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Performance Optimization and Microscopic Mechanism of Nano-silica
Modified Magnesium Phosphate Cement Mortar

JIA Liang', JIA Weiwei, WU Xuan

(School of Civil Engineering, L.anzhou University of Technology, Lanzhou 730000, China)

Abstract: This study prepared magnesium phosphate cement-nano-silica (MPC-NS) composite mortars with
different NS contents (0% —4% ) by replacing dead-burned magnesium oxide (MgO ) with nano-silica (NS) at
equal mass, and systematically investigated the effect of NS on the properties of the mortars. The results showed
that when the NS content was 4% , the setting time of the mortar was shortened by 22.7% compared with the
reference group ; at 3% NS content, the compressive strength after 28 days of standard curing was increased by
29.9% compared with the group without NS addition ; after immersion curing ( 7 days of standard curing followed
by 28 days of immersion) , MPC-3NS exhibited the optimal water resistance , with the retention rates of
compressive and flexural strengths reaching 1.170 and 1.023, respectively. Microscopic analysis indicated that
NS optimized the properties of MPC through a dual mechanism : first, the nanoparticles effectively filled the pores
of the material and improved the micro-density; second, NS participated in the secondary hydration reaction to
generate M-S-H gel, forming a dense protective layer inside the pores, thus significantly enhancing water resistance.
This study clarified the modification mechanism of NS on MPC and confirmed that 3% is the optimal NS content,
providing a theoretical basis and technical reference for the development of high-performance concrete repair materials.
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Table 1 Chemical composition (by mass)of dead-burned

magnesium oxide

Unit: %
MgO Ca0 Si0,  ALO,  Fe0O,  Other
95. 25 2.14 1.53 0.25 0. 60 0.23

1.2 R E

P 2 B A HOB MPC 28 NS S T W hin A
PEPER o, Je e S 30 s, FR DR B R 00 s B A L
2 MR GB/T 17671—2021 /K U i b 53 BF & 58 )y 1
(ISOE), BFEEYE A 40 mm X 40 mm X 160 mm
() = IRAE TR %% S0 J5 B B AR AP . N AR e R
TARUEFEAE ((20422) “C,AHRHBEA/NT 95% ) h
TR

%2 MPC-NSHWERMEELL
Table 2 Mix Proportions of MPC-NS mortars

Group w(NS)/ % e/ myins Mawo/ My my/my, my/m

MPC-ONS 0 1/3 0.04 0.18 1
MPC-INS 1 1/3 0.04 0.18 1
MPC-2NS 2 1/3 0.04 0.18 1
MPC-3NS 3 1/3 0.04 0.18 1
MPC-4NS 4 1/3 0.04 0.18 1
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WDW-100D #J7 Ggik 5 L. MPC-NSHM I iy 4 i
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1.3.3 it K M AR

DL B AR B R (K) TE A MPC-NS B 35 11 Tif 7K
PE T dARHESRY +28 AR IK TR ((2042) °C) "yl
JEL 57 d+28d7. 43 MPC-NS 0 5 A i
F T AR IR E £, SERIK 28 dJF BB fr4 s 050, TE
KL(DIE K,



374 @®mOs M

IR $29%

S

f7d+28d

K= (1)

1.3.4 GO REI L

5 HLRE 1 1 59 MPC-NS B0 3% 3 B F TG /K 2 B35
WLk AL, (6042) “CHEAS T4 5 B Bk . R H
XRD-7000X fiF 5 ACHAT S AR 734 5 i I ISM-5600L V
A SEM-EDS#ATIESOIN 50K 5347 i H PYRIS-1
RUPCE A3 AN, 7R AR B R BL(20~1 000) “Ci# AT
TGA-DTG MK, LR GE NS B 1L K 36 1 Kok A=
Yz

2 KBER5ITE

NS B EXt MPC-NS [ i & 2 5 45 B 18] 19 82 i
K 1RER T NS 88 4 MPC-NS Ji %t 1k % %t
SEIF AR R AL . AR L AT L B % NS 8= M
0% 7 & 4% , MPC-NS Ji % & 2 %8 25 i 18] 5 %
45 %, R 22 min B % 5 KA 17 min, B IR
22.7% o X I B EE 25 AN FE EEIH T NS 1R
FAEHILE  H— NSEAmURIBRLETD
FmREFREL KA RN A T O A A,
F T MgKPO, - 6H,0 45 K b 7= ¥ 1 JE A
L T ONS WO [ K B A R Y W R

2.1

70
Fl1d []3d
60,7d EZSd
< A 2
2 50 235 2038 oI
= peR X *Qﬁ ¢ o
= g ag L
5 40 %fk =7 ;ﬁ -2y
% = =i = ii’
230 = B = =
= = = =
£ 20 = = = =
o = = = =
O = = = =
10 = — = =
0 = E = =
1 2 3 4
w(NS)%

(a) Compressive strength

K2 NS#B#x MPC-NS#»

23

228

21 \

20 ¢

19 +

Setting time/min

18 -

17 | ]

1 6 L L L
0 1 2 3 4
W(NS)%

BI1 NS MPC-NS [ 5 2 BEES I ] )52 15
Fig. 1 Effect of NS content on setting time of MPC-NS
binding system
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Fig. 2 Effect of NS content on compressive and flexural strength of MPC-NS mortars
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Table 3 Retained coefficients for compressive and flexural strength of MPC-NS mortar specimens

Compressive strength/MPa

Flexural strength/MPa

Specimen K K
7d 7d+28d 7d 7d+28d
MPC-ONS 43.5 37.5 0.862 7.6 6.6 0. 868
MPC-INS 44.3 46.2 1.043 8.0 7.6 0.950
MPC-2NS 46.1 52.6 1. 141 8.0 8.2 1. 025
MPC-3NS 50.0 58.5 1.170 8.7 8.9 1.023
MPC-4NS 39.9 40.8 1.023 7.6 8.5 1.118
2 1 [

3 } 1 2 1
B N U 3 T . 3 3 Is .su X

MPC-3NS, 7d MPC-3NS, 7 dhtZS d
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(c) Angular range from 28° to 40°
1—MgO; 2—Si0,; 3—MgKPO,*6H,0; 4—Mg(OH),; 5—M-S-H gels
3 MPC-NS#3 M XRD &%
Fig. 3 XRD patterns of MPC-NS mortars
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BEREW I o 3 3 B NS AU Ry B Fe M7 75, 338 1t
UE - ITE XV i3 N ES g A OE € F ]
it M o
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Energy/keV/

(a) MPC-ONS

b 1 9 e
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B4 FRIPE 08 7 d I MPC-NS i SEM #1145 EDS 14 3%
Fig.4 SEM images and EDS spectra of MPC-NS at a curing time of 7 d
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(a) MPC-ONS, 7d (b) MPC-ONS, 7d+28 d

W R K (Mg A5 B, B AR W P B R AR
K13 2607 B A 5 L — NS 3E2F Ji M-S-H BRI L 7E
i VR & Y BB PR 2 A RSB 7K 43 42 ik, BT
RS AN OURAY b hied d R DA il
2.4.3 TG-DTG4#r

Hil TGDTA T T KRB H5HB A 3% NS
MPC-NS #3547 R, DL NS X 7K 46 7
MM, ERMA 7R, mE 7AW (1)

(c) MPC-3NS, 7d (d) MPC-3NS, 7d+28 d

K5 MPC-NS#IIRKHG SEM & A
Fig.5 SEM images of MPC-NS mortars before and after water immersion:
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