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Abstract : Hydrofluoroethers (HFEs) with fluoride molecules in their structure which are evaluated as the third
generation replacement alternatives to chlorofluorocarbons (CFCs) are known to be excellent for removal of
nanoparticles and fluoride-type soils due to their low surface tension and high wetting index. In addition, HFEs
have good physical properties with no flash point and excellent drying characteristics. But, HFEs also have
shortcomings in that they are not effective for removal of organic soils due to their poor solubility in soil.

In this study, Cs HFE-based cleaning agents were formulated through addition of solvents such as isopropyl
alcohol (IPA), ethyleneglycol monoether (EG), propyleneglycol monoethylether (PM) to HFE-7100
[CF;CF,CF,CF,OCHj3] or HFE-mec-f [CF;CHF=CF,OCH,CF3] with its maximum amount, respectively, in
order to have no flash point for the safety in the working environment. These solvents are known to be excellent
for dissolving organics in soil. Their physical properties and cleaning abilities for fluxes, water-insoluble cutting
oils, and fluoride-type oils were evaluated and compared with those of other cleaning agents with single
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The experimental results show that the HFE-based formulated cleaning agents have various good physical
properties which are almost similar to those of a single type of HFE cleaner. They show excellent cleaning
ability for fluxes, water-insoluble cutting oils, and fluoride-type oils. These results indicate that the
HFE-based formulated cleaning agents can be applicable to various industrial cleaning fields because of

their good physical properties and cleaning abilities

for various soils.

Keywords : Hydrofluoroether, Formulation of cleaning agents, Alternative cleaning agents, Evaluation of

cleaning ability
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Table 1. Mixing ratio of HFEs to additives in the HFE-base
formulated cleaning agents

Classification HFEs Additives  Mixing ratio
HFE-7100 IPA 80:20
HFE-7100 EG 50:50
Formulated
_ HFE-7100 PM 30:70
cleaning
HFE-449mec-f IPA 80:20
agents
HFE-449mec-f EG 60:40
HFE-449mec-f PM 50:50
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Table 2. Composition of various flux tested in this work

Flux Model Composition
(Company, Country) 0mposttio
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flux Amine Surfactant 25~30%
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. 3 Sn-Ag-Cu-In metal alloy
(Senju Metals, Japan)
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Table 3. Physical properties of cleaning agents with single component
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Physical Boilig . Viscosity Surface Flash Vapor . Aniline
properties pH point Dens‘?’ (cP, at tension point pli*;ssure We;tmg point
Cleaning agents ©  FM s dneem 0 Tggy M @©
CFC-113 5.01 48 1.5136 0.65 20.7 none 123.7 112 <-20
1,1,1-TCE 5.78 87 1.3105 0.86 28.7 none 29.9 53 <-20
MC 6.13 40 1.2933 0.17 31.8 none 82.4 239 <-20
HCFC-141b 5.02 30.8 1.2360 0.58 214 none 129.3 100 <-20
IPA 6.66 80 0.7832 2.74 23.6 18.9 20.9 12 <-20
EG 5.70 135 0.9300 1.22 28.8 44 9.2 26 <-20
PM 3.91 120 0.9201 1.58 25.8 38 3.1 23 <-20
HFE-7100 6.00 61 1.5097 0.61 13.6 none 54.2 182 <-20
HFE-476mec(73.3%) 4.08 71 1.3006 1.02 14.8 none 32.7 86 <-20
HFE-476mec(75.3%) 5.29 71 1.3105 0.98 14.3 none 31.8 94 <-20
HFE-476mec(94.2%) 5.61 70 1.4371 0.72 13.8 none 32.0 145 <-20
HFE-476mecf(88.0%) 5.32 69 1.5354 1.05 14.0 none 31.5 104 <-20
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Table 4. Physical properties of formulated cleaning agents

3.2, T MIENQl Hlw EIt

2 k) AgAIe] A4 W7 A Table 5~104] Leh
Atk 7F =2l AgAL] AP B AT BE 29E diE)
Al HFE-476mec= =571 Zoldof we) =2 A a8S X

