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Effect of Chemical Admixtures on Rheological Properties of Mortars
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Abstract: Effects of water-binder ratio, polycarboxylate superplasticizers (PCEs) with different molecular structures, super-absorbent
polymer (SAP) and an anionic viscosity modifying agent (VMA) on the rheological properties of mortar were investigated. The
results show that increasing the water-binder ratio simultaneously reduces the yield stress and plastic viscosity of mortar and
increases the fluidity retention capacity. The addition of PCE reduces the yield stress of mortar and the steric hindrance induced
by the side carbon chains is one of the main reasons for the dispersion effect of PCE. The side carbon chains inhibit the
adsorption of PCE on the surface of cement particles. Increasing the length of the side chains of PCE has little effect on the
initial rheology. SAP increases the yield stress and plastic viscosity of mortar by reducing its free water content, and its action
mechanism is the same as reducing the water-binder ratio. VMA improves the yield stress of mortar due to the bridging effect at
low dosages, but has little effect on the plastic viscosity. At high dosages, the bridging effect of VMA weakens but the viscosity
of liquid phase greatly increases, thus decreasing the enhanced effect on the yield stress of mortar and greatly increasing the
plastic viscosity of mortar.
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LPCE: Without side chain; PCE2400 and PCE4000: molecular mass of side chain are 2 400 and 4 000 respectively.
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Table 1 Basic properties of PCEs

Solid Average particle . [coOoY
PCE . M, /(g'mol ) O
content/%  size/nm (mmol-g )
LPCE 31.84 8.2 31264 18.52
PCE2400 41.91 10.5 160 755 2.33
PCE4000 42.80 11.8 154 804 1.50

F2 ERLFEMFIT PIE K

Table 2 Chemical and mineralogical compositions of cement

Chemical Mass Mineralogical .
composition fraction/% composition Mass fraction/%

SiO, 22.15 GCsS 56.54
AL O3 4.51 CS 20.87
Fe;0;3 3.39 GA 6.22
CaO 65.36 C4AF 10.31
MgO 2.31 CaSO,4nH,0 5.20
NayOq 0.49

SO; 0.46

LOI 1.33
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Table 3 Chemical compositions of fly ash

Chemical .
. SlOz Ale; FCzO; CaO MgO S03 Nazoeq
composition

Mass fraction/%  59.46 2438 599 1.86 3.02 0.11 0.17
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Schematic diagrams of PCEs
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Fig.2  Grain size distribution of sand

AN TR e 0 A A L 1) PR A ELAR T
R A # K Je K I s

122 WRMHEMNR A O LR AT LI
X (TOC)IE PCE Fl VMA 7 7K e $5UkE 2 18] 149 bt
PEfE . PCE & 41133 KK HE ol 0.4, 559 51 0 0.1%,
0.15%, 0.2%, 0.25%, 0.3%, 0.5%. VMA %41
WIKIKEE N 0.6, B854 0.02%, 0.04%, 0.1%,
0.2%, 0.4%, 0.5%. HAAEERBENTF: B 50 g
FEFIIE 5] B35 22 TN B LA L 10 000% g (1) 52
B0 5 mino BURS FIEHOE 25 8 KRR — A5 4L
JE TN TOC W52 A3 Rl AT AL 75 1, AR e il v
SAF KR VMA FE 7K PR ORI R B
123 WhmAtE WM R d S K
FUOR KA 8 41 i LU &, IRRP Lk 1.0:1.5,



o5 48 457 5 ] SREIPH 25 AL S AR T BE (1 i < 625 -

TR LE D J AR 1k BE R sE Ny, 7Kg bE 2y i)
43 0.40, 0.45 F10.60. 57 PCE X b A2 P He 1)
SN, JKIREEN 0.4, PCE [E44 5 & 5 skl
TR EL 0 0.1%. 0.2%H1 0.4%. W57 VMA
TP IR AR TR BE I, KAREER 0.6, VMA [
P iR S BB B TR LE A3 0.1% 0.2% A1
0.4%. FERIG DI A ERCELE 25 CRIMEL N IR
#*, 3 min 1 28 min J5 AT 1 RIEK, n EiRE
1 2 min IFTE]), PRI A AT 435008 5 min A
30 min.

RGBT H A4 BrookField RST AU AR
10, #ERS k) VT-40-20, MRRFLFEE 3 Fis.
TRIA B 114 B D)l 2 A BT I ) B8 FH T 2 il A2 ith
2, SRJ5 1 Bingham BRI 73 20 2% 119 i e Y.
JIFIBERG S

40

w
(=}

Shear rate/s™!
(=)
S

10

L | L | L | L | L |
00 20 40 60 80 100 120 140
Time/s

3 AR

Fig. 3 Measuring procedure of rheological curve
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Fig. 4 Influence of water-binder ratio on rheology of mortar
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Table 4

7/Pa /(Pass)
Water-binder ratio
5 min 30 min 5 min 30 min
0.40 188.64 257.16 4.01 4.20
0.45 121.23 153.88 2.90 2.84
0.60 26.13 27.28 0.82 0.86

7 and y are yield stress and plastic viscosity, respectively.
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Rheological curves of mortars containing PCEs after

5 min
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Table 5 Rheological parameters of mortars containing
PCEs after 5 min
7/Pa /(Pas)
Dosage/%
LPCE PCE2400 PCE4000 LPCE PCE2400 PCE4000
0.1 134.04 99.02 106.63 3.28 3.88 4.75
0.2 50.10 3.29 4.39 4.51 3.08 3.00
0.4 18.04 7.07 4.25 4.95 2.16 3.26

T and u of blank sample are 188.64 Pa and 4.01 Pa-s, respectively.
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Table 6 Rheological parameters of mortars containing
PCEs after 30 min
Dosage/% 7/Pa w/(Pas)
LPCE PCE2400 PCE4000 LPCE PCE2400 PCE4000
0.1 156.27 181.62 138.61  3.58 4.06 5.05
0.2 118.67 4.92 4.63 4.75 222 2.49
0.4 96.31 6.22 8.75 4.70 2.10 2.46

7 and u of blank sample are 257.16 Pa and 4.20 Pa-s, respectively.
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SAPO1, SAP02, SAP04 are mortars with 0.1%, 0.2% and 0.4% super-
absorbent polymer (SAP), respectively.
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Fig. 9 Rheological curves of mortars containing SAP
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Table 7 Rheological parameters of mortars containing
SAP
7/Pa /(Pass)
Dosage/%
5 min 30 min 5 min 30 min
0.0 26.13 27.28 0.82 0.86
0.1 31.99 34.25 1.11 1.09
0.2 4391 48.95 1.63 1.55
0.4 84.11 85.42 2.01 2.12
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Fig. 10 Effects of SAP and water-binder ratio on the
rheological parameters of mortar
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Fig. 11 Adsorption isotherms of VMA on the surface of

cement grains
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VMAO1, VMAO02, VMAO04 are mortars with 0.1%, 0.2%, 0.4% viscosity

modifying agent (VMA), respectively.
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Fig. 12 Rheological curves of mortars containing VMA
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Table 8 Rheological parameters of mortars containing

VMA
Dosage/% 7/Pa 1/(Pass)
5 min 30 min 5 min 30 min
0.0 26.13 27.28 0.82 0.86
0.1 47.08 47.27 0.87 0.82
0.2 49.27 62.07 0.90 0.80
0.4 39.36 49.17 1.98 1.87
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Fig. 13 Schematic diagram of the adsorption form of VMA on
cement particles
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Fig. 15 Schematic graph of effect of different constituents on
the rheological properties of mortar
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