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Influence of Transport Time on Yield Stress of Cement-Ground
Limestone Paste
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Abstract: By measuring the yield stress of cement-ground limestone pastes and calculating the interparticle forces
of pastes under different transport time based on EDLLVO theory, the mechanism of the change of yield stress of pastes
under different transport time was studied. The results show that the yield stress decreases first and then increases
with the increase of the total specific surface area. The yield stress of pastes increases with the increase of transport
time. There is a good negative correlation between water film thickness of pastes and yield stress. At the same particle
spacing, the van der Waals forces and A-B forces of pastes decreases with increasing content and fineness of ground
limestone, while electrostatic force has no obvious change rule. Moreover, the variation of the total interparticle force
with different cement-ground limestone pastes is small with the same particle spacing. The relationship between yield
stress and total interparticle forces and average spacing under different transport time is established.
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Table 1 Mix proportions of cement-ground limestone pastes

Sample m(cement)/g  m(ground limestone)/g  m(water)/g m,/my, Specific surface area of ground limestone /(m*kg ')
PO 300 0 120 0.4
PLI10 270 30 120 0.4 411
PL120 240 60 120 0.4 411
PL130 210 90 120 0.4 411
PLII10 270 30 120 0.4 608
PLII10 270 30 120 0.4 807
PLIV10 270 30 120 0.4 1007

Note: Three groups were prepared with each ratio of pastes to study the transport time of 6, 12, 18 min.
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Table 2 Ton concentration, pH value and Debye length of cement-ground limestone pastes

Ton concentration/(mmol-L. ")

Transport

Sample time./min - N - . - pH value K X10"/m
Ca K Na SO; OH
PO 6 9.870 207. 282 47.609 71.656 69. 183 12.84 5.296
PO 12 3.288 211.026 48.783 76.625 91.201 12.96 5.215
PO 18 6.579 209. 154 48.196 74.141 100. 000 13.00 5.178
PLI10 6 8.473 194. 231 44.913 67.438 97.724 12.99 5. 336
PLI10 12 18. 388 234.103 53.696 84.281 102. 329 13.01 4.772
PLI10 18 23.168 136. 577 26.963 53.494 104. 713 13.02 5.633
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Table 3 Surface energy and Zeta potential of cement and ground limestone particles

Reference solution

Powder material

Ttem Deionized
Formamide Glycol C L1 LI LI LIV
water
Y/ (mI-m %) 21. 80 39. 00 29.00 39.31 35.26 35.79 35. 44 35. 64
y /(mJem ?) 25.50 2.28 1.92 1.44 1.23 1.25 1.25 1.24
y /(mJ-m ?) 25.50 39. 60 47.00 26.68 25.23 25.36 25.58 25.69
Particle Zeta potential/mV 8.07 21.81 24.96 27.21 27.16

Note: y""—Lifshitz van der Waal component of interfacial tension;y —Lewis acid component of interfacial tension;y —Lewis alkali

component of interfacial tension.
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Packing density and water film thickness of cement-ground limestone paste under different transport time
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Table 4 Ratio of packing density and total specific surface area of cement-ground limestone paste at transport time of 6 min

No. S./(pm*spm—?) Si/plm No. S./(pm*spm~?) Si/pm
a o
PO 1.089 58 0. 500 95 PLI10 1.169 23 0.471 82
PLI10 1.099 20 0.504 03 PLINO 1.240 45 0.443 78
PL120 1.106 97 0.503 69 PLIV10 1.312 06 0.418 67
PLI30 1.112 94 0. 508 49
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Fig.4 Variations of interparticle forces of cement-ground limestone paste with separation distance under different transport time
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Fig. 5 Variations of F; of cement-ground limestone pastes with separation distance under different transport time
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Table 5 Average particle spacing of cement-ground limestone pastes under different transport time

Sample Transpo‘rt time/ W/ Sample Transport time/ H/pm Sample Transpo‘rt time/ B/
min min min

PO-6 6 0.778 PLI120-12 12 0.769 PLII10-18 18 0.724
PO-12 12 0.735 PLI120-18 18 0.762 PLIN10-6 6 0.682
PO-18 18 0.720 PLI30-6 6 0.790 PLII10-12 12 0.676
PLI10-6 6 0.791 PL130-12 12 0.783 PLIN0-18 18 0.669
PLI10-12 12 0.784 PL130-18 18 0.776 PLIV10-6 6 0.638
PL110-18 18 0.777 PLII10-6 6 0.730 PLIV10-12 12 0.636
PL120-6 6 0.776 PLI10-12 12 0.726 PLIV10-18 18 0.635

Note: Three groups of pastes with same mix proportion were prepared to study the different transport time. For example, P0-6, P0-12, PO-18
means the same proportion (P0) and different transport time.
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Table 6 Prediction results of BP neural Network

kY Ly Y
No. 7/Pa n R? No. 7/Pa n R? No. 7/Pa h? R?
(nNepm ' %) (nNepm %) (nNepm %)
1 74.94 0.261 0.99 8 70. 55 0. 254 0.98 15 79.57 0.289 0.98
2 75.94 0.274 0.98 9 71. 14 0. 254 0.99 16 76.75 0.270 0.98
3 78.62 0. 290 0.99 10 64. 95 0.231 0.97 17 82. 86 0.288 0.98
4 72.25 0.252 0.99 11 65.06 0.240 0.99 18 87.90 0. 303 0.99
5 74.93 0.263 0.99 12 70. 94 0. 248 0.99 19 85.23 0.292 0.95
6 77.67 0.278 0.98 13 76. 14 0.271 0.98 20 88. 77 0.307 0.98
7 69. 20 0.245 0.98 14 77.63 0.274 0.98 21 91.83 0.330 0.96
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Fig. 6 Relationship between r and F,/h* of

cement-ground limestone paste
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