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ABSTRACT : Fluoride-type cleaning agents such as TFEA (2,22-trifluoroethanol) and HFE
(hydrofluoroether) are noticed to be next generation cleaning agents alternative to CFCs since they do not
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destruct ozones in the stratosphere due to no containment of chloride in the molecule, have lower global
warming potential compared to HFCs and HCFCs, and are thermally stable compounds. Thus, the physical
properties and cleaning abilities of TFEA, HFE-7100, and HFE-7200 which are considered to be the next
generation cleaning agents were measured and compared with those ot CFC-113, 1,1,1-TCE and HCFC-141b
which are ozone destruction substances. They were also compared and evaluated with those of IPA and
methanol which are currently employing as alternative cleaning agents. And TFEA-based cleaning agents
consisted of TFEA and alcohols or HFEs were formulated, their physical properties and cleaning abilities
were measured and their utilization as alternative cleaning agents was evaluated.

As a result, TFEA and HFEs have lower cleaning ability for their removal of various soils compared to
chloride-type cleaning agents, but they show excellent cleaning ability for Fluoride-type soils. And it 1s
observed that the formulated cleaning agents of TFEA and alcohols or HFEs caused to increase cleaning
ability of flux and unsoluble cutting oil more than 100% compared to their individual component.

Therefore, the fluoride-type cleaning agents are

expected to be utilized for development of

environmental-friendly non aqueous cleaning agents with excellent cleaning ability it they are formulated

with proper solvents or additives.
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Table 1. Experimental conditions for measuring the
cleaning ability of cleaning agents

CFC-113, 1,1,1-TCE, HCFC-141b,

. MC, IPA, methanol, TFEA, and
Cleaning agents

TFEA /HFEs blends
Flux, Cutting oil, Silicon oil,

Soils Rolling bearing grease, Silicon

prease, Fluoric grease

“Substrates (size) | SUS 304257552 mm)
stage
g:ta;;gg Immersion rinsing (1 min, 25C)
- stage
=T
methods

3. &

Immersion cleaning (25 C)

Hot air drying (10 min, 60 C)

Gravimetric test
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Table 2. Physical properties of hon—aqueous
cleaning agents

Physical
ysi Density | Viscosity Surf‘ace
operties|f pH o/a) | (P tension _
| Cleaning Solwe : (dyne/ cn) C .
CFC-113 15136 0.65 | 207 |112.15
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Table 3. Physical properties of formulated non-

aqueous cleaning agents

Surface
tension

hysical Properties

Wetting
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Table 4. Cleaning efficiency (%) of various non-
aqueous cleaning agents for cleaning flux

Cleanin
1Solvents

CFC-113 ~ 10.39|16.82
111-TCE 100.0 100.0|100.01100.

5.71
99.6

25.06129.

!
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HCFC-141b 100.0 100.01100.01100.01100.0100.0{100.0
MC  1100.01100.01100.01100.0{100.0{100.0{100.0]100.0
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Table 5. Cleaning efficiency (%) of various
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Table 6. Cleaning efficiency (%) of
non—-aqueous  cleaning agents  for
polyfluoropolyether lubricating ol
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Table 7. Cleaning efficiency (%) of various

non—aqueous cleaning agents for cleaning silicone oll

Sleaning Time 1192131 4 & {10 | 20

Cleaning N | min | min | min | min | min { min

Solvents
CFC-113

=
=
=
=

o R S . |
- o |
! | &
< | o |
et
2
: o
o | O | O

-’
-

o
Pk
\
o~ 3
AN ]
O |
Prmmek
e
-
-

N,

@)
‘-
> | ©

 To—
2 | O
S | D
o I SN @
=M=
| &

——

100.0{100.0{100.0{100.0 {100.0
100.0{100.0 {100.0]100.0{100.0 {100.0{100.0 {100.0]

[PA 042 (2712|3121 38.42|42.80 [43.64 | 48 45
26.51199.16 [98.9299.28 99,52 [99.52{99.16 | 98.67
- TFEA | 0.0 |1227|2850|30.46| 4025|4237 | 4781|4877
| HFE-7100 | 000 |19.09]19.542057|27.77|28.57 | 29:83 | 35.20
14.32|27.14(29.45|31.76 [ 33.95 | 37.41



Table 8~109< 37}A] F/<4 ZLejzo tigt A
A% FrraaE et 8 HojgE 19
2ol A aga AAZT, LA AAZAE A <9
St 559 AAAE o it o AHZZ A
A= Ryt gy BA4A agls A A A
X HFEsE A st 28 MAAZE A A3
AR TE HEA 9 HFEs A& A= 10 min ©]wWo
85% ol MABRES

