)-40
Total(cal/g) 53.42 4490 _35.38 34.92
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Fig. 6. Variation of electrical conductivity for the hydrated
cement pastes with different blaines of slag.
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blaines of slag. (a) 12 h, (b) 72 h and (c) 28 d.
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Table 4. Hydration Heat Comparison of the Hydrated Cement
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Hydration Notation
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Total(cal/g) 53.42 46.77 44.90 34.68
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Fig. 13. XRD patterns of the hydrated cement pastes with
different contents of slag. (a) 12 h, (b) 72h and (c) 28 d.

Ca(OH), §¥7=9 =7|9} Z=r} 74sia vk 3
72 OPCSt el A7 ol Bz AL
S(A)-20014 SEFRI0|EL] Fdu At HoblE AL &
18 4= glom, e LEart F7ME RE AHNA
170°C %29 E=AvolE FE¥ A7} e °“:¥
3} 28l VRt Q& Ca(OH), £E329] 74

2 a9 FA5AA o8 AAHEUR Ca(OH)ﬂ &
Hl=e] 235} 72417000 H]s] 2 WAoo §A ¥ Zastw

e DR

o
ot

o
%

2=
-

(2)
\F/I_IVTE’V—

S(A)40
S(A)-20

oPC

0 100 200 300 400 500 600 700
Temp (BC)

(b) \_V/_,,_f\[—\v
S(A)-60

T 1 T T T T 1
0 100 200 300 400 500 600 700

Temp (HC)
(c)
S(A)-60
S(A)-20
OPC
(')7 ' 10'0 ' 2(;0 3(;0 ' 40IO ' 50'0 ' 6(;0 7(I)0
Temp (©

Fig. 14. DSC curves of the hydrated cement pastes with
different contents of slag. (a) 12 h, (b) 72 hand (c) 28 d.

Qo Ri-AuolE HA9 7§ L
7}2 OPC 3§39 ZAd% B3
9} WA o] {FAHIL

I
OPC9)
E39s

o) Bems WEE Qs A Ak
ASHATS ATEL ZYPUL A8 v A
o,
=

73S, o 22 AE

FN' Nl>



°
%
A
W
i

1. 73t FAIZIRIE Nyquist plotdel] AFa <]
2 FERko] e glom, 3 19 o] FHE OPCe]
A mAEHA ZFu g vigle] Yehyr) A1z

2. 12 gl Hrkge] S & F3 1007 =
OPCel HJ3] Ryg,0] S7katdth. vk, tigk 1047F o %
H 12 o] Arike] $7H £5 Ryl 74t

o, 3} 3de] 3= vk A 9N 12 &3
9] Hrhge] FUHE4E 7asta itk &, 12 &7
o] Hrtgel $71d £5 3t AdEe Ag 81
F AATh

3. 47ME A® L) EUETF 48 ROl 3715
At 3t 3do) ehe Wk FAA F, Rgyy= EEE
7t & X2 gt A7HE 5 ke ALeE Hot
32 Y] BUEIF 548 It mEre 28 23k
g 5 Ut

4. 8} 28UellMe 2 9] FAFAA 2T F
%3 FEEFFo R FalRF o] XBEe] 12 FErt
A7FE 739 OPC Hu} & wHle] 738 Yeplgith &
g w2 o) Buwel Frigo] S7HEERS dile] 3
74, Ryt F7FHAT

HAl2| 2

£ dte S 547 2A+No. 2001-1-30100-
014-DA o= FYHUFULE oo Zal=gur,

REFERENCES

1. B. G. Jang, et al, “Chemistry of Cement Material (rev. ed),”
Chonnam. Univ. press, 155-196 (1998).

2. P. Gu, et al, “A. C. Impedance Spectroscopy (I) : A New
Equivalent Circuit Model for Hydrated Portland Cement
paste,” Cement and Concrete Research, 22, 833-840 (1992).

3. P Xie, et al, “A Rationalized A. C. Impedance Model for
Microstructural Characterization of Hydrating Cement Sys-
tems,” Cement and Concrete Research, 23, 359-367 (1993).

4. P. Xie, er al, “Application of A. C. Impedance Techniques
on Studies of Porous Cementitious Materials (I) : Influence
of Solid Phase and Pore Solution on High Frequency Resis-
tance,” Cement and Concrete Research, 23, 531-540 (1993).

A2 ZAUG o83 TEW= ARIE - 12 oA 27)4st 107

5. P. Xie, et al, “Application of A. C. Impedance Techniques in
Studies of Porous Cementitious Materials (II) : Relationship
Between ACIS Behavior and the Porous Microstructure,”
Cement and Concrete Research, 23, 853-862 (1993).

6. P. Xie, et al, “Microstructural Characterization of the Tran-
sition Zone in Cement Systems by Means of A. C. Imped-
ance Spectroscopy,” Cement and Concrete Research, 23,
581-591 (1993).

7. P. Gu, et al, “A. C. Impedance Phenomena in Hydrating
Cement Systems : The Drying-rewetting Process,” Cement
and Concrete Research, 24, 89-91 (1994).

8. P. Xie, er al, “A. C. Impedance Phenomena in Hydrating
Cement Systems : Detectability of the High Frequency
Arc,” Cement and Concrete Research, 24, 92-94 (1994).

9. B. J. Christensen, et al, “Impedance Spectroscopy of
Hydrating Cement-based Materials : Measurement, Interpre-
tation, and Application,” J. Am. Ceram. Soc., T7(11), 2789-
2804 (1994).

10. S. M. Pak, “Electrochemical Impedance Spectroscopy,”
Chemical World (korea), 33(12), 893-906 (1993).

11. Korea Concrete Institute, “Admixture for Concrete,” Gi
Mon Dang, 159-233 (1997).

12. P. C. Hewlett, “Lea's Chemistry of Cement and Concrete,”
J. Wiley & Sons Inc, c1998, 471-708 (1998).

13. J. T. Song, “Properties of Blended Cement Using Ground
Blastfurnace Slag with Low Blaine Value,” J.Kor. Ceram.
Soc., 37(1), 70-76 (2000).

14. G. D. Schutter, “General Hydration Model for Portland
Cement and Blast Furnace Slag Cement,” Cement and Con-
crete Research, 25(3), 593-604 (1995).

15. C. Shi and R. L. Day, “Some Factors Affecting Early
Hydration of Alkali-slag Cements,” Cement and Concrete
Research, 26(3), 439-447 (1996).

16. W. J. McCarter, et al, “Electrical Conductivity, Diffusion
and Permeability of Portland Cement-based Mortars,”
Cement and Concrete Research, 30, 1395-1400 (2000).

17. X. Zhang, et al, “Dielectric and Electrical Properties of
Ordinary Portland Cement and Slag Cement in the Early
Hydration Period,” J. of Mat. Sci., 31, 1345-1352 (1996).

18. S. H. Choi, et al, “Studies on the Development of Cement
of Slag-gypsum System,” J. Kor. Ceram. Soc., 17(4), 217-
221 (1980).

19. H. G. Oh, et al, “Effect of Composition on the Hydration of
Blastfurnace Granulated Slag,” J. Kor. Ceram. Soc., 16(4),
237-242 (1979).

A 39 @ A 1.2(2002)



