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Effect of Nano-TiO, Dispersibility on the Mechanics, Hydration Degree and
Microscopic Properties of Cement Paste
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Abstract: The method of magnetic stirring combined with ultrasonic dispersion and addition of polycarboxylic acid
water reducer was used to improve the dispersion and stability of nano-TiO,(NT) in cement paste, and the effect
of different content of NT on the mechanical properties of cement paste was studied. Measurement of hydration heat,
thermogravimetric-differential scanning calorimetry (TG-DSC) and mercury intrusion method (MIP) were used to
study the influence mechanism of NT on cement hydration performance. The results show that dispersion and stable
NT suspension can be prepared by adopting magnetic stirring for 20 minutes, ultrasonic dispersion for 15 minutes,
and magnetic stirring for 15 minutes, supplemented with polycarboxylic acid water reducer. When the content of
NT is 2%, the compressive strength of cement paste is the largest, and under the condition of the same N'T content,
the mechanical properties of cement paste prepared with the suspension are higher than that of the dry mixing method.
NT can significantly shorten the induction period of cement hydration, increase the rate of early cement hydration
heat release, change the crystallinity and orientation of CH, optimize the internal pore structure of the hardened
cement paste, and improve its mechanical properties.
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Table 1 Mix proportion of cement pastes

No. me/g my/g my/g wa/ Y mg /g my/me
NTO 1200 360 0 0 4.8 0.3
25NTO0.58/M 1194 360 6 0.5 5.5 0.3
25NTIS/M 1188 360 12 1.0 6.4 0.3
25NT1.58/M 1182 360 18 1.5 6.8 0.3

25NT2S/M 1176 360 24 2.0 7.3 0.3
25NT3S/M 1164 360 36 3.0 8.9 0.3
25NT5S/M 1140 360 60 5.0 10.2 0.3
25NT8S/M 1104 360 96 8.0 11.2 0.3
25NT10S/M 1080 360 120 10.0  11.8 0.3
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Fig.1 Initial particle size of N'T suspension under different dispersion methods

B R NT & 77 43 0l #f 8 15.30.45,60 min
S5 FE IR S AR A 4 R L [R] 2.

2400 = MS20 min
2200 @ MS20 min+UD15 min
2000 |a MS20 min+UD15 min+MS15 mj

1800 | g ¢
o/

1600 -

1400 - — 1
12006— “
1000 - . /
800 %A
600 4
400

Average particle size/um

0 10 20 30 40 50 60
Time of repose/min
P2 N[l 23 F8005 12 T A i A R

Fig. 2 Stability of suspension under different mix methods
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Fig. 3 Effect of water reducer on dispersion and stability of nano-T10, suspension
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Fig. 5 Influence of different dispersion methods on

strength of cement pastes
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Fig. 6 Compressive strength of cement pastes with NT

prepared with the suspension
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Fig. 7 Effect of NT on the heat of hydration of cement pastes
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Fig. 10 SEM images of cement pastes at 3, 28 d
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Table 2 Characteristic parameters of pore structure of cement pastes

No. Most probable pore diameter/nm Porosity(by volume)/ % Average pore diameter/nm

NTO, 3d 77.15 16. 50 26.03
25NT2S, 3d 40. 26 14.48 23.12
25NT10S, 3d 56. 29 19.78 30.90
NTOS, 28d 82.21 17.64 30.61
25NT2S, 28d 32.41 16. 23 17.23
25NT108S, 28d 60. 39 20.73 29.28
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Fig. 11 Pore volume-pore diameter distribution curves of cement pastes under different curing ages
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Fig. 12 Pore diameter distribution of cement pastes
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R TR 1o B /K ) Ry 2 T T R R, T AR o Bk 5 R
EVE R TIOL(NT) B IF K .

(2)5 TR B 5 9 /K U8 1 M L, B 7 0k 1
A B K U ¥ S 5 B R R NCT 45 a4, R
HeB S R S NT B R R 2.0% B, KRG
9 B K

(3)18 2.0 % NT K Je K i 5 1 46 L K 1k

JHCAR M B T, 6T 7K T 300 K A AR 1 1 L BH L K 8
SO # T i % 5%, 2B T 22 (K Ak ) C-S-H
1 Ca(OH),, (H NT 8 &3 £ 10.0% i, K d K
PR HE B A B P R NT, 25 A 5 R A

(4)¥ A3 & NT BEFE AR K U 4 2K FL B, fl
Horp 0 AL /A 5 LA B B 5 0 24 NT 8 521
F10.0% 0, KA R LW, ZFEIL AFLLLL
K.
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