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Fig. 1. Nanofluid preparation and related testing flowchart.
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Fig. 2. SEM images of untreated samples: (a) TiC powder
sample; (b) SiC powder sample.

ST HORBORLAY 5 LR TR 5y 5 A MR,
SN AR PR A 7 B M S5 A P RE , ARSI
R WA T 246 TiC/SiC e A 9Kk,
HoU SRBEAE T2 BN R IURE 5 15 2 73 HIGI ) s 2
Z5a, DI E I BUR 2R O ik X — H AR,
ARSI R A URER S HOA, la HUBRC VF FH 5 AL
K5 3 R I A4 4. P 3 O TiC 5 SiC 4k

WURL 2 AN RIS BRI J5 (R dh SEM 8], 5B i
[B]IK %] 12 h J 16 h i, PIRRGAKR R A RAR A2 b
WA T 122, R WAKIBORE C Ak B BARE ki
MRS, S G RAE T, BRI A, mAEEk
B 7 A ) B R UM S S50, 24 T 375 P S B
T ISR P SRR, A ORE RS I A2 o3l

oD

Bl 3 TiC T[RRI R TG ESASALE  (a) 4 b; (b) 8 by (c) 12 b (d) 16 h. SiC FEANFIERIE R TG IE SR (e) 4 s

(f) 8h; (z) 12 h; (h) 16 h

Fig. 3. Morphological changes of samples with different ball milling times for TiC: (a) 4 h; (b) 8 h; (c) 12 h; (d) 16 h. Morphological
changes of samples with different ball milling times for SiC: (e) 4 h; (f) 8 h; (g) 12 h; (h) 16 h.
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Fig. 4. (a), (b) Morphological changes of TiC samples after
12 h of ball milling; (c), (d) morphological changes of SiC
samples after 12 h of ball milling.
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Fig. 5. TiC/SiC bone glue composite material: (a) SEM image; (b) TEM image.
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[ 6  TiC/SiC & &9k ik
Fig. 6. TiC/SiC composite nanofluid: (a) Initial sample image; (b) image of the sample after standing still; (¢) Zeta potential of the

sample.
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Fig. 7. Transmission rate diagram of TiC/SiC composite nanofluid: (a) Initial sample; (b) 30 days of standing.
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Fig. 8. (a) Transmission rate diagrams of samples at different concentrations; (b) absorption rate diagrams of samples at different

concentrations.
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SPECIAL TOPIC —Heat conduction and its related interdisciplinary areas

Synergistic enhancement effect of TiC/SiC composite
nanofluids in photothermal absorption®
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Abstract

With the ongoing energy transition, the utilization of solar energy has become increasingly important.
Photothermal conversion represents a key approach for harnessing solar energy, and nanofluids, owing to their
excellent thermophysical properties, have shown great potential for enhancing photothermal conversion
efficiency. This study investigates an aqueous-based titanium carbide (TiC) and silicon carbide (SiC) hybrid
nanofluid, with a focus on its synergistic effects and underlying mechanisms in photothermal absorption. To
address the issue of nanoparticle agglomeration in the base fluid, a biopolymer, bone glue, is employed as a
dispersant. Its favorable biocompatibility ensures the long-term stability of the prepared nanofluid. Deionized
water, as a commonly used base fluid, provides a pure reaction environment that facilitates the analysis of the
influence of nanoparticles on the thermophysical properties of the fluid. By combining TiC and SiC
nanoparticles, a synergistic enhancement effect is achieved. Experimental results demonstrate that at a
concentration of 0.020%, the prepared hybrid nanofluid achieves a photothermal conversion efficiency of 94.7%,
which is 20.5% higher than that of deionized water. Through detailed experimental characterization and
mechanistic analysis, this study reveals the potential application of the hybrid nanofluid in solar photothermal
conversion, providing both theoretical insights and experimental support for the development of efficient and

environmentally friendly solar-absorbing materials.
Keywords: composite nanofluid, photothermal synergy, solar energy utilization, stability
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