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Abstract —CFC compounds such as CFC-113 and 1,1,1-TCE, etc. have been used in various industries
due to their excellent chemical stability, thermodynamic characteristics, non-inflammability and
anti-corrosiveness. However, in oder to protect the earth environment, "the Montreal Protocol on substances
that deplete the ozone layer" was adopted in 1989 for prevention of production and utilization of these
CFC compounds and alternative cleaning agent have been required in the industry. The objective of this
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study is to develop non-aqueous cleaning agents that do not require major change of cleaning system, have
excellent cleaning efficiency, are favorable to the environment, are harmless to the human body, and are
not generated corrosive materials. In this work, non-aqueous cleaning agents have been formulated with
glycol ether series and paraffinic hydrocarbon series with siloxane, and their physical properties and
cleaning efficiencies were analyzed and compared with those of regulated materials.

As a result of physical properties measurement of the formulated cleaning agents, it is expected that they
may have good penetration ability into contaminated materials due to their properties with low density
and low surface tension. Measurement of flash point and vapor pressure of the cleaning agents will be
helpful for evaluation of their safety and working environment. The experimental results of cleaning flux,
solder and grease by the formulated cleaning agents show that their cleaning abilities of soils were good
and that there were no residues on the substance after cleaning. Therefore, alternative cleaning agents which
have equivalent cleaning ability to regulating materials, good penetration ability and low hazard to human

body, have been developed in this work.
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Table 1. Hansen solubility parameter of glycol ether at 25C

Molar volume Solubility parameter (MPa”Z)

Glycol ether

(cm/mol) 84 5, 5, 5
GE-M 79.1 16.2 9.2 16.4 24.8
GE-E 97.8 16.2 9.2 14.3 23.5
GE-B 131.6 16.0 5.1 12.3 22.3

GE-P - - . . .

Table 2. Hansen solubility parameter of paraffin at 25C

Molar volume  Solubility parameter (MPal/z)

Paraffin (ci/mol) 5 5 5, 5
n-Octane 163.5 15.6 0 0 15.6
n-Nonane 179.7 15.8 0 0 15.8
n-Decane 195.9 15.8 0 0 15.8

n-Dodecane 228.6 16.0 0 0 16.0
n-Hexadecane 294.1 16.4 0 0 16.4
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Table 3. Formulation weight % of primary cleaning agents

~Lomponent 1, - Gpp TS PS
Cleaning agen

P-1 50 50 - -
p-2 50 50 5 -
P-3 50 50 - 5
P-4 30 70 - ,
P-5 30 70 5 -
P-6 30 70 - 5
p-7 70 30 - -
P-8 70 30 5 -
P-9 70 30 - 5

Table 4. Formulation weight % of secondary cleaning
agents for defluxing

Cleaning ageCn(zmponent GE-M GE-E GE-B TS PS
F-1 70 30 - - -
B2 70 30 - 15 )
E-3 70 30 ) i 5
F-4 40 30 30 . _
o 40 30 30 15 )
F-6 40 30 30 i 5
7 a0 - 25 ]
F-8 45 30 ) ) >
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Table 5. Formulation weight % of secondary cleaning
agents for desoldering

Cleaning agecr(l):lponem IP-G  IP-C  GE-E TS PS
§-1 75 20 5 ] ]
> 5200 s 15 -
S-3 75 20 5 . 5
S-4 70 s 0 ) ]
5 70 15 10 15 }
5-6 o 15 1 . ;

Table 6. Formulation weight % of secondary cleaning
agents for degreasing

Cleaning agCeir:lponem IP-G  GEE TS PS
G-1 70 30 - -
G2 70 30 15 -
G-3 70 30 - 5
G-4 80 20 - -
G-5 80 20 15 -
G-6 80 20 - 5
G-7 40 10 50 -
G-8 40 10 - 50

Table 7. Experimental conditions for measuring the
cleaning ability of cleaning agents

CFC-113, 1,1,1-TCE, MC,
IP/GE/siloxane blend cleaning agents

Soils Flux, Solder, Grease
SUS 304(25x75x2 mm)

Cleaning agents

Substrates

Immersion cleaning

(25C, 1~3min)

Cleaning
Cleaning stage

methods Drying Hot air drying
stage (60°C, 10min)

Analytical method Gravimetric test
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Table 8. Physical properties of primary formulated cleaning agents

W Density ViscosiEy Surface tension Wetting KB value Flasho point  Vapor pressure
Cleaning agent (g/cm) (P, 25C) (dyne/cm) Index Q0] (kPa, 37.8C)
CFC-113 1.5136 0.65 20.7 112 32 - 45%
1,1,1-TCE 1.3105 0.86 28.7 53.1 124 - 16*

MC 1.2933 0.17 31.8 239 136 - 47%

P-1 0.7974 1.33 22.2 27.0 >200 <11.0 15.0

P-2 0.7914 1.33 22.7 26.2 >200 <11.0 14.5

P-3 0.7947 1.32 22.7 26.5 >200 <11.0 13.5

P-4 0.8341 1.34 24.4 255 >200 <11.0 12.2

P-5 0.8386 1.30 24.2 26.7 >200 <10.0 20.3

P-6 0.8390 1.48 24.1 235 >200 <11.0 13.7

P-7 0.7407 0.96 22.6 34.1 57.3 <11.0 13.0

P-8 0.7484 1.15 22.8 28.5 54.2 <11.0 15.4

P-9 0.7500 0.80 22,5 41.7 53.0 <11.0 14.0
* : measured at 25T
Table 9. Physical properties of secondary cleaning agents for defluxing
\W Density Viscosity ~ Surface tension  Wetting  Aniline Point  Flash point Vapor pressure
Cleaning agent (g/cm) (cP, 25C) (dyne/cm) Index 0) 0) (kPa, 37.87C)