Physical Boiling Viscosity Surface  Flash Vapor . Aniline
properties Den51ty . . pressure  Wetting .
Formulated pH point @ Jem?) (cP: at tension p(zmt (kPa, at index point
cleaning agents ) 25C) (dynefem)  (C) 37.8,C) ()
HFE-7100:IPA 8:2 | 5.50 53.3 1.3409 0.56 13.6 none 59.4 176 <-20
HFE-7100:EG 5:5 | 6.23 58.1 1.2101 0.86 14.8 none 43.2 95 <-20
HFE-7100:PM 3:7 | 4.11 56.6 1.0901 1.15 164 none 44.7 58 <-20
HFE-449mec-f:IPA 8:2 | 4.74 64.8 1.3709 0.42 14.7 none 429 222 <-20
HFE-449mec-f: EG 6:4 | 4.13 67.8 1.2705 0.95 16.3 none 30.8 84 <-20
HFE-449mec-f:PM 5:5 | 3.34 70.7 1.2100 1.05 17.5 none 29.4 66 <-20
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Table 5. Cleaning efficiency of water-insoluble DF500 flux by single cleaning agents

Cleaning time . . . . . . . .
. 5 min 10 min 15 min 20 min 30 min 40 min 50 min 60 min
Cleaning agents
1,1,1-TCE 36.00 36.00 36.00 36.00 36.00 42.00 42.00 48.00
MC 99.04 99.04 99.04 99.24 99.27 99.27 99.19 99.33
HCFC-141b 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
IPA 29.17 52.78 52.78 55.56 55.56 55.56 55.94 55.94
EG 28.57 28.57 38.10 38.10 47.62 61.90 61.00 80.94
PM 14.29 17.86 42.86 71.43 71.43 71.43 71.43 71.43
HFE-7100 0.00 0.00 0.00 0.00 0.00 12.31 40.00 40.00
HFE-476mec(73.3%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HFE-476mec(75.3%) 34.38 40.63 46.88 46.88 56.25 62.50 68.75 68.75
HFE-476mec(94.2%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-449mec-f(88.0%) 50.00 73.33 73.33 73.33 73.33 80.00 86.67 86.67
Table 6. Cleaning efficiency of water-insoluble Alpha 615-15 flux by single cleaning agents
Cleaning time . . . . . . . .
. 5 min 10 min 15 min 20 min 30 min 40 min 50 min 60 min
Cleaning agents
1,1,1-TCE 97.71 100.00 100.00 100.00 100.00 100.00 100.00 100.00
MC 93.13 96.95 96.95 100.00 100.00 100.00 100.00 100.00
HCFC-141b 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
1IPA 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
EG 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
PM 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-7100 12.50 16.67 16.67 19.17 22.50 24.17 24.17 25.00
HFE-476mec(73.3%) 8.80 16.00 24.80 24.80 28.00 32.80 36.80 37.60
HFE-476mec(75.3%) 74.62 88.46 93.08 95.38 99.23 100.00 100.00 100.00
HFE-476mec(94.2%) 73.96 89.58 96.88 100.00 100.00 100.00 100.00 100.00
HFE-449mec-f(88.0%) 5.47 14.84 22.66 28.13 32.81 35.94 97.50 44.53
Table 7. Cleaning efficiency of water-soluble WS609 flux by single cleaning agents
Cleaning time . . . . . . . .
. 5 min 10 min 15 min 20 min 30 min 40 min 50 min 60 min
Cleaning agents
1,1,1-TCE 77.51 86.60 88.04 88.04 93.78 94.26 97.13 97.13
MC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HCEC-141b 76.77 82.26 83.87 83.87 83.87 84.84 88.39 88.39
IPA 98.42 100.00 100.00 100.00 100.00 100.00 100.00 100.00
EG 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
PM 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-7100 11.68 12.18 14.59 14.59 17.39 17.39 18.65 18.65
HFE-476mec(73.3%) 23.26 52.56 59.07 60.93 61.40 61.40 64.19 64.65
HFE-476mec(75.3%) 69.05 85.71 92.86 96.03 96.03 99.21 100.00 100.00
HFE-476mec(94.2%) 63.60 88.00 94.80 96.80 96.80 100.00 100.00 100.00
HFE-449mec-f(88.0%) 0.00 15.52 17.24 23.28 23.28 30.17 31.03 37.93
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Table 8. Cleaning efficiency of water-soluble WF6063M flux by single cleaning agents

