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and C-S-H in the C-S-H_w/paraffin composite (see Fig.5
(b)) is more uniform with a smoother surface, which can

be attributed to the crosslinked overall structure of C-S-H_

(a)

(b)

(d)
Fig.5 SEM and TEM images. (a) SEM image of C-S-H_ctrl;
(b) SEM image of C-S-H_w; (c¢) TEM image of C-S-H_ctrl; (d)
TEM image of C-S-H_w

w prepared by discontinuous two-step nucleation. Paraffin
is incorporated more thoroughly into the pores of C-S-H_
w, enhancing sample uniformity.

The difference is better illustrated by TEM images. As
shown in Fig.5(c), the C-S-H_ctrl/paraffin composite
exhibits distinct phase interfaces between paraffin ( the
cloudy part with lower contrast) and the C-S-H foils ( the
skeletal part with higher contrast). However, in the C-S-
H_w/paraffin composite, the paraffin distribution is more
uniform, with no apparent separation between C-S-H and
the impregnated paraffin, as illustrated in Fig. 5 (d).
This phenomenon may be attributed to the larger number
of pores within C-S-H_w, which facilitates paraffin pene-
The morphology and
crosslinked pores of C-S-H_w (see Fig.3(b) ) also pro-
vide favorable evidence for homogeneous paraffin impreg-
nation in the C-S-H_w/paraffin composite.
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Fig. 6(a) presents the DSC curves of pure paraffin and
the two composites after 1 thermal cycle. The melting
point and freezing point of paraffin are 54. 8 and 46. 8
C, respectively. After impregnation into C-S-H_ctrl and
C-S-H_w to form composites, the melting points rise to

tration. three-dimensional

57.6 and 57.8 C, while the freezing points decrease to
46.4 and 43. 6 T, respectively. These changes can be
attributed to two factors; 1) the delayed effect of heat
transfer from the C-S-H matrix to the impregnated paraf-
fin and 2) the supercooling effect caused by the small
size of the pores. The latent heat values for the samples
are determined by integrating the heat flow over time
from the DSC curves, as shown in Table 1. Whether in
melting or freezing, pure paraffin exhibits the highest la-
tent heat (approximately 181.7 J/g), which is consistent
with values reported by Zhao et al. ""*'. For the two-phase
change composites, the latent heat values decrease owing
to the C-S-H matrix. The C-S-H_w/paraffin composite,
prepared through the discontinuous two-step nucleation
method, exhibits a higher latent heat (148.3 J/g) com-
pared to the conventional C-S-H composite (102.8 J/g).
Compared to pure paraffin, the encapsulation efficiency
of the C-S-H_w/paraffin composite is as high as 81.6% ,
while that of the C-S-H_ctrl/paraffin composite is only
56.6% . This indicates that the discontinuous two-step
nucleation method effectively enhances the performance
of C-S-H as a PCM-supporting material. As mentioned a-
bove, this enhancement stems from the greater number
and narrower pores of C-S-H_w along with its morpholo-
gy, which can accommodate more paraffin. Fig. 7 com-
pares various phase change composites'’ ™"
that the encapsulation efficiency of conventional C-S-H as
a supporting material for paraffin is similar to that of most
materials. However, the performance of the C-S-H_w/
paraffin composite, prepared by discontinuous two-step
nucleation, is notably superior. This indicates the adapta-

, revealing
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bility of C-S-H as a support for PCMs and the effective-
ness of this improved preparation strategy.

Additionally, 50 thermal cycles from 0 to 80 C were
employed to test the leakage and stability of the C-S-H/
paraffin composites, as depicted in Figs. 6(b) and (c).
After 50 cycles, both composites maintained their melting
and freezing points, with only a slight decrease in latent

heat. Moreover, there were no obvious differences in the
FT-IR spectra of the two composites, indicating identical
peaks and frequencies. These results suggest that both
types of C-S-H phase change composites exhibit good sta-
bility in thermal performance and chemical structure, and
the paraffin inside the pores does not leak during thermal

cycling""*".
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Fig.6 Performances of thermal storage and stability. (a) DSC curves of the samples after 1 cycle; (b) DSC curves of the C-S-H_ctrl/paraffin
composite after 1, 20, and 50 cycles; (c¢) DSC curves of C-S-H_w/paraffin after 1, 20, and 50 cycles; (d) Latent heat of phase change composites ;
(e) FT-IR spectra of the C-S-H_ctrl/paraffin composite after 50 cycles; (f) FT-IR spectra of the C-S-H_w/paraffin composite after 50 cycles

Table 1 Phase change temperature and latent heat of the samples

Samples Melting Latent heat of Freezing Latent heat of Average latent Encapsulation
point/ C melting/(J - g7") point/ T freezing/(J - g™')  heat/(J-g™') efficiency/ %
Paraffin 54.8 177.9 46.8 185.5 181.7 100.0
C-S-H_ctrl/paraffin 57.6 100.6 46.4 105. 1 102.8 56.6
C-S-H_w/paraffin 57.8 144.3 43.6 152.3 148.3 81.6

* C-S-H_w/paraffin (this work)

* C-S-H_ctrl/paraffin (this work)
= Melamine-urea-formaldehyde!"!
® Urea—formaldehyde resin/?’!
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Fig.7 Comparison of latent heat and encapsulation efficiency
of paraffin phase change composites with different supporting
materials

3 Conclusions

1) The discontinuous two-step nucleation method sig-
nificantly increased the SSA of C-S-H to 497.2 m*/g. It
also enhanced the total pore value and refined the pore
structure, making the prepared C-S-H more suitable for
paraffin impregnation compared to conventional C-S-H.

2) The phase change composite prepared using this
method exhibited a latent heat of 148.3 J/g and an encap-
sulation efficiency of 81. 6% , surpassing most current
paraffin-based phase change composites.

3) C-S-H phase change composites present excellent
leakage resistance after 50 thermal cycles from 10 to
80 C.

4) These findings provide important theoretical guid-
ance and practical significance for the application of C-S-
H phase change composites in fields such as phase change
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concrete and building thermal management.
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