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Abstract; The grouting material was modified to improve its corrosion resistance in saline-alkali
aqueous solution. The grouting material was modified by nano-MgO, and the strength and
corrosion resistance coefficient of the grouting material modified by nano-MgO were tested in four
kinds of aqueous solutions ( H,O0, NaCl, Na,SO, and NaOH ). In this way, the influence of
different saline-alkali water solution environment on the corrosion resistance of grouting material
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can be analyzed. The results showed that the grouting materials had good corrosion resistance in
aqueous solution such as H,0,NaCl, Na,SO, and NaOH. After adding nano-MgO, the corrosion
resistance of the grouting material in NaOH is the best, and the corrosion resistance coefficient
reaches 1.524. In the aqueous solution of Na,SO,, the long-term compressive strength of the
grouting material with nano-MgO is advantageous. Through microscopic analysis, the grouting
material with nano-MgO in Na,SO, aqueous solution formed magnesium calcite and other
substances , which improved the strength of the grouting material to a certain extent. It is concluded
that the corrosion resistance of nano-MgO modified grouting material is the best in NaOH solution
at 150 d,and the compressive strength of grouting material is the best in Na,SO, salt solution.

Key words: saline-alkali aqueous solution; nano-MgO; grouting material; strength; corrosion
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Table 1 Chemical composition analysis of cement %
fiRf ©(Ca0) w(ALO;) w(S0;) w(8i0,) w(MgO) w(Fe,0;) w(Ti0,) w(K,0) w(Na,0) w(Loss)
R-SAC42.5 K8 42.22 2492 1513  10.55 3.00 1.76 0.92 0.63 0.50 0.36
P-052.5 /Kil¢  55.64 8.24 3.41 22.72 3.40 3.37 0.41 1.36 1.10 0.31
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Table 2 Chemical composition analysis of fly ash %

(Si0,) o(AlLO0;) w(Fe,0;) w(Ca0) w(TiO,) (K,0) w(MgO) (SO;) ®(Na,0) w(Loss)

48.32 37.53 5.45 4.32 1.2 1. 11 0.8 0.76 0.3 0.19
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Table 3 Chemical composition analysis of mineral powder %

w(Ca0) o(Si0,) w(ALO;) w(MgO) w(SO;) w(Ti0,) ©(Na,0) w(K,0) @(Fe,0;) w(Loss)

4,58 28.02  16.03 7.9 2.56 1.61 0.9 0. 64 0.37 0.39
1.2 BMELRIBAR BEFR Jy A AR B, B 4 0. 06% 5 T 1 77

HRAEHG T 28 h IREEM B S5 A8 AL RS, B R 0.3% . BRI E
TR 1: 1, BCEEM B R - SAC42. 5 (42 LW 4, 49K MgO # 18 0.0.4% .0.8% .
Ok EE AT R BV 75% , P - 052.5 O 1.2% \1.6% 2. 0% Ry N B HE IR A R
10% KK N 5% 0k 0 10% K i o, L g4 ok MgO 19 7 22 Mg, B A 9K
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Table 4 Experimental mix ratio g

m(R-SAC42.5 /Kg) m(P-052.5 /KI) m(MHEIK) m(FHY) m(CAFERD)  m(K)  mOBUKH)) m(ZEER))  m(HHIF])
675 90 45 90 900 225 3.15 0.54 2.7
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Table 5 Effect of nano-MgO on mechanical properties of grouting materials

dik MO P4t/ % PR E/ MPa LR AL/ MPa

1d 3d 28 d 1d 3d 28 d

0 37.67 53.93 62. 68 5.318 6. 834 9. 469

0.4 40. 12 55.51 62.96 5.901 6. 877 10.272

0.8 42.26 56. 58 63.92 5.953 7.699 10. 454

1.2 41.31 55.34 64.07 5.985 7. 668 10.780

1.6 38.24 55.12 66.25 5. 401 6.911 10. 776

2.0 38.30 50. 71 65. 44 5.321 6.338 11.057

WK MgO BUPEESR AT RE Y Jr2a e &4 0 ol 1k 8 K R R) ik 3 38 55 R E A
Aegh IR LK MgO Wit B &, # il 15 +1 C BN 90% 48 th 359, HL



