rom http://www.everyspec.com

Mil-HDBK-406

SIOCTOBER 1971

MILITARY STANDARDIZATION HANDBOOK

CONTAMINATION CONTROL
TECHNOLOGY

Cleaning Mateﬁalé for Precision Precleaning

and

Use in Clean Rooms and Clean Work Stations




- i . ' umll e o
Z{ - P __j Downloaded from http://www.everyspec.com

Contamination Control Technology

Cleaning Materials for Precision Precleaning
and Use in Clean Rooms and Clean Work Areas
31 October 1971

' MIL-HDBK~406

1. This standardization handbook was developed by the US Army Missile
Command in accordance with estabiished procedure,

| 2. This publication was approved on 31 October 1971 for printing and
\ inclusion in the military standardization handbook series.

materials for use-in precision precleaning of material to be further processed
in clean rooms or clean work areas. It provides valuable information to
both design and logistics personnel who are concerned with material which
. requires precision cieaning techniques. The handbook is not intended to
be referenced in its entirety for mandatory use in procurement specifications
’ except for informational purposes, Specific materials may be specified.
No ci-iteria herein is intended to supersede any specification requirements.

‘ 3. This document provides basic and fundamental information on cleaning

4. Every effort has been made to reflect the latest information on materials
suftable for use as delineated. It is the intent to review this handbook
periodically to insure fts completeness and currency. Users of this document
for changes and inclusions to:

Commanding General

US Army Missile Command
Standardization Division
AMSMI-RCS

Redstone Arsenal, Alabama 35809
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FOREWORD

The purpose of this document {s to focus the attention of

designers, clean room personnel and those persons engaged in
contamination control, on the importance of the proper selection

of cleaning materials. and cleaning agents; and their compatibilities
with the materials being cleaned. This report should serve as a guide
for the proper selection of c¢leaning materials. It does not,
however, recormend any given clean1ng agent or process for specific
hardware, as the types of materials'used in various systems

differ widely.

The purpose of this handbook was to present as much pertinent data as
possible, in one volume, on most of the cleaning agents associated
with precision cleaning of hardware.

It has been observed that most of the indepth studies to date, of
materfals compatibilities with cleaning agents, have been undertaken
as the result of catastroph1c failure or system malfunction.

J.B SHUUIG UB PU]"LBU OI.II; Bﬂﬂ( saruuy anu CDdeI;lDI ll(-y LESLIT 9
must be performed prior to hardware production.
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SAFETY WARNING

Adequate safety precautions should be taken when handling any
chemical (solvent, cleaning material, etc.). Inhalation or
. direct contact with the skin should be avoided. Appropriate
protective clothing (suits, gloves, masks, etc.) should be
utilized at all times, while handling chemicals or in their .
immediate proximity. Some chemicals present fire hazards
.others vary in toxicity and yet others are asphyxiants,

The THRESHOLD LIMIT VALUES (TLV) or MAXIMUM ALLOWABLE CONCENTRATION
(MAC) is listed for most chemicals encountered in the clean room
environment. These are recomended values only, and should be

used as a guide, as some individuals are more sensitive to certain
chemicals than others. .

When combinations of chemicals are used togeather or in proximity
to each other the effects of the different hazards should be
considered as additive. That is the sum of the following fractions,

c] c2 Cn
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EXAMPLE; . _ __
General case; when the air is analyzed for each component;
the air contains 15 ppm Carbontetrachloride (TLV=25),
100 ppm Trichloroethylene (TLV=200), and 200 ppm Methyl Ethyl
Ketone (TLV=250).
15, 100 200 _ 475 1.9 .
—2-5— —zo-o—+-—z-5-o— —2-56-=

Thus the threshold 1imit is exceeded.

NOTE:

More detajled information may be obtained from the Governmental

Industrial hygienists, 1014 Broadway, Cincinnati, Ohio 45202 -
Or the Handbook of Toxicoloqy, Vol. 1, Acute Toxicities, prepared

by The National Academy of Sciences, National R:search Council.
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1. SCOPE

1.1. Scope

This Handbook serves as a guide and establishes the minimum
requirements for selection, storage and compatibility con-
siderations of cleaning agents for use in Clean Rooms and
Clean Work Stations and Controlled Environmental Facilities.

1.2. Selection of Cleaning Agents

Unless otherwise specified, the responsibility for cleaning
agent selection and cleaning method selection shall rest with
the activity responsible for the end {tem.

1.3. Conflicts.

In the event of conflict between the requirements of this
handbook and those of specifications or drawings, the conflict
shall be resolved by the procuring agency or -activity.

1.4, Classification

For the purpose of this document, the term "Cleaning Agent” and

dha &5 mTrsnmdll 41T ha -nnp‘lﬂnnn:‘ A ha sunanuvmane amd ehall
WIG VT JUI ':"L Wil VG LW IdETI ©U W Vo 3:"“"’"”“;. diin 2l

refer to two basic types of agents, aqueous and non aqueous. Aque-
ous refers to water, deionized water and distilled water and those
cleaning solutions which are, in part composed of water. Non
Aqueous solutfons shall refer tq organic solvents such as alcohols,
ketones, chlorinated hydrocarbons and chlorofluorinated hydrocarbons.
Purity levels of these agents shall be determined in accordancé

with MIL. STD 1246 { ) and all applicable Handbooks and Specifica-
tions for the agents involved.
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2. CONTAMINANTS

2.1. MWhat are they?

A contaminant is any material, substance or energy that is
undersirable or adversly affects any part, component or assembly.

Any given material or energy may be a contaminant in a given
situation, this is not necessarily true in all cases:

2.1.1, Oxidation - oxidation products are normally
considered contaminants. The controlled oxidation of
aluminum and its alloys 1s vital to the protection of

the metal.

2.1.2. Light - light is essential to the normal
human functions; yet even minute amounts of 1ight in
a photographic dark room where there is exposed,
undeveloped film can prove disastrous.

2.1.3. Microbial organisms - there is no doubt that
microorganisms perform many useful functions; the
byproducts of microbial metabolism, however, can
etch the surface of a piece of fine optical glass.
The growth microorganisms can bridge todays micro-
circuits, delaminate a printed circuit board and
in general, lessen the performance of an electrical
component through i{ncreased resistance, poor contact,
etc. Their growth can also cause paints and sealing
compounds to blister and peel, :

2.1.4. Lubricants- although lubrication of many mechan-
1cal systems 1s essential to the smooth, friction-

free operation of the system, the presence of oils

or greases {even in minute quantities) will result

in lower conductivity of electrical contacts.

The contamination of a liquid oxygen system with
Tubricants can result in a highly explosive situation.

2,2. Sources and Forms

Contaminants are the products of activity. The activity, or
expenditure of energy, may be mechanfical, chemical, electrical,
thermal or radiological in nature. All activities of man
contribute to the generation of contaminants. TABLE 2-1
11lustrates the séurces and affected environments of various

contaminants.

[
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The nature of contamination {s varied. A contaminant only
becomes such when the environment, component configuration or
situation prohibits {ts presence.

- Alrborne contaminants are ¢lassified by their physical state as
e{ther gaseous or non-gaseous. The gaseous contaminants are

- further broken down as organfc and 1norganic gases. The non-

- gaseous contaminants are also known as aerosols which take in al}

.s011d and 11quid particulate matter. TABLE 2-2 shows a break-

down o; these contaminants by class, subclass and typicaI members
.of eac

Many end ftems are cleaned of particulate matter according to the
‘maximum allowable size of any given contaminant the end item can
tolerate. To ensure that the particles normally found in ambient
air are prevented from coming into contact with an item, ultra-
filtration 1s required. This will be discussed 1n detail in the
section on precision cleaning. Note TABLE 2-3 11lustrates the com-
parative sizes of particulates normally found in ambient air.

Many of the particulate and gaseous contaminants found in our air
are generated by the activities of both man and nature:

2.2.1. Petroleum Industry

2.2.1.1. Crude 011 Production - contaminants consist
of escaping natural gases and evaporated
hydrocarbons (ethane and methane) some carbon
monoxide, oxides of sulfur and nitrogen.

2.2.1.2. Refinery Operations - contaminants include
all classes and subclasses {see TABLE 2-1),.
The majority includes hydrocarbons, oxides of
sulfur and nitrogen and carbon monoxide.

2.2.2. Metallurgical Industry - contaminants are primarily
in tﬁe aerosol ca%egory (smoke, dusts and
metallic fumes).

2.2.3. OQOrganic Solvents - the evaporation of solvents
results 1n the emission of all organic gas

contaminants.
2.2.4. Mineral Processing - this primarily contributes
to the aerosol contaminant category.

.
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2.2.5. Motor Vehicles
these are the principal contributors of hydrocarbon
gases, carbon monoxide, nitrogen oxides and lead.

2.2.6. Natural Environment
these are primarily due to the generation of aerosols

{poliens, spores, plant fibers, insect and animal

Wl W Viad s w

parts, bacteria and viruses and dust).

TABLE 2-4 glives a breakdown of these contaminants and their sources.

2.3. The Environment

Second only to man in the generation of contaminants during the
precision ¢leaning stage, 1s the environment. Whijle environments
can be listed as air, gas, 11quid, solid and surface, the factors
which most often contribute contaminants to these environments are
people, tools, fixtures, equipment, control devices etc.

Much of the contamination control effort is directed at the
removal of contaminants from the environment before a cleaned item
comes in contact with the enviromment. The precision cleaning
section will go into greater detail on the methods of contaminant
removal from the manufacturing and processing environment and from
the clean room environment.

2.4. Man in the Contaminant Generation Cycle

The principai offender in the generation of contaminants is man.
His presence near a product or in the products environment
practically assures that the product can easily become contaminated.

2.4.1. How much can Man Generate?

Interestingly enough, a man sitting still generates particulate
contamination despite the fact that he is not moving. Even the
least amount of movement possible will increase the amount of
particulate contamination generated. One index gives the following
example of the rate and amount of particles that a man will generate:

Sitting or standing, wearing cleanroom garments with no move-
ment, an individual will shed approximately 100,000 particles

per minute of 0.3 microns and larger. The same person, with
only sfmple arm movement will generate 500,000 particles,

e www e e

Average arm and body movement with some slight leg movement,
will produce ovepr 1,000,000 particles per minute.

Walking: Slowly - 5,000,000; average - 7,500,000; fast -
10,000,000 particles per minute. Boisterous activity fn the

clean room can result tn the release of as much as 15 to 30,000,000
particles per minute into the environment.

5
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Sources of Contaminants and the Affected Environments

Sources
and Contaminant Affected Environments
Contaminant Type General Specific Examples
Sun
X-ray 7
Ultraviolet
Visibie light
Electro-magnetic [ Laboratorfies
B Afr..........| Fabrication areas
Radioactive Assembly areas
Materials Inert gases
Alpha particles Gases...... «o L Fluid systems
Beta particles Liquids......{ Fuels
Gamma rays LHydraulic fluids
Electrons "~ Plastics
Neutrons j Magnetic memory core
? Radfation < Solids.......| Explosives
Production Solid state devices
Processes . Transistors, etc,
Welding (1ight 8 Photograph1c f1lm
and heatl Surfaces.....| Magnetic tape
Soldering (heat) - . L Electrical contacts
Machining
(vibration.
sound, heat)
Product
Heat (electrical,
mechanical,
chemical)
Vibration 4
[ Laboratories
. AT e, .| Fabrication areas
Assembly areas
People and h ~ Operating rooms
Animals r Fluid systems
Bacteria (spores GaseS........| Inert gases
and vegetative . F111 gases
cells) [ Fuels
Rickettsiae Solvents
Viruses Liquids......] Hydraulic fluids
Coolants
Sotl > Microbial L Lubricants
Bacteria (viable) Plastics
Fungi Solids......] Fuels
Protozoa L Explosives
- Parts
Plants L Surfaces.... [ T ubes
Pollen Assemblies
F ungi gy Living com- People and animals
binations...] Plants
ood
Inert com- Animal waste products .
. binations...] "Sofl
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Sources
and Contaminant Affected Environment
Contaminant Type General Specific
” r Laboratories
Air(droplets).. | Fabrication areas
People: ] - Assembly areas
Skin ofls r Fluid systems
Gases(droplets) | Inert gases
Production L Fill gases
Processes: [ Fuels
Cleaning J Solvents
solvents }- Liquid Liquids........| Hydraulic fluids
Plating baths Coolants
Machining ofls . Lubricants
Coolants [ Explosives
Lubricants Propellants
Solids.........| Plastics
Atmosphere: Metals
Condensates ’ L. Inside tubes
.. Surfaces.......[ Functional parts
and assemblies
Production h
Processes:
Condenses flux
vapors

Chemical f{lms
(oxides, etc.)
Cleaning residues

Product:

Condenses flux
vapors

Condenses out- .
gassing products
from plastics
chemical films,
ox{des

People: '
Skin ofls

Production
Processes:
Fluxes
Plastic ships etc.

Atmosphere:
Bust particles

)

> Solid

} Dissolved

' Electrical contacts

Adsorbed on
Surfaces.....

L'lql.l"ds........(

Bearings
Protective covers
Inside tubes

Fuels

Hydraulic fluids
Coolants

Cleaning solvents
Metals

Plastics
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and Contaminant Affected Environment
Contaminant Type General Specific
Peaple: b
Bacteria and
virus
Epfdermal scale _
Hafr " Laboratories
Cosmetics r Afr........| Fabrication areas
Cigarette smoke % Assembly areas
Fluid systems
Clothing: Gases......| Inert gases
Fibers and 1lint ., F111 gases
[ Fuels
Industrial Solvents
Processes: Liquids....] Hydraulic fluids
Smoke fumes & J Coolants
Flue dust Particulate \ Lubricants
Salder and Metals
weld splatter Plastics
Machining chips Solids.....] Glass
and burrs Explosives
Sand, etc. . Fuels
Electrical contacts
Product: - Filters
Year particles L Surfaces...| Fabrics
Materia) shedding Mechanical parts
Carrosion products . Tubing

Earth:
Oirt
Sand

Plants: J

Pollen

People: 7
Body vapors
Production
Processes:

Chemical vapors
from cleaning,
encapsulating

Combustion gases
sublimated flux

Product:
Sublimated
materials from

L Glaseous ﬁ

flux, plastic etc.

Laboratories
Air........[ fabrication areas

Assembly areas

Fluid systems
GaseS......[| Inert gases

Fi11 gases

Fuels

Solvents
Absorbed in| Hydraulic fluids
Liquids...] Cooiants

Lubricants
Explosives
Solids..... Fuels
Plastics
Fuels
E xplosives
Adsorbed on| Metals
Surfaces..| Plastics

@

Sy :
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TABLE 2 - 2

Classification of Air-borne Contaminants

Major Classes

Organic
Gases

Inorganic Gases

Subclasses Typical Members

Hydrocarbons Hexane, Xylene, Ethylene,
Pentane, Butane, Butadiene,
Methane.

Aldehydes and Formaldehyde, Acetone

Keytones

Nthar Nraaniecc Clarinatad hvdrararhnne

Wil Wi gWwitl wa WIWIE Tl bW iyl Vel WWiia g
Alcohols.

Oxides of Sulfur dioxide, Sulfur

Sulfur Trioxide,

Oxides of Nitrogen dioxide, Nitric

Nitrogen oxide. :

Carbon Monoxide Carbon monoxide.
Other Organics Hydrogen sulfide, Ammonia,

Chlorine.
Solid Particulate Dusts, Smoke, Fumes,
Matter Ash, Socot.
Aerosols Liquid 011 mists, Entrained
Particulate liquid droplets.
Matter
9
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TABLE 2-3 , ' ® v
PARTICLE SIZE RANGE QF VARIQUS MATERIALS-~ IN MICRONS
I Aercsoly
Normal Impurities « Ia &;iet Qutdoor Air | Fog . Mist Rain Drops .
Metallurgical Dust and Fumes
' Smeiter Dust & Fumes . 3 )
I { -
| {
Ammanium Chitoride Furnes Foundry Ousq
Flour Mill Dust
Alkall Fumes  Sprayed Zinc Dust Ground Limestons
Ty T
S_:dphid: Qre, Pulpa fot Flotation
Sulfuric Acid Mist |
T -
Cament Dust n
Cendenyed
Zinc Oxide Fumes Tine Dust Pulverized Coal
% > r— -
+ b
Insecticide Dusty  Plant Sporcs
Tobaceo Tohaceo o ¢ .
Mosale  Mecrosis Virus & ’
Vimus  Vigs  Protein Bactaria _
Carbon Black > Pollens T
Tebacco Smoke " ‘ Sneazesj o
Hy0-NH, L
0 9 Diamster of Gas Molecuies ” l i Smaks - | Fiy Ash N
"M, CO4 o - ,J' 1
Magnesium Oxide Smoke _ Sand hilinp
Resin Smoke Wathed Foundry Sand
(Eamels) | Pigments  (Flats)
Silver iodide] Spray Dried Milk ’ o
Combustion Nuclel Human Hair Dlameter R
CONVENTIONS . - T o .
Rangw of Sizes . C [
_—— Salt Noclei '
Smal) Rangs-Average - - Ht.g EII!EE;:CE ________ - Visible to Eys ‘
d ;
Dottt Valos L et Men Q2520 1065 183 2 _
| 1
0000) - 00005 Q001 0005 001 ans ft os 1 § 10 & 100 son 1000 5,000 10 000
Particle Size in Microns
1 i

1 Mieron = 1556 wm — °F 23,500
10
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Organic Gases Inorganic Gases Aerasols
g
2
3%’3 mgm:.c%'
g § 5 & "B EEEIBER
T V9 = 4D m g ::_:u—o:
2 =58 8 5oz 5v3 83 8 ZE3
Petroleum
Refining S S N S S S S S
Marketing S N N S N N N N
Production S N N S N N N N
Metallurgical -
Nonferrous N ] N N N N S S
Ferrous
Grey {ron N N N N N N S S
Electric
steel
Open Hearth N N N N N N N )
Organic solvent
Surface coat S S S N N N N S
Dry cleaning S S S N N N N N
Degreasing S S S N N N N N
Mineral
AsPhalt
patching N N N N S S N S
Concrete
batching N N N N N N N N
Glass and
ceramic N N N N S S N S
Insulation N N N N N S N S
Motor Vehicle
Exhaust S N N S S S N S
Blowby S N N N N S N N
Evaporation S N N N N N N N
Combustion
Heaters and
boilers S N N S S N N S
Ihcineration S N N S S S N S
Other 1ndustry S N N ) ) S N S
Natural environment N N . N N N N S

§ - Significant contribution

n

~ N = WegT137bTe contribution
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" 2.4.2. People Packaging

To control and contain these particles, much 1s being done {n
the area of "People Packading”, or the containment of man's
contaminants with garments. The American Association for
Contamfnation Cantrol offers the following criteria for clean
-room garment construction:
" Garments shall give body coverage as required. Hoods,
collars and cuffs shall be adjustable to give snug fit.
As required, garments may be fastened by snaps, ties,
elastic or zippers. Garments must exhibit Timited 1inting
characteristics. The fabric of the garments and accessories
will be of a synthetic type which is nonflammable, exhibits
limited 1inting properties, has a weave and fiber which does
not exhibit electrostatic generating property and has the
ab1lity to discharge electrostatic Euild-up.

" 2.5. Contamination Migration

To understand what must be done to efther contain or control

a contaminant, the mechanism by which they move or migrate must
first be understood.

2.5.1. Fluid contaminants are suspended, adsorbed. '
absorbed or d1sso]ved in the liquid. ParticTes are

IO | S S

dropped out at the velocity of the fluid decreases,

or as they become attached to surfaces.

2.5.2. Solids Contaminants can be entrapped, adsorbed,
a?s'FEEH"or moved as the solid is moved from place to
place.

2.5.3: Physical Contact Carriers can be the result of
migration occurs by means of an operator's hands,

c
[ TS Y wambdna spwmfanas Ed wdiiman Aaden
WISy WUTRINY Juliawcay 1 IAUUIEB' G‘UB.

2.5.4. MWaves are generally produced as the result of the
propagation mechanism as an inherent characteristic

of the contaminating energy as with 1ight, sound, heat,
ete.