Cleaning time

. 5 min 10 min 15 min 20 min 30 min 40 min 50 min 60 min
Cleaning agents
1,1,1-TCE 89.35 93.23 96.13 95.16 96.13 97.10 100.00 100.00
MC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HCFC-141b 76.89 86.67 94.22 94.22 94.22 94.22 98.22 98.22
IPA 16.17 27.17 31.13 34.78 36.35 40.87 94.96 96.52
EG 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
PM 94.58 98.52 100.00 100.00 100.00 100.00 100.00 100.00
HFE-7100 5.44 38.77 40.88 40.88 40.88 44.21 48.25 49.85
HFE-476mec(73.3%) 18.60 27.27 30.17 32.23 32.23 32.23 35.12 35.54
HFE-476mec(75.3%) 42.55 59.57 76.60 80.85 85.11 85.11 87.23 91.49
HFE-476mec(94.2%) 72.73 84.21 88.04 91.87 91.87 92.34 92.34 92.34
HFE-449mec-f(88.0%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Table 9. Cleaning efficiency of water-insoluble cutting oil by single cleaning agents
Cleaning time . . . . . . .
. 1 min 2 min 3 min 4 min 6 min 8 min 10 min
Cleaning agents
CFC-113 100.00 100.00 100.00 100.00 100.00 100.00 100.00
1,1,1-TCE 99.62 100.00 100.00 100.00 100.00 100.00 100.00
MC 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HCFC-141b 100.00 100.00 100.00 100.00 100.00 100.00 100.00
IPA 98.84 100.00 100.00 100.00 100.00 100.00 100.00
EG 100.00 100.00 100.00 100.00 100.00 100.00 100.00
PM 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-7100 41.20 51.80 69.50 76.30 87.60 92.80 95.90
HFE-476mec(73.3%) 57.19 71.88 78.13 78.13 78.13 78.13 78.75
HFE-476mec(75.3%) 76.14 100.00 100.00 100.00 100.00 100.00 100.00
HFE-476mec(94.2%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-449mec-f(88.0%) 55.63 69.72 76.06 79.58 86.62 90.14 94.37
Table 10. Cleaning efficiency of polyfluoropolyether lubricating oil by single cleaning agents
Cleaning time . . . . . . .
. 1 min 2 min 3 min 4 min 6 min 8 min 10 min
Cleaning agents
CFC-113 100.00 100.00 100.00 100.00 100.00 100.00 100.00
1,1,1-TCE 71.01 71.01 71.43 71.43 71.43 71.43 71.43
MC 16.79 19.08 22.52 25.19 32.06 32.06 33.97
HCFC-141b 44.28 73.19 94.58 100.00 100.00 100.00 100.00
IPA 46.34 46.88 47.97 49.59 52.30 52.30 52.30
EG 13.21 18.93 24.29 25.71 25.71 25.71 25.71
PM 37.87 40.83 47.04 48.52 50.89 50.89 50.89
HFE-7100 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-476mec(73.3%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-476mec(75.3%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-476mec(94.2%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-449mec-f(88.0%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Table 11. Cleaning efficiency for water-insoluble DF500 flux by formulated cleaning agents

Cleaning time . . . . . . . .
. 5 min 10 min 15 min 20 min 30 min 40 min 50 min 60 min
Cleaning agents
IPA 29.17 52.78 52.78 55.56 55.56 55.56 55.94 55.94
EG 28.57 28.57 38.10 38.10 47.62 61.90 61.90 80.95
PM 14.29 17.86 42.86 71.43 71.43 71.43 71.43 71.43
HFE-7100{H1} 0.00 0.00 0.00 0.00 0.00 12.31 40.00 40.00
HFE-449mec-f(88.8%)[HA4} 50.00 73.33 73.33 73.33 73.33 80.00 86.67 86.67
HI1:IPA = 80:20 13.64 22.73 25.76 28.79 28.79 29.39 48.48 50.00
HL:EG = 50:50 30.95 42.86 52.38 61.09 71.43 71.43 71.43 71.43
H1:PM = 30:70 0.00 9.09 63.64 70.45 84.09 84.09 95.45 95.45
H4:IPA = 80: 20 40.74 48.15 74.07 74.07 74.07 74.07 74.07 74.07
H4:EG = 60:40 81.25 96.88 100.00 100.00 100.00 100.00 100.00 100.00
H4:PM = 50:50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table 12. Cleaning efficiency of water-insoluble Alpha 615-15 flux by formulated cleaning agents

. Cleaning time | 5 o0 | 10 min | 15 min | 20 min | 30 min | 40 min | 50 min | 60 min
Cleaning Agent
IPA 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
EG 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
PM 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
HFE-7100{H1} 12.50 16.67 16.67 19.17 22.50 24.17 24.17 25.00
HFE-449mec-f(88.8%)[HA} 5.47 14.84 22.66 28.13 32.81 35.94 37.50 44.53
HI : IPA = 80 : 20 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Hl : EG = 50 : 50 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
HL : PM = 30 : 70 87.50 98.08 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
H4 : IPA = 80 : 20 9756 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
H4 : EG = 60 : 40 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
H4 : PM = 50 : 50 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

