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(A) Coiling speed with air pressure
Figure S1 displays the variations in coiling speed and the resulting gravitational stress rate as a
function of pressure of compressed air used in the printer.
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Figure S1: The influence of printer air pressure on coiling speed and resulting gravitational
stress rate.

(B) Kinetics of structure formation at varying rest times

The storage modulus evolution of the neat OPC suspension was assessed for varying rest times
(see Figure S2a). The pre-shear was set at y = 100 s for 60 s prior to the rest period. Expectedly,
the initial storage modulus of the OPC suspension increased with the rest period. The kinetics of
structure development were found, broadly speaking, not to be affected by rest time of 100 s.
However, further increasing the rest time to 300 s resulted in somewhat enhanced kinetics of
structure formation as noted by the steeper slope of storage modulus evolution. To examine the
effect of rest time, the time dependence of overshoot stress for the OPC-clay suspension is shown
in Figure S2b.
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Figure S2: (a) The effect of rest time on storage modulus evolution of the neat OPC
suspension. (b) The time-dependence of stress overshoot of OPC-clay suspension (C/S = 31
%). All measurements were conducted at y = 0.05 s* for varying rest periods, while keeping
the pre-shear rate and duration constant. A pre-shear of y = 100 s for 60 s was carried out.
The yield stress shows a tendency to achieve an asymptote with an increasing rest period.
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(C) Dynamic light scattering of flocs

The size of flocs as a function of clay dosage is depicted in Figure S3.
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Figure S3: The “Z-average” size of aggregates as determined by dynamic light scattering (DLS)
in OPC-clay suspensions (0.05 gsoiid/Lsolution). These values are indicative of floc size.

(D) Rheological properties with particle volume fraction
The effects of particle volume fraction on yield stress and relative viscosity as a function of clay
dosage are displayed in Figure S4.

140 ) | ) | ) | ) 3000 v T Ty T T ey

1, a’y =a*¢ b TQ Ain,= (1 - ¢/¢max)-[q]¢max L
_Q120:_".'|‘ N = 2500 — ~
5 i | n B =
% 1007 ' i :2000— =
S 80— - 2 1 -
2 4 . 2 1500 - -
3
S 60 & - 2 -
- E \ - > - —
g 40 . BN o 1000 ] I
2 5] R I & 500 B

] ) ++ N @ . - -

0 T I T I T I T 0‘ T I T I T I--I- I I--I‘ T I T
00 01 02 03 04 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Clay/Solid Ratio, C/S(vol) Solid Volume Fraction, ¢
(a) (b)
Figure S4: (a) The power-law scaling behavior b of the yield stress of suspensions across
varying clay dosages. Scaling b was obtained by fitting a power-law function of the form
_ b
Oy = a(¢$) to yield stress-particle volume fraction curves. (b) The relative viscosity of the
suspensions in relation to solid volume fraction for varying clay dosages. The data were fitted
by the Krieger—-Dougherty equation. The relative viscosity was determined as ratio viscosity of
suspension to the viscosity of the continuous phase (i.e., water).

(E) Interparticle interaction potential between clay particles in OPC-clay suspensions

The interparticle interaction potential (V) between clay particles as a function of distance from
the particle surface in two different aqueous solutions (DI water and cement pore solution)
were assessed (see Figure S5). The calculated interparticle potential (Equation S1) includes the

contributions of electrostatic repulsion (VES) that was modeled using the Hogg-Healy-
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Fuerstenau? solution to the Poisson-Boltzmann equation, and van der Waals attraction (VvdW),
calculated using the nonretarded Hamaker pair potentials.?3
) AR
V(x) =V (x) + Vg (x) = e, £qp"RIn [1 + exp (- kx)] - Tox Equation S1

Here, €, and g, are the relative permittivity and permittivity of free space, respectively, and Ris

. . . . -1
particle radius. The characteristic electrostatic decay length, or Debye length ¥~ was

-1_ 2
estimatedas® T £&0kT/2e I, with ¥, T and € being the Boltzmann constant,

temperature, and the elementary charge, respectively, and ! being the ionic strength of the
2

. C.Z"
medium defined as Z 1 \with i and i being the molar concentration and the valence of
each ionic species present in the solution.
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Figure S5: The calculated interparticle potentials based on electrostatic and van der Waals
interactions for clay particulates suspended in either DI water or cement pore solution (i.e.,
saturated cement solution; pH 12.5).
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(F) Rheological hysteresis

The rheological hysteresis loop data was complied for the plain OPC suspension and OPC-clay
suspension (C/S = 31 %). Herein, the hysteresis loop was generated by recording reversal flow
curves starting by downward shear rate sweep followed by upward sweep. The plain OPC
suspension exhibited divergence in shear stress during downward shear rate sweep, while this
behavior was substantially suppressed for the OPC-clay suspension (see Figure S6).
Furthermore, on account of higher thixotropic structure rebuilding, the OPC-clay suspension
featured a greater hysteresis loop area than that of the plain OPC suspension.

Page S5




70
71
72
73
74
75
76

77
78
79

80
81
82

Shear Stress, o(Pa)
o

10°

10° 102 10" 10° 10’

C/S: 3
—0.00 F
— 0311

Shear Rate, y'(s )

10> 10°

Figure S6: Rheological hysteresis loops of OPC-clay suspensions during downward flow sweep
(1) followed by upward flow sweep (2).

(G) Shear thickening/thinning behavior
The viscosity as a function of shear rate for the OPC-clay suspensions composed at varying clay
dosages is depicted in Figure S7. The discontinuous shear thickening transition was only noted
for the neat OPC suspension while suspensions loaded with clay exhibited only shear thinning

behavior over the range of the shear rate sweep.
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Figure S7: The viscosity as a function of the shear rate for OPC-clay suspensions composed at

(H) Strain-retardation time
Although the retardation times were extracted by fitting a Kelvin—Voigt model of the form

=10

N
Ye=
i=1

A(l1-e

t

/ tr,i)

to each shear stress cycle, in effect, strain did not truly reach a

plateau, specially at higher shear stress cycles, as indicated in the zoomed view (Figure S8).
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Figure S8: The zoomed view of the evolution of strain with stepwise changes in shear stress
for varying clay dosages. The zoomed view indicates that strain did not truly reach a plateau,

especially at higher shear stress cycles.

(1) Viscoelastic properties

The storage modulus trends as a function of amplitude sweep and the evolution of the storage
modulus of OPC-clay suspensions are displayed in Figure S9. Double yielding was only noted for
the neat cement (OPC) suspension, while the clay-containing suspensions exhibited a single
yielding point. This transition from double to single yielding point results from the strong

interparticle interactions between clay/clay and clay/OPC particles in the OPC-clay suspensions.
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Figure S9: (a) The storage modulus as a function of oscillation strain of dense suspensions for
varying clay dosages. (b) The time-dependent storage modulus evolution of OPC-clay
suspensions.
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