2.6. Contamination Retention

Generally, the more conmon mechanisms of con

on a surface are:
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2.6.1. Gravity - the amount of contamination retained by
gravitational force depends on the angle of the
surface and the mass of the particle.

2.6.2. Electrostatic Charges - these charges not only hold
contamination but they also attract 1t from the surrounding
environment. If possible, the polar characteristics
of a cleaning agent should match those of the soil to

be removed.

2.6.3. Molecular Attraction - this involves adhesion and
adsorption and the affects of van der Haal's forces.
It {s directly affected by particle size, shape,
composition and contact area, as well as the surface
roughness of the part.

2.6.4. Visc Surface Coatings - these are common cause of
‘ retention, particularly iﬁere machining, lubricating
and shin 611s are present.

2.6.5. P?ﬁsical Entrapment - this should be a definfte
consideration for rough surface finishes or porous
surfaces and materials.

Listed above are general types of forces resulting in contaminant
retention. More specifically, the mechanism of retention may be
described as follows:

When a 1iquid capfllary layer exists between a particle and a surface,
the surface tension of the 1iquid acting on the particle produces

a4 component of force normal to the surface, provided that both

the particle and the surface are wetted by the liquid . . .

For a given surface and environmental conditions,. the force is pro-
portional to the radius of the particle.

Electrical forces can affect both deposition and adhesion of
particles to surfaces . . . When a charged conductive particle
approaches a grounded conductive surface, . . . there

is inftially an attractive force due to image charges before the
particle comes {nto contact with the surface; however, after contact
is made, the charge 1s grounded leaving no net affect on adhesion.

A third class of adhecive force i1s that due to molecular interactions
« « o« o« Examples.of molecular forces include the {nteraction

of dipoles with other dipoles or with polarizable molecules,

hydrogen bonds, metall{¢ bonds and image bond.

13
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Another type of resistance to the removal of a particle is offered
by a time dependent force which 1s especially important in liquid
systems. In a 1iquid system, including the case of a 1iquid
capillary layer, as 2 particle is pulled away from the surface
there {s resistance to the flow of the 1iquid into the gap.

This tends to retard the movement of the particle away from the
surface. Thus a given force must be applied for a finite time

in order to separate the particle a given distance from the surface.

2.7. Contamination in L1qn1ds. Solids and Gases

| 2.7.1. Liquids

Liquids may be contaminated by suspended particles, dissolved

matter (combinations, gases solids) or other 1iquids. Since the

1iquids used as a part of a system may be contfnuously reused

?: rgcyclgd. a2 level of cleanliness must be specified for the
quid.

: 2.7.1.1. Particles in Liquids ~ particles can be removed
. from 1iquids by ?%lfrat1on. centrifugal separation
! ~or settling. Filtration {s the most common method.

! The filters employed can be of several types:
screen membrane, fritted glass, sintered metal or
simply, a s1i1t opening. The choice of filtration
depends upon a numher of factors:

Filter/Liquid compatibility

Liquid quantity

Contaminant quantity

Permanence and replacement accessability
Liquid pressure

Fiow restrictions 1mposed by the filter
Pressure vartations

] 2.7.1.2. Dissolved Matter in Liquids - the removal of
‘ dissolved matter from 1iquids may be accomplished
by chemical separation, ion exchange, distillation
or heating of vacuum.

The removal of dissolved matter may be difficult
when the. Tiquid and dissolved matter posess
nearly fdentical physical properties. Physical
property similarity also makes the detection of
contaminants diffcult.

14
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2.7.2, Solids

The contaminztion of solids may be 1n the form of particles,
dissolved matter, gases or droplets. Generally, the contaminants
are ‘aquired while the solid is 1n a 11quid state. Contaminants
may also be absorbed directly into the solid, especially {f the
solid 1s porous as in the case of plastics and some metals.
Exposure to some 1iquids or gases may also result in the absorption
of contaminants.

Contaminants in solids frequently result in the alteration of the
properties of the solid:

Mechanical Properties - changes in strength, hardness,
brittTeness.

Optical Properties - changes in the 1ight transmission

anda aosorpuion.

Electrical Properties - changes in.- the dielectric constant and
the conaucfivigi of the solid.

Contaminants 1n solids are generally controlled through the use

of raw materials which meet a verifiable purity level. The close
adherence to contamination control principles in the processing
stages will also limit the level of contaminants. Porous materials

may have ¢a ha nratoctad at all timec

PR ¥ W | i MY WrFS WU S

2.7.3. Gases

Contaminants in gases are generally in the form of particulates
but can also be present in the form of gaseous contamination.

2.7.3.1. Particulates in Gases - these are generally
removed by fiitration when small particles
are concerned, centrifugal separation or sedi-
mentation may be the more practical removal
methods. Filtration considerations include:

Removal efficiency for specific size particles
Quantity of Gas

Gas/filter compatibility

Pressure requirements

Gas temperature

Prefilter requirements

2.7.3.2. Gases 1n Gases - The elfminavion of gaseous

contaminants from gases is primarily a process of
mafntaining the purity/integrity of the gas.
Several considerations are necessary:

15
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Separation and removal of contamfnants
may be difticult and expensive when
the two gases posess identical or
very similar properties and characteristics.

Isolation of the gas From contaminants
requires caution to ensure that the
system does not {mpart any contamination
in the form of surface absorbed gases.

Condenstaion of gases may result when the

gas 1s converted from {ts natural
state to a 1iquid or solid. Water
¥ater vapor may condense during this
’WOC&SS .

Control of chemical reactions within the

system can result 1n the generation
of contaminatfon.

16
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3.CONTAMINATION CONTROL THROUGH PRODUCT DESIGN

3.1. How Clean 1s Clean?

This 1s at best, an academic question equal to "How high 1s
up?”; but it does point to the fact that there is a need for
cleanliness requirements.

The first phase of contamination control through product design
{s the determination of cleanliness levels for the end 1item.
Since there 1s no established or industry-wide accepted standard,
the selection of a cleanliness requirement or level frequently
becomes, at best, a random affair. Ref.MIL-STA - 1246 ( ).

The imposition of unnecessarily stringent cleanliness requirements
is actually damaging to the component. The prime consideration

is to control the level of contamination only to the point where
it will not constitute a hazard or degrade the function of the

product concerned. .

The selectfon of a cleanliness level can be a rational choice

1f the total end assembly 1s considered. How will the degree

of cleaniiness of this component affect the total system function?
What 1s an actual, realistic, allowable amount of contamination

a product can tolerate and sti11 function oroperly? Obviously,

a2 system containing an-orifice one micron in diameter cannot
tolerate a cleanliness level which permits particles 5 microns

in diameter to remain on the part after cleaning. Conversly, a
truck engine could conceivably tolerate contaminants many times
that size. '

3.2. Manufacturing and Processing Environments

The more-c]bsely attentfon is paid to detail during the manufacturing
of components, the less contamination 1t will be necessary to
remove from the completed assembly.

3.2.1. Manﬁfactur1ng Precautions

Some of the precautions which can be taken during manufacture
to reduce the built-in generation of contaminants are:

Deburr each detail part.

Clean with ultrasonics or degreasers to remove
cutting oils, lapping compounds and other handling
and manufacturing contaminants.

17
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Prohibit or 1imit the use of glass ‘balls as a grinding
or lapping compound.

Locate all cleaning and clean room areas away from
manufacturing areas.

Employ p]ast1c packaging and avoid the use of preservatives.

Keep ail final cleaning operations in-house where possibie.

Avoid joinings which prevent adequate future cleaning.

Monitor ultrasonic cleaning energy levels to avoid
possible damage to the product.

Package in heat-sealed double plastic bags after final
cleaning.

3.2.2. Fabrication as a Contamination Generator

Casting -- Sand and cores, residues, blind holes,
capillary traps, entrapped gases.
Moulding - Flash, mo]d release residue, mold wear
- particles.

Forging - Scale.
Hicﬂining Blind holes, burrs and sharp edges,
cap

lary traps, coolants, cutting oils.

Plating - Flaking and scaling.
Heat Treatment - Scale.

Cleaning - Residue, effect on material.

3.2.3. Assembly Generates Contamination Also

Assembly procedures are also a major contributor to the built-in
manufacturing contaminants:

Rivets - Galvanic corrosion, fragments.

Ruts, Bolts, Screws - Plating, shedding, chips, burrs,
abrasives.

Product Flow - Contaminants from surfaces of tools,
work surfaces and f{xtures.

Welding, Brazing, Soldering - Fragments, residues,
fumes, oxiaes.

Markin Etch residue, particles, shedding.

GasEeEﬂ Flaking, shedding.

Personnel - Scale, hair, 1int, fibers, finger prints,
— cosmetics.

3.3. Test Procedures

While it is necessary to test assemblies and components at

18
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various stages of manufacture, cautfon must be taken to ensure

that during such testing and 1nspection, the equipment and operatious
employed do not impart contaminants to the components or assemblies.
When performing testing, the operator must watch for:

3.3.1. Gages, Fixtures and Test Equipment - Flaking,
sheaaing. oil, dirt, abrasion products.

3.3.2. Chemical Tests - Residues, dyes, corrosion.

[

.3.3. OQOperations - Burrs, chips, piating, scaie, reieased
fﬂuiss. wear, personnel contaminants.

3.4. Storage

Storage and packaging should fall hand-in-hand here; however, a

greater amount of space 1s devoted later to the packaging of cleaned
products.

Storage requirements must be rigidly stated with regard to the
facilities. Limitations must be established for environmental
extremes of humidity, temperature and pressure. Insect and
rodent infestation precautfons must be considered as well as
statements on the proper storage and shelving recepticles.
This last requirement {shelving and storage recepticle}, may
be the most critical because:

3.4.1. Wood - emits harmful gases

3.4.2. Cushioning - often emits su\fﬁrous or acidic
vapors which will attack silver, cadmium and other metals.

3.4.3. Vapors - organic, actdic and ammonia vapors attack
cadmfum.” The vapors from papers and cardboards
which are not specifically designed for packaging
electronic hardware, may tarnish silver and copper.

rrarking
i Wwhil ll,

3.4.5. Organic Materials - partfally cured or uncured
organqc materfals will outgas, thereby corroding
nearby surfaces.

a¥f
Wi

3.5. The Designer in Contamination Control

Last 1n the 1ist, but obviously the most important, is the role

19
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of the designer in the control of contamination. It {s the designer
who establishes the criteria for all of the other factors. It

is also the designer's responsibility to understand fully the
nature of his materials of construction, their interrelationships
and 1imitations and the environments which they can reasonably

expect to see during thelr service life.

3.5.). The Systems Designer

The systems designer must, to as great a degree as possible,
ensure: .
... that the system has as few deadend legs as Eossible.

allowing system recirculation or purge capabflity.

««. that recoomended filtration for hydraulic systems in-
cludes adequate coarse and fine filtration, and in
recirculating systems, return-line filtration is

_provided.

... that accessible drains are provided at the low
point of a 1iquid system to facilitate the removal
of contaminated fluids and improve system flushing.

<+« that plumbing {s done as simply as possible,
avoiding the use of adaptors and reducers, loops,
bends and unnecessary discontinuities.

««« that pipe threads and thread lubricants are
avoided and tefion tape is employed instead.

... that shock and vibration 1s minimized, especially
around filters, lessening the chance of migration
of particles from contaminant traps.

.+« that hydraulic systems are designed with closed
reservoirs.

e ammlavad Admunetwasm af
3 CipIvycu GUmia L Vi

... that air is eliminated from 1iquid systems, lessening
the chance of high velocities across valve seats,
which promotes erosion of the seats.'

... that provisions are made for draining of cylinders
and reservoirs which are contaminant traps.

20
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that critical components are protected by upstream
or integral filters.

Designers Must Define and ldentify

To ensure exactness and a continuation of the contamination
control program he establishes, the designer must define and

tdentify:

" contaminant sensitive parts.

the level of cleanliness necessary.

those contaminants which cannot be tolerated by
the system.

the purity levels for the materials of construction.
sequences of assembly.

cleaning methods.

cleanliness levels for process and assembly areas.

purity requirements for materials used in production
and cleaning.

methods for measuri{ng cleanliness.

methods to be employed for excluding contaminants
from the cleaned {tem.

methods of servicing and mafntenance operations.

3.5.3. Methods, Techniques and Considerations

The designer must make the following considerations, and
determine what techniques and specific methods can be employed
in the contamination control program:

3.5.3.1. Considerations -

... what contamination level and quantities can
be tolerated.

.«. what are the contaminants.

... where the contaminants originate, how they
affect the 1tem and how can they best be
removed.
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... what cleaning methods are suitable or compatible
with the materials of construction and the
total assembly.

.-. what cleaning solutions are suitable and
compatible with the materials of construction.

3.5.3.2. Control Techniques -
... €limate the contaminant and 1ts source.
«eo €xclude the contaminants from the item.

.+« reduce the quantity of contaminants from the
environment to which the end 1tem 1s exposed.

... eliminate contaminant gathering materials.
.+« lessen the effects of the contaminants.

3.5.3.3. Control Methods -

... choose materials which are compatible, non-
corrosive and do not generate contaminants.

... design with an end item configuration in mind,
and ensure that there are the least possible
number of entrapment areas.

.+« Specify maximum tolerances and surface finishes.

««+ Specify processes most compatible with the
desired cleanliness levels.

.». define methods of mon{toring for each type of
contaminant.

... specify storage and packaging requirements.

22
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4.1. (Cleaning of Surfaces

The contamination of surfaces 1s a major cause of fallure of
electrical and menhanical components. ‘

While there are numerous cleaning methods, agents and equipment
types. none represents a panacea for the removal of all contaminants
from all possible surfaces. One of the potentfal problems {is

that any given cleening process or solvent may be ideal at a

given point in the manufacturing process, but may adversly affect
later stages of processing or cleaning. It becomes necessary,
therefore, to examine the entire cleaning process in relation

to all subsequent processes.

Surface cleanliness 1s defined by degrees of physical, chemical or
metallurgical cleanliness when describing metal cleaning.

4.1.1. Physical Cleanliness - the state of cleanliness
which feels "clean to the touch.” The piece of oily
steel which has been wiped clean meets this degree.

4.1.2. Chemical Cleanliness - the state in which all
resTdual organic contaminants have been removed.
Generally, this state {s achieved by immersion in an
alkali solution.

4.1.3.__Metallurgical Cleanliness - that state in which the
surface 1s not only free of surface dirt and organic
residues, but is also free of any oxide film. This
is generally achfeved by the immersion of a "chemfcally
clean” part in an acid solution.

The difference in the degree of cleanliness achfeved depends

upon the soils removed, the metal activity and the applied finish.
In some. instances, it may be desirable to remove one type of

film and replace tt with another type which 1s more disirable

cr mare readily controlled. For example:

... removing the oxide film on a aluminum and replacing 1t
. with a controlled oxide {(anodizing etc.).

.+« removing the chromate from stainless steel and
replacing it with chrome plating.
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... removing the oxide from aluminum and replacing 1t
with zincate prior to plating.

4.2. (Cleaning Forces

To accomplish any cleaning of a surface, any one or any combination
of cleaning methods can be employed: Acid, alkalf, solvent,
emulsion, electrolytic, pickiing, descaling amd mechanical.
Regardless which of these methods {s employed, there are three
basic forces at work in the removal of surface contamination:

4.2.1. Fluid Dynamical - 1iquid or airstream.

Y

L I, | T e o el
skhele iAAEI .

3
&

.2.3. Direct Mechanjcal Contact - brushing, sanding, grinding,
e

4.3 Liquid Cleaning

Primarily, we shall be concerned here with the first of the forces:
Fluid Dynamical, or 1iquid cleaning. Liquid cleaning 1nvolves

wetting, emulsification, saponification, deflocculation, colloidal

activity, ph, buffers, solvent power, alkalinity and acidity,
each of which {s discussed briefly below.

4.3.1. Wetting

For a surface to be cleaned, 1t must first be wetted by a
cleaning solution. Wetting action brings the detergent

or cleaner in contact with the soil, which results in penetration
so that the detergent or solvent can act where 1t {5 most

needed. A metal surface that {s wetted completely by a

detergent is-separated from the contaminant by a cleaning

£film. Although wetting power {s a property of all liquids,

the ability to wet a surface var{es from 1iquid to liquid.

Water, for example, posesses less wetting power than acetone,
ammonia and most ofls.

The wetting ability can be 1meroved by reducing the surface
and interfacfal tension of a liquid. Pure water has a higher
surface tension than most ofls; as a result, 1f water 1s poured
on top of of1, 1t will bead on the surface of the o1l as the
two surface tensions resist one another. 71he water {s unable
to wet the ofl film. If the surface tension of the water is
lowered below that of the oil film, the water will penetrate
and displace the oil,
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4.3.2. ' Emulsification

The forces of cohesfon which hold an oily film to a surface

are very strong. It is almost impossible to remove a film

by wiping or scrubbing alone. As long as water will bead

on a surface which at one time was contaminated with an

olly film, the film persists. While the surface may be physically
clean, it may not be considered chemically clean until

water refuses to break on the surface.

It can be said that 1n order to perform a cleaning operétion.

1Ted &4 naddn 7% b PO Y=Y
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film results in the formation of beads of ofl on the surface
of the water; 1f an emulsifying agent is present in the
solution, the ofly beads will be dispersed disrupted, and once
so scattered, the oil cannot be redeposited on the surface
again.

When part of a film has been removed from a surface, a new

layer of o0il1 1s exposed to the cleaning solution, and the wetting
of the fi{lm takes place again; and an additional laver of

o1 again comes into pIay Thus, 1t can be seen that wetting

and emulsification are contingent upon one another, and that

the action of the two factors results in the loosening,

breaking up and dispersion of the ofly film.

4.3.3. Saponification

Saponification is the process of chemically uniting certain
alkaline substances and the fatty acids in animal and
vegetable ofls to form soap. The resultant soap is very much
11ke household soap in properties, behavior and appearance.
Many greases consist of a mixture of animal fats and
petroleum ofls. Petroleum oils or mineral oils cannot be
saponified and must be removed fhrnunh the process of
wetting and emulsification. The an1ma1 or fatty acid
components of the lubricants do react with certain alkaline
detergents, forming water soluble soap.

4.3.4. Defiocculation

Deflocculatfon is the process of breaking up a solid or
semi-solid mass into small particles and dispersing them
throughout a 11qu1d med{um.
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The mechanism of deflocculation is thought to be a neutral-
ization of those forces of surface tension which are
responsible for the attraction between solid particles.
Complete wetting of the solid 1s absolutely necessary for
deflocculation to take place.

4.3.5. Solvent Activity

Solvents may be broken down into two basic catagories;
water base (aqueous ) and organic base (non-aqueous).

In aqueous ¢leaning solution, water acts as the solvent
medium for the detergent compounds, liberating the energies
resulting in wetting, emulsification, saponification and
deflocculation. The water also acts as a dispersal

medium for ofi1s and particles which it will not dissolve,
but will carry in suspension. It also acts as a medium
for the application of heat energy, mechanical agitation,
both of which play roles in the detergency of the solution.

The primary limitation of the aqueous solutfons 1s that
they have 1i{ttle or no effect on ofls and greases. As
such, they are described as 1ipophobes or fat haters.

Their counterparts are described as Tipophiles or fat
lovers; these are the organic or non-aqueous solvents.

The organic solvents are derived basfcally from

petroleum, coal and wood. While they are unable to
dissolve many substances which are readily soluble in

water, they do possess the ability to dissolve not only ofls
and greases, but many resins, rubber, bitumens, paraffin,
waxes and plastics. :

One of the major advantages of the organic solvents is
that they can be formulated in chemically neutral
solutions, making them safe for the cleaning of the more
r$act1ve metals such as aluminum, magnesium, copper and
zinc.

The organic solvents are often employed to remove the
carbon deposits from engines. While the solvent does

not remove the carbon itself because none of the solvents
will dissolve the carbon, the organics will dissolve the
resins which bond the carbon particles together.
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4.3.6. pH

pH is the yardstick used to determine or measure the

degree of acidity or alkalinity of a solution. The pH

is a measure of energy, not quantity.

