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Supplementary Figure 1 | SEM images of the GLNs/Ni powder. a RTA at 800°C. b RTA at 900°C. c RTA at 1100°C. With increasing temperature, the Ni powders exhibited a clear tendency to sinter together gradually losing their individual powder morphology, particularly at temperatures above 800 °C.

[image: ]Supplementary Figure 2 | Raman shift results for three sucrose concentrations at two temperatures (700 °C and 750 °C). a–c Correspond to sucrose contents of 1.6, 2.4, and 3.2 wt.% at 700 °C, respectively. d–f Correspond to sucrose contents of 1.6, 2.4, and 3.2 wt.% at 750 °C, respectively.
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Supplementary Figure 3 | a Schematic view of the miniature tensile test sample, according to ASTM E8-E*M-24. b real test tensile sample. c miniature test specimen (2) dimensions
Mechanical performance 
The stress-strain curve can be divided into four regimes: (I) elastic behavior which loads up to the yield point, (II) Lüders drop or yield point phenomenon caused by sudden dislocation release, (III) strain hardening with dislocation pile-up inside Ni grains and balanced annihilation at the GLNs/Ni interface, and (IV) post-UTS elongation until fracture, dominated by interactions between 3D-GLNs and microcracks. The absence of regime (II) in 700-30-1000 suggests that elevated SPS temperatures may promote grain coarsening and induce defects in the in-situ grown 3D-GLNs, thus altering the deformation mechanism1. The peak UTS points for all samples are marked by orange triangles in the curves. The 700-30-1000 specimen showed a continuous, nearly linear strain-hardening behavior after yielding, without the characteristic Lüders drop, indicating a smooth elastic–plastic transition typical of recrystallized Ni with coarser grains. In contrast, 700-30-850, 750-45-850, and 750-45-1000 displayed a clear Lüders drop following the yield point, attributed to GLNs acting as interstitial obstacles that pin dislocations within the Ni lattice. Once the applied stress surpassed the critical level, dislocations broke free, producing a temporary stress drop before entering the strain-hardening regime. 
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Supplementary Figure 4 | Tensile stress-strain curves of pure Ni, 700-30 and 750-45 at 850 and 1000 SPS
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Miniature Specimen 2 and 5
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TABLE A1.1 Miniature test specimens (all dimensions in mm)

Minlature Specimen 1 Minlature Specimen 2 Minlature Specimen 3
mm mm mm
G-Gauge length (For elongation 8.5+05 4.0+02 20+0.1
calculation)
‘W- Width 1.50 £ 0.02 1.00 £ 0.02 1.00 £ 0.02
T-Thickness 1.50 £ 0.02 0.50 = 0.02 0.50 + 0.02
R-Radius of Fillet, min 3.0 0.90 0.20
L- Overall length, min 25 15 8
A-Length of reduced parallel section 10.0+0.2 45x02 2601
B- Length of grip section, min 49 43 25
C-Width of grip section, approximate 4 3 4





image4.png
i-1000

= Pure Ni

= Pure Ni-850
m— 700-30-850
= 700-30-1000
= 750-45-850
m— 750-45-1000

o o o
o o o
N ~

700
600
500 A

< )
(edIN) sseans

0.3 0.4 0.5 0.6

0.2

0.1

Engineering strain




image1.png
a. RTAat 800 °C a. RTA at 900 °C a. RTAat 1100 °C

""\.P(-f’ y
. ' LY

be M ~

4 pm




