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Relationship between Particle Characteristics and Rheological

Properties of Cement-Limestone Powder Pastes
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(1.School of Civil Engineering, Central South University, Changsha 410075, China;
2.Research and Design Institute, China Hydropower Engineering Bureau 8 Co., Ltd., Changsha 410004, China)

Abstract: Yield stress and consistency of cement-limestone powder pastes were measured by RHEOLAB
QC rotational viscometer. The relationship between particle size distribution, packing density and rheolog-
ical properties was studied. The results show that the addition of limestone powder makes the particle dis-
tribution wider and improvement of the state of particle accumulation. The linear correlation between par-
ticle size distribution coefficient and yield stress and consistency is not close, the correlation coefficient is
only 0. 600 61 and 0. 699 62. The correlation coefficient between the packing density and the yield stress
and consistency is 0. 830 58 and 0. 846 54, which is closer than that of the particle size distribution coeffi-
cient. The relationship between water film thickness and rheological properties cannot be described by lin-
ear function, among which the yield stress and consistency of the cement paste with 411 m?/kg limestone
powder are decreased and the water film thickness is increased. The yield stress and consistency of the ce-
ment paste adding limestone fineness powder of 807, 1 007 m®/kg decrease, the water film thickness first increases
and then decreases, and the yield stress, consistency and water film thickness decrease simultaneously.

Key words: limestone powder; particles size distribution; packing density; water film thickness; rheologi-
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Table 1 Mix proportions of cement-limestone powder pastes

Sample No. Cement/g limestone powder/g Water/g w(limestone powder) /% PC dosage(by mass) /% My /my
Co 400 0 120 0 0.2 0.3
CLI 10 360 40 120 10 0.2 0.3
CLI 20 320 80 120 20 0.2 0.3
CLI 30 280 120 120 30 0.2 0.3
CLI 50 200 200 120 50 0.2 0.3
CLII 10 360 40 120 10 0.2 0.3
CLII 20 320 80 120 20 0.2 0.3
CLII 30 280 120 120 30 0.2 0.3
CLII 50 200 200 120 50 0.2 0.3
CLIIT 10 360 40 120 10 0.2 0.3
CLIIT 20 320 80 120 20 0.2 0.3
CLIIT 30 280 120 120 30 0.2 0.3
CLIIT 50 200 200 120 50 0.2 0.3
3 min, SRR BB 0S5 0 1 20 9L R R 5 505 L R Los - | |
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Fig. 3 Relationship between distribution coefficient and rheological properties of cement-limestone powder paste
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Fig. 4 Relationship between packing density and rheological properties of cement-limestone powder paste
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Table 2 Relative increase rate of excess water ratio and total specific surface area of cement-limestone powder paste
Sample No. w,’ y./(pm® « pm™*) Increase rate of u,' Increase rate of y, A
Co 0. 135805 1. 089 580 0 0 0
CLI 10 0.162 526 1. 099 196 0.196 761 0. 008 825 0. 187 935
CLI 20 0.167 831 1. 106 966 0.032 641 0. 007 069 0. 025570
CLI 30 0. 187 950 1. 112 940 0.119 877 0. 005 397 0.114 482
CLI 50 0.211 604 1. 119 698 0. 125 850 0. 006 072 0.119 780
CLII 10 0.162 418 1. 240 446 0. 195 965 0.138 463 0.057 502
CLII 20 0. 190 460 1. 380922 0.172 650 0. 113 246 0.059 407
CLII 30 0.195 067 1.511 252 0.024 189 0.094 379 —0.070 019
CLII 50 0.218 129 1. 742 460 0.118 226 0. 152 991 —0.034 760
CLIIT 10 0.177 875 1. 312 057 0.309 782 0. 204 186 0. 105 596
CLIIT 20 0. 186 626 1. 519 816 0.049 197 0. 158 346 —0.109 150
CLIIT 30 0. 210 030 1. 713 202 0. 125 406 0. 127 243 —0.001 840
CLIIT 50 0. 232 590 2.058 236 0.107 413 0. 201 397 —0.093980

L7 Ry K e~ KA A3 SR AR v AR 7K JRE 1 5
ASPERERIICZR. R 7 n] U SR K RS R AR
ASPEREAN R MO R X TR 4E 411 m’ kg &
TRAT Ry 04 2R AR JFL i AR S L B8 /)N 5 R K g T
JEE B X TR 40 B 807.1 007 m* kg A4 K A H 1
S Ad s FLJE AR NE Ty B8 ) | Uk K R RS B S 4 R
T BT AR 7 - 0 K B L (] B gk
EREE

ARG IR 7 58 J52 52 114 A P BIL B i A0 AT 7K I
JEEJEE B0/ IN 0T SR A S I 7 R R Y e R AT i AR
FHE AR AR et B 7 13 0 I R 7K 58 T 2 U /)N
/N 40 B G U B A AL D3R A7 A D 5 1 X
ol T o R 68 55 i 7K 3R A ORI 14 T8 R A G A
A I I K R 45 AR (R (HL R T R R ROR
(A% SR v N B AR N Gl 5P A &
TR AR AR 28 08 DK R £ W B R A BT AN T B8



12 #OM

MooR i

824 %

0.19 w4 . .
Limestone specific
0.18 surface area/(m’-kg™):
m 411
0.17 ® 807
A 1007
0.16 |
g
<015
~
0.14 |
0.13 -
0.12
0‘11 L 1 1 1 L 1 1 Il ]
60 80 100 120 140 160 180 200 220 240
7/Pa
(a) Yield stress

0.19 rag Limestone specific
018 I surface area/(m’-kg™):
m4]1
0.17 e 807
A 1007
0.16
! N
3
0.14 +
0.13
0.12
0.11
1

Kl/(Pa-s")
(b) Consistency

0—w(limestone powder) is 0; 1—w(limestone powder) is 10%; 2—w(limestone powder) is 20%;
3—w(limestone powder) is 30%; 4—w(limestone powder) is 50%

BT oK Ue—0 A b SR vb R A B R B 5 3 A P BE Y O R

Fig.7 Relationship between d,; and rheological properties of cement-limestone powder paste
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Table 3 Ratio of solid volume fraction to maximum packing
fraction of cement-limestone powder pastes

No. Sample di,/pm  dy/pm ® o8 @/ ¢n
1 Co 2.825 56.368 0.443000 0.745194 0.594 828
2 CLI'10 2.518 56.368 0.446 770 0.750703 0.595134
3 CLI20 2.518 56.368 0.450330 0.750703 0.599 879
4 CLI30 2.244 56.368 0.453950 0.756 101 0.600 384
5 CLIS50 2.244 56.368 0.461370 0.756101 0.610193
6 CLII 10 2.244 56.368 0.446933 0.756 101 0.591103
7 CLII 20 2.000 50.238 0.450665 0.756 100 0.596 040
8§ CLII 30 1.589 50.238 0.454460 0.766531 0.592 880
9 CLII 50 1.416 44.774 0.462 245 0.766536 0.603 031
10 CLIII 10 2.244 56.368 0.446 949 0.756 101 0.591 124
11 CLIIT20 1.783 50.238 0.450698 0.761364 0.591961
12 CLIII 30 1.416 50.238 0.454510 0.771588 0.589 058
13 CLIII 50 1.262 44.774 0.462331 0.771588 0.599 195

Note:d, s dy refer to the corresponding particle size when the

cumulative fraction of particle size reaches 10% and 90%.
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