All acids share in common the ability ot yield hydrogen

(H+) 1ons in a water solution. All alkalis will yield
hydroxyl {(H-) fons 1n a water solution. An acid which
entering into chemical unfons with other substances and

is sald to be strong acid. The same holds. true for alkalis;
however, the release 1s hydroxyl fons. It may be concluded
that the concentration of hydrogen and hydroxy! {fons
determines the relative degree of acidity or alkalinity of
a water solution. To simplify the expression of these
values,a scale has been determined based on the logarithm
of tha reciprocal of hydrogen (or hydroxyl) {fon concentration.

The value assigned for this scale is known as the pH value
of the solution. The scale is arranged with values from

0 to 14, with 7 being the neutral point. Values above 7
indicate the degree of alkalinity, with 14 being the most
alkaline solution possible. Values below the neutral 7

are degrees of acidity, with 0 being the strongest acid
solution possible. Each increment of pH indicates a tenfold
fncrease or decrease in acidity or alkalirity.

Since pH is a method of stating the concentration of elect-
rically charged groups of molecules, the most accurate

method of measuring pH involves the use of a sensitive
voltmeter {(a pH meter) which measures the electrical potential
ac{oss the charged ions and registers this in terms of pH
values. '

4.3.7. Buffer Activity

The degree of acidity and alkalinity of a cleaning solution
plays an important part in rust and scale removal, etching and
pickling, saponification and emulsification. Buffering is

the means by which a solution resists changes in pH.

Since the stripping of paint from reactive metals requires a
solution which does not jonize, buffers play an.important role
in the control of the solution.

4.3.8. Alkalinity and Acidity

The active alkalinity or acidity of a cleaning solution is
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4.4.

a factor in cleaning to the extent to which the detergent
fonizes to yield hydrogen or hydroxly fons. If the detergent
disassociates completely during the course of cleaning,

the total amount of acid or alkali {s made available for

ucn-Fn'l 019_3!\{!\« Qn fhe ﬁihnr hanfl 18 511 ni O-hn en'lui-inn 4
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not made available, it merely represents S0 much 1nert

material which does not glay any part in the cleaning, and
represents a rinsing problem.

In the selection of a cleaning compound. the value to
consider is not the total volume of alkali or acid present in

the compound but rather, the total amount available for
cleaning.

In the form of a scientifically balanced detergent, the
choice of each component can be justified in terms of the
function assigned to that component in the clean process..
Additionally, the components will not only perform their
own fuctions, but will reinforce each other so that the
entire compound will be more active and still more stable
than each of its individual components.

cgrrgsign

Many people consider corrosion to be the rust on a steel girder

or that reddish-brown scale on the garden tool that was left out
inthe rain. These are in fact, forms of corrosion; but the specific
definition in reference to electronic components would be:

+«« corrosion_i1s more 11kely to be a f{lm of an organic

contaminant on a relay contact causing failure... or moisture
lead{ ng to malfuction of stripline assemble... or fungal growth

causing fogging of a lens... or ‘“whiskers" ruining sealed

capacitors. Deterforation refers to any unwanted change

1n properties, size or function, caused by environmental
or service conditions...Corrosion proceeds slow1y and 1s
UTI;EII IllﬂS]Dle, Dut neurly always uegraues pEI"TDI'Il’BnCE.

MIL STD 1250 (MI) 31. March 67, defines corrosion as:

A specific type of deterioration resulting in damage

or {mpafrment of metals or metallic parts as the

result of attack by mofsture, air,. acid, alkali,.chemicals
or electrochemical action. Although mechanical stress

is a factor in certain types of corrosion, damage or

hras If:nn ae +ha nnen"b A" numale rhandanl 1aad am
we ‘“'\ HE WUa Wi S2ul s VI P“' G‘: ‘lE‘li“"“ﬂ‘ TWEW W)

shock 1s not included.
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Non-Metallics are often affected by exposure to adverse
environmental conditions. TABLE 4-1 shows the effects of
motsture on non-metallic materials.

TABLE 4-1
Effects of Moisture on Non-Metallic Materials

Electrical Properties

Increases Surface Conductivity
Increases Loss Angle

- Increases Capacitance
Increases Dissipation Factor
Reduces Volume Resistivity
Reduces Dielectric Strength

Physical and Mechanical Properties

Swelling

Distortion

Decomposition

Change in Strength

Wicking and Moisture Retention

Fungal Res{stance
Encourages Fungal Growth

4.5. Corrosion Forms

There are several forms of metal corrosion. Intergranular,
crevice, stress-corrosion-cracking, hydrogen embrittlement and
galvanic corrosfon, are discussed briefly belaw.

4,5.1. Integgrapu]ar corrosion

Because metals are not completely homogenous, some areas
(often the grain boundaries) are more susceptiable to
corrosfon than others. In aluminum alloys, the grain
houndaries are-anodic-to the grain centers. In a damp
corrosive environment, pitting may occur in a preferential
patter, clearly outlining the grain coundarfes. Brasses
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with more than 15 percent zinc are subject to a form of

intergranular corrosion called "dezinctification" in which
the -zinc 1s removed, leaving only a porous copper part.

4.5.2. Crevice

”~

orrosion

This kind of attack occurs in crevices, or at threaded
fasteners, or under washers where there is a lack of
oxygen. It is also called "oxygen starvation®, or
"concentration cell" corrosion, or differential aeration.
It is usually found on corrosion-resistant steel, Iconel,
nickel, aluminum and other metals which may be either
“passive" (protected by & thin oxide fiim) or "active."”
The passive film does not persist in the presence of
electrolyte, and 1n the absence of oxygen; thus, the metal
in the joint where oxygen cannot penetrate will become
"active”, and therefore, anodic to the rest of the part.
Residues from soldering flux can cause crevice corrosion.

- 4.5.3.1. Sources of Stress

The residual stress which causes stress corrosion
originates in the fabrication of the part, not in
service. Heat treatment, (especially rapid
quenching), welding, grinding, joggling, swagging,
bending and severe forming, excessive tightening
of fasteners, pressfits and tapered bolts, all
produce high levels of stress in parts.

4.5.3.2. The Favorable Environment

Many enviromments are favorable to the stress
corrosion of specific metals and alloys. TABLE
4-2 gives a breakdown of these environments.

JABLE 4-2

Favorable Environments for Stress-Corrosion-Cracking

Environment

Alkalis, nitrates, hydrogen cyanide
Hydrogen sulfide, anhydrous Tiquid
ammonia, sodium chlor{dc solutions,
marine atmospheres.

Chromium Stainless

Steels (over 12% Cr )

Halides, hydrogen sulfide, steam.

30 - s =TT
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TABLE 4-2
{Con't)

Austenitic Stainless
steel {18%Cr, 8%Ni,
300 series)

PH Stainless Steel
Copper alloys

Gold alloys
Magnesium alloys

Aluminum alloys
Nickel alloys

Monel, Iconel
Titanium alloys

Chlorides, caustic.

Chloride Solutions. marine atmosphere
Ammonia, mercurous nitrate, steam.
Iron chiorides potassium cyanide.
Sodium ch10r1de/potassium chromate,
fluorides, moisture. '

Sodium chloride solutions, tropical
env{ronments.

Caustic, hydrofluorosilicic acid.
Hydrogen fiuoride vapors.

Red fuming nitric acid, hydrogen
chloride, dry molten chloride, salts
chlorinated hydrocarbons.

4.5.4.

Hydrogen Embrittlement

Closely associated with stress corrosion {s hydrogen embrittile-
ment. This is primarily a problem in high strength iron

bace and nickal baca a11n.\’m and titanium.

When these

high strength (or highTy stressed) metals are acid cleaned,
pickled, electroplated, welded or otherwise exposed to
nascent hydrogen, they may pick up enough hydrogen to
cause them to crack spontaneously, in what is known as a

delayed failure or fracture.

4.5.5,

Galvanic Corrosion

A frequent problem resulting in the failure or malfunction
of many components i{s that of galvanic corrosion resulting

from the contact of dissimilar metals.

This occurs when

two metals of different electromotive potential are placed
in close contact in the presence of an electrolyte. .
This arrangement results in a flow of current from the anode
to the cathode with the 1iberation of hydrogen at the
cathode and the formation of alkali.

Several other conditians are favorable to the corrosion

of metals:
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4.6.

4.5.6.. Porous Castings .

Any surface which 15 porous offers an aid to corrosion

since contaminants and moisture can collect in the openings
and cause corrosion of not only the part, but the surrounding
parts also. ’

4.5.7. Fungi and Bacteria

A detailed discussion of the problem of bacterjal attack

on metals 1s offered 1n a later section; however, it should

be noted here that any condition which holds moisture can
promote the growth of microorganisms. The metabolic by-
products of their growth are acids which can etch and

corrode metals and cause the separation of layers of materials.

4.5.8. Metal Whiskers

Many metals, fncluding tin, zinc, cadmium copper and iron,
will grow "whiskers" during storage even when they are
hermetically sealed.

Corrosion Prevention =

In each of the corrosion situations mentioned above, there are
‘'specific steps. which can.be taken to either prevent or lessen
the possibility of the corrosion taking place.

4.6.1. Intergranular Corrosion

Selection of the proper grade and heat treatment condition
of the metal and the provision of protective coatings

where possible will lessen the possibility of intergranular

corrosion.

4.6.2. Crevice Corrosion

Since the presence of water or other electrolytes is a key
factor here, the sealing of joints will prevent this form

-l o At ol

DT 4iLdClK. .
4.6.3. Stress Corrosion

The metal,. the stress and the environment are the three
key -factors; therefore, the selection of metals which are
not susceptible reduce the stress, both operating and -
residual, and protect the metal from the environment or
remove the corrosive element.
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4.6.4. Hydrogen Embrittlement
Care should be taken, 1f possible, to avoid acid cleaning,

pickling and electroplating. Tr €
materials and processes which minimize the danger of

emhrittlement:

4.6.4.‘ .
4.6.4.2.

4.6.4.3.

The designer should select

Choose organic f{Ims or vacuum deposited films.

If plating 1s necessary, use alkaline baths

or other processes designed for low hydrogen pick
up; use cadmium 1nstead of zinc or chromium;
shot peen before p1at1ng. stress relieve before

plﬁt'l"g anu 'IlIlllEﬂlatEly ﬂTEEI‘WdI"U

Use materials not subject to Hydrogen
Embrittiement such as, 300 series corrosion

resistant steels and oxygen-free or deoxidized

copper.
4.6.5. Galvanlc Corrosion
Anything which reduces tha pgtgpf'la'l differance between

metals involved. or lessens the contact of the metals

reduces the chance of galvanic corresion.

One may group

metals by their compatibility (TABLE 4-3) or by their
electromotive ?otent1a1 (TABLE 4-4). The former, represents

groups of meta

s which are considered similar to one another

and may be coupled with others 1n the same group, but not

with those 1n other groups.

couples bases on the electromotive potential.
TABLE 4-5 which offers problems, solutions and examples
for the prevention of galvanic corrosion.

TABLE 4-3
Compatible Metal Groups

The latter represents acceptable
Note also,

Group 1 Group 2 ‘ Group 3 Group 4
Magnes{um Aluminum and Zinc Copper and
and alloys alloys Cadmium alloys
Aluminum 5056 Zinc Steel Nickel and
5052, 5356, Cadmium Lead alloys
6061, 6063 Tin / Tin Chromium
Tin Stainless Stainless Stainless

Steel Steel Steel

~
Tin-lead Nickel and Gold
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TABLE 4-3
on‘t
Group 1 Group 2 ' Group 3 Group 4
Solder : - alloys Silver
Tin-1ead
Solder
AL £ Tianmd
TaGalbse full&l
The damaging effects of fungi and bacterfa can be Timited
or elimtnated through several precautions: choose materials
which are fungl-inert; keep equipment dry and use fungicides..
See TABLE 4-6 for Tisfing of some fungi-resistant materials.
TABLE 4-4
Galvanic Couples
EMF Permissible
Group Metalurgical Category (volt) Couples
1 Gold, gold-platinum, platinum 0.15
2 Rhodjum, graphite . 0.05 I
3 Silver 0 I ?
4 Nickel, monel, high nickel-copper alloys, -0.15 $ L 9
titanium
5 Copper, low brass or bronze, silver sglder,-.20 9
German s{lver, high copper-nickel alloys,
nickel-chromium, austentic (type 300)
stainless steels
6 Commercial yellow brass and bronze © -0.25 g b 0
7 High brass and bronze; naval brass, -0.30
muntz metal
8 18% chromium type steels -0,35
NOTE: o = Cathedic e = anodic

o
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TABLE 4-4

{Con't)
Group Metalurgical Category EMF Permissible
. L o : o Couples
. 8 18% chromium type stieels -0.3%
9 Chromiﬁm, tin, 12% chromium type steels -0.45 I
10 T;n-pléte; tin-lead solders; terneplate -0.50 I 0
n Leéd; h1gh lead alloys -0.55 l
12 Aluminum, wrought, 1000 series -0.60 r ?
13 Iron, low alloy steels, armco fron -0.70 l
14 Aluminum, 3000, 6000, and 7000 series; -0.75

aluminum siiicone castings

P e ™
P

15 Aluminum castings (other than silicone); -0.80

cadmium
16 Hot dip zinc, galvanized steel -1.05 0
17 Zinc -1.10 1

18 Magnesium

NOTE: o = Cathodic e = anodic
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TABLE 4-5

Preventing Galvanic Corrosion

Problem Solution Example

Dissimilar Select permissiblé.couples. Use nickel, not

Metals naval brass, next

to silver.

Dissimilar Plate with compatible metal Tin coat steel

Metals to reduce potential defference. and bronze used

together.

Dissimilar Keep affected area of less Stafnless steel

Metals noble metal (anode) as hardware i{n aluminum
large as possible may be satisfactory

because of large
area of aluminum.

Pissimilar Apply corrosion inhibitors Assemble dissimilar

Metals such as zinc chromate paste. metal hardware

with zinc chromate.

Contact Interpose inert barrier or Vinyl tape, cadmium
gasket to prevent the contact. plated washer,

rubber gasket.

Contact Paint the cathode, or both
of the metals.

Electrolyte Avotd design which allows
moisture to be entrapped.

Electrolyte Use desiccant.

Electrolyte Seal joint with organic insulator,
alkali resistant.

Electrolyte Seal faces of the metals Primer, paint or
against contact with the sealant.
electrolyte.

General Use cadmium in preference to

zinc plating.
Use tin or nickel plated hardware.
Avoid the use of magnesium.
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TABLE 4-6
Fungi-inert Materials

Fungi-inert in all Fungi-inert in some grades

Conditions

Acrylonitrile-vinyle chloride Acetal resins

copolymer Cellulose acetate
Asbestos Cellulose acetate butyrate
Ceramics Epoxy glass: fiber laminates
Chlorinated polyether Epoxy resin
Glass Melamine-formaldehyde
Metals Natural rubbers
Mica Phenol-formaldehyde

Plastic laminates:
Silfcone glass fiber
Phenolic nylon fiber

Poly methyl methacrylate
Poly vinyl chloride

Diallyl phthalate and

polyethylene terephthalate

Poly vinyl chloride acetate

Polyacrylonitrile Poly vinyl fluoride
Polyamide | Plasticslaminates
Polycarbonate

Polyethylene

Polymonochlorotrifluoroethylene Synthetic rubbers

?qupropylene Urea-formaldehyde
Polystyrene

Polytetrafluoroethylene

Polyethlene terephthalate

Poly vinylidene chiortde

Silicone resin
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The Environment

As indicated in the section on the selection of materials and
storage facilities, the environment {s a serious factor to be

reckoned with in the prevention of corrosion.

of highly corrosive vapors as shown in TABLE 4-7.
into the picture as a pr1me contributor of ccrrosive condi tions
(TABLE 4-8).

Many organic substances
Man again comes

TABLE 4-7
Organics as a Source of Corrosive Vapors
Severely Somewhat Not
Material Corrosive Corrosive .Corrosive
Adhesive Ureaformaldehyde Phenol-for- Epoxy
i maldehyde
Gasket Neoprene/asbes- Nitrile/asbes- -
tos resin/cork tos glue/cellulose
Insulation
(wire) Viny1 TefTon Polyurethane
Polyvinylchlor- Nylor Polycarbonate
ide/vinylidene Polyimide
fluoride
. Sealer Polysulfide Epoxy Silicone
Sleeving Vinyl Silicone -
Polyvinylchloride
Tubing- Neoprene, shrink-
able
Piasticsf Melamine Polyester Silicone
/ ABS Diallyl Phtalate Epoxy
' Phenolic Polyurethane
Varnish Vinyl Alkyd -

38
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Environment Produced by During Attacks
Corrosive Cleaning Fabrication Insulation,
Liquids b Components
High Exotherm, Fabrication Insulation,
Temperature Encapsulant . Components
High Cure Fabricatior Insulation,
Temperature Encapsulatant Components
High Lack of cooling Test or Insulation,
Temperature -or short service Components
Ozone Welding Fabrication Rubbers
Machines or storage
Acid Incomplete Fabrication Metals,
’ cleaning :
Afr Insufficient Fabrication Conductor
Packaging or storage surfaces
Carrosive Sulfur in Fabrication Silver
Gases paper or storage
Corrosive Undercured Storage Metals,
Gases organics Plastics
Corrosive Packing Storage Cadmium
Gases Materials other metals
Corrosive Overheated Test or Metals,
Gases, acid insulation service conductors
Corrosive Propellant Test or Plastics,
Gases : service metals
Gii or Leakage Storage or Cadmium,
grease Tewnra paint
Pool of water Sump area Storage Everything
Diester cils Lubricants Storage Neoprenes, plasti
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TABLE 4-9

Selection of Coatings for Minimum Corrosion

Purpose
Contact
r m

fth aluminum
o nesium

W
nagn um
t

Pre-pa1n coating

Tarnish prevention

Marine exposure
Solderability
Storage

Wear

Recommended

Cadmium or tin

Cadmium or tin

Rhodfum over
s{lver

Gold aver silver,
copper or nickel

Nickel between copper
and silver

Heavy gold 0.00030
inch minimum

Tin, gold or tin-
lead

Gold, rhodium, or
reflowed heavy tin

Chromium, nickel,
rhodium or hard
gold

Not Recommended

Chromium, copper,

edTunm nanld
siiver, goid

Chromium, copper, .
nickel, gold,
sflver

Nfckel, chromium,
rhod{um

Cadmium, silver,
copper

cadﬂﬂumn tin
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4.6.8. Metallic Coatings

Frequently, the designer may consider the use of coatings for
the prevention or limitation of corrosion. TABLE 4-9 offers

a guideline for the selection of a metallic coating for
corrosion prevention.

4.6.9. Material choices

The designer has the option of chposing materials whic
1imit the dangers of corrosion and lessen the chance of
product failure. TABLE 4-10 offers a partial 1isting of
materfals which cannot or should not be combined in a
product. TABLE 4-11 proposes an addit{onal selection of
incompatible material combinations.

When the designer {is aware of the environment his product

will see, he can choose materials which can be used in
that environment. TABLE 4-12 offers a cholce of plastics

which can be used in varfous corrosive environments at
both room and elevated temperatures. .

