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Table 1 Oxide compositions of dead-burned magnesia powder and cement wW/%
Oxide MgO SiO, CaO Fe O3 Al,O3 P,05 SO3 Others
M 90.06 6.08 2.15 0.24 0.53 0.10 0.17 0.67
SF 0.32 98.01 0.12 0.03 0.42 1.10
FA 1.48 62.96 1.78 5.63 25.67 0.41 0.25 1.82
PO 1.02 19.52 65.52 2.90 5.34 0.08 1.02 3.60

W is mass fraction. M is magnesium oxide. SF is silica fume. FA is fly ash. PO is ordinary portland cement.
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Table 2 Chemical compositions of seawater
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C is concentration.
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(a) Untreated basalt fiber
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Fig. 1

R3I BMRHEMRE
Table 3 Properties of modified basalt fiber

(b) Epoxy treatment
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Preparation and microstructure of modified basalt fiber
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(c) Treated basalt fiber
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Table 4 Mix proportions of the MPC and PC mortars
Sample m(MPC)/kg m(Water)/kg m(Sand)/kg o(Basalt
m(OPC)/kg m(FA)kg  m(SF)/kg .

No. M P B F S R fiber)/%
PC 1100 440 1100 0
BFO0-F 700 200 35 110 55 176 1100 0
BF0 700 200 35 110 55 176 1100 0
BF25 700 200 35 110 55 176 1100 0.25
BF50 700 200 35 110 55 176 1100 0.50
BF75 700 200 35 110 55 176 1100 0.75
BF100 700 200 35 110 55 176 1100 1.00

MPC is magnesium phosphate cement. M is MgO. P is NH;H,PO,4. B is Na,B4O7° 10H,O. OPC is P-O 42.5 ordinary Portland cement. W is seawater. F is

freshwater. S is sea sand. R is river sand. ¢ is volume fraction.
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Specimen No.
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Fig. 2 Workability of fresh MPC mortar
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(b) Flexural strength
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Fig. 3 Mechanical properties of the MPC mortar specimens at
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(c) Fitting curves
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(b) Average fatigue life
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(d) Flexural fatigue strength
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Fig. 4 Flexural fatigue behavior of MPC mortar specimens at 1 h

2.4 HELERL

K 5a ARSI MPC Rb32RE 5 57K Je b4
WA . B Sa AT L, BEH &S T SRR
BT HENR R, KW H NI L Friedel

[Ca,Al(OH)sCI(H,0),]5 41 B #H(CaSO0s). i /K—ifF
b MPC Wb 3¢ 1) 3 S W) AH 4H B 32 B o S A B
(MgO). £1H(Si0,). HEL AT [AL(Si04)0]. F5EEH
M [CaMg(SiOf)] K A B SRR B 5 . o hiE



%52 B 5 W Wi & B o 20 ulia AT 4R Wi kig b R B K Ve ib ek g .+ 1537 -

LA SPEM A L ER B VB R, T
S SWMMRE S K. WEE T RERR) T
WKMo WIK—ITHP MPC Wb 3% bR R B @A) 5
FRER IR IR — S (NH4H,PO,) AT /£ MPC fib

Je KA =) - BER & 3545 (NH,)Mg(PO,)(H2O)» 4
K& 5b (1) XRD 2 5 &0 A 45 5w A0 (G B e b s ok
(AT 57, BEAE FRP BT T 3, iR — A
i MgO &K, B 5c i MPC WP 32 HI/K AL

F S NATIIOIIN 2], (BAETRY 1 d IR iR K

At 26 o

[ meo [] NHoMePO)H,0), [] NH,H.PO, AL(SI0)0

M: MgO, Q: SiO;, S: (NH,)Mg(PO,)(H,0)s, N: NH;H,PO,, L: MgCl,(H,0),
0O: MgSO0,,CH: Ca(OH),,CS: C-S-H, Fs: Friedel’s salt,G: CaSO;, C: CaCO; 1 00

Q BF0-28d!

foe]
(=]

Q Q9

(o)
(=]
T

i BF0-3d

M

A

@ i BFO-7d
i

)

© BFO-1d

i

Intensity

IS
=

Mass fraction/%

F ©o0 i1 i BFO-3h

:© BFO-1h

o
(=]
T

BFO-F-28 d

Fs CH iccs I ©opc2sd

) Seawater sea-sand MPC mortar

v

100 " :“ ~---- Freshwater-river sand MPC mortar
vy

~
W

93
W

Heat flow/(mW-g ")
W
= 3

/
[ AB, C | D

1 0 1
10 20 30 40 50 60 70 80 1 h 3h

(a) XRD patterns

(b) Semi-quantitative analysis

0 1000200030004 0005 0006 0007000
t/s

3d 7d  28d

(c) Hydration heat release curves
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Fig. 5 Mineral phase and hydration heat analysis of MPC mortar specimens
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(a) SEM image of BF50 (b) SEM image of BF100 (c) EDS mapping of MPC mortar
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(d) EDS elemental mapping of individual element
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Fig. 6 Microstructure images of MPC mortar specimens between fiber at 1 h
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(d) Fracture surface extraction (e) 3D image of fracture region
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Fig. 7 Schematic diagrams of data (pores and fracture area) processing based on X-CT
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Properties of Seawater Sea—Sand Magnesium Phosphate Cement Mortar Reinforced with
Resin-Based Modified Basalt Fibers
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(1. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China; 2. Zhejiang Institute of
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Extended Abstract

