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Influence of Ni particles on the melting characteristics and mechanical
properties of SAC305 solder

ZHOU Hui, YAN Yanfu, CHENG Jiangyang

( School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471023, Henan

Province, China)

Abstract. To address the temperature gradient requirements for low —temperature soldering and high—temperature service,
variable—temperature solders were developed, and the regulatory effects of Ni particle content on their properties and those of
brazed joints were clarified. Using 4#SAC305 solder powder as the base material, 2—5 wm Ni particles and HPO1 high -
activity flux were compounded to prepare Ni—based variable temperature solder paste. The effects of Ni content on the melting
characteristics and wettability of the solder paste, as well as the growth of intermetallic compounds (IMCs) at the brazed joint
interface and changes in shear strength during aging, were investigated. The results show that when the Ni content is 10% , the
solder’s melting point can rise to 227 C, with only a marginal increase observed after high—temperature storage. Wettability
initially enhanced and subsequently decreased as the Ni content increased, resulting in a 60% reduction in the spread area
observed at 20% Ni. The growth of the interfacial IMC layer corresponds well with the square root of the aging duration,
achieving a thickness of 37. 611 wm after 360 hours of aging at 20% Ni. Under the same Ni content, shear strength decreases

with prolonged aging, and under the same aging condition, it decreases with increasing Ni content. The solder paste with 10%
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Ni exhibits minimal impact on shear strength due to aging, and its fracture surface displays a mixed ductile — brittle

characteristic. The variable-temperature solder with 10% Ni content demonstrates the best overall performance, effectively

raises the solder’s melting point while exhibiting excellent stability during high —temperature service, thereby meeting the

requirements for temperature gradient applications.

Keywords: variable—temperature solder; melting characteristics; wettability; thermal effect; shear strength
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Fig.2 Schematic cross—section of the spreading specimen
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Tab.1  Effect of Ni content after reflow on the melting

characteristics of temperature—variable solder

sy BHIZE(C) | WEfH(T) WAL (C) | Mife(TT)

SAC305 217.6 222.5 228.4 10.8
SAC305+1%Ni| 219.7 234.6 243.3 23.6
SAC305+3%Ni 221 236 244.2 23.2
SAC305+5%Ni | 223.1 236.4 245.6 22.5
SAC305+10%Ni| 227 240.6 248.9 21.9
SAC305+15%Ni|  226. 1 238.3 247 20.9
SAC305+20%Ni| ~ 224.3 238.1 246.6 22.3
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Fig.4 Influence of Ni content on the melting point of

temperature—variable solder
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Fig.5 SEM and EDS images of temperature—variable solder after reflow
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Tab. 2 Influence of Ni content on the melting characteristics of

temperature—variable solders after high—temperature storage

G BIHIZ(C) | MEE(C) |HHIZ(T) JaR(T)

SAC305 218.6 223.5 228.9 10.3
SAC305+1%Ni | 219.7 233.6 240.3 20.6
SAC305+3%Ni | 221.2 236.8 240. 5 19.3
SAC305+5%Ni | 224.3 236.8 242.7 18.4
SAC305+10%Ni |  226.8 239.6 245.1 18.3
SAC305+15%Ni | 226. 1 238.7 246.2 20.1
SAC305+20%Ni |  224.2 238.1 245.7 21.5

K6 FiRGETES 10%Ni ZE AR SEM F
Fig. 6 Scanning electron microscope image of 10% Ni

temperature—variable solder after high—temperature storage
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Fig. 7 The influence of Ni content on the wetting area and
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wetting angle of temperature—variable solder
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Fig. 8 SEM images of welding joints with variable—temperature

solders containing different Ni contents before aging
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Fig. 9 SEM images of welding joints with different Ni contents added to the thermally aged variable—temperature solder

3 THREEMNFEEER IMC EESHMMEMNXER
Tab. 3

interface layer of thermally cycled solder and aging time

Relationship between total IMC thickness in the

S5 IMC B (um)
WSy
0h 120 h 240 h 360 h
SAC305 3.559 3.516 3.036 3.469
SAC305+1%Ni 10. 716 12. 944 16. 524 21.738
SAC305+3%Ni 12. 631 18. 540 21.032 23.127
SAC305+5%Ni 17. 663 22.992 26. 667 29.452
SAC305+10%Ni 22.274 29.921 31. 190 29.706
SAC305+15%Ni 24.632 30. 071 31.294 32.960
SAC305+20%Ni 25. 600 33.365 36.753 37.611
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