BLE 4-10

Incompatible Materials

Do Not Use
Copper/manganese with Rubber
Cyano-acrylate sealants with cellulosics,
methacrylate
polycarbonate
styrene vinyl
Diester olls with Neoprene/plastics ‘
Hydrocarbons/ketones with Acrylics, cellulosics
vinylchloride
Ketones, esters, o )
alcohol with Vinyl butyral
Paper with Copper or silver
Silicone ofls and
greases with Metals to be coated
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TABLE 4-11]

Examples of Incompatible Materials

Material Is incompatible with

Acid Acrylic, alkyd, cellulosic, polyamide,
: ., polyester, polyethylene, urethane
Alkali . Acrylic, alkyd, cellulesic, ponester
Ammonia . Cadmium, copper, zinc, cobaltous chloride
humidity indicators
Copper, 1iron, Rubber
manganése
Cyanoracrylate . ABS, cellulosic, methylmethacrylate,
sealant _ polycarbonate, vinyl
Diester oil Polychloroprene (neoprene), vinyl
Hydrocarbon Acrylic, ceilulosic, poiycarbonate,
solvents polystyrene, silicone
Organic vapors Cadmium, zinc
Paper, cardboard Brass, copper, silver
" Polyvinyl chloride Zinc, aluminum, magnesium, brass,

copper, lead, tin, tin- lead gold

PIZII;E over brass

Silicone oil Most organic coatings
or grease

o
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TABLE 4-12

1
L

Plastic Resistance Toward Various Corrosive Media
at Room Temperature and 2000F

At Room Temperatire:
Polyvinylchloride;

possesses excellent resistance to- ¢
strong acids, strong bases, aliphatic solvents,
weak. bases and salts.

good to excellent resistance to-
strong oxidants,

unacceptable to poor resistance to-
aromatic solvnets, esters and ketones

unacceptable resistance to-
chiorinated solvents

Polyvinylidene chloride (saran);
possesses excellent resfistance to- )
a8 strong acids, strong bases, alfphatic solvents,
w weak bases and slats. -

good resistance to-
chlorinated solvents, strong oxidants

fair to good resistance to-
aromatic solvents, esters and ketones

Polyethylene;
possesses excelient resistance to-
strong acids, strong bases, weak bases and salts
strong oxidants

unacceptable to poor resistance to-
aromatic solvents, esters and ketones, aliphatic

solvents
unacceptable resistance to-
chlorinated solvents

Polysytrene;
possesses excellent resistance. to-
strong bases, weak bases and

- salts

43




Downloaded from http://www.everyspec.com

MIL - HDBK - 4Q6.
31 October 1971

TABLE 4-12 (Con't)

unacceptable to poor résistance to-

" strong acids, strong oxidants, aromatic solvents,
esters and ketones. aliphatic solvents

unacce tabie resistance to-

dmmdad oa

¢nlorinated solvents

Pdlychiorotrifluoroethylene; ;
possesses excellent resistance to-
strong acids, aromatic saolvents, esters and
ketones, aliphatic solvents, weak bases and
salts, strong oxidants, strong bases

poor to fair resistance to-

acknme amd

E;I-l:l’) and REBU"CB

unacceptable to poor resistance to-
strong bases, strong oxidants

Polyester;
possesses excellent resistance to-
aromatic solvents, chlorinated solvents, aliphatic so]vents

+

” Py Y F.Y
O eXCe
ers

est

good Hent
and ket

ﬁ-
weak bases and salts

poor to fair resfstance to-
strong bases

unacceptable resistance to-
strong oxidants
POXY 5
possesses excellent resistance to-

aromatic solvents, chlorinated solvents, a11phat1c solvents,
weak bases.and salts

good to excellent resistance to-
strong bases, esters and ketones

fair to good resistance to-

strong acids

unacceptable resistance to-
strong oxidants

o
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TABLE 4-12 (CON'T)

Polyvinylidene flouride;
posesses excellent resis
chlorinated solvent

strong bases

o

tance to ron
saliphatt ve

w0n v

——t -

g
n

ﬂll

an
al
Good resistante to - esters and ketones

fair resistance to - strong oxidants

Chlorinated polyether;
posesses excellent resistance to - strong acids, aromatic solvents,

strong bases, chlorinated solvents, “aliphatic solvents, weak bases
and salts

good to excellent resistance to - esters and ketones
unacceptable resistance to - strong oxidants
Furan;
posesses excellent resistance to - strong acids, aromatic solvents,
chlorinated solvents, esters and ketones, aliphatic solvents
good to excellent resistance to - weak bases and salts
aood resistance to - strong bases

unacceptable resistance to - strong oxidants

Polymethyl methacny]ate.

posesses excelient resistance to - w

ﬂ)
2
-
c
a
v
1!
v
a
C
w
o

fair resistance to - strong bases

unacceptable resfstance to - strong actds, strong oxidants, aromatic
solvents, chlorinated solvents, esters and ketones, aliphatic
solvents

Polycarbonates;
posess excellent resistance to - aliphatic solvents

good resistance to - strong oxidants, weak bases and sal:s
fair resistance to - strong acids
poor resistance to - strong bases, esters and ketones

unacceptable resistance to - aromatic solvents, chlorinated solvents

——
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TABLE 4-12 {CON'T)

Polyamides;

posess excellent resistance to - aliphatic solvents, aromatic solvents,
chlorinated solvents

good resistance to - esters and ketones, weak bases and salts, strong acids
poor resistance to - strong oxidants, strong- bases

Polyphenylene oxides; .
posess excellent resistance to - aliphatic solvents, weak bases and salts

good resistance to - strong acids, strong bases
fair resistance to - strong oxidants

poor resistance to - esters and ketones

unacceptable resistance to - aromatic solvents, chlorinated solvents

Polysulfides;

posess excellent resistance to ~ aliphatic solvents, strong acids,
strong bases

good resistance to - strong oxidants

poor registance to - aromatic solvents, esters and ketones, weak bases and
salts

unacceptable resistance to - chlorinated solvents

Vinyl esters;

posess eéxcellent resistance to - aliphatic solvents, weak bases and
salts, strong bases

fair to good resistance to - strong acids, strong oxidants

unacceptable resistance to - aromatic solvents, chlorinated solvents,
esters and ketones '

At _2000F

Polyvinyl chlorides;
posess no resistance, above the operating temperature of the plastic.
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TABLE 4-12 (CON'T)

Polyvinylidene chlorides (saran);
posess no resistance, above the operating temperature of the plastic.

Polychlorotrifluoroethylenes; ‘
posess excellent resistance to - strong acids, strong oxidants, aromatic
solvents, strong bases, esters and ketones, aliphatic solvents,
weak bases and salts

Polystyrenes;
posess no resistance, above the operating temperature of the plastic.

Phenolic;
posesses excellent resistance to - strong acids, aromatic solvents,
chlorinated solvents, aliphatic solvents

Polyesters;
posess good to excellent resistance to - aliphatic solvents

fair to good resistance to - chlorinated solvents, strong acids, aromatic
solvents, weak bases and salts

falr resfstance to - esters and ketones
unacceptable to fair resistance to - strong bases
unacceptable to poor resistance to - strong oxidants

Epoxies; :
posess good to excellent resistance to - aliphatic solvents

fair to good resistance to - chlorinated solvents, aromatic solvents,
strong bases

poor to fair resistance to - strong acids
poor resfistance to - esters and ketones
unacceptable resistance to - strong oxidants
Polyvinylidene fiourides;
posess excellent resistance to - strong acids, aromatic solvents,
stgong]bases, chlorinated solvents, aliphatic solvents, weak bases
and salts :

poor resfstance to - esters and ketones, strong ox{dants
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Chlorinated polyethers;
posess excellent resistance to - strong acids, strong bases, aliphatic

solvents, weak bases and salts
fair to good resistance to - chlorinated solvents
noor resistance to - aromati¢ solvents
unacceptable to poor resistance to - esters and ketones
unacceptable resistance to - strong oxidants

Furan;
posesses excellent resistance ta - strong acids, aromatic solvents,

chlorinated solvents, esters and ketones, aliphatic solvents,
weak bases and salts

good resistance to - strong bases,

unacceptable resistance to - strong oxidants

Polymethyl methylacrylate;
posesses no resistance, above the operating temperature of the plastic.

Polycarbonates: .
posess good resistance to - aliphatic solvents

fafr resistance to - strbng oxidants, weak bases and salts

unacceptable resistance to - aromatic solvents, strong bases, chlorinated

solvents, esters and ketones

Polyamides;
posess excellent resistance to - aliphatic solvents

good resistance to - aromatic solvents, chlorinated solvents, esters
and ketones, weak bases and salts

fair resistance to - strong acids

unacceptable resistance to - strong bases, strong oxidants

Polyphenylene oxides;

posess excellent resistance.to - aliphatic solvents, strong bases,
weak bases and salts

PR

fair resistance to - strong acids

-t -
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TABLE 4-12 (CON'T)

poor resistance to - strong oxidants

unacceptable resistance to - aromatic solvents, esters and ketones,
chlorinated solvents

Polysulfides;

posess fair resistance to - strong acids, strong bases, aliphatic solvents
poor resistance to - strong oxidants

unacceptable resistance to - aromatic solvents, weak bases and salts,
esters and ketones, chlorinated solvents

Vinyl esters;

posess excellent resistance to - strong bases, weak bases and salts
good resistance to - aliphatic solvents

poor to fair resistance to - strong acids

poor resistance to - strong oxidants

unacceptable resistance to - aromatic solvents, chlorinated solvents,
esters and ketones

NOTE:

Unacceptable: Severe attack, deteriorated
Poor: attacked, softened, swollen

Fair: mild attack

Good: slight attack

Excellent: f{nert
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5. GROSS CLEANING

Gross cleaning would not normally be considered a contamination
control method in the aerospace industry; it s however, normally
the first stage or step in the total cleaning environment that

a part or component can expect to see. If the gross cleaning is
inadequate, the final precisfon cleaning then becomes a monumental
task and 1t 1s unlikely that all possible soils will ultimately
be removed. A part or system failure may be the end result.

We shall discuss briefly, the nature of some of the gross cleaning
operations and procedures.

5.1. Barrel Cleaning

As 1ts name would imply, barrel cleaning 1s performed in a
rotating enclosure and {s accomplished by the action of parts
tumbling in a medfum. Generally the media and parts occupy 50
to 90 percent of the barrel volume.

Barrel cleaning may be uses for the removal of 0il and grease
although other methods are generally more suited for that type
of cleaning, Barrel cleaning is more commonly employed for
descaling rather than cleaning. Acid compounds are the normal
media preferred for their faster action. Wetting agents and
abrasives may be uses as supplements.

Dry trmbling is frequently employed for the removal of mill
scale, sand and hardened mold release materfals from castings
and forgings.

To ensure the best possible results from barrel cleaning, one
must consider:

Barrel Speed - proper speed avoids reaching sufficient
centrifugal force to keep the parts on the barrel

surface and not 1n the media.

Compound - correct choice must be made for application,
non-corrosiveness and adequate concentration.

Water Level - the level should be sufficient to prevent
excessive tumbling but not fi1ling the barrel.

Medium - choice must be made considering matertal size, shape
and quantity. ‘
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Work Pieces - size, configuration and composition shouild
e considered.

Flushing - parts and barrel must be flushed after tumbling
to remove unwanted elements.

. 5.2, Mechanical Cleaning

Mechanical cleaning is employed only for the removal of gross
sofls-by either abrasion or erosion. Several of the more
common mechanical methods are discusses:

Grindingfuhee1s - portable or stationary grinders are

"employed to remove ‘heavy weld splatter, flash and scale.

Wire Brush - manual or power brushes are uses for the
removal of weld scale and 1ight oxides.

Rasp Files - these are part of the manual process for the
removal of heavy metal soils.

Steam - this process 1s very good for the removal of heavy
— ofls, grease and sludge when pressurized.

hipping - hammer and chisel can be used for weld bead
" removal, scale and heavy weld splatter.

Wiping - solvent saturated wipe cloths can be uses for the
removaT of oils, greases and dirt.

5.3. Abrasive Blast

Abrasive blast cleaning employs the ‘forceful impis o
e 0

particles against a meta1 for soil removal. Some of the common
abrasive blast cleaners are: Sand, grit and glass beads for
strong abrasfon. Crushed corn cobs. rice hulls and walnut shells
may also be used when a milder abrasion {is desired.

b alnd=tii=]}
nycuic

When abrasive blasting i{s employed, the personnel operating the
equipment must be protected with suitable apparel, safety glasses,
independent air supply etc.

The abrasive material {s propelled by.either compressed air or

a rotating, bladed wheel. There i1s a major disadvintage to the
bladed whcel in that the direction of the abrasive cannot be
controlled to place the shot where it 1s most needed. While the
compressed air propuision can be more exactly controlled, it

in
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requires ten to fifteen times the horse power to operate as
compared to the bladed wheel.

TABLE 5-1 gives a comparison of the wet and dry abrasive blasting

methods.
- TABLE 5-1
Abrasive Blasting Methods
Met Dry
Type & Force Used Compressed Afr Compressed Air
High Speed Blower
Media Aluminum Oxide Metallic shot
- Garnet Metallic grit
Quartz Aluminum oxide
Novaculite Garnet
S1lica Quartz
Organics Novaculite
Glass beads $114ca
Organics
Glass or
. plastic beads
Soils Removed Light rust Rust
Surface oxides ) Mold sand
Light mi11 scale M{11 and heat-
treat scale
Welding scale Welding flux
Paint
Carbon

Weld splatter’

5.4, Washers

The possible combinations of types of washers and cleaning solutions
is nearly unlimited. Most washing equipment is custom designed

for specific processes. The equipmeat 1s characterized by the
following features:

&:U U - Wwd
Type of washing actfion
Number of stages
Automation
Part movement type
Filtration system
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Parts washers are grouped by types: single-stage, two-stage and
multi-stage. ~

5.4.1. Single-Stage

The single-stage washer employs immersion, spray or steam
as the cleaning method. It may be operated manually or by
automation, and it is generally used for low quantity operation.

3

504.2. Two-stage

The two-stage washer is generally a spray or paddle wheel
type. One of the stages may be rinse ¢r dry operation.

5.4.3. Multi-Stage

The multi-stage washer employs automation. It 1s generally
conveyorized, using rollers, endless belts, monorails or
rotating spiral drums. The multi-stage washer generally
includes several washes with both rinsing and drying. -
It is designed for high quantity production.

' There are numerous cleaning agents available for washers.
Among them are {ncluded: detergent, acid, alkaline -and
solvent solutions. '

5.5. Agitation

Agitation of solvent solutions improves sofl removal by physical
action, carrying the soil away and replacing it with fresh
solvent. There are two means of attaining cleaning agent
agitation: movement of the part and movement of the solution.

The part can be moved by the use of an endless wire belt or,

as in barrel cleaning, the use of rotating drums or barrels

which provide additional tumbling action. Oscillation or
off-center rotation may be used {f the parts are racked or placed
in baskets. The baskets may also be moved with the parts in them.

Solutfon agitation can be attained by boiling the solution,
which séts up convection currents. The danger here {s the
possibiiity of fire, vapor, or decomposition hazard, resuiting
in a corrosive condition. Compressed air may be forced through
the solutfon, but this can result {n the excessive foaming of the
solution when detergénts are used. Paddles 1n the solution will
providé a continuous large volume of solution moving against the parts.
This 1s especially effective against fines and chips contamination
the part. .
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Sprays are largely accepted and very effective for many kinds
of soils. The spray nozzles must be arranged in such a manner
as to ensure that the solution strikes the entire part.

Circulation pumps have found great favor where the part to be
cleaned 1s compatible with that method. It is especially good
when immersion cleaning {s done and when the part configuration
is such as to prohibit 1nternal observation of cleanliness by
normal visual means.

Some other methods of gross cleaning are:
Orbital Finishing - high centrifugal forces are concentrated

In barrels attached to the periphery of a rapidly
revoiving turret. The two rotate in opposite directions.

Extrude Hone Process - hydraulic pressure forces a viscous
paste loaded with a fine abrasive past the part areas
being deburred.

Electrochemical Deburring - this method involves a selective
electrolyte action which concentrates on the burrs only.

, media and compound are processed

ng - parts

Finishin
ratory tub.

£
nav
Chemical Surface Conditioning‘- acids are used to etch.

metal surfaces to several thousandths of an inch.

The last cleaning method we are including is cleaning by an
Ionized Gas Jet:

Flaming the metal surface
Telsa discharge over the metal surface

Placing the metal 1n a glow discharge at reduced gas pressure.

A review of these methods will reveal that no one method and no
given cleaning solution is going to be suitable in all fnstances.

It should be noted that cleaning surfaces is a decision-making process

based on the factors of economy, safety, solvency, availability and
suitability.

o
n
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There 1s no exact definition of what actually constitutes pre-
cisfon cleaning. The nearest one can come to describing the
process is to state that precision cleaning involves a degree
of accuracy or level of cleanliness not found in the gross
cleaning methods described in section 5. The degree of control
or accuracy may vary from a visually clean surface to assurances
that no more than X number of particles.5 microns in size remain
within or on a component after final cleaning.

As the degree of cleanliness becomes more stringent, the need
for high purity solvents, more sophisticated cleaning equipment,
cleaner work environments and more sensitive test equipment

denminmmmmmn dem e vy n e

Hikivaags w llﬂ:e& I.ll|= TiEW l’T:\:]I.IIF!:IIICIII-)

6.1. Methods

6.1.1. Vapor Degreasers

Simply defined, vapor degreasing 1s the process of contaminant
removal from a part by the condensation of chemical
solvent vapors on the surface of the part.

6.1.]‘]. Design

Although degreasers are generally designed by the
manufacturer for specific uses the generaI character-

doadd am A mama Emd 200 s Y 3l nstran £_7

1S¢ICS Ul I.ll: QJDI-:III are rTdirT lJ Ulllv‘:ladlc rFigyuirc v=i

11lustrates the basic parts of the.degreaser.

Size - should be determined by the dimensions, production
‘volumé.and racking methods eriployed by the manufacturer.

Freeboard - the space above the vapor level. The free-
board minimizes the escape of vapors and lessens the
problems of vapor disturbance by movement in the
surrounding environment.

Heat - should be.sufficient to: heat the max{umum work

Toad; meet any internal distillation requirements; and,
compensate for normal thermal losses.
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Condenser -must be sufficient to condense all the
vapors generated at maximum heat input.

Safety Thermostats - an automatic heat input shut-off
located Just above the normal vapor level to insure
that the vapors will not rise above the condenser level
}n ?he event of unusual heat conditions or condenser
ailure.

Cleanout - provisions should be made for easy machine
cleanout.

Water Separators - will minimize the formation of
water/solvent vapor mixtures which are easily lost into

dolin adr
wWiE airn.

" Racks or Baskets - should be na larger or heavier than
necessary, too large a basket will act as a piston,
forcing the vapors into the surrounding air.

Hoists - should be set to operate at a maximum verticle
speed of 12 feet per minute, minimizing vapor disturbance
and solvent loss into the surrounding environment.

6.1.1.2 Types

Vapor degreasing units often combine several cleaning methods
with the degreasing to increase the total efficiency of the
cleaning cycle, frequently, the degreaser 1s arranged to
repeat the vapor phase of the cleaning. The most common
degreaser arrangements are: FIGURE 6 - 1

Sprav-Vapor - used when the soil to be removed would have

e - S ¥

een baked onto the part when processes through the normal
vapor phase, the spray is .cold and used as the first
step in the system. FIGURE 6 -2

Vapor-Spray-Vapor- more effective in the removal of
meﬁium Higﬁt sol)s from parts with complex configurations
and blind holes. FIGURE 6 -3

Yapor only - for the removal of light soils, soluble in
the degreasing solvent. FIGURE 6 -1

Vapor-Immersion-Yapor - for the removal of medium
heavy soils from fEin wall parts or small bulk parts
loaded into baskets or other containers. FIGURE 6 -4

——
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FIGURE 6 - 1
THE VAPOR DEGREASER
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FIGURE 6 - =-2  SPRAY-VAPOR /SPRAY LANCE
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Boiling Solvent-Cool Solvent-Vapor -~ Very effective on
heavy soils and where complex configurations are involved.
Figure 6-5.

Ultrasonic - When combined with vapor degreasing, the
end result {s a very high degree of cleanliness.
Generally followed by spray and vapor rinses.
These are by no means the total possible combinations but any
special applications or requirements should be discussed with an
equipment manufacturer, who can furnish designs to suit any needs.

t
i

There are also, of course, limitations to vapor degreasers, see
Table 6-1 for a 1isting of some of these 1imitations.

6.1.1.3 Solvents

Tn ~hn
10 Cnocose ne

en +hn $0 Tuand hoed cnidad €av an Indduddnasl vannw Aanwmascdnn

wirel II' VeoL 9 Iwvoewu 11Ul WEl LI Y IYWMG VUPUI UGSI Guallls

operation, one must consider the materials being cleaned, the contam
{nant to be removed, the material configuration and the cost of re-

claimation of the solvent.
The most commonly used solvents 1n vapor degreasing are:

Trichloroethylene

Perchlorethylene
Trichlarotr{fluoroethane

Al 1L L1

Methylene Chloride

1,1,1,-Methyl Chloroform (Trich!ometrrane)
Specific Azeotraopes

6.1.1.3.1 Characteristics

Generaltly, the suitable vapor degreasing solvents all possess the
following characteristics:

High Solvent Power - the abjlity to dissolve all oils,
greases, fats, waxes, resins, gums and tars generally
encountered in manufacturing.

