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Abstract: In response to the cracking diseases caused by poor tensile deformation of asphalt concrete in road and
bridge pavement, and to consider reducing traffic obstacles caused by concrete repair, the high ductility magnesi-
um phosphate cementitious rapid repair material (HD-MPCRRM) was developed. HD-MPCRRM meet the require-
ments of cubic compressive strength more than 40 MPa, rapid hardening (6 h) and high ductility (ultimate tensile
strain more than 0.50%, and average crack width less than 200 um). Setting time, compressive and flexural strength,
cubic compressive strength, and tensile property were tested to optimize the performance of HD-MPCRRM, and
then the mixture proportion of HD-MPCRRM was selected. XRD was used to analyze the hydration products of

magnesium phosphate cement (MPC), and SEM was adopted to observe the microstructure of MPC, which can
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reveal the macroscopic performance mechanism. Mass ratio of magnesium oxide (M) to ammonium dihydrogen
phosphate (P) and borax content are optimized to make the setting time of MPC more than 10 minutes. By optimiz-
ing these factors of fly ash content, curing age, water-cement ratio, type and dosage of early strength agent, and
sand-cement ratio, the cubic compressive strength of HD-MPCRRM is 41.9 MPa after 6 hours curing. The ultimate
tensile strength is 6.1 MPa, the ultimate tensile strain is 1.10%, and the average crack width of HD-MPCRRM is
117 pm. M/P mainly changes the type of hydration products of MPC system. When the value of M/P is small, the
hydration products of MPC include schertelite and struvite. Schertelite is an intermediate hydration product, and
struvite is a final hydration product. When the value of M/P increases, the schertelite product of MPC will transform
into struvite. The hydration product of the MPC system with the addition of fly ash and lithium carbonate is struvite.

The development of HD-MPCRRM not only provides an effective method for rapid repair of road and bridge

pavements, and using MPC cement replaces Portland cement also can reduce carbon emissions.

Keywords:

high ductility magnesium phosphate cementitious rapid repair material; rapid hardening; setting

time; compressive strength; tensile property; microstructure
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Table1 Chemical composition of magnesium oxide (Calcium formate, CF),

Composition Content/wt% ZiREg e % HIR 5 ﬁi MRS (RiVel‘ sand, RS) , M
MgO 91.79 KBiAE R 118 mm, 2 FEAEUR 1.0,
o, 310 S S e i 2 T 5 A MRS 2 A WA 728
Fe,0,4 1.27 PR PVA £ 4k, K 12mm, H& 39 pm, o P
o, o BiE 30 GPa, H% WA R0 A/ T 1250 MPa, ik
10, .

PR A 4 5%~8%7
FEA KR A KK (Water, W),
Wi — A (NHHPO,, fiI5 00 P)RAEIE L2 ik#slfEmE
T HE AL A BRITAE 2 A AR 7 B Tl 2 (i ik B A AR AN 1R s (1) IABREF Y M
IR RBEK P BELS I ), RJUAER (K P, BO, FA, PS. ESA, RSIABEFEHL, 12 H i
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—> Mold

Fiber

Quick stirring, 3 min-4 min Quick stirring, 2 min-3 min

M—MgO; P—Ammonium dihydrogen phosphate; BO—Borax; FA—Fly ash; RS—River sand; PS—Polycarboxylate superplasticizer;
Li—Lithium carbonate; W—Water

IR v IR R

Fig.1 Preparation process of specimen
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F2 LUEZERTE =10 min 24 BARHVBEER R KR (MPC) EE S HIEL AL (RELL)
Table 2 Mixture design of magnesium phosphate cement (MPC) cementitious composite material with purpose of setting time
more than 10 min (By mass ratio)

Design factor W/B M/P BO/M/% FA/B/%
0.3 2/3/4/5/6 25 0

M/P

/ 0.3 2/3/4/5/6 30 0

0.3 2 15/20/25/30/35 0
0.3 3 15/20/25/30/35 0

Content of BO 0.3 4 10/15/20/25/30/35/40 0
0.3 5 15/20/25/30/35/40 0
0.3 6 15/20/25/30/35/40 0
0.3 2 25 0/20/30/40/50/60
0.3 2 30 0/20/30/40/50/60
0.3 2 35 0/20/30/40/50/60

Content of FA 0.3 3 30 0/20/30/40/50/60
0.3 3 35 0/20/30/40/50/60
0.3 4 40 0/20/30/40/50/60

Notes: W/B—Water-binder ratio; M/P—Mass ratio of magnesium oxide (M) to ammonium dihydrogen phosphate (P); BO/M—Mass ratio
of borax to magnesium oxide; FA/B—Mass ratio of fly ash to binder.

