Journal of the Korean Ceramic Society
Vol. 39, No. 6, pp. 540~549, 2002.

Aum A £F-0| o8t EEE E&eh ZEUE A|HES 5}

ZdEA - HiSE - 23Y'
T gt A5
(20021 29 289 A< 2002 59 249 59))

Hydration of Portland Cement Containing Blending Components
by Impedance Spectroscopy

Hoon Sang Kim, Seung Hun Bae and Jong Taek SongT

Department of Materials Science and Engineering, Dankook University, Cheonan 330-714, Korea
(Received February 28, 2002; Accepted May 24, 2002)

= =
E AHo|A= Impedance Spectroscopy(IS)E ol-&3te] Eelo] o4, 12 &al2, A7t §F S E8A/T X& Azt
H FEHE ANRES] £35S AESNC Eato] ol B IR S art AREY AF Hotd AS, sk 271 18
o} H7]14 E"‘i—r, Ry Ryng® F7HE0] AT oA LT W/oH oA EFAE T3 AHES] F317F =7
AYHIL Y-S v, 2y, st fr-/] 749 2710 vif w2 TEFY WA OE Qlled Zato] o W 12

=27t 7‘47h gl vls] 2 F9 Ry B Ry HEE 1 Z 5 A%} OPC-Ee}o] of+AIS] 7 v} A4
Y AfelollA So] dxtet FEFE F4l FHo] AU, 3t WYHL FHho] ofH e A#HTNFe] LTS
2 gool Frtskith

ABSTRACT

In this work, the hydration behaviour of portland cement pastes containing fly ash, blast-furnace slag and silica fume is investigated
by Impedance Spectroscopy(IS). As fly ash or blast-furnace slag was added to portland cement, the values of Ry, and Ry were
decreased in the early hydration period. It showed that hydration of cement containing blending components was slower than it of the
reference cement paste with the same W/C ratio. However, the cement paste containing silica fume had a large value of Ry, and
Ryiny due to very rapid pozzolanic reactivity of silica fume in the hydration time. In OPC-fly ash system, a characteristic plateau region
appeared between straight-line and semicircle. The plateau region continued to grow in range with the content of fly ash and the
hydration time.
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Table 1. Chemical Composition of Raw Materials (wt%)
Chemical Raw Materials
Composition OPC  Fly Ash  Slag  Silica Fume
SiO, 21.73 65.20 34.82 90.66
ALO; 6.01 17.20 16.19 0.60
Fe 04 3.00 4.82 0.47 0.30
Ca0O 62.08 7.37 41.25 0.54
MgO 2.77 0.89 8.05 0.71
SO, 2.16 047 0.16 0.16
K0 - 0.81 - -
Na,O - 0.70 - -
C - 2.06 - -
Ig.Loss 1.75 3.71 -1.86 4.07
Blaine Value 3050 3990 4400 19000
(cm’/g)
Table 2. Mixing Ratio of Specimens (Wt%)
. Raw Materials
Notation =
OPC  Fly Ash Slag  Silica Fume W/S
OPC 100 - - -
F-20 80 20 - -
F-40 60 40 - -
F-60 40 60 - - 0.5
S-40 60 - 40 -
F-SF 60 35 -
S-SF 60 - 35
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(D Ry : the sum of bulk solid and liquid phase resistance.
(@ Ry : the sum of solid-liquid interface resistance.

@ Cyiny : the sum of solid-liquid interface capacitance.

@ Cg : the electrode-cement system interface capacitance.
® R, : the charge transfer resistance)

Fig. 1. The simplified equivalent circuit for hydrating cement

paste.
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Fig. 2. The test setup for impedance measurements.
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Fig. 3. Variation of electrical parameter Ry, at hydration
period until 4 days.
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Fig. 4. Impedance spectra for the hydrating cement pastes
containing blending components. (a) 7 days (b) 28 days.

Table 3. Electrical Parameters of the Hydrating Cement Pastes
Containing Blending Components at 28 Days

OPC  F-40 S-40 F-SF  S-SF
Rgm(kohms) ~ 0.06  0.13 021 019 024
Cyiny(0F) 036 038 021 032 022
2 s OPCol Hls| FstxZ o] XUsl ©H AL wie)
ARAZIZN & F U 28 vde] AL 3t
7R3yl W}E‘r 7t 2, Ryeny® WsHE 271

g o]%F authx] A JeERIA gt

T3} 28U l| A 2] Rt(int)q Ct(mt) Z2X 432 Table 39
ERfidch. EAle] 2E2H we(EE AAFE A o
& OPCel| w3l +3}7} %{HFJJ_ oA 7z7F L3t @
AE - A4 AR AY Ry, & WY AAL &

B3] 1=

AgozM BAT & AU Eepo] oo



ARz EAo) o) EFAE T ETEW= AMIES] F3) 543

(a) o
(-]
°
N J.%k Ay W orc
e YO F-40

T T T T T T T
10 20 30 40 50 60
26
(b) °
o
\—&_.,J e ° [ ] OPC
& * F-40
S-40
F-SF
M S-SF
A Ao
T v T v T v T v T M !
10 20 30 40 50 60

20

® C;S - C,S - C3A - C,AF A C3S - C,S M C;S  Qurartz
© CSH © Ca(OH), + Ettringite % Monosulfate ¥ C4AH,;

Fig. 5. XRD patterns for the hydrated cement pastes containing
blending components. (a) 7 days (b) 28 days.
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Fig. 6. DSC curves for the hydrated cement pastes containing
blending components. (a) 7 days (b) 28 days.
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Fig. 8. Heat evolution rate of the hydrated cement pastes
containing blending components.

Table 4. Hydration Heat Comparison of the Hydrated Cement
Pastes Containing Blending Components

Hydration Heat (J/g)

Notation

6h 12h 24h 72h
OPC 32.68 92.86 189.87 280.68
F-40 17.38 49.82 117.90 178.69
S-40 22.40 64.81 125.98 200.67
F-SF 19.34 55.94 126.23 199.92
S-SF 25.58 70.13 130.46 211.73
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Fig. 9. Decomposition heat of the Ca(OH), in hydrated cement
pastes containing blending components analysed by
DSC.

Table 5. Electrical Parameters of the Hydrating Cement Pastes
with Different Contents of Fly Ash at 28 Days

OPC F-20 F-40 F-60
Ryno(kohms)  0.06 0.09 0.13 0.12
Ciiny(0F) 0.36 0.28 0.38 0.40
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Fig. 10. Impedance spectra for the hydrating cement pastes
with different contents of fly ash. (a) 7 days (b) 28 days.

Bulk Cement Effect

Cement-Electrode

A Interfacial Effect

»
P

Fig. 11. Schematic of impedance spectroscopy for OPC-fly ash
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Fig. 12. SEM photograph of OPC-fly ash system.
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Fig. 13. XRD patterns for the hydrated cement pastes with
different contents of fly ash. (a) 7 days (b) 28 days.
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Fig. 14. DSC curves for the hydrated cement pastes with
different contents of fly ash. (a) 7 days (b) 28 days.
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Fig. 16. Heat revolution rate for the hydrated cement pastes
with different contents of fly ash.

Table 6. Hydration Heat Comparison of the Hydrated Cement
Pastes with Different Contents of Fly Ash

Hydration Heat (J/g)

Notation

6h 12h 24h 72h
OPC 32.68 92.86 189.87 280.68
F-20 25.50 73.10 158.18 231.07
F-40 17.38 49.82 117.90 178.69
F-60 11.72 30.86 81.27 130.46
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