Inertness to Metals- the ability to clean without
oxidizing, staf_ing. pitting or in general, corroding
the metal.

Non-Flammability - flammable solvents would -not be
sultabTe for use in a vapor degreaser where elevated
temperatures are a requisite part.of the system.

62
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Recommendation

Acidity

Rust

Heat

Chlorides

Thin-wall
parts

Blind
Holes

Convol-
uted parts

Metal
Castings

011 im-
pregnated
metal parts

Solvent decomposition,
resulting in attack of the
cammon metals and the more
reactive metals.

Ferrous parts which have
been degreased are subject
to oxidatfon.

Hight temperatures are
dangerous for certian rub-
bers and plastics.

High temperture may also
bake on certain soils.

The chlorides formed by the
decomposition of solvents
will attack some rubbers and
metals as well as plastics

Part may reach the vapor
temperture, preventing
proper cleaning by con-
densate formation.

May presént draining prob-

.lems and may not be properly

cieaned.

- Solvent entrapment,

Due to porosity, all of

the contaminants may not be
removed. May weep ofl.
Bearings and bushings may
be oi1 {mpregnated for part
life, degreasing will
remove Tubricant.

63

Monitor solvent acidity.
Clean degreaser at regular
intervals.

Apply rust profing solutions.

Check maximum safe operating
temperatures.

Monitor chioride coqtent.
Use vapor/spray/vapor cycle.

Use vapor/spray/vapor cycle
ultrasonic plus vaper,

b s mmumb ba Adwaden

TULaLE parv W urair.

Rotate during degreasing.

Use ultrasonic-vapor
degreasing cycle.

‘l‘l‘ enluant anmfarsa wing
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“or brush, or degrease and .

relubricate.
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Low Toxicity - the safety and health of the operating
personnel must be considered at all times,

Low Latent Heat - low latent heat .reduces the heating -

costs of vaporizing the solvent to provide adequate
condensing action.

High Vapor Density - this permits ease of solvent
recovery and permits effective control of the solvent
vapor level.

Chemical Stability - the solvent should rematn stable
Tn Foth the Tiquid and vapor phases after repeated
cleanina cycles. Reactive metal fines and chips
should not decompose the solvent. Splvents. which
hydroltze easily should be used within- timitations.

Boiling Point - the bofling point should be low enough to 1imit
the heating requirements and allow easy separation from the
dissolved soils by distillation. The boiling point must also
be high enough to permit efficient condensation of the vapors
without refrigeration.

See TABLE 6-2 for a compariscon of the properties of the various
vapor degreasing solvents,

Generally, the following characteristics can be attributed to
each of the {individual solvents:

Trichloroethylene

Efficiency and cost mak this solvent the optimum one
Eas1ly controlled stabilizers

Acceptable part temperature at the completion of
cleaning

High solvency

Easy dist{llation

Moderate boiling temperature

Perchloroethylene

Rempves the moisture content of aqueous solutions

Low' tendency to hydrolize

tiligh boiling point resulting in:
better removal of tars and waxes with me]ting
lenL in 190-250°F range cumplew ur_ylng of parts
reduced staining of 1ight gage metal, costly heating
requirements, baking-on of insoluble contaminants
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high solvent vapor temperature results in compatibility
problems

Methylene Chloride
Lowest bolling point

Reduced heating requirements
Minimal cleaning time
Minimum part cooling time

1,1,1-Methy] Chloraform (Trichloroethane)
Special distillation equipment

Low vapor density
Not suitable for aluminum
Hydrolysis occurs readily

Trichlorotrifluoroethane
Highest vapor density
Low boiling point
Chemically stable
Easily reclaimed through simple d
Very low toxicity
Mild solvent

i . 6.1.2. Ultrasonic Cleaning

The removal of surface soils by the scrubbing action from the implosion
of vaporous bubbles or cavitation, is called ultrasonic cleaning.

"Ultrasonic" refers to those energy vibrations above 20,000 Hertz,
which is above the range of audible sound (normally from 20 to 20,000
Hertz-with a general limit of 16,000 hertz for older persons). Figure

6-3;111ustrates these ranges.

6.1.2.1. Components

An ultrasonic cleaning system is comprised of three basic
components:

Ultrasonic Generator - which produces ultrasonic
oscillations which are relayed to. . .

The Ultrasonic Transducer - which converts the electrical
impluses 1nto mechanical vibrations of the same
frequency. The transducer is in turn attached to the. . .
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The Transducerized Tank - or cleaning tank which has
been designed to give the best cleaning possible

6.1.2.2. How does it Work?

Sound waves are the basis of ultrasonic cleaning,
they travel through a material by the alternate
compression and expansion of its molecules. When
sound passes through an elastic medfum such as metal,
the medium and the sound energy vibrate at the same
rate. When sonic energy travels through a liquid,
the Yiquid ruptures {cavitates),. . . small pockets
are created which immediately collapse or (implode}.
This phenomenton occurs.  only at or above the sonic
Intensity level of the threshold of cavitation.

The rapid implosion of these reptures in great
quantity, creates a vigorous scrubbing action on any
surface in contact with the area of cavitation.

The transducer attached to the cleaning tank vibrates
at ultrasonic frequency. When it moves toward the
1iquid fn the tank, a high pressure (compression)
wave is formed; a low pressure (rarefication) wave

s produced as the transducer moves away from the
Tquid.

If the amplitude of the transducer {s great enough,
the Tow pressure wave will reduce the pressure of
the 1iquid below its vapor pressure and thousands
of minute bubbles will be formed. When the high
pressure wave is created, the vapor bubbles recon-
dense; as this implosion occurs, the scrubbing
action is created.

6.1.2.3. Solvent Property Effects

The vapor pressure, surface tension, viscosity and
density of the solution are the properties which
have the most pronounced effects on the efficiency
of ultrasonfc cleaning.

Vapor Pressure - the vapor pressure of the liquid affects
the threshold of cavitation. &s the vapor pressure increases
the threshold decreases, A liquid with law vapor pressure
absorbs more of the uTtrasonic enerqgy in getting to the
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threshold and less energy remains to cause the formation
of more cavitation bubbles.

The cavitation bubbles of a liquid.with low -vapor pressure
will implode with greater force because of the higher
internal-external pressyre differential, Uhile the more
intense or "harder” {mplosion may be an afd to the
scrubbing, the number of cavitation bubbles formed in a
11quid with Tow vapor pressure may be too low to create
suffi¢ient scrubbing. The better value here is the middle

range of vapor pressure.

Surface Tension - high surface tension woyld cause the
vapor bubbles to collapse faster, creating greater
scrubbing force but at the same time, the -force requircd to
expand the bubble increases with surface tension. A

point may be reached where the surface tension is so

great as to absorb all of the ultrasonic energy with the
end result that the bubble would not grow to sufficient

size to offer any effective scrubbing force whatsoever

- Fwhe MU wWeTYel

Low surface tension on the other hand does not require
much energy to reach the point of cavitation but the
bubbles may grow too large and implode too softly to scrub
the surface sufficiently. The best value in surface tension
will also be an intermediate on for the most effective

- cavitative,

Viscosity - high viscosity requires a greater force to
cause cavitation. Higher viscosity results in a damping
of the energy being transmitted through the liquid.

In the case of viscosity, the lower the value, the better
the cavitation. :

Density - while 1t takes more energy to expand the vapor
bubbTe 1n a high density 11quid, the implosion force is
- qreater than that of a Tow density liquid. Generally, the
higher the density the better suited the liquid is for
efficient cavitation. :

It can be seen therefore that the "fdeal” cleaning solution would be one
of moderate vapor pressure and surface tension, low viscosity and high density.

Since temmerature will a2ffect all of these properties, (Low temperture

will cause: higher density-which is good and higher viscosity, . lower

vapgr pressure, and higher surface tension whi¢h are undesirable. _Hiah
temperature near the boiling point will cause: Jower viscosity whiéh is good
and lower density, lower surface tansion and higher vapor pressure which
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are undesirable; the most intense cavitation will occur at.a point well
below the boiling point of the 1iquid.

Ultimately, the cleaning solution must perform specific functions in the
cleaning tank for the cleaning to be effective:

Lower interfacial tension providing better solution/
part contact

Lower surface tension, lessening energy losses

Penetrate the soil rapidiy aliowing maximum scrubbing
action at the part/contaminant contact point

Chemically react with soils

Disperse and prevent the redeposition of soils

6.1.2.4. How is the System Evaluated?

Generator - the function of the generator is to
convert Tine voltage into high frequency elect-

rical energy. A common method for the evaluation

of the generator 1s by describing the power intensity
delivered to the tank:

Watts per Gallon - obtained by dividing the average

power of the generator by the volume of cleaning
solution, .

Watts per Square Imch of Transducer Face - divide
ro

u
~ " oy ") "N mrnmm ditmmis ocrsad e
the power of the.generator by the transducer surface

-area.

Watts per Square Inch of Tank Cross Section - divide
the average power of generator by the tank cross
sectional area.

Each of these ratings can be used to interpret specific information about
the system:

Watts per Gallon - indicates the needed tank heating
or cooling requirements.

Watts per Square Inch of Transducer - indicates power
Intensity for s{demounted transducers.

Watts ger Square Inch of Tank Cross Section ~ indicates
power intensity for complete tank. Normal rating for
bottom-mounted transducers.
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Transducer - the transducer converts electrical
impTuses from the generator into mechanical vibrations
on the cleaning tank. . Transducers are generally one
of two types, magneto-strictive or piezoelectric.

Magneto-strictive - these transducers are not as
popular as piezoelectric types but are still widely
used. Thesérdevices use an arrangement of coils

and a metallic core. Most of them operate at 20,000
Hz but some can be pushed to 50,000 Hz. The

energy transfer 1s generally less than with the
piezoelectric units.

Piezoelectric - these are generally ceramic type
units; barium titanate for general use and lead
zZirconate for heavy duty and high temperature

applications.

Frequency - while there is theoretically a full
range of frequencies to choose from, not all of
them are suitable for cleaning applications.

Those frequencies below 20,000 Hz, while they cover a wide angle
in the tank, are 1nefficient because they lack the power of the high
frequencies, in addition, the noise levels are offensive.

The higher frequencies are very directional in the area of cavitation,
especially those above 100,000 Hz, where the cavitation is a

straight and narrow path from the transducer. Frequencies 1in

the 80,000 to 100,000 Hz range show only s1ight loss of cavitation
area, penetration into deep crevices and hidden areas is excellent,
cleaning speed and effectiveness 1s greatly improved over the. lower
frequencies and the noise level 1s very low. See TABLE 6-3

for a comparfson of the cleaning frequencies.

6.1.2.5, How 1s_the Cleaning Monitored?

A number of tests may be conducted to determine the efficiency of
specific aspects of ultrasonic cleaning. TABLE 6-4 1ists these methods.

6.1.2.6. What must be Coqudered?

Numerous consfderations must be given for effective ultrasonic
cleaning. TABLE 6-4 11sts some of the jeneral congiderations

to be given and TABLE 6-5 lists the considerations for electronic
component cleaning.

~d
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TABLE 6-4 7

Monitoring Ultrasonic Cleaning

Device of Measurement Principle Characteristics or limitations |
Method
Foil Cavitational Cavitation The effects are move apparent in water than in
Erosion intensity erodes the solvents. mmmiwv performed, with fair reliab-
inmersed iiity. No standards. have been established.
foll strip = ' Evaluation 1s based on visual observatfon and

comparison. Limited to before or after clean-
ing readings.

Bead or Tank vibra- Energy 1n the Easily performed but not readily and meaning-
steel ball tion causes solution pro- fully interpreted.
hounca movement duroe vibhraa-

LA LR ] VAP ¥ WY W A el VI MY W

tion of the, test
tube and in turn,
makes the bead
or ball bounce

73

Heat rise Solution Ultrasonic Plotted curve of temperature versus time should
Temperature energy causes approximate a straight 1ime. Degrades trans-
a rise in solu- ducers can produce heat which gives a false
n*os temperature. reading. Not an accurate measurement of cavit-
ation.

Cavitation Cavitation Probes pick Direct readout and quick test. Some units do
meters intensity noise freq- not have frequency range switches.

uencies.
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Considerations for Ultrasonic Cleaning

Factor Remarks
Cleaning Selection must be made for the soils to be
Solution removed. Fluid level must be high enough to
‘prevent damage to the ultrasonic tank.
Degassing Cleaning solutions should be degassed before use. Shallow

Immersion of
parts

Part loading

Basket design

Part position

Neises

Filtering

tanks, higher solution temperatures and higher power intensity
with a pulsed wave allows faster degassing. Time depends on
solution used.

Parts must be removed from and introduced into the tank
slowly, while 1n operation. If there {is any screeching, the
parts are being introduced too rapidly and the generator

{s being strained. R

Neither parts or the parts basket should be on the tank
bottom. High density parts should be each exposed to direct
ultrasonic waves. Part cross-sectional area should not exceed
75% of the tank area.

A basket with too high a mass can reduce the effectiveness
of the cleaning.

Critical areas to be cleaned should face the transducer if
possible. No air may be entrapped in blind holes. Racked
parts should be placed vertically and no stacked. Should

be covered by at least 3/4 in. of solution, .
Buzzing or hissing noise is caused by the shock waves produced
by cavitation. Screeches or squeals from beat notes must be
avoided. Beat notes are caused by; (1) too rapid part
immersion, (2) too violent agitation of the Tiquid, (3)
resonant hubbles, or (4) two or more unsynchronized generators.
Particulate matter must be vremoved from the cleaning

solution. Those may be accomplished by using a continuously
recirculating filtration system.
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TABLE 6-6 Considerztions for Cleaning Electronic Components

Characteristic Remarks

Physical makeup Components produced by some manufacturers are not
structurally sound encugh to withstand the shock imposed
by u]trasonic cleaning.

Power intensity Any delicate comporent has an upper power intensity limit g
with reference to time.

Power uniformity Non-uniform power intensity can expose components to
higher intensities than those which can normally be
tolerated and are reconmended for safe operation on the
components.

Mass of load Electronic components, particularly circuit boards,
should be ultrasonically cleaned in racked loads, not as
individual parts.

Dwell time The time the parts are immersed to the ultrasonic cavitation
should be very closely controlled. 5 to 15 seconds is
generally sufficient. - .
Cleaning solution The type of solution has a direct effect on the type of . ;
cavitation produced {hard or soft). Solutions '
which produce fairly soft cavitation should be used, 1.e., -
& solutfonwith high vapor pressure and low surface tension
be employed.

7€ 4
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TABLE 6-7
laminaw Elmu Aduantanoae and Ndeaduanéaaoe
wLQumyinal I 1WA AuvUll iyl Qi Ulﬂuu‘“ubﬂac?
Advantage Reason
Clean-down Air velocity is generally great enough to carry away
capabiiity contamiration generated or carried into the facility.

Particles will Any alrborne particle will see the ftem only once

see the {tem
only once.

Reduced
Maintanance

Class 100

Control of
humidity and
temperature

Garments

because of the airflow pattern. '

Since the facility exhaust itself continuously, the
necessity to vacuum the area 1s eliminated.

Verticle laminar flow facilities are capable of attaining
a class 100 level and with good management, will even
exceed that level.

The volume of introduced air is so great that the

maintenance of desired levels is greatly simplified.

The air which fs recirculated is easier to.maintain

at the specified ronditions.

Garment restrictions may be reduced from those of a non-
laminar fac{lity. Continued high standard of garment use wil!
lessen the chance of contamination however. The facility
should not be relied upon to dissipate all generated particles.

Except in microbial or sterile conditions, air showers,

annhla Anam alwnlaslke md 1a Amacedna maame ava nat
qQjUD e Q00 avvrigiks, ang iulgc \nu:alng roomsS are nov

usually necessary. Again, such precautions do lessen the
danger of contamination and decreases the load the room
or facility is expected to withstand.

Higher velocity alr requires larger fans, motors and

Disadvantages Reason
Increased
volume of air ducts.
required.

Vertical rooms The floor and ceiling plenums of vertical rooms occupy

mAamsid e Pricy s
1 !:qu 11re uprTw

clearance

Original
cost

Jlo-..c:«o-:..m.i-a a2t hadah+ Thie ennra muuect ha
] WL IECeY VI YT W |\..n| lI‘:ISllb Illl:i apu\.c mua\o UI;

added to the hefight of the room itself to determine total
vertical space requirements.

In terms of initial cost} the vertical facllity costs
more than other types of eguipment, but it offers
greater efficiency and reduced maintenance costs.

A horizontal system will cost less than competitive
facilities with improved efficiency.
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6.1.3. Drying Methods

Directly related to cleaning {s the drying parts. There are
several drying methods available and all must be monitored to
insure the continuance of the established cleanliness level.

Some of the methods displace the water from a part and others
remove 1t by evaporation. There are three general types of drying
systems, mechanical, chemical and thermal. Detaiied information

on the methods under each of these catagories is presented 1in
TABLE 6-7.

52 The Environment

6.2.1. The Clean Room

A1l of the precautfons taken to insure maximum cleaning efficiency;
solvent purity and material purity are valueless if the environment
tn which the product 1s handled and cleaned 1s not also as controlled
as the rest of the factors.

Essentially, the clean room is a controlled environmental facility

where every effort 1s made to insure the elimination of contaminants
and their sources.

Based on the aiffTow characteristics of the room, the facility
will fall into one of two broad catagories, the laminar or non-
Taminar flow desion.’

6.2.1.1. Non-Laminar Airflow

—

Commonly referred to as a "conventional” clean room,
these facilities are characterized by:

A{rtight structure into which air 1is introduced
at a predetermined rate,

Personnel are "packaged" campletely.

The facility is constantly vacuumed or wiped.

The air in the room 1s changed at a rate of 15 to 20 changes per
hour. The air movement patterns in non-laminar facilities are

{rreqular and offer many opportunities for contaminants to settle
on work pfeces.
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Mechanical Methods

Wiping - absorption by wiping materfal -
Use 1int free cloth; usually gross or a predry operation;
Not preferred because of sloughing problen.

A1r Blowoff - Ph{éical force of air stréam displaces cleaning solution -
Alr supply line must be filtered, possesswater trap and

requlator. the air stream might agitate other contaminants
in the area.

Dry nitrogen blowoff - Same as air blowoff -
Finai drying for precision cleaning.

Sonic - Gradient of moisture content near surface of the part
s modified by afr agitation from sound waves -
Not widely employed with metals. Can be used with heat
sens{tive parts and where high velocity air stream might
cause damage.

Chemical Methods -

Alcohol and Acetone - Combines cleaning and drying, water
absorption, ragid drying -
Highly flammablie, effective in some cleaning.

Freon TDAD 352 - Water displacement -

Removes large or small quantitfes of water from metals,
plastics and material combinatfons.

Freon TWD 602 - Water emulsification, vapor evaporation -
ries traces of residual water from surfaces, small holes,

and cracks, used 1n ultrasonic or vapor degreasing
eqt

uipment.
Trisec - Water -displacement-.
lorinated solvent cationic surfactant. Vapor degreaser.
Thgrma1 Methods -

Ovens - Evaporation by heat -
ot applicable for heat sensitive material

sl
ho racirculating, indivact nac-fired ar alacte
R ¢ MW S W wriigy TIIA T e MU 1] = Y Ligie el

Shogzd
drally
heated, with high volume static exhaust. 7
Infrared and heat 1ight bank - Evaporation by heat -

Not normally used in contaminatfon control situation.
.Conveyar{zed operation. '

-~J
«€*
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The non-laminar facility possesses poor self-cleaning ability and

+hn t-!me rnqnnmfl to axhaust contaminants -lnf'hn.-.u:nc ag -Hnn rakz

of generation 1ncreases The best means of combatting contaminants
is to employ garmented janitorial employees constantly vacuuming
during the area working hours.

