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Fig. S1. Schematic illustration of the composite powder preparation and its consolidation using the cold sintering setup
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Fig. S2. SEM images of Hap202 powder (a1&a2) [1], composite powder (b) HA:PLA 80:20 and (c) HA:PLA 70:30.  
	The HA powder consists of spherical aggregates of nano-sized HA particles, as reported before [1]. In Fig. S1, the HA:PLA 80:20 composite powder retains these spherical aggregates, with PLA adsorbed on the surface of the HA particles. This surface adsorption of PLA explains why the composite powder maintains a free-flowing, soft texture after the evaporation of chloroform. However, as the PLA content increases, the PLA-encapsulated HA aggregates begin to bind together, forming hard lumps once the chloroform solvent evaporates. Fig. S1 further illustrates that the HA:PLA 70:30 composite powder exhibits irregular particle morphology, with varying sizes within the sub-micron range after cryo-milling, indicating that higher PLA content disrupts the uniformity of powder texture.
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Fig. S3 (left) The measured volume shrinkage profile for the HA powders cold-sintered without liquids under a pressure of 360 MPa, with the inset dotted lines representing the heating program during the CSP. (Right) SEM micrograph of the fractured surface, captured at 150Kx, of the cold-sintered HA powder without liquid [1].
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Fig. S4 FIB cross-sectioned SEM micrographs of  80:20 (a1 & a2) captured at a magnification of 3Kx and 100Kx, and 70:30 fraction (b1 & b2) captured at a magnification of 5Kx and 50Kx.
[image: A diagram of a white substance

Description automatically generated with medium confidence]
Fig. S5. Illustration of the Soxhlet extraction setup and the HA matrix extracted after PLA extraction.
Table S1. DSC parameters of PLA and TBC plasticized PLA

	Sample
	Tg
	Tc
	Tm

	PLA6201D
	62.3
	143.4
	169.2

	5TBC/PLA
	52.7
	100.4
	168.3

	10TBC/PLA
	39.6
	90.2
	165.7

	20TBC/PLA
	27.4
	77.9
	163.6
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Fig. S6. (a) DSC thermogram, (b) XRD patterns, and (c and d) FTIR plot of the HA:PLA composite made with unplasticized PLA.  
	As illustrated in Fig. 2(b1 to d1), increased PLA content restricts HA aggregates' de-aggregation and HA consolidation in the composite matrix. In the composite samples HA:PLA 50:50 and 60:40, the observation of dual melting peaks at 153 and 160 C can be attributed to the differing interaction between the different crystalline regions of PLA and HA within the composite [2, 3]. In contrast, the composite HA:PLA 70:30 has a very broad melting peak. The variations in melting peaks concerning PLA content may result from differences in the dense packing of HA aggregates (Fig. 2(b1 to d1)). This packing might influence the crystallization of PLA, as the nucleation effect of HA lowers with a reduction in its content. However, no significant differences were observed as PLA content increased, except for the increasing intensity of the diffraction peak at 2θ = 16.6°, which corresponds to the (110)/(200) lattice planes of PLA. Additionally, these composite holds hydrogen bonding between HA and PLA as evidenced by the red-shift of the characteristic vibration peak for PLA6201D at 1748 cm⁻¹, corresponding to C=O stretching vibration [4].
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Soxhlet extraction setup

solvent: Chloroform
Temperature: 50 °C
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