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Abstract : Environment-friendly and surfactant-free aqueous cleaning agents have been developed in order to solve various pro-
blems generated by surfactants in the aqueous cleaning agents. Aqueous surfactant-free cleaning agents, S-1 and S-2 have been for-
mulated with water-soluble solvents such as propylene glycol and propylene glycol ether on their main components and with some
additives. These solvents were chosen because of their good solubility in water and excellent solubility of fluxes which are major
contaminants of printed circuit board in the electronic industry. Physical properties of the formulated and the imported cleaning agents
were measured to predict their cleaning performance, and their cleaning abilities of flux and solder contaminants were evaluated
under the various ultrasonic frequencies by a gravimetric method. The measurement results show that the physical properties of clea-
ning agent V are generally similar with those of formulated cleaning agents S-1 and S-2. Both the cleaning agent V and the formulated
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cleaning agents S-1 and S-2 showed similar trends that their pH decrease in the beginning and then increases later on with the
increase of their dilution in water. It is considered that the wetting indices of the cleaning agents calculated with experimental values
do not not have any influence on their cleaning ability. In ultrasonic cleaning tests under three ultrasonic frequencies of 28, 45,
and 100 kHz, their best performances of cleaning solder and flux were obtained at 45 kHz and 28 kHz, respectively, and the cleaning
performance of the formulated cleaning agents S-1 and S-2 was better than that of the cleaning agent V. However, in the case of the
recommended diluted concentration of 25 wt% cleaning solution, the cleaning performance of the cleaner V for solder and flux was
better in the initial stage of cleaning compared to the formulated cleaners. And it may be concluded that the formulated cleaning
agents S-1 and S-2 can be applied to cleaning of solder and flux in the industry, based on the experimental results in this study.

Keywords : Aqueous cleaning agents, Surfactant-free, Flux cleaning, Solder cleaning, Ultrasonic cleaning
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Figure 1. Cleaning principle of surfactant-free aqueous cleaning
agents.
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Table 1. Physical properties of various propylene glycol-type sol-
vents for formulation of surfactant-free cleaning agents

Physical pr- e
operties| Density Vapor Boiling Solubility
Raw (/em’) pressure oint (C) parameter
Materials £ (hPa, 25C) | P (MPa'?)

Gl 0.919 15.70 118 20.7

G2 0.879 1.39 171 18.9

G3 0.951 0.55 190 17.6

G4 1.036 0.17 188 25.8

Table 2. Formulation ratio of formulated cleaning agents

Raw
Propylene .

. materials| DI Wetting
Cleaning water leéOI éther agent Total
agents (Gi~Ga)

S-1 10 90 - 100
S-2 10 85 5 100
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gk 3 Aol A AMGE ofu] ol El Habietic acid)S Tt
= )X (Aldrich) 9] A FO 2 £ 75%2] AES AA glol
AHgstel Aol sk

Sti(solder)’= B4 WS FHFoletiE B g
ol uet QT Ao YA, ol Aol
A 0] mLARCE W 2Eo|4 Holof ajul, w ¥
dasat & datE ook gt 2 AR oA] AM-E & T (sol-
der paste)= St ATFAMY FH<4 Y Sn-3.0, Ag-0.5, Cu
(20~38 pm) LST309-MA|Z-2 A} c}.

ZZ A(flux)= o}H]of| Bl XK abietic acid, aldrich, 75%)2 ©]
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Table 3. Physical properties of surfactant-free formulated cleaning agents (S-1, S-2) and their dilute solution at ambient temperature

Physical properties Moisture COD (ppm) Surffice Density Viscosity Wetting
. pH content(%) 10,000 tension (g/cm3) (cP) index
Cleaning agent 1,000 (dyne/cm)
100 wt% 4.61 10.12 149,600 28.87 0.937 4.78 6.79
. 25 wt% 3.41 - 80,000 28.96 1.000 2.23 15.48
fi;ﬁ?i? 20 wt% 3.47 - 73,000 29.43 1.000 171 19.86
15 wt% 3.52 - 42,800 30.34 1.000 1.43 23.04
10 wt% 3.61 - 35,300 33.62 1.000 1.23 24.18
100 wt% 5.27 10.82 150,600 27.97 0.935 2.63 12.71
25 wt% 5.22 - 96,000 27.90 0.994 2.09 17.04
S-1 20 wt% 5.31 - 82,000 28.62 0.996 1.81 19.22
15 wt% 5.41 - 66,000 29.05 0.998 1.51 22.75
10 wt% 5.47 - 46,600 31.77 0.998 1.49 21.08
100 wt% 5.30 10.93 150,000 27.68 0.931 2.73 12.32
25 wt% 4.83 - 104,000 26.89 0.992 1.98 18.63
S-2 20 wt% 4.96 - 86,000 26.95 0.994 1.88 19.61
15 wt% 5.06 - 75,400 27.57 0.995 1.65 21.87
10 wt% 5.20 - 50,000 28.95 0.996 1.50 22.93
3. A3z} oF o] AAA 814 ol uhet pHYL Wsks Sold 4
21 xn Ha & yerglch. AEA Vel dotels B2 5|4t w50

Bl AEAl Vel & Atoll A uiRket A A
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Al 2w ae A AR FARE 24e e
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Figure 2. Behavior of pH change of cleaning agents V, S-1 and S-2
with their dilution.
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Figure 3. Comparison of flux cleaning efficiency of undiluted clea-
ning agents at 28 kHz ultrasonic frequency.
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Figure 5. Comparison of flux cleaning efficiency of undiluted clea-
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Figure 7. Comparison of solder cleaning efficiency of 25 wt% di-
luted cleaning agents at 45 kHz ultrasonic frequency.
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Figure 8. Comparison of solder cleaning efficiency of undiluted clea-
ning agents at 28 kHz ultrasonic frequency.
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Figure 9. Comparison of solder cleaning efficiency of undiluted clea-
ning agents at 45 kHz ultrasonic frequency.
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Figure 10. Comparison of solder cleaning efficiency of 25 wt% di-
luted cleaning agents at 28 kHz ultrasonic frequency.
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