Since there is a lack of control in the non-laminar room, there is
a need for smooth surfaces, and a total limitation of ledges,
crevices and projections on which contaminants might lodge.

Stai - in
Stainless steel has long been an, accepted gﬁterlal and a1}1i$ﬁ£ts

are covered to -provide edsy- -cleaning. A gloss, nonh ca
surface 1s also satisfactony, it must be frequent]y cleaned

with a vacuum brush. The room must also be sealed to preclude the
entry of contaminants from the outside.

The personnel entry door should be the inner part of an air lock
which will accomodate only one person at a time and both doors
of which will not open simultaneously. An air shower should
precede the air lock and must be capable of removing any part-
ticulates which might be shed or sloughed off by activity.

The most effective garment for use in the non-laminar flow room
1s the bunny sult which coveres the entire body, including shoe
covers which are made of non shedding material and head covering
which entirely covers the head, hair and neck.

6.2.1.2. Fume Hoods

A fume hood 1s basically a ventillated enclosure designed
to confine and discharge odors and toxic materials e
form of fumes, gaseous vapors, etg¢.lnto the atmospere.

Fune hoods are designed 'in ‘several types or conffgurations:

Conventional - an enclosure vented through€lots at
the top and bottom of the rear wall.

§§;g%%l;ggg%-1ncorporates a streamlined entrance to
provide a reduced face velocity. The eliminatien of
corner posts, off sets and frregular shapes promotes
-a uniform, slow movement of air through entrance.

Bypass - Provides an air bypass to the exhaust blowers
E% prevent a vacuum starved condition at the blowers
when the entrance {s closed.

Balanced - designed to introduce untempered air form the
atmosphere into the entrance area so that 1t will mix-with
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the tempered air from the room. This {s especially
good when the room is air conditioned since it lessens
the load on the conditioners due to loss.

Since the hood general]y exhausts air 1nto the butside env1ronment,

pl"‘EC('iUt‘lOﬂS must be taken when the exhaus ted gases are toxic or
corrosive, to prevent contamination of the atmosphere.

6.2.1.3 Laminar Airflow

A laminar air flow is one in which the entire body
of air within an enclosure or room, moves at a
uniform velocity along parallel lines. The Laminar
Airflow may be 1n e{ther a vertical or a horizontal
direction and the rate of movement covers a wide
range of velocities. The velocity for a vertical
air flow {s normally 90 + 5 1ineal feet per minute,

. while the horizontal facTlity will range from 100
to as great a 140 feet per minute, depending upon
the length of the facility.

Laminar flow facilities have several advantages
dénd disadvantages (see TABLE 6-7); severa]
characteristics differentiate the nnrizonta] and
vertical facilities,

6.2.1.4 Vertical Laminar Airflcu

A Vertical Laminar Airflow (VLF) employs the

Laminar flow principle with the air moving from 2
filter bank {n the ceiling downward through a
grating in the floor. The VLF room provides the
following advantages over other types of clean rooms:

Can operate well with 1n the class 100 level.

Operates well ytilizing a wide range of air
velocities.,

Offers rapid removal of generated contaminants
from the room.

Lessens the possibility of cross-contamination
between adjacent operations 1n the room.

Lower Janitorial costs.

demd wmn bha Affnmbs Af mAamsaannat rord
I"“ll“l““a u‘: ClrivwWwa VI pPuT2UINIC) mis

ssi
Long term operation and maintenance prove
less costly than other facilities.

on
s
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TABLE 6-8
Vertical Laminar Flow Room Requirements

Cefling Composed entirely of supporting frame work.and {certi-
fied-to-be-) Teak-free HEPA Filters. The-seal around
the filters should be leak-free and any openings for '
wiring or sprinklers must also be leak-free.

Floor The entire area should serve as an exhaust and should
be made up of a grating or perforated metal with an
open area of at least 60% of the floor space.

Walls Normal materials are satisfactory if they are firmly
fixed and all Joints are sealed. The interior surface
of the fﬂl—i‘llb] must be a hard gioss, non~-shedding
surface. Strips, ledges and wall irregularities must
be eliminated because they will result in the creation
of irreqgular flow characteristics.

Plenum The plenum must be of sufficient depth to insure the
proper flow of air in the room. A shallow plenum can
cause- a dead spot or turbulence in the air flow, reduc-
ing the overall efficiency of the room.

Air Velocity To attain a class 100 level, the 11neal air velocity
measured 12 inches from the face of the HEPA filter
- . must fall in the 90 # 10 ft./min. range.

Construction The general construction requirements should include

a specification that the room be capable of maintain-
ing a minimum of Plus 0.05 in. WG pressure.

Shoe These are not generally needed because of the Floor

Cleaners grating. If the location is such that excessive amounts
of contaminants are brought into the room, then a brush
vacuum shoe cleaner should be considered.
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Some of the basic design requirements for vertical laminal flow

rooms are listed in TABLE 6 8.

Portable VLF units are available which provide the capability of
enclosing large cumbersome components in controlled environments.
The portable facilities will provide a class 100 level of clean-
l1iness. The portable units are curtained 1n plastic, have their
own blowers and filter banks and {1lumination. They may even be
used out-of-doors, providing the wind veloctty 1s less than 20 mph.

One precaution with the portable unit: If the unit is not in constant
use and has frequent shut-downs of more than a minute, the unit
should be allowed to purge {tself for about five minutes prior

to use again. If the shut-down periods are in excess of 4 hours,

}he pgrge time 1s 30 minutes, accompanied by a vacuuming of the
nterior.

In additfon to the portable unit, there are also vertical Laminar
flow work stations or benches. The station employs a perforated
metal work surface with the open area ranging from about 30 to 60
percent. Air velocities range from 65 to a top of 145 FPM. The
vertical flow work station will operate well within the class 100
range.

6.2.&.5 Horizontal Laminar Air Flow -

The horizontal facility differs from the vertical
flow design in the direction of the air travel.
In the horizontal design, the HEPA fiiter bank
comprises one entire wall of the room or tunnel.
The opposite wallof a room is an exhaust grating.
Horizontal rooms are not characterized as being
of ‘one class, 100, 10,000 etc., they are always
"zoned". The class level being determined by the
distance from the filter bank.

ng height in the horizontal facility needs

i
he adequate to caontain the squinment beino used
W (l\l‘-l-‘uu L L= W W w nn LA AN G “.Flllbll u -----

The atir velocities in a horizontal facility needs are
higher than those of a vertical room because:
The air travels a greater distance and the higher
velocities ensure that the particulates remain
su.pended in the air.

Obstructions above the work level become a
problem when the air flow 1s hor{zontal.
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The minimum velocity for a short room would be 100
fpm with increases up to 140 fpm in a long facility.

The placement of equipment and work stations within
a horizontal facility 1s critical because the
operations of one station may effect all subsequent
operation upstream of that operation. It is
advisable that equipment and work stations be

placed in a staggered configuration to lessen the
dangers of contamination. -

' R

6.2.1.6 Horizontal Airflow Tunnels

The tunnel differs from the horizontal airflow
room in the following:

The tunnel 1s always erected within another
building. '

The tunnel air supﬁly is taken from the
surrounding atmosphere.

The exhausted air is reléased into the surrounding
atmosphere while the room afr is recirculated.

No positive pressure 1s maintained in the tunnel.

Temperature and humidity is Timited to that ’f
of the surrounding atmosphere.

The open-ended horizontal airflow tunnel offers
these benefits; . o~

Rapid clean down

Lowest cost per square foot

Although not portable, relocatfon is economical
Easily enlarged or reduced in length.

Very low maintenance costs

& -
v

21 7 H
asfmel o/

The horizontal work bench provides the capability
of establishing a localized clean zone. The
horizontal bench can operate within the class 100
range when the air velocity 1s 90 + 5 ft/min.
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The horizontal work bench offers several advantages:
Rapid self-ciean-down
Ready access to work area through open front

Minimal personnel restrictions other than
normal training.

6.3 Packaging

Packaging, in general stitutes enclosing an item in some
material to protect 1t from some environmental condition. The
{dea of clean packaging {s really quite simple; the package must
be able to maintain the cleanliness level of the item throughout
handling, storage and transportation until further assembly or

use. To achive this goal, certain conditions must be met:

nta
u ue
e

The packaging material must be cleanable and precision
cleaned prior to use.

The cleanliness level of the cleaned packaging material
must be maintatned until a closure {s made.

The packaging must be done in a clean environment.
Stringent clean packaging techniques must be observed.
The package must be constructed and sealed as to
prevent the entrance of contaminants from outside the
package.

The packaging material {tself must not contribute to
%he contamination of the {tem, except within acceptable
1imits.

6.3.1 Packaging Elements

elements or parts which comprise a complete clean

Intimate Package -Requires same degree of
cleanliness as part, since the material may contact
the part or at least {is environmentally adjacent

to the part. Rigid materials of high density and
hard finish can provide the hignest degree of
barrier protection but poses some problems in the
formation and sealing. Flexible materials create
prablems bacause of their sloughing characteristics.
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6.3.2.

They are heat sealable and good barriers to certain
environments.

Environmental Package -Used to provide an. add-
{tional barrier to specific environments which
may not be provided by the intimate package.
Rigid materials provide greater protection from
shock and impact. The sloughing of flexible
materfals 1s not as significant a problem here.

Intimate_cushion - When the packaged item contains
sharp edges, protrusions or external threaded
portions, protection 1s needed to prevent penetration
of the intimate or environmental package.

Cushions must be as clean as the item they protect.

Packaging Films

Polyethylene - Advantage: economical, available

in many types, sizes and thicknesses. Disadvantage:
lower strength than most films and higher degree
of sloughing. Distorts when in contact with oils.

Polyamide (Nylon 6) - High in abrasion and flex

resistance, least self-contaminating among all
films now in use. Not a good moisture barrier.
Because of poor moisture resistance, normally’
requires an environmental package such as
polyethylene.

Fluorghalocarbon *Aclar% -This 1s the only :
packaging material which is compatible with LOX.

While Aclar abrades more easily than nylon 6,
the sloughed particles are LOX compatible while
other materials constitute a potential explosive
hazard on impact in LOX service.

Polyester (Mylar) - Excellent resistance to
abrasion and grease and oi1, low moisture per-
meabiiity. Sloughing from flexing {s somewhat

higher than nylon and heat sealing is very difficult.

Aluminum foil - Not generally for use as clean intimate

package; clean, oi1-free sheets are LOX & LOX impact
safe.
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High rate of sloughing produces aluminum particles
which are not safe with LOX. Not heat sealable,
opaque surface, the surface oxides may abrade
precision surfaces and contact with dissimilar
metals may promote corrosion. Environmental or
intermediate packaging use is desirable because
of high resistance to grease, oils, acids, heat,
moisture permeability and 1ts nonflammability.

Composite films - Comprised of two or more films
Tn sandwich Tayer, offers the desirable properties
of each film employed. A recent addition to the
packaging area 1s a laminate called Nylo-Flur
Essentially, it is a nylon, Aclar 33C combination.
Sandwiched between the layers, where the 1nk
cannot slough off 1ts' printing which identifies
which side of the film should be IN or OUT for
compatibility with LOX (Aclar IN) or simply
particulate protection (Nylon IN). While the
laminate may be heat sealed nylon to nylon or Aclar
to Aclar, it 1s impossible to achieve an Aclar

to Nylon seal.

6.3.3. Attack by Packaging

Special care must be taken to avoid storing incompatible
materials within a compartment or package. Attention
should be paid to the following:

Wood - ( sometimes used for shelving and boxes)
emits harmful gases. Oak, cedar and chestnut
are especially bad.

Cushioning materials - often give off sulfurous

or acldic vapors, attacking silver, cadmium and
other materials.

Paper and cardboard - 1f not made especially for
the packaging of electronic materials may
tarnish silver and copper.

Copper, Iron and Manganese - promote the cracking
of rubber.

Uncured or partially cured organic materials -
outgas, corroding nearby surfaces.
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7. DETAIL REQUIREMENTS 3). October 1971
The detail requirements for solvent or cleaning agent selection
for specific applications shall be those stated in MIL SPEC .

Section 5.

7.1. Properties

When selection of .a.solvent. or.cleanipg.agent is. necessary, the
physical properties of the solvent must be considered to getermine
applicability. The properties to be considered are: Solvency,
toxicity, nonvolatile residue, flammability, boiling range and
freezing point, particulate content and the thermal and -chemical
stabil{ty of the agent. Property listings will be taken from
MIL-SPEG ., and all applicable Federal and Military Specifica-
tions' and Standards.

Solvency may be measured by many means but for this handbgok
and MIL:SPEC .» a single, known standard shall apply. Solvent

manufacturers and users have adopted the Kauri-Butanol (K-B) valu
as the standard rating of solvency. -

Solvency expressed in terms of K-B value is the amount of solvent
or cleaning agent which when added to a standard kauri gum solution
tn butanol, produces a definite turbidity as compared to the amount
of benZéne used in a similar titration. It is the number of mill1ili-
ters of solvent which must be added to 20 grams of standard kauri
solution at 25° C to produce sufficient precipitate of the gum that
a printed sheet of 10 point Century type will appear blurred or
itlegible when viewed through the flask containing the solution.
Generally, 100.0 mi11iliters of benzene are needed to produce

. this effect, and the K-B value of benzene {s therefore the accepted

standard.

The K-B value serves as an index of the relative solvent power
of a cleaning agent. The K-B value {s not necessarily the best
means of judgement, since the value does not indicate what
solution will be most effective 1n all cases. Temperature, time,
material and cleaning method must be considered.

7.1.2. Toxicity

A solvent which 1s ideal in all respects of sofl removal,
compatibility etc., is valueless if 1t is sufficiently toxic

as to make 1t use hazardous to the operator.

Exposures to some halogenated hydrocarbons on a repeated basis
can result in serious liver and kidney damage. Other halogen-
ated hydracarbons are capabie of oniy anesthetic effects, but
while such effects can result in death after sufficlient time
‘has elapsed, removing the person from the fumes will gener-
ally result 1{n his complete and rapid recovery. :

an
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The degree of hazard can be minimized by containing the
¢leaning in a closed system. VYentilation , gas masks,
respirators and self contained or remote breathing appar-
atus may also be employed to 1limit exposure.

While inhalation of solvent vapors constitutes the major
or most common hazard, contact with the solvent itself
may resuit in dermatitis and in some cases, the solvent
can be absorbed through the skin. In both cases, damage

e Al I Y o X ___ _ o

L0 .unie 1I’1I.El"l'lﬂl orgdis is posswle.

Halogenated solvents cause dermatitis in several ways:
They remove the natural skin oils by dissolving them,
thus drying the skin; Chlorinated solvents will dissolve
the superficial keratin layer and cause red blotches

and blisters,

7.1.2.1. Threshold Limit Values (TLV)

The toxic effects of cleaning agents are of major concern

to industry, and adherence to proven safety limits can
appreciably reduce the dangers from inhalation, and skin
contact. The American Conference of Governmental Industrial
Hygenists has established threshold 1imit values (TLV)

for determination for the blends. The TLV represents an
exposure condition under which it is beljeved that nearly all
workers may be repeatedly exposed from day to day for eight

houre without adverss affacts,

7.1.3. Non Volatile Residue (NVR). s

Particulate and other non volat{le residue are of great
concern in contamination control. Gross particulates can
be detected by visual observation, but smaller matter must
be detected by filtration and microscopic examination. NVR
is the soluble material and the insoluble particulates re-
maining after temperature controlled evaporation of a col-
atile 11quid which has been filtered. NVR can-be deter-
mined by any of the following, as they shall be applicable:

ASTM-NVR-66 MSFC-QUAL-AMC-~5 MSFC-SPEC-164
MSFC-PROC -195 MSFC-DWG-10M0167 MSFC-DWG-A10419906

MSFC-PROC-245 ASTM-D-1025052 ASTM-D-1353165
7.1.4. Flammability

The halogenated hydrocarbons do not generally present a

fire hazard. The commonly used solvents, trichloroethylene,
perchoroethylene 1,1,1- trich]oroethane, trichlorotrifluorce-
th?HE. and methylene ch]oride, do not have flash or -fire
points.
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There are many other solvents among them, the keytones,
alcohols, esters and petro]eum hydrocarbons which present
serious fire hazards but are used because specific solvency
characteristics or cost factors. Caution must be excercised
at the point of use to prevent the ignition of flammable
solvents. Exhaust systems help prevent the build-up of
explosive vapor concentrations. Sources of flame or very
high temperatures in the use area must be eliminated.
Electrical equipment must be well groundéd to prevent the
build-up of static electricity, and adequate fire extin-
guisherequipment must be maintained and on hand.

The assumption cannot be made that because a solvent has
no flash or fire point to begin with, that it will remain
free of hazard during use. This 1s primarily a problem
with the solvent blends. Usually, the halogenated solvent
i{s more volatile than the petrolieum hydrocarbons in the
mixture. As the formulation evaporates during use, the
more volatile, non flammable constituent leaves the mix-
ture first and the flammable petroleum solvent incresses
in concentration. Ultimately, a condition is reached
where the remaining solvent has developed a flash point
and becomes a fire hazard. See MIL SPEC___., for a
1{sting of solvent danger points.

-1 n .l S Mo
felada 001 "g FOIIML

Knowledge of the boiling point of the cleaning agent,
allows the user to e3tablish severa? things:
The ability of the agent to clean those materials
which are heat sensitive.
The gperating temperature of the solvent in a
vapor degreasing application.
The recovery range of the agent through distillation.

7.1.6 Freezing Point

In combination with the boiling point, knowledge of the
freezing point permits the determination of the total
operating range of the cleaning agent.

7.1.7. Particulate Content

Whan nrecision eleaning 1¢ noarformed.  the agent must ha ac
1%id Pl ww i iV l il ' llu 13 P‘-l FWI My ik Wi l LU -

free of contaminants as possible. When used on ultra-pure
assemblies, the allowable particulate content of the agent
is often spelled out within exacting 1imits. Allowable
particulate content shall be determined in accordance with
MIL STD 1246 ( .).
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Cleaning systems must be monitored continually for con-
taminants within the system, since some contaminants, in
combination with the solvents, can promote corrosion or
solvent attack on the materials being cleaned. Some
pure solvents will also, in some situations, react with
some materials of construction. See MIL SPEC .
for compatibility comparisons of cleaning agents. All
solvents must be monitored carefully for acid and HC1-
build-up to avoid the problems encountered with solvent

Annwad~nbedna Paviddnn mis alemn ha avaowmes dmnd +a Lmmima
uoyi QUGBIUII. vauLivil llll-lab alav Vo C’Abﬂl\-l):u o Insure

that solvent vapors are not drawn into the ventilation
or supply ducts for boilers since the high heat encount-
ered may decompose the solvent into acids which cause
severe corrosion, or into toxic gases such as phosgene.

7.1.9. Vapor Pressure .

The vapor pressure of the 1iquid affects the threshold

of cavitation 1n an #ltraconic annldication ac tha vanor
WW Y I e iy MWl w “PF' T wid w1 W l e 'qu'

pressure 1ncreases the threshold decreases. A liquid
with low vapor pressure absorbs more of the ultrasonic
energy in reaching the threshold and less energy remains
to cause the formation of more cavitation bubbles.: - The
cavitation bubbles of a 1iquid with low vapor pressure
will implode with greater force because of the higher
interal-external pressure differential. While the more
intense impdosion may be an aid to scrubbing, the number
of cavitation bubbles formed 1n a 1iquid with low vapor
pressure may be too low to create sufficient scrubbing
The better value here is the middle range of vapor
pressure.

7.1.10. Surface Tension

High surface tension will cause cavitation bubbles to
collapse faster, creating greater scrubbing force but

at the same time, the force required to expand the bubble
increases with surface tension. A point may be reached
where the surface tension {s so great as to absorb all

of ‘the ultrasonic energy with an.end result being that
‘the bubble would not grow to sufficient size to.offer any
effective scrubbing force at all. Low surface tension
does not require much energy to reach the point of cav-
{tation, but the bubbles may grow too large and implode
too softly to scrub the surface sufficiently. The better
.value 1n surface tension is the intermediate one, offer-
ing maximum effective cavitation.