902 WHERKESMARBFR)

%39 %

B 28 RIS 554, 2297 12 h J5 TR, It
LS AT A L T R K P TR A 858 v 4 )
4128 d.90 d 150 d, ZHROKIEIEHEI A K]
B FHE AR ML) (GB/T 50448—2015) 1 (%
1wl 1 e o = 11 B/ N £ R TN O R 71
#E) (GB/T 50082—2009) ' & (7K I Hii B iz
ARG )59 ) (GB/T 749—2008 ) ' (it 2
KRR AR, I v v 2 b e
TEER BRI T P AP R R B BT , oSk
SERGECHE , L ik R A, AT SR
FEERBRK FREE 9 = T Pk e

P T [0k Al b DX A 3 67 v, SR Y
FERSr A CL™F1 SO, AR R o & & M
RO, BT A 2 R Bl K VT S A, SR 5
S DUFPES IR IR BT VAT — KRB s VT — . T
BN 5% ) NaCl IS 7R = &4
$ 5% 1) Na, SO, ¥ ; W8 W DY . o £ 73 %0
10% () NaOH I3 .

H3 5 "TLLE 1, BB AGIK MgO 13K
MR ZERR A 1 d.3 d AR R B St
JE5% JE 43 B 7E 90 K MgO B & h 0.8%
1. 2% IHER TR DIAE 28 d B, Brdfr o BE R
B, bR B E N
1.6% W £ K, g 66.25 MPa, [ K ¥ 44 %
MgO FEI AR BT RS XN T 5. 69% .
VB0 ~1. 6%, 11 d.3 d.28 d L
FESREE B B S TR B A YK MgO 1Y
HES M RL, X 0,0.4% ,0.8% |
1.2% 1.6% 2.0% 4k MgO 5 A1kHi )
SEVEREIEAT IR, 25 T S AR A B i
Pk, SCBG R R BR 28 d BT B e AR A SR R
MRS g 4, PRI, SO HE A et o 4
IR B K MgO BB R 1.6%
1.3 XEHE
13,1 JrsfbEag it

2 B8RV IS RD i B A 56 7 % (1SO
7)Y (GB/T 17671—2021) "2, i JFHI 7K V@ ik
BT RIS LT S5, W HE A R
FIBTHT 0 BE TR SR

1.3.2 i ish R 00

it et R BT R

Ky =Ry /R . (1)
K Ky AP REG Ry, MR T
Tl o & W B BT R, MPa;
Ry AR AR K v 28— 8 A s A 7 ik
E MPa,

M Ky <0.8 B, N i@ A&
# , B A2 R IR

2 ER50H
2.1 REZKE TR 7 2 b R LT R

spAG!

Bk MgO 218 1. 6% B E B A F|
HESRM B SR FH K W AR I  HE SR b
RHICE AR — AT R R DU A
B4y 53548 28d ,.90d 150 , X HE 3¢ b4 Rk 2k
YRR, 45 R E 1 R,

167 En0
14| EE5%NaCI
k281 59Na,S0 -.
o 5%
12| EE10%NaOH & =
5 9¢ ::::: ::::::
4 KX4 KX
10
= = ) =
o ot 5% 9
] % 9% b
8 o8 o %
% K 2%
% K K< 26%
(< KA K3
5 % 55 R
6 o8 o o
kIS %% % %
28 ] o
2% K ]
4 % K] ]
%% -~ o
lode% K4 2%
k5 kx4 K
9% K ]
2 %% ] 2%
KX KX %
{03 08 P2}
K K 2%
5 (< ]
0 99, xd K
28 90 150
##/d
N
@FRBYAKMO
161 gzgH,0
14| EEE5%NacI
BRI5%Na,80, -
%%
12 EE10%N2OH B
9
57 %8 So%e
s 10 % ] %%
K< 12958 105%
kXA b £
B 5 £ £
(<9 030y lo%ey
8 s 0% 2%
it ] o b
4 ko [
5 : o o
B e 3
oo o B
%% 15 15
] o o
4 L) e o
¢ 0% b
] ] o
R 5% 5%
2 o ] 5o
9% o %59
B b B
0 % R 2%
28 2»% 150
W/d
(bYBAGIKMO

1 R[RIZK VMRS X ORI o8 2E 1Y) 5
Fig. 1 Effect of different water solution environments

on flexural strength of grouting materials
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Fig. 2 Effect of different water solution environments on corrosion resistance coefficient of grouting materials
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Fig. 3 Effect of different water solution environments
on compressive strength of grouting materials
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Fig. 5 SEM images of grouting material in the third solution environment
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