Table 8. various

non—-aqueous cleaning agents for cleaning rolling

Cleaning efficiency (%) of

bearing grease

LEEEEEE
min | min | min | min | min | min | min { min
7 o S e
o sl o oo

98.53199.82 -
98 58199.721100.01100.0 {1
113 | 147 | 3.47
a1 1 oa s )

e oo s
I ) e

Table 9. (0/0) of
non—-aqueous cleaning agents for cleaning silicone

Cleaning
Solvents _

Cleaning efficiency various
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Table 10. Cleaning efficiency (%) of various non-
agueous cleaning agents for cleaning fluoric grease

leaning Time| 10 | 20 | 30 | 40 | 50 | 60
leanlng SOIVE mm ITIII\ mm mm l'nlI'\ mm

IS TER 53 T I
033 |-4.32]1.50 | 1.83 | 1.70 | 1.7
mm 0.16 | 0.35 | 0.56

alo
TEFEA 0.1010.10{0.10 1 0.10 | 0.10

HFE-7100 89.
 HFE-7200 90.89
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2 ©ABS AASEH EBAYLS L

322. £ HIFAAMBA Y AR H7HEH

TFEA® HFEs7} 247 LA=5 AlQd 9=
Aol diste] Ax3 MAES 7HH wel TFEAO)
BAEE YotA| T2 H
alcohol?}, HFEsE T ¢ o = sty A7 A|A
o] g #Fst R} ST

TFEA %} alcohols(methanol IPA)-S &3F3std AX
ot 23 AAAS] LdZo ImE AT BHIHEY
£ Figure 1~6°] YERHIAT} Figure 19l TFEA/
methanol £33 AAAY flux MARES YERRU
t}. TFEA ©¢ E3Z flux A& A, AAAIZE Ul
oF 50%2] flux AAEES ROy, O &
Q50] methanol®] A% H7I9to 2 100%7FA] flux
MA o] F7tste AL 2 YER%Y. Unsoluble
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Fig. 1. Cleaning efficiency of formulated - Fig. 4. Cleaning efficiency of formulated
- non-aqueous cleaning agents of TFEA(T) non—aqueous cleaning agents of TFEA(T)
and methanol(M) for cleaning flux. and IPA(l) for cleaning flux.
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Fig. 2. Cleaning efficiency of formulated Time (min)
non-aqueous cleaning agents  of Fig. 5. Cleaning efficiency of formulated
TFEA(T) and methanol(M) for cleaning non—-aqueous cleaning agents of TFEA(T)
unsoluble cutting oll. ~and IPA(l) for cleaning unsoluble cutting
oll.
100 1 ol T B A 3 o T
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—g— T M=9 1 100 o TFEA
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Fig. 3. Cleaning efficiency of formulated Time (min)
non-aqueous cleaning agents of TFEA(T) “Fig. 6. Cleaning efficiency of formulated
and methanol(M) for cleaning rolling non-aqueous cleaning agents of TFEA(T)
bearing grease. - and [IPA(l) for cleaning rolling bearing
' grease. ' ' '
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Cleaning efficiency (%)
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Fig. 7. Cleaning efficiency of formulated
non—-aqueous cleaning agents of TFEA(T)
‘and HFE-7100(H1) for cleaning flux.
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Fig. 8. Cleaning efficiency of formulated
non—-aqueous cleaning agents of TFEA(T)
and HFE-7200(H2) for cleaning flux.
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Fig. 10. Cleaning efficiency of formulated
non-aqueous cleaning agents of TFEA(T) and
HFE-7200(H2) for cleaning unsoluble cutting ail.

100

80

60

40

Cleaning efficiency (%)

20 |

—@— TFEA

-O— HFE-7100
~—gp— T  H1 =91
o— T:H1=56:5
& 1T . H1=1:9

L ) %
0 { :“"‘."-'f-*-w*------‘---:-""' -
| a ‘llD ;0 3[0 4I0 SIU 610
Time (min)
Fig. 11. Cleaning efficiency of formulated

non-aqueous cleaning agents of TFEA(T) and
HFE-7100(H1) for cleaning rolling bearing grease.
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Fig. 9. Cleaning efficiency of formulated Fig. 12. Cleaning efficiency of formulated

non-aqueous cleaning agents of TFEA(T)
and HFE-7100(H1) for cleaning unsoluble

cutting oll.
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