Introduction Magnesium phosphate cement (MPC) is a novel construction material that forms a gel material consisting primarily of
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insoluble phosphate salts after reaction of alkaline components with magnesia and soluble acid phosphate salts. However, the ceramic
properties of MPC are significantly deficient in terms of fatigue resistance and toughness, and can lead to failure under vehicle loads.
Short—cut basalt fibers can inhibit the initiation and propagation of concrete microcracks, but tend to wrap around and agglomerate
during mixing. In addition, China has abundant island reef resources, and large quantities of concrete materials are required in various
infrastructure construction processes. Transporting sand and fresh water from inland increases project costs, and extreme climate
conditions can cause transportation inconveniences. Therefore, the use of seawater and marine sand from island reefs for road repair
without damaging the environment can achieve a goal of localizing raw materials and reducing transportation burden. In this paper,
effect of resin-modified basalt fiber on the workability, mechanical properties, fatigue resistance, microstructure, and engineering
properties of seawater—sea sand MPC mortar was investigated.

Methods Dead-burned magnesia, ammonium dihydrogen phosphate, borax retarder, highly active silica fume, and ultrafine
low-calcium fly ash were used to prepare two groups of mortars with seawater sea sand or freshwater river sand. The modified basalt
fiber was prepared, in which the surface of the modified fiber after coating with resin has a twist and wrinkle, which strengthens the
bite force between the fiber and the mortar matrix. Different meshing structures were formed between the mortar and the end head
(lengths of 23-25 mm, tensile strength of 2900 MPa, Young modulus of 90 GPa). The basalt fiber with different volume fractions (i.e.,
0%, 0.25%, 0.50%, 0.75% and 1.00%) was added to investigate the effect of fiber content on the matrix properties.

The workability (flowability, setting time), mechanical properties (compressive/flexural strength), and fatigue resistance
(sinusoidal reciprocal loading: 0.6, 0.7 and 0.8) of the MPC mortar were investigated in accordance with the standard for test methods
of basic properties of construction mortars (JGJ/T 70—2009). The heat release, mineral phase composition, microstructures, and pore
structures of the MPC mortar were investigated by a hydration thermal analysis, X-ray diffraction, field emission scanning electron
microscopy, and X-ray computed tomography. The field rapid repair tests were conducted to comprehensively evaluate the structural
layer characteristics of the surface layer by three-dimensional ultrasonic scanning, falling hammer bending, rebound, and coring
methods.

Results and discussion The hydration time of sea water—sea sand MPC mortar is short at a setting time for 30 min. The mortar can
be compacted without vibration due to its workability available. However, the high dosage of modified basalt fibers has a challenge to
fully wet the particle surfaces, increasing friction between particles and adversely affecting the workability of MPC mortar.

The strength development of sea sand MPC mortar progresses rapidly with a compressive strength of 22 MPa after 1 h. The
addition of a small amount of modified basalt fiber can slightly enhance the compressive strength of the MPC matrix. The fibers act as
bridges in the fracture zone, improving the flexural deformation capacity of the MPC mortar. At different stress levels, the samples
with 0.75% fiber content exhibit a fatigue life approximately one order of magnitude higher than that of mortar without fiber addition.

In the hydration process of seawater/sea sand MPC mortar, a highly exothermic reaction occurs with the heat release primarily
concentrated within the first hour, exhibiting a single peak. The crystalline phase content increases during the condensation and
hardening process of MPC with major hydration products including struvite stone, sillimanite, and monticellite. Also, the introduction
of seawater/sea sand leads to the formation of sulfate-chloride products. The hydration products of phosphate crystals form a strong
bonding interface between the binder and an appropriate amount of modified basalt fibers. However, the incorporation of 1% fibers
results in larger defects at the fiber-matrix interface, an increased internal porosity, and greater non—uniformity in pore distribution.

Based on on-site experiments, the reliability of seawater—sea sand MPC mortar in repair projects is confirmed. The mortar
pouring is convenient, the process is simple, and the surface consolidates and hardens quickly. The results obtained after 1 h of
pouring indicate that although the bond between the newly poured MPC mortar and the bottom crushed stone layer is relatively weak,
the overall integrity within the new surface layer is good, and the density is high. The surface rebound values and maximum
deflection values are distributed evenly, and the strength at the interface between the pouring surface and the old concrete pavement is
relatively low.

Conclusions The setting time of the early-strength MPC mortar could be controlled within 30 min. Fibers could improve the
bending deformation capacity of MPC, and the fatigue life of the samples with 0.75% fiber content was increased by approximately
an order of magnitude, compared to the samples without fibers. The hydration reaction of the mortar was a highly exothermic process,
accompanied by an increase in crystalline phase content. The gel composed of struvite and modified basalt fiber had a strong bonding
interface, while the porosity and pore variability increased with the increase in fiber content. Besides, the newly poured MPC surface
layer had a high compactness in engineering application, and the distribution rebound values and deflection values was uniform,
confirming the feasibility of fiber-reinforced sea sand/sea water mixed MPC system.

Keywords early—strength cement mortar; seawater—sea sand; modified basalt fiber; mechanical properties; rapid repairing



