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ABSTRACT

Low nol ecul ar weight silicone fluids are finding use as repl acenents
for CFCs and nethyl chloroformin a variety of cleaning applications.
These fluids are described as volatile nethyl siloxane (VMS) fluids.
They are very low in toxicity and do not contribute to depletion of
the ozone |ayer. -

The linear VMS fluids, available comrercially as Dow Corning(R) OS
Cleaning Fluids, will renove nost surface contaninants found in
precision metal working, such as cutting fluids, greases and silicone
fluids. They evaporate to |eave no residue. They do not harm nost
el astoners or plastics.

OS Ceaning Fluids are currently being used as cl eaning agents by
manuf acturers of optics and precision aerospace conponents, and eval -
uations are underway at a |arge nunber of manufacturers of precision
parts and electronic conponents.

| NTRCDUCTI ON

Since the drafting of the Mntreal Protocol, users of chlorofluorocarbons
éCFCS)’ met hyl chloroform (I,1,1 trichloroethane or TCA), and other ozone
epl eting substances have been searching for acceptable alternatives for their
cleaning and carrier applications. Al though many alternatives are being
offered, it has become evident that there are no one-for-one replacements for
CFCs and TCA. There are no replacenments that are "ozone safe" and al so have
all the sane properties and performance characteristics as these substances
used formerly. In the past, a whole plethora of applications were served by
TCA and a few CFCs, but now the user must identify the specific alternative
that best neets the requirenents of his or her specific cleaning or carrier
application.

In precision cleaning, the user can choose from many aqueous, seni-aqueous and
non-aqueous alternatives. Wile aqueous and sen -aqueous cleaning systens are
often chosen, there are cases where non-aqueous systens are preferable. Non-
aqueous systenms offer excellent cleaning, no potential for corrosion, sinpler
processing, and easy recyclability.

Dow Corni ng Corporation has recently introduced a new non-aqueous chemistry
offering all of these benefits. This new chenmistry is a fanmly of |ow



mol ecul ar wei ght silicone fluids described as volatile nethyl siloxane (VMS)
fluids and having either a linear or a cyclic structure:
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typically, n = 04 typically, x = 3-6

These VMS fluids are known commercially as DOV CORNING R) OS fluids. The
[inear VM5 fluids, known as OS-10, 0S-20 and

(CS-30 Cleaning Fluids, are rapidly gaining acceptance as precision cleaning
agents and are now being used in the cleaning of aerospace gui dance system
conponents, optics, and electronic conponents.

PROPERTI ES OF VOLATILE METHYL SILOXANE FLU DS

Dow Corning OS Ceaning Fluids are pure distilled nethyl polysiloxanes
containing no additives. They are crystal clear and al nost odorless.
Evaporation rates are slower than CFC-113 and are in the range of butyl
acetate. Like CFC-113, the OS O eaning Fluids evaporate conpletely at room
tenperature and |eave no residue.

The physical properties of three linear OS Ceaning Fluids are summarized on
Table I. Note that the surface tensions are very low. This allows the OS
fluids to spread rapidly and to creep into tight places to renove soils in the
same nmanner as CFC-113 does.

VMS fluids are conbustible or flammble. OS-10 Ceaning Fluid has the |owest
mol ecul ar weight, is the nmost volatile, has the |owest flash point, and is
classed as flammable. The highest nolecular weight OS fluid has a higher
flash point (135 degrees F, closed cup) and is classed as conbustible.

VMS fluids have a low order of toxicity. OS Ceaning Fluids are non-
irritating to the skin and respiratory tract and are non-sensitizing to the
skin. They can cause nild eye irritation simlar to wind burn ("dry eye").
OS C eaning Fluids have not been found to be genetically active in a battery
of in vitro tests. They have low oral and dermal toxicity and have not
produced significant toxicity in any aninal studies to date.

CLEANING ABILITY

OS deaning Fluids will renpve nost surface contaminants found in precision
metal working and optics processing, and will renove nmobst non-ionic soils in
el ectronics processing. They are nilder than nmpbst other solvents (low Kauri -
But anol values), but are excellent solvents for surface soils such as oils,
greases, cutting fluids, and silicone fluids. Figure | conpares the

ef fectiveness of OS Ceaning Fluids and TCA in renoving grease and cutting



fluid at room tenperature. \Wxes can be renoved provided the VB fluid is
heated. Mechanical agitation or ultrasonics will speed the cleaning process.

After cleaning with VM5 fluids or any other cleaning agent, parts can be
rinsed with OS Ceaning Fluids. The very low surface tension (-17 dynes/cnm
promotes rapid draining from surfaces. The nost volatile VM5 fluid (Dow
Corning OS-10) can function as a drying agent; parts rinsed in this VM5 fluid
will dry in less than a ninute at room tenperature. The less volatile OS
Cleaning Fluids take longer to dry and application of noderate heat will speed
the drying process.

COVPATI BI LI TY

VWMs fluids are very mld solvents and are safe for cleaning al nost any
substrate. OS O eaning Fluids have practically no effect on plastics and

el astoneric materials during the cleaning process. Tables Il and IIl show the
effect of soaking coupons of various plastics and elastoners in OS Ceaning
Fluids for extended periods of tine.

CLEANING EQUI PMENT

VMs fluids can be used in existing cleaning equi pnent provided it is designed
to safely handle flat-tunable or combustible liquids. Vapor degreasers have been
modi fied by some users to utilize 0530 Cleaning Fluid. Ceaning equipnment
designed for use with |PA can be easily adapted to use OS-10 or CS- 20.

Contact Dow Corning or your equiprment nmanufacturer for specific

reconmendat i ons.