&3 MPCKiREESMBMPSRAILIZIT (RELL)

Table 3 Preliminary mixture design of MPC cementitious composite material (By mass ratio)

Design factor W/B M/P  BO/M/% FA/B/% RS/B ESA/B/% PVA fiber/%
0.3 2 25 0/30/40/50/60 0.3 — 2
Content of FA 0.3 3 30 0/30/40/50/60 0.3 — 2
0.3 4 40 0/30/40/50/60 0.3 — 2
Curing age 0.3 2 25 20 0.3 — 2
W/B 0.27/0.28/0.29/0.3/0.31 2 25 20 0.3 — 2
0.29 2 25 20 0.3 Li0/0.5/1/1.5/2/3 2
ESA 0.29 2 25 20 0.3 CF 0/0.5/1/1.5/2/3 2
0.29 2 25 20 0.3 ASS0/0.5/1/1.5/2/3 2

Notes: Polyvinyl alcohol (PVA) fiber is added by volume fraction; RS/B—Mass ratio of river sand to binder; ESA/B—Mass ratio of early
strength agent to binder; CF—Calcium formate; ASS—Anhydrous sodium sulfate.

®4 MPCKREESWMHES LML (REL)

Table 4 Optimization mixture design of MPC cementitious composite material (By mass ratio)

Design factor ~ W/B M/P  BO/M/% FA/B/% RS/B Li/B/%  PS/B/%  PVAfiber/%

RS/B 0.2 2 25 20 0.8/0.9/1.0/1.1/1.2 3 1.1 2

W/B 0.16/0.18/0.2/0.22/0.24 2 25 20 1.0 3 1.1 2
0.17/0.18/0.2/0.22/0.24 3 30 20 0.3 3 1.1 2

Notes: Li/B is the mass ratio of lithium carbonate to binder, PS/B is the mass ratio of polycarboxylate superplasticizer to binder.
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(b) Strain and LVDT device

LVDT—Linear variable differential transformer
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Fig.2 Test device of tensile property

(a) Dimension of specimen
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Fig.3 Effect of M/P on the setting time of MPC
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Fig.4 Effect of borax content on the setting time of MPC
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Fig.5 Effect of fly ash content on the setting time of MPC
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Fig. 6 Effect of fly ash content on the compressive and flexural strength

of MPC cementitious composite material
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Fig. 7 Effect of curing age on the compressive and flexural strength of

MPC cementitious composite material
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Fig. 8 Effect of water-binder ratio on the compressive and flexural

strength of MPC cementitious composite material
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MPC cementitious composite material
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Fig. 10 Effect of curing age on the compressive and flexural strength of

MPC cementitious composite material with early strength agent
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Fig. 11 Effect of sand-binder ratio on the cubic compressive strength of

MPC cementitious composite material
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MPC cementitious composite material
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Fig. 13 Tensile stress-strain relationship of high ductility magnesium

phosphate cementitious rapid repair material (HD-MPCRRM)
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Table 5 Mixture of MPC pure paste (kg/m?)

Specimen ID M P BO FA Li
M2F0LO 633.3 316.7 158.3 0 0
M4FO0LO 760 190 304 0 0
M3FOLO 712.5 237.5 213.75 0 0
M3F2L0 570 190 171 190 0
M3F3L0 498.75 166.25 149.6 285 0
M3F2L3 570 190 171 190 28.5

Notes: The specimen ID contains three parts, the first part is the mass ratio of magnesium oxide (M) to ammonium dihydrogen phosphate
(P), the second part is the mass ratio of fly ash to binder, and the third part is the mass ratio of lithium carbonate to binder. Such as,
M3F2L3 means the mass ratio of magnesium oxide (M) to ammonium dihydrogen phosphate (P) is 3, the mass ratio of fly ash to binder is

20%, and the mass ratio of lithium carbonate to binder is 3%.
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Fig. 14 XRD patterns of different mixture of MPC
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Fig. 16 Microtopography of MPC with different fly ash content
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