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ABSTRACT: The works aims to increase the strength of concrete to improve the abrasion resistance. In the perspective of ma-
teria preparation in this work, nano materials are used to improve the strength of ultra-high performance concrete and then in-
crease the abrasion resistance. Nano Al,O; and MgO were added into UHPC in the weight percentages of cement (0.05%, 0.1%,
0.15%, 0.2% and 1%) to test strength and abrasion resistance for different periods. Typical samples were selected to be analyzed
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for 2°Si and Al by NMR and XRD and studied for internal structure to provide theoretical basis for effect mechanism of nano
materials on UHPC strength and abrasion resistance. The UHPC mixed with nano MgO had higher strength and better abrasion
resistance than plain samples and samples with nano Al,Os. When the admixture dosage reached 0.35% (Mg-2), compressive
and flexura strength for 7 d was 1.1 times higher than that of plain samples and the wear reduced by 10%. However, different
nano MgO influenced the properties of UHPC to the different extents. From the microstructura characterization, nano MgO in-
creased the hydration process of cement, generated more hydration products and resulted in a denser microstructure. However,
nano MgO enhanced the formation of hydrotalcite at the same time. As the amount of nano MgO increased, the production of
hydrotalcite also increased, but decreased the structure compact. Abrasion resistance of hano UHPC is proportional to compres-
sive strength. The addition of MgO promotes the hydration process, increases the compact of the microstructure of UHPC and
then consequently increases the strength and abrasion resistance. However, over dosage can result in the formation of hydrotal-
cite in the outer hydration area, which is an adverse factor to increase the compressive strength and abrasion resistance. Accord-
ing to thiswork, the suitable addition is 0.35%.

KEY WORDS: ultra-high performance concrete; nano Al,QOs; nano MgO; abrasion resistance; microstructure; cement hydra

tion; calcium silicate hydrate gel
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Tab.1 Raw materials used in thiswork

Component Model Manufactory
Cement P.O. 52,5 The Great Wall Cement Manufactory
Silicafume Highly reactive micro silica powder Dalian Ruian Building Materials Co., Ltd
Quartz sand Coarse and fine Haerbin Jinghua Water Treatment Material Co., Ltd

Superplasticizer

Foam reducing agent  Polyether foam reducing agent

High performance polycarboxylic superplasticizer Haerbin Institute of Technology Strong Stone Group

Domestic manufactory

Nano Al,Os Hydrophilic nano dispersion Beijing Deco Island Gold Technology Co. Ltd
Nano MgO Hydrophilic nano dispersion Beijing Deco Island Gold Technology Co. Ltd
Water Laboratory tap water
x 2 KiRFRERMLZER S
Tab.2 Chemical components of cement and silica fume
wit%
Component SO, Al,O4 Fe,O3 CaO MgO SO, R,O
Cement 21.08 5.47 3.96 62.28 1.73 2.63 0.50
Silicafume 85.72 1.20 1.00 0.30 0.70 1.50
*3 UHPCIRHHEARBESIL. EKEMRIE
Tab.3 Mix proportion, gas content and flow ability of the plain UHPC
- Super Foam Gas .
Sample %;Tn?g;/ fumgl(lgc-?n’3) sai;?gér;%) (cc?aruit)f(?rrlig’) (Sr‘jg}(zgﬁrl?,) plastici ger/ reduci r;g/ content/ Flowmarzlllty/
(gm™)  (@m?) %
A0 800 280 294 294 294 24 0.24 4.8 177

F4 BEMXK ALO:H UHPC KRB S LE .
EREMRNE
Tab.4 Mix proportion, gas content and flow
ability of the nano Al,0; UHPC

x5 BEHK MO B UHPC XM ALE.
ESBRRDE
Tab.5 Mix proportion, gas content and flowability
of the nano MgO UHPC

Sample Alzo’:/?gc-)mﬁ) con(t;eari/% : OWmaraI ! Sample M g(lj\ll?g-om’3) con(t;eari/% : OWmaraI "
Al-1 1.40 55 155 Mg-1 1.40 4.2 164
Al-2 2.81 4.7 157 Mg-2 2.81 54 184
Al-3 421 45 163 Mg-3 421 4.4 184
Al-4 5.62 4.6 164 Mg-4 5.62 4.4 186
Al-5 30.00 4.7 170 Mg-5 30.00 4.0 220

Note: cement was 800 g/m® silica fume was 280 g/m®
standard sand was 294 g/m3, quartz sand (coarse) was
294 g/m® quartz sand (fine) was 294 g/m® super plasticizer
was 24 g/m?’, foam reducing agent was 0.24 g/m

Note: cement was 800 g/m? silica fume was 280 g/m*®
standard sand was 294 g/m3‘ quartz sand (coarse) was
294 g/m® quartz sand (fine) was 294 g/m® super plasticizer
was 24 g/ m3, foam reducing agent was 0.24 g/m
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Tab.6 Results of the 2°Si NMR fitted data

Sample 0° o' 0Q*(1Al) 0
AO 24.2 33.0 9.1 33.7
Al-1 30.6 21.7 11.1 36.6
Mg-1 16.3 38.9 8.4 36.4

FR7 ZHAREMKLEE (o), ERRESNTEHKE
(MCL ) #a C-S-H #5#a# Al/Si tb1&E
Tab.7 Hydration degree () of three samples, mean
chain length of aluminosilicate chain (MCL) and
Al/Si ratios of C-S-H

Sample o MCL Al/Si
AO 75.8 4.3 0.05
Al-1 69.4 6.4 0.08
Mg-1 83.7 4.6 0.06

C-SH B RERREREEN AlSH (E RS =
Mg-1<AO<Al-1, B THKE UHPC (14 J5k4 R g i
THE R, BRZMEMSRNREAR, A AIS E
o AKREERRERY AlSHERAR, P AN
(R BETE 7K A S 3ok 72 P AR TSR, TE AL HT p,
FRLAREAR T C-S-H &5ty h s iy sy, 2 7ok ek ik
SN, FEInPRIEK AR

H T4k 8 UHPC HhEish s in e ik 7 £
(R AR T 1 S TR RN TR T 4R, T I RS B MR B A
FH A RERR DU TR A, PR b oK UM v (9 3 Rk R
FERER B . Al-L HIE O 2 RO R AR S I T A, i
HIE A K B e PR R
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