Table 13. Cleaning efficiency of water-soluble WS609 flux by formulated cleaning agents

Cleaning time . . . . . . . .
. 5 min 10 min 15 min 20 min 30 min 40 min 50 min 60 min
Cleaning agents
IPA 98.42 100.00 100.00 100.00 100.00 100.00 100.00 100.00
EG 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
PM 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-7100{H1} 11.68 12.18 14.59 14.59 17.39 18.65 18.65 18.65
HFE-449mec-f(88.8%){H4} 0.00 15.52 17.24 23.28 23.28 30.17 31.03 37.93
H1:IPA = 80:20 39.37 58.95 69.63 76.66 88.53 93.37 95.75 97.63
HL:EG = 50:50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
H1:PM = 30:70 93.37 100.00 100.00 100.00 100.00 100.00 100.00 100.00
H4:IPA = 80: 20 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
H4:EG = 60:40 97.54 100.00 100.00 100.00 100.00 100.00 100.00 100.00
H4:PM = 50:50 61.88 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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|
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Table 14. Cleaning efficiency of water-soluble WF6063M flux by formulated cleaning agents

Cleaning Time . . . . . . . .
. 5 min 10 min 15 min 20 min 30 min 40 min 50 min 60 min
Cleaning agents
IPA 16.17 27.17 31.13 34.78 36.35 40.87 94.96 96.52
EG 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
PM 94.58 98.52 100.00 100.00 100.00 100.00 100.00 100.00
HFE-7100{H1} 5.44 38.77 40.88 40.88 40.88 44.21 48.25 49.82
HFE-449mec-f(88.8%)[H4} 42.55 59.57 76.60 80.85 85.11 85.11 87.23 91.49
HI1:IPA = 80:20 9.62 15.95 52.38 55.54 81.56 85.07 87.10 84.39
HLI:EG = 50:50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
H1:PM = 30:70 91.49 98.58 100.00 100.00 100.00 100.00 100.00 100.00
H4:IPA = 80: 20 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
H4:EG = 60:40 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
H4:PM = 50:50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table 15. Cleaning efficiency of water-insoluble cutting oil by formulated cleaning agents

Cleaning Time . . . . . . .

. 1 min 2 min 3 min 4 min 6 min 8 min 10 min
Cleaning agents
IPA 98.84 100.00 100.00 100.00 100.00 100.00 100.00
EG 100.00 100.00 100.00 100.00 100.00 100.00 100.00
PM 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-7100{H1} 41.20 51.80 69.50 76.30 87.60 92.80 95.90
HFE-449mec-f(88.8%)[H4} 55.63 69.72 76.06 79.58 86.62 90.14 94.37
HI1:IPA = 80:20 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HI:EG = 50:50 74.79 98.35 100.00 100.00 100.00 100.00 100.00
H1:PM = 30:70 100.00 100.00 100.00 100.00 100.00 100.00 100.00
H4:IPA = 80: 20 45.17 61.39 72.97 80.31 89.19 98.07 100.00
H4:EG = 60:40 64.36 88.83 94.68 100.00 100.00 100.00 100.00
H4:PM = 50:50 50.13 64.00 74.13 82.93 92.00 94.93 99.47

Table 16. Cleaning efficiency of polyfluoropolyether lubricating oil by formulated cleaning agents

Cleaning Time . . . . . . .
. 1 min 2 min 3 min 4 min 6 min 8 min 10 min
Cleaning agents
IPA 46.34 46.88 47.97 49.59 52.30 52.30 52.30
EG 13.21 18.93 24.29 25.71 25.71 25.71 25.71
PM 37.87 40.83 47.04 48.52 50.89 50.89 50.89
HFE-7100{H1} 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HFE-449mec-(88.8%)[H4} 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HI:IPA = 80:20 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HI:EG = 50:50 5.46 6.26 6.40 6.60 6.69 6.69 6.69
H1:PM = 30:70 100.00 100.00 100.00 100.00 100.00 100.00 100.00
H4:IPA = 80: 20 100.00 100.00 100.00 100.00 100.00 100.00 100.00
H4:EG = 60:40 75.88 91.87 100.00 100.00 100.00 100.00 100.00
H4:PM = 50:50 30.21 59.38 91.67 100.00 100.00 100.00 100.00

HFEA A7gAlel 9 AAZE AP Eg&o] 53] Az < A% Wt st AP aES YeRSIth Table 144+

Tk IPA, EG, PME- wj§ste] A% &-89] IPA, EG, PM A7 879 E2 2 WF 6063Me]| djgt N3 &&-S Uehliith 5
a8} Pobde B vk 84 Z)2 WSG09DML A5 37k mh3k744 2 HFEA A]
Table 136 2-84 Zelx WS6099] AlA &S LERg] AA9) HFE-71009} HFE-449mec-f= 414 80| A %519

