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Basic Performance of Nano-reinforced Recycled Concrete Adopting

Ultrasonic Dispersion Technology
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Abstract: In order to effectively improve the basic performance of nano-materials in recycled
concrete, ultrasonic technology was introduced. Four different types of nano-materials (SiO,,
Al,O;, CaCO; and GNP) were investigated respectively. Firstly, the nano-material was mixed
with water reducer and water. After 30 min of ultrasonic dispersion, nano-strengthened slurry
was obtained with proper amount of cement. Then the recycled aggregate was soaked in the
slurry for 30 min. Finally, nano-enhanced recycled aggregate was gained after screening and
drying. Compressive strength and microstructure of the recycled coarse aggregate concrete were
tested. The results show that the nano-slurry after ultrasonic dispersion can effectively wrap
around recycled aggregate and improve the microstructure of interface transition zone. Immersing
coarse aggregate in nano-enhanced slurry can effectively increase the compressive strength of

recycled coarse aggregate concrete. The compressive strength of nano-reinforced recycled concrete
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immersed in 0. 2% nano-SiO, reinforced slurry with 50 % substitution of recycled coarse aggregate

is 24. 3% and 33. 1% higher than unreinforced recycled concrete and ordinary concrete

respectively. The nano-material fills up some original pores in the concrete and improves the

compactness of the recycled concrete. The results obtained are considerably valuable for the

performance improvement in recycled concrete.

Key words: recycled aggregate concrete; aggregate strengthening; nano-technology; ultrasonic

dispersion; interfacial transition zone
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Tab.1 Parameters of Nanomaterials
5 SiO; Al Oy CaCOs3 GNP
4l /% 99.8 99.9 99.0 99. 4
AR /nm 15.0 30.0 30.0 0.5~20.0
o 60. 08 101. 96 100. 09
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Tab.2 Properties of Polycarboxylic Acid Superplasticizer

il Bk Rz 6 45 5
S =R IERERR0F
FIKE/ N <3.00 1.81
pH {8 5.0~7.5 7.1
7K K AL B/ mm =>220%0. 95 280
TR%E WK/ % =>25.0 26. 2
REEEEAE/ % <4.0 1.7
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Fig. 1 Process Flow for Preparation of Nano-reinforced Recycled Aggregate
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Tab.3 Mix Proportions of Concrete

ZMR R/ (kg e m™?)
g — T YrERE/
TREE A . ) e 3 Pk 909 K 5% Ak P A R e
K e w K KRB R - K 5 mm
(=g SiO, ALO; | CaCOs GNP
NAC 361 608 195 1235.0 0.72 158
RAC 361 608 195 617.5 617.5 0.72 131
NRAC-SiO, 361 608 195 617.5 617.5 0.72 182
MRAC-SiO, 361 608 195 617.5 617.5 0.72 174
NRAC-Al, O 361 608 195 617.5 617.5 0.72 176
MRAC-Al, Oy 361 608 195 617.5 617.5 0.72 161
NRAC-CaCOs 361 608 195 617.5 617.5 0.72 180
MRAC-CaCO; 361 608 195 617.5 617.5 0.72 159
NRAC-GNP 361 608 195 617.5 617.5 0.72 178
MRAC-GNP 361 608 195 617.5 617.5 0.72 172
60r—NAC R50-8i0, ™ R50-AL0,
H EZZ2 RAC & R50-CaCO, == RSO'GNEE
e
B 40t 7
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Fig.2 Surface Morphology of Nature Aggregate, Recycle
Aggregate and Nano-reinforced Recycle Aggregates
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Fig.3 Compression Strength of Different Kinds of

Nano-reinforced Recycled Concrete
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Fig. 5 Compressive Failure Mode of Nano-reinforced
Recycled Concrete
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Tab.4 Statistical Analysis Results of Fracture Type of

Recycled Concrete

RBEZ R 5 L)/ 6 ail
R BE 1A
P | PR | R | S

NAC 5.4 44.6 50.0 56
RAC 7.8 51.6 40.6 64
NRAC-SiO, 32.1 20.5 47.4 78
NRAC-AL O3 16.3 25.6 58.1 43
NRAC-CaCO;s 23.2 27.6 149.2 69
NRAC-GNP 20.8 30.6 48.6 72

Vo 0 B 2K g 5 LT 1 0 [ S A e X
{1 S50 2 UK 5 X [ B 5 5 D 0 R R 19 B8 T 2 W %
I 7 S P T a9 X P S 4 0T 3 U X T
5 ) R () BB RS AT S
100 % W 7S A A kAL, B X8R 15 8L AN TTZ3 1M
AL S0 B DA 2 A AR s 1A A R AL
2.3.2 BT RAE N BT FE S
T 2 F B A B A A TR 0 K b S R s TR
5 - BT I U XA SOWE B AN &1 7 TR, H R 4R
X3k EDS g% 0 X3, LA 1 Ol T FE
il £ 1 A& o A7 7E AL 77, NAC, RAC 1 NRAC-
ALO; ¥ f iy & B ol W X =R T 1 A sk
[ 7(a),(b),(d)],{H NRAC-SiO, , NRAC-CaCO,
FINRAC-Cn Ay 7t i 5 9 X I R 7= A= 2 4, nl 0L



% 58

AR F . AFoRALEGHEFTARELE R 129

6 HRBUBERZLAVIYE
Fig. 6 Mesoscopic Physical Map of Nano-reinforced

Recycled Concrete
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Fig.7 Micro-morphology of Different Concrete 1TZs
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Tab.5 Element Distribution of Sample
Points of Concrete ITZ

FHILH R %

B+ A
O | Al | si S | Ca | Fe | C
NAC 42,0 0.0 |34.3] 0.0 [12.0] 0.0 |11.7
RAC 35.4] 0.0[10.3| 1.6 [50.1| 2.6 | 0.0

NRAC-SIO; 38.4 1 0.9]42.6| 2.6 |11.4] 1.4 2.7

NRAC-Al; O 39.4110.3(22.7] 3.8 |12.8] 0.8 |10.1

NRAC-CaCO;3 | 44.5| 0.4 | 1.7 | 0.0 |45.5] 0.0 8.1

NRAC-GNP | 41.2| 1.8[18.9| 0.7 |21.2| 0.0 | 16.4
S B UL TR P O BT 15 R S A Kb 9 K A
BE R 1TZ2 rf B 40K 44 ) n] 35 58 21 K 4k
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