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Raw Materials

I. Cement powder

Nanjing Jiangnan onoda cement Co. Ltd., Jiangsu, China provided the PII 52.5 ordinary Portland
cement for the experiment. The physical properties of Portland cement obtained from manufacturer
were shown in Table S1. The chemical compositions analyzed through X-ray fluorescence were
showed in and Table S2.

II. CaSO4 whisker

CaSO4 whiskers were purchased from Shanghai FENGZHU New Materials Co. Ltd., Shanghai,
China. Morphology and compositions of CaSO4 whisker wre identified by scanning electron
microscopic (SEM) and X-ray diffraction (XRD). Results are shown in Fig. S1.

III. Silica fume

The silica fume was supplied by Zibo boken silicon material Co. Ltd., Shandong, China. The
chemical composition determined by X-ray fluorescence is shown in Table S4. The average particle
size of the silica fume is 0.2 μm measured by the laser particle size analyzer (Cilas 1190), and the
surface area of silica fume is about 20 m2/g.

IV. Other raw materials

The amount of the water reducer (by cement mass, polycarboxylic acid type, ASTM C494 type F,
water reducing ratio 24.1%) was necessary to ensure the mixtures had a similar flow and can be cast
easily.The standard sand was supplied by Xiamen China ISO standard sand Co. Ltd., Fujian,
China.The experimental water was taken directly from the local tap water.
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Table S1 Physical properties of Portland cement

Type
Density
(g/cm3)

Surface
area (m2/kg)

normal
consistency

(%)

Setting
time/min

Flexural
strength/MPa

Compressive
strength/MPa

Initial Final 3d 28d 3d 28d
P·II52.5 3.12 372 0.30 180 260 5.10 8.15 30.75 54.04

Table S2 Chemical compositions of Portland cement/wt., %

Type CaO SiO2 Al2O3 Fe2O3 SO3 MgO K2O loss on Ignition
P·II52.5 64.95 18.31 4.21 2.95 4.22 0.64 0.788 3.21

Table S3 Characterization of the used CaSO4 whiskers

Type Appearance
Diameter
（μm）

Aspect
ratio

Purity
%

pH Tensile Strength（GPa）
Tensile
modulus
（GPa）

NP-S02
Needle-like

fibers
1-4 40-80 >98 7 ≥20 ≥170

Table S4 Chemical composition of silica fume

Al2O3 SiO2 CaO Fe2O3 K2O MgO Na2O SO3

0.214 98.301 0.179 0.059 0.406 0.252 0.209 0.38
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Fig. S1 (a) Macro-morphology, (b) micro-morphology, (c) XRD pattern of CaSO4 whisker and (d) SEM image
of silica fume.

Sample preparation

Four mixtures were designed in this paper. The mix proportion of the cement-based materials is
listed in Table S5. A planetary cement mortar mixer was used to prepare cement paste with whiskers
and silica fume. The mix ratio is shown in Table S4. Mixing methods were similar to those in GB / T
17671-1999:
- Mix the whiskers with the silica fume for 15 min using a horizontal mixer to ensure that the whisker
surface is in full contact with the fine mineral powder.
- Add the cement powder to the mixed whisker-silica fume mixture. And then mix for 15 min in a dry
state.
- Add water to the mixing pot and add the mixture slowly to the water, including the superplasticizer
(to ensure the mixture has a similar flow and can be easily cast). Place the pot on the holder and rise
to a fixed position.
- Start the machine and mix at a low-speed. Add the standard sand evenly at the beginning of the
second 30 s.
- Switch the machine speed to high speed and continue stirring for 30 s.
- Stop the mixer for 90s. Scrape any material bonding on the wall of the pot quickly back to the
middle of the pot during this interval.

c

a b

d
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- Continue to stir for 60 s at high speed. The time error should be controled within ± 1 s during each
mixing stage.
- Cast the fresh mixtured into the mold with dimensions of 40 mm x 40 mm x 160 mm and get
vibrated on the vibration table to ensure good compaction. Then the polyethylene sheets would be
used to prevent moisture escaping from molds. The samples were cured in a standard cement curing
box with the molds.
- After 24 hours, the samples were stripped and stored at humidity of 100% and 18 °C for 3d, 7d and
28d respectively until tested.

Table S5 Mix proportions of the samples

Number Cement (g) Silic fume (g) CaSO4 (g) Sand (g) Water (g) Superplasticizer (%)
CSF0 450 0 22.5 1350 225 0.11
CSF3 450 13.5 22.5 1350 225 0.23
CSF6 450 27 22.5 1350 225 0.52
CSF9 450 40.5 22.5 1350 225 0.71

Fig. S2 Mixing procedure for fresh cement paste mixtures.

Testing methods

Each group of mortar coming to the corresponding age would be tested. The test of samples
fundamental properties conformed to Chinese national standard of Method of Testing
Cements-Determination of Strength (GB/T 17671-1999). The compressive strength of 40 mm x 40
mm x 40 mm cubes was measured using a pressure machine at a loading speed of 0.5 mm per min.
Samples with a dimension of 40 mm x 40 mm x 160 mm, were used to determine the flexural
strength. A computer-controlled tester (WDW-300) was used at a crosshead speed of 0.02 mm per
min.

The hydrated products morphology of some selected samples was characterized by a scanning
electron microscope (SEM, JMS-5900, JEOL, Tokyo, Japan)). The cement paste was poured into a
10 mm x 10 mm x 10 mm mold. The sample was then cured at 20 ± 1 °C. After 24 hours, the samples
were removed from the mold and maintained under the same condition. Samples were placed into a
little bottle containing anhydrous ethanol when it came to a certain age. A matched energy dispersive
spectrometer (EDS) was also used to analyze the composition of elemental composition at the
specified positions.

The hydration exothermic rate within 72  h of each sample was tested and recorded by TAM Air
calorimeter(TA Instruments Co., New Castle, DE, USA).And the effect of silica fume and whisker
would be assessed through the hydration of cement paste. The w/c is 0.5.

The hydration products phase of cement pastes were analyzed by X-ray diffraction (XRD).
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Samples dried for 6  hours at 50 °C were crushed to powder. The operating parameters of XRD
were D max/RB diffractometer with copper target, 40 kV, 100 mV (Rigaku, Tokyo, Japan). Scanning
angle ranged from 5° to 90°, 0.02 °/step, 0.4  s/step.

Differential thermal analysis (TG-DSC, NETZSCH, ATA409, NETZSCH, Selb, Germany)) was
used to test the degree of reaction of silica fume. The heating rate was 20 °C/min.

The pore size of cement samples was tested by mercury intrusion porosity (MIP). The samples
dried at 50 °C for 6 hours were crushed into pieces with thickness controlled approximately 2-5 mm.
Mercury pressure was fixed at 30,000 psi.


