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Abstract: Specific heat capacity plays a crucial role in the heat transfer efficiency of
materials. This study focuses on exploring the effects of second-phase nano samarium oxide,
nano tungsten carbide, and nano nickel particles with densities similar to that of the alloy
matrix on the microstructure and thermophysical properties of the alloy matrix. The phase
composition and microstructure of the alloy were characterized using methods such as X-ray
diffraction phase analysis, electron probe microanalysis, and X-ray fluorescence
spectroscopy. The thermal and physical properties of the alloy were comprehensively
analyzed using differential scanning calorimetry and laser flash analysis. The results indicate
that the addition of second-phase nanoparticles changes the morphology of the eutectic
phase and induces the formation of ultrafine grains in the composite alloy, altering the
contribution ratio of electron and phonon heat transfer in the alloy. In the liquid state, an
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ordered structure is formed between the second-phase solid nanoparticles and the molten
metal. As the temperature increases, breaking these ordered structures requires additional
heat absorption, which increases the specific heat capacity.

Keywords: nanoparticles; Sn-Bi-Zn thermal storage alloy; enhanced specific heat capacity;

thermal storage system
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Fig.1 Schematic diagram of alloy sample preparation process
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Table 1 The composition of nanocomposite alloy
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XRF PR 70 53 5 70 /%

Sn Bi Zn Sm W o Ni HAtk
A1 (Sn-50Bi-2Zn)-0.5Sm,0, 45.31 4575 2.48 5.3 — — — 1.16
A2 (Sn-50Bi-2Zn)-0.5WC 46.86 48.33 1.98 — 0.41 0.79 — 1.63
A3 (Sn-50Bi-2Zn)-0.5Ni 46.68 48.68 2.22 — — — 1.1 1.32

RAUFS B AR AT . K HE ASTM E1269-
PP bR v, S50 T I 3 #2  E O 5.0°C/min,
RS EONE IR 5 300°C,  E A I &8 B 75 PRALE
BN SIS

i FH K 7M1 (DIL 402C) %€ & &4
I FZ K R 1% 1 ASTM E831-06% il i s 1 ,
T 3% K Y 2.0°C/min, i VT Bl A 30~80°C, £
i S N5 mmx5 mmx20 mme.

KHWOEN M (LFA457) fEZE FIE S
SRR R R L R RASTRE 8 2.5 mmx
10 mmx10 mm. 454 HAsesHdE, @ik X(1)it
HEENSFHEY, KFa Iy HERE, phE
FE, ¢, e s L .

A=a-p-c, (1)

EertmiR @), AL
LoAAEXH R, o, AR FH BT 2 KA A5 R A
FEE R NI .

0 =p,(1+ALIL,)?

R X 5 2417 34 (XRD,

)
D8 ADVANCE)

RX S92 AL (XRF) SHRE i 140 A0 4 R ik
AT MR s I P RER B BT (EPMA,
JXA-8230) WM EEA &M BMEEN; B X 2kt
4 (EDS, NCAX-ACT) 7 Hré& 4 iisy.

2 HEX5i%

2.1 XRD 5EPMA 734t

Kl 2 864 A1-A3 I X ST AT5) (XRD)
. Bl2@)NA1 &4, EEREEGLELEZH
W, SHEAEGEM, BRI TR L, 5
A XRFIMEREE R (£1), AM &4t Smt &Lk
JR RN 5.3%, mm T Wik, N EE
FEAE XRF M Sm TG 3R IE X 4 54K Sn. Bi
TLRFHEEESHIME, FESmITE &2 E
o Bl 2(b)iRA B 73 HU0N 0.5% 9K kAl 4550
Fi ) Sn-50Bi-2Zn &4, HTWCEERK, &1F
WEE SR ME, FrOURHEEE R E . B 2(c)
NIRA TR B0 0.5% 90K 4 8 400 ) 35 4
G SREW, BAEEGET S, BiotRIEN K



%6 FHAEE: GEKEFRLT Sn-Bi-Zn fiti #1 A 4 B2 245 K W #E M BE 1 52 ) 2061
. A-Sn A-Bi (a) A-Sn A-Bi (b) . A-Sn A-Bi (c)
®-Zn m-Sm,0, e-Zn m-WC T o-Ni
3 3 3
S S S
£ R - z
£ £ J 7 £
fa ks ? “ st s $
20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 90
26/(°) 26/(°) 261(°)
B2 &%&XRDE: (a)(Sn-50Bi-2Zn)-0.55m,0,, (b) (Sn-50Bi-2Zn)-0.5WC, (c) (Sn-50Bi-2Zn)-0.5Ni

Fig. 2
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Alloy XRD pattern: (a) (Sn-50Bi-2Zn)-0.5Sm,0,, (b) (Sn-50Bi-2Zn)-0.5WC, (c) (Sn-50Bi-2Zn)-0.5Ni
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Fig. 3 Microstructure images of alloy: (a), (b) (Sn-
50Bi-2Zn)-0.5Sm,0,, (c), (d) (Sn-50Bi-2Zn)-0.5WC,
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Table 2 The chemical composition of intermetallic
phases in Fig. 3 (Unit: %)

HEIHE A B C D E
Sn 573 90.59 2529 38.08 7.83
Bi 94.27 9.41 16.01 61.10 80.76
Zn — 58.71 — 2.64
Sm — — — — —
0 _ _ _ _ _
W — — 0.39 —
C 0 — 0.43 —
Ni — — — — 8.77
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Fig. 4 DSC analysis curve of the alloy: (a) (Sn-50Bi-2Zn)-0.5Sm,0,, (b) (Sn-50Bi-2Zn)-0.5WC, (c) (Sn-50Bi-2Zn)-0.5Ni
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Fig. 5 Specific heat curve of alloy: (a) (Sn-50Bi-2Zn)-0.5Sm,0,, (b) (Sn-50Bi-2Zn)-0.5WC, (c) (Sn-50Bi-2Zn)-0.5Ni
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Table 4 Specific heat of alloy at different temperatures
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SFEMEIIN(gK)] 0.30 0.37
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