RECOVERY AND RECYCLE

OS Ceaning Fluids can be readily cleaned and recycled by distillation and/or
filtration, depending on the contam nants present. Recycle of OS deaning
Fluids makes their use nore economcal and reduces the potential for entry
into the environnment.

REGULATORY STATUS

Studies conducted at the University of California, Riverside, denonstrated
that OS Cleaning Fluids have an atnospheric lifetime of 10 to 30 days. Thus
OS fluids will not rise and accunmulate in the stratosphere to deplete the
ozone layer and they do not contribute to global warmng. Utimate breakdown
products are carbon dioxide, silicic acid, and water.

Dow Corning has nade a voluntary submission to the United States Environnental
Protection Agency (EPA) requesting inclusion in the list of acceptable
substitutes as precision and electronics cleaning substances in the
Significant New Alternatives Policy (SNAP). The Dow Corning subnission is
still under review, but EPA has stated that "prelimnary indications are that
this substitute nmerits approval" (58 Fed. Reg. pg. 28175).

Further studies at University of California, Riverside, have shown that CS
Cleaning Fluids do not contribute to tropospheric ozone formation. (Low |evel



ozone formation is a proven contributor to snmog formation and is the main
reason for current VOC regulations.) Citing these University of California
results and other relevant studies, Dow Corning petitioned the EPA in 1992 for
an exenmption from VOC regulations. The review of this petition is pending.

SUMVARY

O all of the CFC alternatives available today, VMs fluids come closer than
any other to matching the performance capabilities of CFCs. OS C eaning
Fluids and CFCs offer sinilar cleaning performance, |ow surface tension,
excel lent material conpatibility, no-residue drying, and excellent

t oxi col ogi cal properties. In addition, the OS Ceaning Fluids have not
shown any adverse environmental effects. For these reasons, VM5 fluids are
beconi ng the cl eani ng-agent-of-choice in a growi ng nunber of precision
cleaning applications.



TABLE |. PROPERTIES OF VMS FLUIDS

CFC-113 TCA 0s-10 0s-20 0s-30
MCLECULAR WEIGHT 187 133 162 236 310
FLASH POINT NONE NONE 3a 94 138
closed cup (°F)
FREEZING POINT °C -35 -37 -68 -86 -76
BOILING POINT °C 47 74 100 149 192
EVAPORATION RATE 17 6 3 1 0.1
butyl acetate = 1.0
VISCOSITY at 25°C,cst 0.68 0.79 0.65 1.0 1.5
SPECIFIC GRAVITY 1.56 1.31 0.76 0.82 0.85
at 25°C
SURFACE TENSICN 17.3 25.5 15.8 16 18
at 25°C, dymes/cm (est)
HEAT OF VAPORIZATION 35 56.7 46 44 36
cal/gm at 1S0° F (est) (est) (est)
KAURI-BUTANOL VALUE 31 124.8 16.6 15.1 13.4
TABLE Il COMPATABILITY OF VMS FLUIDS WITH ELASTOMERS
[-week immersion at 50° C, percent swell
POLYMER COMMON HYDROCARBON 0S~10 0S-20 0s-30
NAME ESTER
ACRYLONITRILE- BUNA N -.4 8.1 0 .4
BUTADIENE
CHLOROSULFONATED HYPALON 12.8 2.4 -1.8 -1.9
POLYETHYLENE
EPDM RUBBER NORDEL 24.6 ~3.9 -6.6 -8.6
FLUOROELASTOMER VITON A 0 ~-1.7 0 0
VITON B ~.8 -1.2 -1.2 0
ISOBUTYLENE- BUTYL 28.9 3.5 -5.8 -4.0
ISOPRENE RUBBER
NATURAL NATURAL 50.3 16.0 11.5 4.9
POLYISOPRENE RUBBER
POLYCHLOROPRENE NEOPRENE 41.2 58.5 56.9 53.9
POLYSILOXANE | SILICONE 13.6 -7.1 -8.3 -8.3




TABLE III. COMPATIBILITY OF VMS FLUIDS WITH PLASTICS
lday immersion at 50° C, percent weight change

POLYMER BRAND NAME HYDROCARBON 0s-10 08-20 0s-30
ESTER
NYLON | v 03 ny 0 43
ACRYLIC | Luems Q.1 02 0 0.1
POLYSULPHONE | . Q1. a1 0 2.1
PET I RYNITE 0 0 0 Q
POLYCARBONATE | torFak .1 al 0 .1
" POLYVINYL CHLORIDE pvC 2.1 2.1 0 <0
ACETAL DELRIN 0.1 0.2 0 Q.1
ABS KRALASTIC - 0 03 0 Q.1
POLYPROPYLENE . 1.5 0.6 0 0.1
PBT VALOX 0 03 0 Q.1
POLYETHERIMIDE ULTEM 0.1 Q1 0 0
PVDF KYNAR 0 0 0 0
POLYSTRYENE STYRON 14 0.4 0 0.1
CHLORINATED POLYVINYL PvC 0 0 0 )
CHLORIDE
PTFE TEFLON 0 0 0 0
IONOMER SURLYN 7.1 0.6 0 0
ACRYLIC CLEAR LUCTTE 2.1 02 0 0
HIGH IMPACT POLYSTRYENE | STYRON 173 0 0 0
POLYCARBONATE B TUFFAK 0 2.1 0 Q.1
POLYPRO . 0.9 03 0 0.1
PVC Ve - 0 0.1 0 0
NYLON B ZYTEL 2.1 02 0 02
WHMW POLYETHYLENE ALATHON 2.7 0.6 0 0.1
1 0.2 0 06
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