7.1.11. Viscosity

High viscosity requires a greater force to cause cavi-
tation. Higher viscosity also resqus in a dgmping of
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the energy being transmitted through the 1iquid. Low
viscosity is the better value for effective ultrasonic
cavitation.

7.1.12, Density

Although more energy is required to expand the cavi-
tation bubble in a 1iquid with high density, the great-
er implosfon force is desirable. The higher density
value is the better one in ultrasonic application.

7.2, Compatibility Considerations

Most conclusions drawn from corrosion research indicate that there
are many facters involved ifn solvent corrosion and that there are
medns available for inhibiting or stopping the corrosion process.
Compatibility testing prior to solvent usage {s mandatory and

the addition of inhibitors to a solvent must be carefully monitored
to insure that the addition does not-affect the NVR or particulate
levels of the agent. The 1nhibitors must be monitored to 1nsure .that
they are not lost through use or reclamation, See MIL SPEC o
for 1istings of the corroston resistance of various materials and

the effects on various materials of construction by the solvents.

7.3. Bulk Handling And Storage

Since the properties of the halogenated hydrocarbons are generally
very similar, one type of bulk storage facility will likely be
satisfactory. The solvent manufacturer should be consulted for
specific storage requirements.

7!3:]. The .Eank -

The generally non corrosive nature of the halogenated
hydrocarbons permits the storage of those solvents in

mild steel tanks which can be installed either vertically
or horizontally. Common construction materials can also be
used for storage containers with the exception of aluminum
and galvanized materials which can form explosive mixtures
with the so]vents. -

7.3.2. Pipes, Fittings, Gaskets And Hoses

The piping should also be constructed of mild steel with
welded or flanged connections. If threaded connections are
used, standard pipe dope cannot be employed because it is
dissolvedby the solvents. Flourinated elastomer tapes,
graphite or glycerin pastes are acceptable.

Since natural and synthetic elastomers are attacked by the
solvents, they cannot be used as flexible hoses. Polyvinyl

alcohol 1s resistant to the. solvents but must be protected

:rom water. Flexible monel, stainless or mild steel may also
e used.
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If rigid piping and swivel joints are used, the seals in the
joints must be fluorinated elastomers.

7.3.3. Pumps, Meters, Valves and: Gages

Side suction, positive head centrifugal pumps are recommended

for solvent use, a deep-well type jet pump may be substituted,
The pumps must be closed, solvent type construction.

Meters should be designed for solvent use and be rotary gear
type. )

Mild stee]l gate or ball valves with or without nickel or
Monel trim can be used for general service, If the appli=

cation is a high pressure one, a cast steel valve is necessary.

Any standard steel pressure gage is suitable,

7.3.4. Tank Cleaning

Occasionally, it is necessary to clean the storage tank,
After the tank has been drained, it may be cleaned with a
wire brush, then followed by vacuuming or washing, The
tank must be totally dry before replacing the solvent,

\D
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TABLE 7-1
Non Volatile Residue Detection Techniques

Gravimetric - Principle of operation - Weigh a container and
evaporate a known quantity of solvent, reweigh the
contatner, the gain {s the NVR.

‘Sensitivity -~ 0.01 ppm by weight

Time for determination - from .75 to 8 hours
Unit of measurement - Milligrams per volume,
converted to ppm by weight.

Nephelometer- Pr1nc1e1e of operation - Solvent is made into
an aerosol and sampled by 1ight scattering photometer.
When the NVR 1ncreases, the rate of evaporation 1s
‘decreased resuiting in larger aerosol dropliets
producing greater signal output.
Sensitivity - 1 ppm .
Time for determination - 5 minutes

Unit of measurement - ppm by weight or volume.

Solvent purity meter- same as nephelometer
Sens{tivity - 1 ppm

Time for detemination - 1 minut
..-l

a
Mndd A mancin nd+ _ mm i\ nk
il e Ui HiIcaa I.Il ull:llﬁ = PPIII yiie

An unlima
Spectrophotometry - Principle of operation - Absorption of
electromagnetic rad{ation.
Sensitivity - 1 ppm optimum
Time for determination - 5 minutes to 1 hour
Unit of measurement - percent transmittance

converted to ppm or actual wefght.

n - Multithanratical

"'IG'I Wl W WIS W e

n 1nn‘an:f
pTate/ Distillation/ Sele
Sensitivity - 1 ppm

Time for determination - 5 minutes to 1 hour

Unit of measurement - Retention volume and
direct readout are di{fficult.

ctive adsorbtion
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TABLE 7-2
DANGER POINTS OF THE COMMON SOLVENTS

Flash Explosive Limits Ignition Threshold
Solvent Paint Ugﬁer _ Lower - golnt Limit
(F) ( ov-) (%V-V-) (.F Va]ye
. {ppm

Acetal -5 10.4 1.6 446
Acetaldehyde -36 55.0 4.1 365 200
Acetone 0 12.8 2.6 1000 1000
Allyl alcchol 70 18.0 2.5 73 5
Ayl acetate 77 1.1 750 200
Amyl alcohol 100 1.2 700
Amy1 chloride 55 8.6 1.6 650
Benzene 12 7.1 1.4 1000 25
Benzyl acetate 216 . 862
Benzyl alcohol . 213 817
Benzyl

cellosolve 265 665
Butyl acetate : 72 7.6 1.7 790 200
Iso-butyl acetate 64 ,
Butyl alcohol 84 11.2 1.4 650 100
Iso-butyl alcohol 82 ‘ 800
Sec~butyl alcohol 75 . 777
Butyl benzene 160 5.8 0.8 774
Butyl butyrate 128
Butyl carbitol 172 442
Butyl cellosolve M 10.6 1.1 472 50
Butyl cellosolve

acetate 180
Butyl chioride 20 10.1 ) 1.8 612
Butyl lactate 160 720
Butyl propionate 50 . 800
Carbitol . 201
Carbitol acetate 225
Carbon disulfide =22 44.0 : 1.2 212 20
Carbon tetrachloride none none 25

Cellosolve 104 14.0 1.8 4086 200
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Explosive Limits

Flash Ignition Threshold
Solvent Pg}nt Upper Lower Point hiTit
CF) {(# V.v.} & v.V.) (iF vaiue
. : i _{ppm)

Cellosoive acetate 124 1.7 715 , 100
ChTorobenzene 85 ' 7.1 1.3 1100 75
Chloroform none none
Cresol 178 . : 1.1 1100 5
Cyclohexane 1 8.0 1.3 514 400
Cyclohexanol 154 ' 100
Cyclohexanone 147 1.1 847 100
Cyclghexene =21 400
Diacetone alcohol 148 1118 50
Dichlorobenzene 151 9.2 2.2 1198 50
Dichlorodifluoromethane none none 1000
Dichloroathane 56 16.0 6.2 775 100
Methylene.chloride

(dichloromethane) none 66.0 15.5 1224 100
Diethyl benzene 132 806
Diethyl carbonate 77
Diethyl. cellosalve 95 406
Dimethyl sulfate 182
Dioxane 54 22.0 2.0 356 100
Dipetene 108
Diphenyl 235 498
Dipropylene gylcol 244
Ethyl acetate. 24 9.0 —_ 2.5 800 400
Ethyl alcohol 55 19.0 4.3 793 1000
Ethyl benzene 59 1.0 870 200
Ethyl bromide. none 11.3 6.7 852 200
Ethyl chloride -58 15.4 3.8 966 1000
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Flash Explosive Limits Ignition Threshold

Solvent P%i nt Upper Lower Point Limit
¢ AAL AR 138 Valye
! fl & ) (2 ) ( £ (ppm

Ethyl cyclohexane . 6.6 0.9 . 504 ,

Ethylene chlorohydrin 140 15.9 4.9 797 5

Ethylene dichloride 56 16.0 6.2 775

Ethylene glycol 232 . 3.2 775

Ethyl formate -4 13.5 2.7 1071 100

Ethyl lactate 115 1.5 752

Gasoline =45 7.6 1.4 536 500

Glycerin 320 739

Heptane 25 6.7 1.2 452 500

Isa-heptane 0 6.0 1.0

Heptene 20 -

Hexane =15 7.5 1.2 500 500

Hexyl acetate N3 :

Isophorone 205 864 . 25

" Mesityl oxide 87 ) 652 50

Methyl acetate 14 16.0 3.1 850 200

Methyl alcohol 52 36.0 7.3 876 200

Methyl cellosalve 105 19.8 - 2.8 551 25

Methyl cellosolve acetate 132 8.2 1.7 25

Methyl cyclohexane 25 1.2 — 500

Methyl cyclohexanone 118 100

Methyl formate 2 20.0 5.9 840 100

Methy1 -heptane .

Naptha 0 5.9 1.1 475 500

Nitrobenzene 190 1.8 3009 1

Nitrobutane

Nitromethane 95 785 100

Paraldehyde 63 1.3 460
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TABLE 7-2 (CON'T)

Flash Explosive Limits Ignition Threshold
Solvent Point Upper Lower. Point Limit
Cr1 Ev.v.l Gl (°R Value
(ppm}
Pentane -40 7.8 1.5 588 1000
Perchloroethylene none 200
Propyl acetate 58 8.0 2.0 842 200
Propyl alcohol 59 13.5 2.1 700
Iso-propyl alcohol 53 12.0 2.0 750 400
Propyl benzene 86
Propyl chloride 0 11.1 2.6
Iso-propyl ether -81 21.0 1.4 830 500
Propylene dichloride 60 14.5 3.4 1035 75
Pyridine 68 12.4 1.8 900 10
Stoddard solvent 100 6.0 1.1 450 500
Tetrachloroethane 5
Toluene 40 6.7 1.4 1026 200
Trichloroethylene none 770 200
Triethylene glycol 350 9.2 0.9 700
Turpentine 95 0.8 464 100
Vinyl acetate 18 13.4 2.6 800
Vinyl chloride 0 22.0 4.0 500
White spirit 80
Xylene 63 6.0 1.0 900 200
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Effect of solution composition on corrosion of Type 304 and mild steel exposed to

Downloaded from http://www.everyspec.com

TABLE 7-3

uninhibited Trichlorcethylene.

RANGE CORROSION RATE, mils/yr
PH Water, ppm Saolution Vapor Condensate
Type 304 Steel
0.5-7.0 <100 - £1 < <1
3.0-7.0 »200 <l <] 2
0.5-2.9 »200 1 1 > 160
Type 1008 Steel .
0.5-7.5 < 100 <1 <1 <1
" 0.5-2.9 >200 1 S > 1000
TABLE 7-4
Corrosion of Type 304 Steel exposed to boi11ing Methylene Chloride and
1,1,2 Trichloroethane.
(200 to 600 ppm soluble water)
. 1,1,2 Methylene
‘Trichloroethane Chloride
(mils/yr) (Mils/yr)
pH 3 to 7
Solutian < 1 <1
Yapor 1 <1
Condensate 3 <1
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TABLE 7-4
(CON'T)
PH 3 .
Solution | 0 ]
Vapor - 41 <1
Condensate ~» 1000 ~150
TABLE 7-5
Corrosion of materials exposed to degraded Trichloroethylene
Solution range pH 0.5-2.5
Soluble water 100-200 ppm
Mlls/yr
Material Solution Vapor ondensate
1008 Steel 1 1 > 1000
304 Annealed <1 <1 >100
304 Sensfitized - 4 <1 > 1000
Hastelloy C <1 <] 40-90
Hastelloy B <] - 2
Nickel 200 - - >100
Nonel 400 <1 - >100 .
Tantalum - - 3
TABLE 7-6

Condensate corrosion of Type 304 steel exposed to degraded Trichloroethylene.

(5¢cc H,0 added to 1500cc solvent)

o | ~ Cup . iy
pH Range . = Mils/yr Condenser Mils/yr
3.5-7 ] 2
2-3 . 50 150
1-1.9 250 600
] 400 > 1000
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TABLE 7-7

Effect of soluble water and acfd content on corrosion of Type 304 steel
exposed to solutions of chlorinated solvents.

Corrosfon Rates Form of
Soluble Hy0 (ppm) pH (mf1s/yr) attack
100 >3 40,1 none
200-600 3-5 o i Pitting
200-600 1-3 1 Genera)
1400 2-3 30 General

102




Downloaded from http://www.everyspec.com

MIL - HDBK - 406
31 October 1971 .

TABLE 7-8

STRESS-CORROSION CRACKING OF TITANIUM IN METHANOL AND OTHER SOLUTIONS

Number Time to
Specimen of Failure
Origin Specimens  Notched Load, ksi Test Fiuid Min Remarks
Virgin 1 No 140 Methanol 300
Virgin 2 No 14Q Methanol 63 Aged additional
4 hours @71000 F
in air before
testing
Virgin 4 Tes 120 Methanol 3r
Virgin 5 Yes 120 Ethylene 3183 Mo failures
9lycol/Hp0
Virgin 4 Yes 120 H,0/sodium 2880 No failures
Virgin 2 Yes 120 thaool 44 Aged 30 Min 81000
o F before testing
Virgin 1 Yes 130 Methanol 20
Virgin 5 Yes 140 Hethanol 19
Virgin 8 Yes 140 Ethylene 3588 No fatlures
glycoI/Héo
Virgin 1 Yes 140 Iioproeyl 3042 No failures
aAlenhn
SC 5 Nc 380 Methano} 28
SC 4 No 100 Methang) 33
SC 4 No 120 Methanol 12
SC 1 No 120 Ha0/so0dum 2880 No faflures
chromate
SC 5 No 140 Methanol 7
SC 5 No 90 Methanol
SC 5 No 100 Methanol
SC 10 No 120 Methanol
sC 2 No 120 Alr
SC 1 No 130 Methanol
SC 5 No 140 Methanol
SC 3 Yes 120 Mathanol
sSC 3 Yes 120 Aerozine-50 Specimens loaded for
2 weeks with no
fallure
SC 2 Yes 120 " Distilled Hp0 2565 No failures

Note: Several specimens were exposed to methanol for extended perfods at st}ess levels

below 100 ksi1 without failure.

Due to the hygroscopic nature of the methanoi, there

were varjous amounts of water dtluted with the methanol and this undoubtedly influenced
the time to failure. These results have not been included in the chart.

SC-Spacecraft.

103



Downloaded from http://WWW.everyspec.com

*spsayjuaded up SanleA  ‘axedg ON =gN

‘yeadg=g

*y3buaals pLisa=SA  "310N

MIL -~ HDBK - 406
31 October 1971

(4yol *stl) (445 “stl)
g g
(4yZg *601) ,
d
(4ys° 1 *64)
9
(ays* L “L9)
aN
(aye “€8) (44p*z ‘o0l)
g (sswq) 8
(4yL *601) (449 *0L) (4YE*2 ‘L) (SA sEL)
aN N (pLaM) 8 Ab-Lv9-+1
{upwy *sa ) (4yo9L *s21)-
q N
(44oe ‘001) (442°2 *£9) (SA €21}
aN aN AML~OWL-1Y8-}1
(ays°t *stl) (4ys wm_Fv .:tEmem.o_F,
(aygz *c0L) Acvssm.mqpv
(4469 ‘€zl)  (44L°0°66) (4402 *66) (upugg *9LL) (uiug °091) (SA SEL)
N 8N N g Al-OWL=1y8-}L
ENTETR] [04051¥ SUII39A[D %1 LOYGOLY  LOUCUIaW  O°H %2+ (3¢S) LOEN +
+ |oueyisN  LAY33 “sqy LJeN + [oueylay:
Loueyjay
SIUDWLD. [AUT Ao|y

TABLE 7-9

SQINDIT JINVOYO NI S1S3L N3IWIJdS HIOOWS .

104



Downloaded from http://www.everyspec.com

TABLE 7-10

4a Mma '.-l-

b-9-tL L-g-v-bL  $-9-LL $-9-HL G°2-G-FHl
eSUNON NI JWNTIV4 01 3WIL @

_.l
3133

(4)
(6)
(3)

(9)
(p)
(o)
()
(®)

4

1

*payaRJd> Suauwpdads auju JO DAYyl
‘pabe jeay *ad0ej4NS PaA}IIBI-SE ‘Sududads asddAsSuRI)
-pabe 309y pue pauea(d pPjoe ‘suaujlads asJdASURd)
*L}e3 30U pip Suawidads JIYIO OM3
*19H wdd gpos ‘Q%H wdd 006 Y3 M |oyeyjaw ul ‘suawjd>ads om) J0J} Sawy dngjeq
*Ja9yjoue 40 Ja3eadb Jeymawos ‘udur}dads BUO L04
*92044NS paA|}aIad-Sy
*Lies 30U pIp uswjdads Jayjour ‘uswiIIds U0 404
-t
*pajou se 3dodxa JH ONH u} pauea|d Y313 S8IRJJNS €Y
u/st’0
gS¥-t
qv 62 ﬂm
69L°0
50°t mom 0
09 B8°Gt oL ¥°6 6°v 9°1 0 80
Sk OL SA SbL S1 021 SA G¥L SA 0f1 SA §21 aby 3eay SA O
VSL-11 V1S pa|eauuy 1S paieauuy pajesauuy pajeauue |L}W PpaLeduur |LIN

-l L-1-8-HL

*S31O0N

102419
aua1Ayl3

w: wdd 0052
0“H wdd 0025
zu_x Louvyay

sno4pAyuR
‘loueyl3
snoJpAyue
' LouRy3aK

pHby

105



Downloaded from http://www.everyspec.com

MIL - HOBK - 406
31 October 1971 TABLE 7-11

RESULTS OBTAINED WITH UNALLOYED
(A55) U~BEND SPECIMENS

Environment

DMSO + 13 LiCl

OMSO + 3% L1C

DMSO + 10% LiC1

DMSO + 0,43%HC1 + 0.73% H,0

OMSQ + 73.23% CHy0H + 0.582 HCY + 93% K0
DMSQ + 41.44% CHJOH + 0.48% HCT + 0.84%%Ho0
DMSO + 15.13% cu%ou + 0.45%HCY + 0.78% H,
DMSO + 0.763 CH,OH + 0.43% HCT + 0.73% Hy0

NOTE: N.F. = No failure after 6 months of exposure.
DMSO = Dimethyl Sulfoxide.

RESULTS OBTAINED WITH ELI
Ti-5A1-2.55n ALLQY U-BEND SPECIMENS

Environment

CH3OH reagent grade 99.9 mo1% pure)

CH30H reagent grade, dried with Ca0 powder)
CH30H (reagent grade, redistilled)

CH30H vapor - dry alr mixture

RESULTS OBTAINED WITH BINARY Ti-A1 ALLOY

U-BEND SPECIMENS

-

Environment Alloy
CH30H + 0.59% HC1 + 1.01% HZO T

T1-2%A1
T1-52A1
T1-7.5%A)

CHq0H + 0.35% Br, 8,
i
Ti-7.5%A1

Ti
T1-2%A1
T1-5%A1
T1-7.5%A)

CH OH + 0.12% 1 T4
3 2 Ti-2%A1
T1-5%A1
T1-7.5%A1

CHBOH + 1.25% 12

Time to failure

T{me

Time

NOTE: (a) Failed by intergranular corrosion after 1 month exposure.

106

-

N.F
.F
.F
.F
2 hours
day

28 days
N.F.

N
N
N
2
1

to faflure

8 days
4 days
2 days
1" day

to failure

.2

F.2
4 days
2 hours

3 days
3 days
2 hours
30 min,

a
F.

F.2

30 min.
20 min.

2 weeks
2 weeks
2 hours
2 hours
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TABLE 7-12 31 October 1971
. RESULTS OBTAINED WITH UNALLOYED
(A55) U-BEND SPECIMENS
Environment Time to failure
\ CH40H (reagent grade) N.F.
Hy0 fdistiited N.F.
- Hy0 (distilled) + 0.59% HC N.F.
; CA;0H +0.59% HCY + 1.01% Hy0 2 hours
CH3oH + 0.59% HCY + 1.14% A0 § days
CH30H + 0.59% HC1 + 1.45% Hio N.F.
CH3OH + 0.45% H,50, + 0.001% H,0 7 days
CH3OH + 0.55% HE1 ¥ 0.94% Ha0 1 hour
CHJOH + 1.10% HC1 + 1.88% H30 2 days
CH30K + 1.65% HC1 + 3.28% H,0 N.F.

