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Study on Strengthening and Toughening Mechanism of
Quaternary Magnesium Cementitious Materials
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Abstract; A high-strength , tough quaternary magnesium cementitious material was prepared and its
main raw materials were the light burnt megnesium oxide , magnesium chloride ,magnesium sulfate
and sea water. Its generation and appearance of the crystal whisker are evaluated by scanning
electron microscope( SEM) . Its mixture proportion ratio was optimized based on the strength. Both
the magnesium oxychloride phase and the magnesium oxysulphate whisker could be spontaneously
generated at normal temperature. The mineral composition of the whisker phase is mainly
MOS131 311,318 etc. When the molar ratio of magnesium oxide, magnesium chloride and
magnesium sulfate is 1:0. 1:0. 11, the balance of the strength and the toughness is realized. The use
of citric acid and sodium dihydrogen phosphate as an additive can promote the formation of the
crystal whisker phase and promote the appointment of the improvement of the toughness. The
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Quaternary magnesium cementitious material, containing magnesium oxychloride as strength

component,and the magnesium oxysulphate whiskers as the toughening component, and the self-

toughening of the cementing material is realized, and the salts in the sea water serve as effective

component of the cementing material, which is expected to be widely used in the ocean

engineering.
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Table 1 Magnesium sulphate dosage design table

) n(MgCl, - n(MgSO,- gk OB
R n(MgO)/ IKIKE

6H,0)/ 7H,0)/ it/ KaE/
5 mol Lt

mol mol g g

I-1 1 0.1 0.03 22.59 0.7 37.17
I-2 1 0.1 0.05 21.75 0.7 38.85
I-3 1 0.1 0.07 20.91 0.7 40.53
I -4 1 0.1 0.09 20.07 0.7 42.21
I-5 1 0.1 0.11 19.23 0.7 43.89
I-6 1 0.1 0.13 18.39 0.7 45.57
I-7 1 0.1 0.15 17.55 0.7 47.25
I-8 1 0.1 0.17 16.71 0.7 48.93
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Table 2 Modifier dosage design table

n(MgCl, -n(MgS0, - - Em R
Kl

g n(Mg0)/ ¥ % )
6H,0)/  TH,0)/ GG, AEh
&5 mol Fiw/g W
mol mol % LLfil/ %
I-1 10 1 L1 1923 07 1 0
I-2 10 1 L1 1923 07 L5 0
I-3 10 I L1 1923 07 2 0
I-4 10 1 L1 1923 07 0 0.5
I-5 10 1 L1 1923 07 0 1
I-6 10 1 L1 1923 07 0 1.5
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Table 3 Effect of each modifier component on

mechanical properties

U B/ MPa

7d 14d 28d 7d

YUESE [/ MPa

IR
14d 28d

I -5 3.2 2.6 5.4 23.3 23.6 35.2
-1 5.4 6 12.6 30.3 45.5 48.0
n-2 5.6 5.4 11.6 30.4 45.2 53.5
-3 4.5 56 10.1 31.5 45.0 52.6
-4 56 6.0 6.7 35.0 37.6 51.0
n-s 5 4.5 6.4 30.3 35.0 43.1
-6 1.4 2.8 3.6 17.2 28.3 40.9

SEFE 1 O AN B A AN s R
FWFFTFFERR FIWE IR — Sk X Bk I 112
PERERZ LA (UL 1) . NI 1 (a) AT LA
R R AR 1% X B EE TR UK
U628 d Pidridk iR B i K, M 12. 6 MPa; X4
FIERRIBRAE 0% ~ 1% I, 48 Bk Je i 1)
PO B 15 2 10 T W, SR R
BETE 1% ~2% B, Do i 5 s s
(A5 B () B IS T B, i 28 d Bt
Promig it 14 d PUorsm R 2 54 4. WE 1
(b) I YRR A B R 0. 5% B, K I
A 28 d Prdrom R B i RA(E R 6.7
MPa, 47557145 8 0% ~0. 5% i}, i /49
PUyTIR A B W K, B R 0. 5% B 5 Ik



LR

oS PGB R BE A R 5 S R A LA 7 119

P R YR A% BEN0.5% ~
1. 5% B 30 (B P om 2 s T FE. AR 1
(c)ATLUE ), AT BEREBE N 1.5% , B R
FRUEIAEY 28 d PL 5 TR 2 45 K, 5 ik
#)53.5 MPa, B AH1E 0% ~1.5% B, Bt
JESRE B EE M, BAR R 1.5% ~2% i,
YRS BEZW FRE. B 1(d) FBABR

—_
~

N =

L at-Y

[=T=N

798 BE/MPa

B&/%
(a) Ay BEIRXTHLAT I 3R B O B

PP E/ MPa

0 1 :0 1'_5 2:0
BE/%
(c) FrigEe i SR B AR IR

1 PRI X o BE BT 8 B P 32

Fig.1 Analysis of mechanical test of each modifier group
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Fig.2 Microscopic SEM image of cement specimens of magnesium sulfate in each group
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Fig. 3 Microscopic SEM image of cement in each group test
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