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Table 1 Chemical composition of cement and nano-metakaolin %
EoT] S0,  ALO,  Fe,0,  Ca0 MgO S0, K,0  Nay0 Lot
KR 21.91 6.27 3.78 59.30 1.64 2.41 — — 4.69
NMK 49.40 43.88 0.51 0.27 2.66 0.14 0.23 1.52 0.59
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Fig.1 The properties of NMK
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Table 2 Cement samples with different NMK content

NMK /% 0 1 3 5 10
R 5 NPO NP1 NP3 NP5 NP10
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Fig.2 Rheological measurement of fresh cement pastes

1.3.4 AEKEBFEKRRTEEREIRIE  AKEE B KIS KT GG, T K
Yo 5 K3k 10min .30min .60min 1 90min H#%ﬂﬁlﬁ%,l%lﬁ%ﬂ:ﬁ/ﬁg&fﬁﬂﬂ 20°C . M #ss
PR BE A1z i b A R LA | SR 28 52 i 2 08 T 4 i H S5 P 2% 76 % 3 300rpm
NRREEAE A T 2min B ARES BEAE R RIRIKARIR S B E N ], A A
TR 58 AN [R) K AR I 18] 25 44T 18 A2 1

2 RBERAFSHS

2.1 kL EHI NMK 7Kife 3298 o4t

30 KR IKFNHE 5% NMK 7K e 3 76 AR R K AL B ] 9 XRD &3 an il 3 fiTos. il LAR
i 7E 10~90min AR £33 K C,S . C,S . C,A ZEKIE BB 11, /K ek Ak 2518 | Jf:
KB Ca( OH) , ZKAL = WA 5t 6 5 #8 NMK K U823 Si0, 777 56 e 45 3 3 7K U8 3¢ W A 14
K, NMK 7K 3K AL 10 ~90min PI7KALT=4 A s /b, NMK S LR 3364 X6 7K I8 3% 5
M LR, NMIK B0 4 ( e i AR BURDRLAR /INAE ) JE S WAL B /K R 3 i AR M A ) 32 38



No.2 ZETORE 45 « PRI UL 2 A KA PR T 08 98 2K i o v - K 8 3R A 1 9 2 ) 513

B B
NPO B A NP5 B A
AB B E A B B E
f:‘. A A B p p ’c\ A A B g p
. 90min L 90min
i it
g g
= i ; 60min = : ; 60min
1
[ [N
[ 30min [ 30min
i (]
i L
S oo o, Mmoo S, Momin
15 20 25 30 35 40 45 50 55 60 65 15 20 25 30 35 40 45 50 55 60 65
20/(°) 20/(°)
(a) HiEKIEZ (b) 5% NMK/KJE 3

A.C,S;B.C;S;C.Si0,;D.AL, 0, ;E.MgO; F.C; A

B3 A[FEKAGETTE NMK /K83 XRD K3

Fig.3 XRD spectra of NMK cement pastes with various hydration time
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Fig.4 The particle size distribution of flocculation structures of NMK cement pastes
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NMK 7K Je it BRI FF G5 IE Bingham BRI (0 (1) ) , 20 e/ BI/NT 0, AR L 5T
YIFRACAT R s 343 KPR AE S 5Nk 3 iR,

T=T,+Huy +ey’ (1)
K7 NBIYIN 1, Payr, MIEIRN 1, Pa;y MBIUIHCR s s NIBHEFEE, Pa-s;e
B S%0, Pa-s? 5e/u>0 BERAKBTUIEH , c/u<0 BHRAKTY IR 1L.

# 3 NMK KJHR B HAL
Table 3 Rheological model of cement pastes with different NMK content

W E/C KAk ]/ min NMK &/ % [ )= 77 AHIE R AL
9.27 10 0 7=4.72+0.20y —0.0004y> 0.991
20.00 60 1 7=5.42+0.35y -0.0009y> 0.993
20.00 30 3 7=5.15+0.25y -0.0007y> 0.987
44.15 10 5 7=8.74+0.55y —0.0027> 0.997
20.00 90 10 7=12.89+1.337 —0.004y> 0.991
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Fig.6  Apparent viscosity of NMK cement pastes at various hydration time
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Fig.7 The relationship between yield stress and temperature of NMK cement pastes
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Fig.9 The relationship between plastic viscosity and temperature of NMK cement pastes
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Fig.10  The relationship between plastic viscosity and hydration time of NMK cement pastes
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Fig.11  The relationship between hysteretic area and temperature of NMK cement pastes
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Fig.12  The relationship between hysteretic area and hydration time of NMK cement pastes
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Fig.13  Topology of BP neural network
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Fig.14 Predictive and experimental results of rheological parameters
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Effect of Ambient Temperature and Hydration
Time on the Rheological Properties of
Nano-Metakaolin Cement Pastes

LI Qiuchao, FAN Yingfang, LI Xueliang

(College of Transportation Engineering, Dalian Maritime University, Dalian 116026, China)
Abstract

To investigate the effect of ambient temperature and hydration time on rheology of nano-
metakaolin (NMK) cement pastes, the rheology variation of NMK cement pastes with different
ambient temperatures(8 ~45%C ) and hydration time ( 10~90min) was studied by rheological
method. Meanwhile , X-ray diffractometer and particle size analyzer were used to analyze the
early age hydration properties and flocculation structures of fresh NMK cement pastes. The
effects of ambient temperature, hydration time, NMK content and water-to-binder ratio were
taken into consideration,a rheological parameter prediction model was established based on BP
neural network. The results demonstrate that the cement hydration is slowly at 90 min after
contact between cement and water,the NMK particle properties and flocculation structures are
the main influential factors of rheological properties. The rheological characteristic of NMK
cement pastes conforms to modified Bingham model, and the pastes show shear thinning
behavior. With the increase of temperature (8 ~ 459 ), the apparent viscosity decreases,
thixotropy first increases and then decreases,and the thixotropy reaches the peak at about 27°C
the yield stress and plastic viscosity have not much changed with ambient temperature. The
effects of hydration time ( 10 ~ 90min) on the apparent viscosity, yield stress and plastic
viscosity of cement paste were weakened by 1% ~10% NMK addition. The predictive results of
BP neural network model are in good agreement with the experimental results.

Keywords ;: ambient temperature ; hydration time ; nano-metakaolin ; cement pastes ; rheological

properties ; thixotropic properties ; apparent viscosity



