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BAaA 3359 AME3bolere(2,2,2-trifluorcethanol, TFEA)S} 4=431E-3}ollg] 2 (hydrofluoroether,
HFE):= 4399 2&58 BsiA don, 435 3te4(hydrofluorocarbon, HFC) W 431513}
g2x(hydrochlorofluorocarbon, HCFC)A| A7 Aol Blsle] A7-2d3} JFHE Wt E3], Aol glE
HFEA AAAlE W Q133S zhe vskrdr] AgART gl kst 7o sl A 3t
E3letax(chlorofluorocarbon, CFC) tAlMEAZ FEEL QItk £ ATolxe B AR TFEA,
HFE-7100, HFE-7200, HFE-476mec, HFE-449mec-f, AE-3000, AE-3100E9} 4224 AAAQ Eg]Z
2 2 of| B E 2] v gl A @trifluoroetoxytrimethylsilane, TFES)$} sAbw|gr]aelzt (hexamethyldisilazane,
HMDS)S) EA4% AAEE 9&shs 2749 CFC-113, Ard3ioiei(1,1,1-trichloroethane) 8 #3183
o] 3}gki(methylene chloride, MC) 5-2] @4A ABAl, T3 A dAAPAZ go] ARSI Q&
o)A 2 Yok L(isopropyl alcohol, IPA) 53} nln Hr}eigick 1 A3 TFEAS} HFEse= gutaos
WA= ThoFst @ QEA S tidte] QA AAAC Hgte] B HA5HE RAFUARL E4E Eh
3 B4 0 GEY AAE ¢ AME S B 23 A2EA AEAIQ] TFESS HMDS: A
A LFE] tiFt Aol $5EE BT

FAo] : AESEE, EEFRASAEWEAR, dAET A, FA5E g2, thAAA,
Ag/ds H7t

ABSTRACT : Fluoride-type cleaning agents such as 2,2,2-trifluoroethanol (TFEA) and hydrofluoroethers
(HFEs) do not destroy ozone in the stratosphere and have low global warming potential compared to
hydrofluorocarbons(HFCs) and hydrochlorofluorocarbons (HCFCs). Especially, HFEs which have no flash
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point are paid attention as next generation type of cleaning agents for chiorofluorocarbons (CFCs) since they
are safe in handling and have excellent penetration ability compared to hydrocarbon cleaning agents with low
flash point. Here, the physical properties and cleaning abilities of fluoride-type cleaning agents such as TFEA,
HFE-7100, HFE-7200, HFE-476mec, HFE-449mec-f, AE-3000 and AE-3100E and silicide-type cleaning
agents such as trifluoroetoxytrimethylsilane (TFES) and hexamethyldisilazane (HMDS) were measured and
compared with those of ozone destruction substances such as CFC-113 and 1,1,I-trichloroethane. They were
also compared with toxic methylene chloride (MC) and isopropyl alcohol (IPA} which are now being used as

an alternative cleaning agents.

As a result, TFEA and HFEs had lower cleaning ability for removal of various soils compared to chloride-type
cleaning agents, but they showed excellent cleaning ability for fluoride-type soils. TFES and HMDS also showed

excellent cleaning ability for silicide-type soils.

Key words : 2,2,2-Triflucrocthanol, Trifluoroetoxy-trimethyl-silane, Hexamethyldisilazane, Hydrofluoroethers,
Alternative cleaning agents, Cleaning evaluation
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Table 1. Experimental conditions for measuring the cleaning ability of

cleaning agents

Cleaning agents

CFC-113, 1,1,1-TCE, MC, IPA, TFEA, TFES, HMDS,
HFE-7100, HFE-7200, HFE-476mec,
HFE-449mecf, AE-3000, AE-3100E

Contaminants

Flux, Cutting oil, Silicon oil,
Polyflouoropolyether lubricating oil,
Rolling bearing grease, Silicon grease, Fluoric grease
Mixed oil (Cutting oil 65%, Rolling beacing grease 35%)

Substrates (size)

SUS 304 (25x75x2 mm’)

Cleaning
stage

Immersion cleaning (10~60 min, 25%C)

Cleaning | Rinsing
methods stage

Immersion rinsing (I min, 25C)

stage

Drying Hot air drying (10 min, 60°C)

Analytical methods

Gravimetric test
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Table 2. Physical properties of cleaning agents

ysical pH  Boiling Density Viscosity  Surface  Flash P‘r’;‘;zie Wetting Aniline  Solubility
p?mt at 25C tension p(:mt 37.8°C index p?mt parameter
() (g/cm) (cP) (dyne/cm) (C) (kPa) (4 0)) (MPal/2)
CFC-113 5.01 48 1.5136 0.65 20.7 none 123.7 112 <-20 19.4
1,1,1-TCE 5.78 87 1.3105 0.86 28.7 none 29.9 53 <-20 22.0
MC 6.13 40 1.2933 0.17 31.8 none 824 239 <-20 20.7
IPA 6.66 80 0.7832 271 23.6 18.9 20.9 12 <-20 237
TFEA 6.11 74 1.3621 0.20 23.0 34.0 9.3 296 -16.7 23.0
TFES 7.16 55 0.7624 0.10 19.4 <10 33.7 393 -3 15.0
HMDS 5.81 126 0.7622 052 18.6 11 14.3 79 93 14.6
HFE-7100 6.00 61 1.5097 0.61 13.6 none 54.2 182 <-20 15.3
HFE-7200 5.71 76 1.4115 0.61 13.6 none 38.0 170 <-20 15.4
HFE-476mec 5.29 71 1.3105 0.98 143 none 31.8 94 <-20 15.6
HEFE-449mec-f 5.32 69 1.5354 1.05 14.0 none 31.5 104 <-20 15.2
AE-3000 4.93 56 1.4940 0.65 16.4 none 31.8 140 <-20 15.3
AE-3100E 432 54 1.4058 0.60 16.1 none 28.0 146 <-20 -
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Figure 1. Cleaning efficiency of various single cleaning
agents for flux.
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Figure 2. Cleaning efficiency of various single cleaning

agents for rolling bearing grease.
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Figure 3. Cleaning efficiency of various single cleaning
agents for water-insoluble cutting oil.
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Figure 4. Cleaning efficiency of various single cleaning
agents for mixed oil.
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% :AE-3000, +:AE-3100E)
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Figure 5. Cleaning efficiency of various single cleaning
agents for silicone oil.

(CFCFC-113, O:L1,1-TCE, AMC, ViIPA, OTFEA, QOTFES,

<}:HMDS, [>:HFE-7100, +y:HFE-7200, ¢ :HFE-476mcf,

+:HFE-449mec-f, X:AE-3000, (:AE-3100E)
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Figure 6. Cleaning efficiency of various single cleaning
agents for silicone grease.
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Figure 7. Cleaning efficiency of various single cleaning
agents for polyfluoropolyether lubricating oil.
({JCFC-113, O:1,1,I-TCE, AMC, V:IPA, OTFEA, (OITFES,
<|:HMDS, [>:HFE-7100, +¢:HFE-7200, ¢ :HFE-476mcf,
+:HFE-449mec-f, X:AE-3000, [X:AE-3100E)
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Figure 8. Cleaning efficiency of various single
cleaning agents for fluoric grease.
((1CFC-113, (O:1,LLI-TCE, A:MC, “:IPA, <:TFEA,
Q:TFES, <:HMDS, [ :HFE-7100, yr:HFE-7200, ¢ :HFE-
476mcf, +HFE-449mec-f, X:AE-3000, X:AE-3100E)
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