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Fig.1 Initial particle diameter distribution of ultrasonic atomized (a) and centrifugal atomized (b) solder powders
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Fig.2 Sn 3d5 core-level XPS spectra of ultrasonic atomized (a) and centrifugal atomized (b) solder powders
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Fig.3 SEM morphology of ultrasonic atomized (a) and centrifugal atomized (b) solder powders
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Fig.4 SEM morphology of ultrasonic atomized (a, b, ¢) and centrifugal atomized (d, e, f) solder powders corroded in solder pasta

for different periods of time
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Tab.1 Element content in different micro areas of

samples in figure 5

B T8 A
Cu Ag Sn
1 0.79 17.31 81.90
2 1.03 0.00 98.98
3 1.79 11.20 87.01
4 0.78 0.00 99.22
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Fig.5 Electron backscattering images of ultrasonic atomized (a, ¢) and centrifugal atomized (b, d) solder powders corroded

in solder pasta for 45 d
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Fig. 6 Distribution of Sn and O along depth of solder powders corroded in solder pasta for different periods of time
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Fig. 7 Sn 3d5 core-level XPS spectra of solder powders corroded in solder pasta for different periods of time and etched for 20 s
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Corrosion Behavior of 20 Steel in Multi-Factor Corrosion Environment of

Water Gathering and Transportation

CHANG Ming', WANG Jing', YIN Xintian', WANG Se', WANG Yubo', PAN Jingya'. LI Xuanpeng®
(1. PetroChina Dagang Oilfield Company, Tianjin 300456, China;
2. State Key Laboratory of Oil and Gas Equipment, CNPC Tubular Goods Research Institute, Xi'an 710077, China)

Abstract: The corrosion behavior of 20 steel in multi-factor corrosion environment of water gathering and transportation was
studied by means of response surface method (RSM). The quantitative relationship of corrosion current density (J ., ) with
temperature, dissolved oxygen concentration, SRB concentration, H,S concentration and their coupling effects was established
through designed experiments. Meanwhile, the significance of the model and each factor was analyzed by means of analysis of
variance. The results show that the temperature, dissolved oxygen concentration, SRB concentration, coupling of temperature
and SRB concentration, coupling of SRB concentration and dissolved oxygen concentration had significant effects on the
corrosion current density. However, the H,S concentration and its coupling with other factors had no significant effects when
the mass fraction of H,S was in the range of 0—529 mg/kg. Pareto weight analysis displayed that the effects of single factors
and coupling factors on the corrosion current density from large to small were: temperature (64. 90%), dissolved oxygen
concentration (15, 27%), coupling of temperature and dissolved oxygen concentration (9. 39%), coupling of temperature and
SRB concentration (5. 29%), SRB concentration (2. 67%), coupling of SRB concentration and dissolved oxygen concentration
(2.3%0).

Key words: mult-factor corrosion environment; 20 steel; response surface method (RSM); analysis of variance; weight

analysis
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Corrosion Behavior of Ultrasonic Atomized and Centrifugal Atomized SnAgCu Solder Powders
in Solder Paste

YANG Shiyu's ZHAO Minglu*, ZHAO Lingyan', HU Juntao's WANG Jiajun',
LI Qing's FU Zewei'
(1. Research and Development Center, Yunnan Tin Group (Holding) Co. , Ltd. , Kunming 650101, China;
2. Yunnan Tin Industry Tin Material Co. , Ltd. , Kunming 650217, China)

Abstract: Scanning electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS) were used to comparatively
study the corrosion behavior of ultrasonic atomized and centrifugal atomized SnAgCu solder powders in solder paste. The
results show that the ultrasonic atomized solder powders had a smooth surface where Ag-rich phase particles distributed
evenly. The surfaces of centrifugal atomized solder powders were covered with dendrites, and the Ag-rich phase particles
aggregated at the grain boundaries. The corrosion of the ultrasonic atomized solder powders occurred in the position of large Ag
rich particles, showing the characteristic of localized pitting corrosion, while the centrifugal atomized powders showed the
characteristic of general corrosion, and the corrosion was particularly serious at the grain boundaries. The statistics show that
only a small amount ultrasonic atomized solder powders had corrosion pits, while all the centrifugal atomized solder powders
had morphological changes due to corrosion, With the extension of storage time, i. e. corrosion time, the oxide layers on the
surfaces of centrifugal atomized solder powders thinned more rapidly, and their corrosion resistance was inferior to that of
ultrasonic atomized solder powders. The distribution of alloy phases and grain boundaries was a key factor in the differences of

solder paste in the storage stability of solder paste.

Key words: solder paste; storage stability; corrosion; ultrasonic atomized solder powder; centrifugal atomized solder powder
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