F-1 0.9564 5.92 30.8 5.25 <0 45.0 4.4

F-2 0.9584 5.42 255 6.93 11 40.0 4.1

F-3 0.9568 2.00 25.0 19.1 <0 40.0 4.0

F-4 0.9373 5.62 29.2 5.71 <0 46.0 5.6

F-5 0.9392 2.69 239 14.6 <0 45.0 5.1

F-6 0.9520 5.22 23.7 7.70 <0 41.0 5.0

F-7 0.9544 2.86 20.6 16.2 50 40.0 6.5

F-8 0.9566 3.34 17.6 16.3 66 41.0 6.1
Table 10. Physical properties of secondary cleaning agents for desoldering
\EW Density Viscosity ~ Surface tension  Wetting  Aniline Point Flash point ~ Vapor pressure
Cleaning agent (g/cm) (cP, 25C) (dyne/cm) Index ) ) (kPa, 37.87C)

S-1 0.7519 1.11 20.1 33.7 94 17.0 4.5

S-2 0.7684 1.36 19.7 28.7 85 20.0 4.2

S-3 0.7570 0.99 19.6 39.0 89 17.0 4.0

S-4 0.7398 1.40 20.0 26.4 90 21.0 5.7

S-5 0.7564 1.24 19.8 30.8 84 19.0 5.6

S-6 0.7415 2.94 19.6 12.9 83 21.0 5.2
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Table 11. Physical properties of secondary cleaning agents for degreasing

Physical properties ~ Density Viscosity ~ Surface tension ~ Wetting  Aniline Point Flash point ~ Vapor pressure
Cleaning agent (g/cm) (cP, 25C) (dyne/cm) Index 0 0) (kPa, 37.87C)
G-1 0.7893 1.23 21.3 30.1 75 36.0 5.2
G-2 0.8085 1.22 20.8 31.9 84 36.0 4.9
G-3 0.7958 1.36 20.7 28.3 77 37.0 4.6
G-4 0.7708 1.22 21.1 30.0 78 36.0 5.3
G-5 0.7919 1.23 20.8 31.0 77 36.0 5.0
G-6 0.7798 1.32 20.7 28.5 76 38.0 4.9
G-7 0.8527 1.37 19.3 32.3 75 38.0 3.7
G-8 0.8564 1.42 19.1 31.6 85 39.0 3.3
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Figure 1. Cleaning efficiency of formulated cleaning
agents for defluxing.

Table 12. Cleaning efficiency of primary and secondary formulated cleaning agents for defluxing

Efficencyt) Time(min) 2 3 4 5 7 9 11 13
CEC-113 5.8 4523 7355 8127 8424 8693 8881 8954 9045
MC 8774 9989 10000  100.00 10000  100.00  100.00  100.00  100.00
1,1,1-TCE 998 4252 7026 8479 9550 10000  100.00  100.00  100.00
P-4 3623 4335 9255 10000 100.00  100.00  100.00  100.00  100.00
P-5 4190 8727 10000 10000 10000 10000 10000  100.00  100.00
F-1 5053 9149 10000 100.00  100.00  100.00  100.00  100.00  100.00
E-7 4760 9138 9977 10000 10000 10000 10000  100.00  100.00
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Table 13. Cleaning efficiency of primary and secondary formulated cleaning agents for desoldering

Time(min)

Efficiency (%) 1 2 3 4 5 7 9 11 13
CFC-113 2.31 8.45 34.48 73.00 95.60 97.66 98.41 98.53 98.40
MC 30.55 97.68 97.30 97.33 97.37 97.40 97.83 97.42 97.42
1,1,1-TCE 1.82 7.48 32.36 79.68 100.00 100.00 100.00 100.00 100.00
P-1 2.60 8.16 96.53 99.92 99.93 100.00 100.00 100.00 100.00
P-2 2.73 9.15 99.82 100.00 100.00 100.00 100.00 100.00 100.00
S-4 1.09 7.41 26.31 69.55 80.87 87.27 93.10 96.21 96.69
S-5 0.66 2.67 5.86 13.40 35.08 57.66 70.18 85.58 96.95
Table 14. Cleaning efficiency of primary and secondary formulated cleaning agents for degreasing
Time(min)
Efficiency(%) 1 2 3 4 5 7 9 11 13
CFC-113 28.3 53.48 72.44 91.01 100.00 100.00 100.00 100.00 100.00
MC 25.12 45.80 74.57 83.08 86.73 93.39 93.72 95.58 100.00
1,1,1-TCE 14.47 25.59 51.61 61.67 71.94 85.99 91.92 98.31 100.00
P-7 24.52 48.98 69.21 85.99 91.90 100.00 100.00 100.00 100.00
P-9 26.17 51.21 71.57 84.72 99.10 100.00 100.00 100.00 100.00
G-1 3.92 18.53 31.92 44.03 54.95 96.04 99.82 100.00 100.00
G-6 4.96 18.35 32.06 44.19 55.05 90.87 98.10 99.59 99.70
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Figure 2. Cleaning efficiency of formulated cleaning
agents for desoldering.
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Figure 3. Cleaning efficiency of formulated cleaning agents
for degreasing.
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