I
t}. Tableo]r] ¥ u}9} o] HFE-71009} HFE-449mec-f A"t IPA, EG, PME w|ga ¢ Adago] Asds &
BT OAE AREEGlE AHEU [PA, EG, PME @313 T AUtk



180 ZHZ&/= X164 X35, 20104 92

froll dist A aEES UeR
ol o] HFEA A4 A x.c}h 414
Al7P<>1 %‘THMJ—, AARage] Asdes & F Stk v
AAA] oko] Z A9l nixk AR IPA, PM, EGS

]

=217
HHEL% B9 A E g FEAIZ O E HFE A A o} ebA G A
o} A7) wigato] 7 AgA Y] TS Bekd = 3le e

= e
Table 16 1178 E‘EE ‘)rEM%lDP =

B A oo gtk A
27 @6 A= HFE-7100 7} 712} 1P, o wjakat A%
A= 100%2] m$- H& AdaeS EOJ Elas] EG uHsts} A
A= 10% v)ke] w9 Az AP asS BTk

E

Re EG7F Az MAEL /1K1 9 1]**%01 5
HFE-71009] Al g8 & 714 Agde] w=7] o
9l Ao 7 o)A} 12y} HFE-449mec-f2} EG$} )|
g AAE olefd Aol uEhbA ddtedl olZle
HFE-449mec-f o] IPA 59] B8] ks F97] W&
]l o= IAdFErt. 23l Table 1604 XHi= Hig} Zo
HFE-449mec-fo} wjglst 2 & MG A| = 45 o) 100%2] A
AaES Yol =47 =l distel HFE A7 Alo] 2
s EPEAIE E3eto] A adS FAskEA 17ke] HFE
ARA AHEFE =Y F des & F ok
Figure 1~3 ¢ke] Auls Fo A HFE-449-mec-f{H4] <]
PM, EG, IPA°| F7}ste] 2kt u]=87d flux, 84 flux, H]
S84 Aok W 2o 0018 RS ANE TANeR &
A%t @z olt}. Figure 15+ H4, PM, 1811 o]59] wjghE
A7dA 2] H=E4 fluxel DF 5009} Alpha 615-150]] tjgk A
B34 goket Zolth. TR B nlsh o] H4, PME
G AP A E AFE-EE 735 DF500] thate] Azt Al a&
= Hol FAAN F 24 5:5% ek AEAZE D Al
go] =) Yelgt 181 v]a=843 fluxel Alpha 615- 159]
Halid= PME ofF £2 AdasES Bo] FAA Z47
AFARE ofF AxsE AP asS bl ol F 545

0o oo Mo

P

watalS A PMa} 22 973 A asS Hol Tk
Figure 2= H4, IPA, 712]11 o] =98] wigt=A17d 41 ¢ 84

100 | B=t=ft =gt o
~ M----u
X -
< 80 &
> T S
g F = ==== ___-‘-___0_---’
4
2 ’ 1
S 60 [ 4
£ / /
o " .
.0
g 40 e (passronses o
5 AT = 2-—DF500/PM
- Il ,.~'O' ~ &= DF500/H4
O 20 L .,-O = === DF500/H4:PM = 50:50
.—ﬁ' =++0+= Alpha 615-15/PM
K +++O-++ Alpha 615-15/H4
0 [0} ===A===A1_Q'}£1615—15/H4APM*SU:50

5 10 15 20 25 30 35 40 45 50 55 60
Cleaning time (min)
Figure 1. Comparison of cleaning efficiency for two types

of water-insoluble flux by single and formulated
cleaning agents.

100 | Gm—0-x = S = 2
IR
JCERPTLL a
...... Cherennnenaernneeen ¥
~ 80 o .
< s —&— WSG609/IPA
g - ®- WS609/H4
£ 60 | ] -4~ WSG609/H4:IPA = 80:20
g "Lj -+ A== WF6063M/IPA
£ -0~ WF6063M/H4
D K e Ors WEF6063M/H4:IPA — 80:20
°0 o !
E 40T e A N
S e ~ L
© - -
U 'A‘ | 3 - - -
L S ————
20 2
4
4
4
4
0 =

5 10 15 20 25 30 35 40 45 50 55 60
Cleaning time (min)

Figure 2. Comparison of cleaning efficiency for two types
of water-soluble flux by single and formulated
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