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Fundamental Properties of Magnesia—Prosphate Composite Considering Mix Conditions
and Curing Temperature
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Abstract

With the advantage of a rapid exothermic reaction property, jet set concrete may be used as a cold weather concrete
because it can reach the required strength before being damaged by cold weathers. And it can be hardened more quickly
if the field temperature is properly compensated by heating. Because ordinary concrete cannot be hardened well under
sub—zero temperatures, anti—freeze agents are typically added to prevent the frost damage and to ensure the proper
hardening of concrete. While the addition of a large amount of anti—freeze agent is effective to prevent concrete from
freezing and accelerates cement hydration resulting in shortening the setting time and enhancing the initial strength, it
induces problems in long—term strength growth. Also, it is not economically feasible because most anti—freeze agents are
mainly composed of chlorides.

Recent studies reported that magnesia—phosphate composites can be hardened very quickly and hydrated even in low
temperatures, which can be used as an alternative of cold weather concrete for cold weathers and very cold places. As a
preliminary study, to obtain the material properties, mortar specimens with different mixture proportions of
magnesia—phosphate composites were manufactured and series of experiments were conducted varying the curing
temperature. From the experimental results, an appropriate mixture design for cold weathers and very cold places is
suggested.
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Table 1 Experiment Plan

Series W/B (%) Binder : Sand Ratio MAP/MgO (%) Retarder (%) Curing Temperature (C)

-15

Plain 40 - 5
20
40 -15

Series 1 50 70 3 5
60 20
1:2 = 15

Series 2 40 5
%0 20
6 -15

Series 3 40 70 9 5
12 20
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Table 2 Principal properties

Materials Principal properties

MgO(%) : 97.45, CaO(%) : 0.56, Si02(%) : 1.09,
Ali03(%) © 0.22, Fex05(%) : 0.42 Density (g/cm’) : 3.56

Furity : 98% up, pH : 4.3 ~ 5.0

MgO

MAP Fe 1 0.05% max, Sulfate : 0.05% max
Sand Density (g/cm®) : 2.6, Solid volume (%) : 61.2,
Percentage of water absorption(%) : 1.02, F.M : 2.87
Moisture (%) - 0.03, Ignilion loss (%) : 2.38,
Fly—ash

: 2.12, Fineness(cm’/g) : 3,637

Citric  |Density (g/em®) @ 1.7, Furity @ 99.5% up,
Acid Moisture (%) : 0.5,

Density (g/cm®)
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Table 3 Copmpressive Strength Test Result

_ Compressive strength (MPa)
Qﬁiﬁf Iénf%f“”e o WiB MAP/MgO Retarder (C.A)
40% 50% 60% 50% 90% 6% 9% 12%
-15 N.A 11.29 11.22 7.84 8.12 8.57 12.50 9.36 10.39
3 hour 5 N.A 13.36 11.61 9.43 12.61 9.44 13.26 11.25 11.36
20 N.A 17.54 16.48 10.83 13.96 12.17 14.86 12.27 12.62
-15 6.99 16.50 15.52 12.63 8.71 10.76 12.65 10.39 11.40
1 day 5 7.33 18.62 16.24 12.98 12.91 13.01 14.42 11.44 12.81
20 9.57 20.27 17.89 13.62 14.51 13.65 15.65 14.11 16.16
-15 6.91 17.95 16.90 12.93 10.66 11.12 13.72 12.49 14.29
3 day 5 9.99 20.26 19.07 13.65 15.11 14.13 14.97 14.39 14.82
20 19.87 21.89 21.19 13.94 15.67 15.37 17.21 16.74 16.80
-15 8.25 18.01 17.36 13.01 11.22 11.33 16.09 14.18 15.92
7 day 5 22.39 20.46 20.46 13.82 14.87 14.63 17.42 15.12 16.11
20 23.84 22.74 21.78 14.72 15.93 15.88 21.20 20.87 18.11
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Table 4 Table flow test result and Setting—time

Flow Initial set Final set

(mm) (min:sec) (min:sec)
Plain 160 18:04 34:15
W/B 40% 180 9:41 13:23
W/B 50% 230 10:38 14:02
W/B 60% N/A 13:36 18:41
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Fig. 2 Compressive Strength (Plain)
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Fig. 4 Compressive Strength (W/B=50%)
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Fig. 3 Compressive Strength (W/B=40%, MAP/MgO=70%, CA=3%)
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Fig. 6 Compressive Strength (MAP/MgO=50%)

Table 5 Table flow test result and Setting—time
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Fig. 7 Compressive Strength (MAP/MgO=90%)

Table 6 Setting—time

Flow Initial set Final set Initial set Final set

(mm) (min:sec) (min:sec) (min:sec) (min‘sec)
MAP/MgO 50% 210 4:28 8:24 CA 3% 9:41 13:23
MAP/MgO 70% 180 9:41 13:23 CA 6% 11:44 14:12
MAP/MgO 90% 160 14:05 19:37 C.A 9% 12:28 20:31
CA 12% 15:22 27:07
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