NOTE: N.F. = No faflure after six months.of exposure.

RESULTS OBTAINED WITH ELI
Ti-5A1-2.55n ALLOY U-BEND SPECIMEN

Environment Time to failure

@

CH.OH + 0.59% HCl + 1.01% Hz) 1 day
CH/,0H + 0.35% Bro? : 30 min.
€H30H + 3.52 BR 5 hours
CH30H + 0.012% fza 2 days
CH30H + 1.35% I, 2 5 hours
CH30H + 0.076% RaC) 2 days
CH30H + 0.75% HF + 0.75% H0 N.F. {2 months)
CH30H + 0.129% NaBr 2 days
CH30H + 0.188% Nal 7 days b
CH30H + 0.053% NaF 2 weeks
NOTE: N.F. = No failure

(a) Bromine and fodine added as purified 1iquid and solid respectively.

TR Cimmfnmn crmanbdny antu

\U’ SUTITaLE Wi Glpl\lllu UIIIJ.
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TABLE 7-13

CHEMICAL RESISTANCE OF PLASTICS & METALS

Rating: A - No Effect - Excellent
B - Minor Effect - Good
C - Moderate. Effect - Fair

D - Severe Effect - Not Raconmended

Plastic? 1 - Epoxy 6 - Stainless 304
or meta

2 - Polypropylene 7 - Titanium

3 -'PVC 8 - Buna N

4 - Nylon 9 - Viton

5 - Stainless 316
Media 1234567809
Acetaldehyde AADAAAADA
Acetamide A---AB-CA
Acetate Solvent : AD-AAB-D-
Acetic Acid, 6lacial -ADAABBDD
Acetic Acid AAADABBCC
Acetic Anhydride D B
Acetone D A

Acetylene
Alcohols
Ayt
Benzyl
Buty
Dtacetone
‘Ethyl
Hexyl
1 sobutyl

Isopropyl
Hetﬁ{]
Octy

P-ropyl
Alucinum Chloride 20%

A}uminum Flouride
AYim

Aluminum;Sulfate
Amines

Amoni&, Anhydrous
Aunnnia Liquids
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TABLE 7-15
(CON'T)

—t
w
E-1
~J
w

Media

Ammonia, Nitrate

Ammonium Chloride
Ammonium Hydroxide
Ammonium Nitrate
Ammonfum Sulfate
Amy Acetate
Arcmatic Hydrocarbons
Arsenic Acid
Barium Chloride
Barium Cyanide
Bar{um Hydroxide.
Barium Nitrate
Benzaldehyde
Benzene"

Benzofc Acid

OammaT

PCILU

Boric Acid

Bromine

Butadiene

Butane

putyl Acetate
Calcium Carbonate
Calcium Chloride
Calcium Hydroxide
Calcium Hypochlorite
Calcium Sulfate
Carbon Dioxide
Carbon Disulfide
Carbon Monoxide
Carbon Tetrachloride
Chlorine; Anhydrous Liquid
Chlorabenzene
Chloroform.

Chromic Acid 5%
Chromic Acid 50%
Copper Chloride
Copper .Cyanide
Copper:Nitrate
Copper Sulfate 3% solution
cyc\ohexane
Diethylamine
Diethylene Glycol
Diphenyl. 0xide
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Media 1234567389

EthanoTamine

Ether

Ethyl Acetate

Ethyl Chloride

Ethyl Sulfate

Ethylene Chloride
Ethylene Dichloride
Ethylene Glycol
Ethylene Oxide

Ferric Chloride

Ferric Nitrate
Fluboric Acid

Fluosiltc Acid
Formaldehyde

Formic Acid.

Freon 11

Freon 12 wet

Freon 22

Freon 113

Freon TF (trichlorotrifluorcethane)
Heptane

Hexane

Hydrazine

Hydrochlorie Actd (20%)
Hydrochloric Acid i37% -
Hydrofluoric Actd (20%
Hydrogen Peroxide
Hydrogen Sulfide Aqueous Solution
Isopropyl Acetate
Isopropyl Ether

Jet Fuel.(FP3, JP 4 & JPS)
Ketones- .

Lead Acetate

Magnesium Carbonate
Magnesium Chloride
Magnes{um. Hydroxide
Magnesfum: Nitrate
Magnesium.0Oxide
Magnesium: Sulfate
Methyl Acetate

Methyl Acrylate

- Methyl Acetone’

Methyl Buty! Ketone
Methyﬂ Cellosolve
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31 October 1971

1234567829

Methyl Chloride

Methyi Dichloride

Methyl Ethyl Ketone

Methyl Isobutyl Ketone
Methyl Isopropyl Ketone
Methyl Methacrylate
Methylene Chloride

Nitric Acid 5-10% solutfon
Nitric Acid 20% solution
Nitric Acid 50% solution

Medmisr AndA Canrandtwmadad ©
pLiriL AL, WONLEnRWatea o

Pentane
Perchloroethylene
Phenol '
Phosphoric Acid to 40% solutfon
Phosphoric Acid 40-100% solutfon
Potassiun:Ehlorate

Potassiium Chloride

Potassium Dichromate

Potassium Nitrate

Propane

Propylene elycol

Silicone:

Sod{um Chlor'ide

Y paren

Sodium Nttrate
Stoddard Solvent
Styrene
Sulfuric:Acid (to 10%
Sulfuric:Actd (1o0-75%
Tetrachlordethane
Toluene
Trichloroethane
Trichloroethylene
Turnentine

Natet. distilled
Water, Fresh

Water, Salt

Xylene .,

L 1HC bﬂ I(J!'lCIE

Zinc Sulfdte
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Condensed from United States Plastics Corp.
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TABLE 7-16
CORROSION RESISTANCE OF VARIOUS METALS

Rating: E - Excellent
G ~ Good

F - Fair

N - No Good

Brass and Naval Bronze

Silicone Bronze

Monel _

Stainless types 410, 416, and 430
Stainless types 302, 303, 304, ahd 305
Stainless type 316

Copper

Aluminum

Metals:

1
2
3
4
5
6
7
8

Metal

w
F -
o
h
~d
e -]

Media

-~

Acetate Solvents, Crude
Acetate Solvents, Pure
Acetic Acid, Crude
chtic Acid, Pure
Acetic, Annydride
Acetone

Acetylene

Alcohols

Armonium Chlorjde
Ammonium Hydroxide

Ammont um Nitrate
Benzene
Benzine

Rudana
Ul |=

Carbon Dioxide i
Carbon Dioxide (wet
Carbon Tetrachloride
Chlorine (dry
ChIorine wet
Ethers . -

[Ethylene Glycol
Ferric Chloride

k]

DEZEDODMZEOoOMmMmmMmMmMmMMmMmMaEZ2ZTon mZ=mmmmn
HEZ2mmmoomhHmmmMmmmaZomaZmo o omo ™~
1_1zmmmmmmmmmrﬂ'n-n'mmmmaimmmm
mMaZ2mmZommmmifnmimmTaImMmmMMmMZZZmon
mMaZE2mMmmhmZommmmMmammmmammmooomm
MEMMmEOAMoOoOMMMMMAMMMmMMmMmMmMmMmMmmmme
DEZmMmMmMmmomommmMmMTmEoOomEmomoooms
DEOMIZZOMmMmMMMMMOOZommMmMmmorm=n

Formaldehydee @~ . @eGEEEEGG

Fonm1c “Acid FGGNGEGN

rean - .. EEEEEEEG

rﬂydrochlor1c ‘Acid NFFNNNFN
Toan EE

Hydrogen -Peroxide NFGEEEFG

FNFGEENE

Hydrogen Sulfide
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Magnesium Chloride
Magnesium Hydroxide
Magnesium Sulfate
Mercuric Chloride
Mercury

Nickel Chlor{ de
Nitric Acid

Qleic Acid

Oxalic Acid

Oxygen

| PP S| A ad X
Phosphoric Acid 25%

Phosphoric Acid 50-80%
Potassfum -Chloride
Potassium Hydroxide
Potassium Sulfate
Propane

Scdium Hydroxide
Sodium Hypochlor{te
Sodium Nitrate

. 4 Sodium Peroxide
\ WPsul fur

Sulfur Dioxide (dry
Sutfur.-Digxide {wet
Sulfuric Acid 10%

Sulfuric Acld 10-752

Sulfuric-Acid 75-95%
Sulfurous. Acid
Toluene
Trichlorgethylene
Turpentine

Water, Fresh

Water, Salt.

Xylene

Zinc Chloride

Zinc Sulfate

M EM MM MMME S R MM M EZEEMOZNEZEEMMNEEEZZ00

Z2Z20OOM= 2 -]

zrn-nmmmmz-nz:zzmmmmzmmmm-nzz:rn-nmm:zmzmmm &%
m:zmmmmm:;nn-nz:zmm‘mmm-nmmmrnmz'nlmmmm-ﬂrwzmmm (4 N e d

DIMOOMMMmOMAOOMANOMIMIMEATMTOOOMOOMZMNZZOMO  {~

mmmmmmmmmmzzmmmmrﬂm{ammmrﬂm'mmmrnmmm‘m'nmmm 0'0;-;‘
m:zmmmmmmzzz:zmmh-nmzzmrnzzrnz:mzm-n

r.pmrnmmmmmmﬂ'l-v-nmo,mmmm-n-nmmmmm'm_mmmz-nzzmmm n
mMmMmMmMmmmMmmZEZTMOoO2mmmmammmmmaOGmmmZmoZmmm (28]

-n

Condensed: trom Harper, H.M. Co., Corrosion Guide, Tech, Bul., No. 101.
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TABLE 7 -17
TITANIUM CORROSION RESISTANCE

These media cause a corrosion rate of less than 5§ Mils per year when {n contact
with titanium. S

Solutions are not aerated unless otherwise specified.

Corrodent Conc. by Wt. % Temp.°F
Acetic Acid 5, 25, 50, 75, 99.5 Boiling
Acetic Anhydride 99 Room
Aluminum Chloride 8, 10 212
Aluminum Chloride 25 140
Aluminum Sulfate 25 g/1

(#H2504, 25¢/1) 160
Ammonia, Anhydrous, 200pst 100 104
Ammonium Chloride 1, 10 (Saturated) 212
Ammoniun Hydroxide 28 Room
Ammonium Sulfate . 3.2 105
An{line Hydrochloride 5, 20 212
Aqua Regia (1HNO3-3 HCL) 140
Barium Chloride ‘ 5, 20 212
Bromine Yapor . 86
Calcium Bisulfite : 80
Calctum Chloride - . 5, 10, 25, 28 _ 212
Calcium Chloride 70 Boiling
Calcium Hyprochlorite 2, 6 212
Carbon Tetrachloride {1%H20) Boiling
Chlorine Saturated Water 165"
ghloroacetic Acid 30 175
Chloroacetic Acid 100 Boiling
Chromic Acid 10 Boiling
Chromic Acid 36.5 195
Citric Acid, Aerated 10, 25, 50 212
Cupric Chloride 1, 20 212
Cupric Chloride . 40, 55 Boiling
Dichloroacetic Acid ’ 100 Boiling
Ethyl Alcohol . _ 95 Boiling
Ethylene Dichloride . 100 Boiling
Ferric Chloride 1, 30 212
Ferric Chloride - - : -- 10, 50 ' - Boiling
Formaldehyde : . 37 . Boiling
Formic Acid, Aerate - 10, 25, 50, 90 212
Formic Acid, Nonaerated 10 Boiling
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Sulfur Diox{ide, Water Saturated

Corrodent Conc. by wt. % Temp®F
‘Hydrochloric Acid 1 160
Hydrochloric Acid 1 Boiling
Hydrochleric Acid 3, 5 Room
Hydrochloric Acid (200 mgCu++/1) 37 Room
Hydrochloric/Nitric Acid Mixture 1:3 Room
Hydrochloric/Ritr{c Acid Mixture 2:1 Room
Hydrochloric/Nitric Acid Mixture 3:1 Room
Hydrochloric/Nitric Acid Mixture g:1 Room
Hydrochloric/Nitric Acld Mixture 7:1 Room
Hydrochloric/Nitric Acid Mixture 20:] Room
Hydrogen Peroxide 3, 6, 30 Room
Hydrogen Suifide (Saturated Hp0) 70
Lactic Acid, Aerated 10,25, 50, 85 212
Lactic Acid. Nonaerated 10,25, 50, 85, 10C Boiling
Magnesfum Chloride 5, 20, 40 Bo{ling
Magnesfum Dichloride 5, 20 212
Mercuric Chloride Saturated 212
Nickel Chloride 20 212
Nitric Acid 10, 28, 30,40, 50, 60 212
Nitric Acid, Red Fuming* Room
Nitric Acid, White Fuming 98 Room
Oxalic ‘Acid, Aerated 0.5, 5, 10 a5
Phosphoric Acid 5, 10, 20, 30 95
Potass{ium Chloride 36 Boiling
Potassium Hydroxide 10 Boiling
Sea Water, Kure Beach Ambient
Sebastic Acid (Crude ﬂDibastic Acids) 465
Selenious Acid 100/1 2S04, 200 3 75
Sod{ium Carbonate Bailing
Sod{um Chloride Saturated Boiling
Sodium Hydroxide 10 Boiling
Sodium Hydroxide 28 Room
Sodium Hypochlorite 0.5 212
Sodfum Hypcchlorite (5.6% C13) Room
Sodium Sulfide 10 Boiling
Stannic Chloride 24 212 -
Stearic Acid 100 355
Suifur, Molten 100 465
Sulfur, Water suspended Room
Room
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TABLE 7-17 (CON'T)

Corrodent Conc.by wt. % Tenp °F
Sulfuric Acid 5 g5
Sulfuric Acid (0,05% CuSO4) 65.0 212
Sulfuric/Nitric Aclid Mixture 10:90 95
Sulfuric/Nitric Acid Mixture 30:70 . ) 95
Sulfuric/Nitric Acid Mixture 50:50 95
Sulfuric/Nitric Acid Mixture 60:40 95
Sulfurous Acid 6 Room
Tannic Acid 25 , 212
Tartaric Acid 10, 25, 30 212
Water, Distilled, at 1235 psf 572
Zinc Chloride 5, 10, 20 Boiling

**Caution - Anhydrous red fuming nitric acid has been known to cause explosions
with titanium. Simulated service tests using suitable precautionary measures,
should be made for titanfum or its alloys are recommended for use {n specific
applications in contact with red fuming nitric acid. This 1s particularly
important {f the water content of the FNA {s below 2 percent by weight.
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CORROSION RESISTANCE OF STAINLESS

TABLE 7-18

STEEL TYPES 430 302 & 316

Key 1.

Satisfactory for use 1n media indfcated

MIL - HDBK - 406
31 October 1871

2. Slight to moderate attack; deserving of sonsideration for some uses

3. Corrosive attack generally too high for consideration

Corrodent Conc. % Temp. ©OF 430 302 316
Acetic Acid .
Aerated 5-10 180 1 1 1
20 180 2 ] 1
80 70 2 1 ]
a0 Boiling 3 2 ]
Acetic Anhydride 90 70 2 1 ]
90 Boiling 3 3 1
60 180 - 1 1
30 180 - 3 1
Acetone Boiling 1 1 1
Acetylene 70 1 1 1
Ethyl Alcohol
(Ethanol) 70-Boiling 1 1 1
Methyl Alcohol
{Methanol 70 1 1 1
. . 150 1 1 1
Alum (Potassium ,
~ Aluminum Sulfate 2 and 10 70 2 1 1
2 and 10 Boiling 3 1 1
: : Sat 70-212 2 1 - ]
Aluminum Acetate Sat 70 - 1 ]
Aluminum Chioride 10-and 25 70 3 3 2
Alum {chrome) 5 70 - 1 1
Aluminum Hydroxide 1 1 1
Aluthinum Molten 3 3 3
Aluminum Sulfate 10 and Saturated 70-212 3 L 1
Ammonia - any cong 70-212 1 1 1
anhydrous 70 1 1 1
gas to 600 1 ] ]
Ammonium Bicarbonate 70 and hot - 1 1
lrrnnn'lnm f‘nrbcnate 1 and § .
still 70 1 1 1
Aerated
or
) Agitated 70 1 1 1
Ammonium Chlor{de 10 70 2 - 1
20 70 - 1 1
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TABLE 7-18 (CON'T)

Corrodent Conc. % Temp. °F 430 302 316
Ammonium Nitrate Al
, Agitated 70 1 1 1
Ammonium Oxaiate 5 70 i 1 1
Ammon{um Persulfate 5 70 1 1 1
Ammonium Sulfate 1 and 5
Agitated
and ¢
Aerated 70 1 1 1
10 68 2 2 1
Saturated Boiling - 3 1
Ammonium Sulfite Cold
\ Boiling - 2 1
Aniline 3, conc
Crude . 70 1 1 1
Aniline Hydrochloride o 60 3 3 3
Amyl Acetate Anhydrous 70 1 ] 1
Amy1 Chloride Anhydrous 70 2 1 1
Arsenic Acid 150 - 1 1
225 - 2 -
Arsenious Acid ) 2 1 1
Barium Carbonate _ 70 1 1 1
Barium Chloride 5 or Sat )
Aqueous
. Solution Hot - 1 1
Barium Nitrate Aqueous
. Solution Hot - 1 1
Barium Sulfate 70 1 1 1
Barium Sulfide Saturated 70 1 1 ]
Beer . 70 - 1 1
Benzene 70 1 1 1
Benzoic Acid 70 1 1 ]
Borax 5 Hot 1 1 1
Bordeaux Mixture - 1 1
Boric Acid 5 Hot 1 1 ]
Saturated Boiling 2 1 1
Bromine and
Bromine Water 70 3 3 3
Butyric Acid 5 70+150 1 1 1
Butyl Acetate ' 1 H 1

—
)
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Corrodent Conc. % Temp. OF 430 302. 316
Mercury ‘ . " Dry 1 1 1
Methyl Chloride Dry : - 1 1
. Nitric Acid 5-50 70 1 1 1
' Boiling 3 ] 1
70 70 i i 1
| ' Boiling 3 2 -
. Fuming
Conc. 70 1 1 1
Funing
o _ Conc. Bolling 3 3 3
Nitrous Acid 5, 70 1 1 1
Oleic Acid 70 1 ] ]
400 - 3 1
' 300 2 - -
Phenol + 103 H,0 Boiling ] 1 1
‘ Crude 2]12. 1 ] 1
' Crude Boiling - 1 1
Cormercial, 70 1 1 1
Phosphoric Acid 1and §
{ Agitated or '

Aerated - 70 . 1 1 1
| Potassium Nitrate ' + 70 and Boiling ] 1 ]
@ sea Witer L 2 1 1
[ Sodium Chlorate 10 dnd 25 1 1 1

Sodium ChToride ATl 70 1 -1 3
Sodium Nitrate - Fused 2 1 1
Sodium Peroxide 212 - 1 1

- Sulfur Dixolde Wet Gas 70 3 3 1
Dry Gas 575 1 T 1

Sulfuric Acid 5 70 3 1 1

: . Boiling - - ]

| 10 70 3 1 1
' Boiling 3 3 1
50 70 3 1 1

. Boiling 3 3 3

S0 - 70 3 1 1

| Condensed from;

ARMCO Stafinless Steels
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STAINLESS STEELS IN VARIOUS MEDIA
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TABLE 7-19

Stainless Type

Substance Condition Temp. OF 316 304 430
Borax 5% Hot 1 1 1
Boracic Acid 52 Cold and Hot 1 1 ]
Boric Acid Saturated Boiling 1 1 ]
Bromine Water ) 70 4 5 5
Butyric Acid 5% 70 1 1 1
5% 150 1 1 1
Calcium Carbonate 70 1 1 1
Calcium Chloride
Dilute 70 i 2 3
Conc. Solutions 70 1 2 2
Calcium Chlorohypochlorite
(Bleaching Powder) 1% 70 2 3 ...
sz 70 3 3 e ke d
Calcium Hypochlorite 2% 70 1 2 3
Aqueous Solution
Sp. 6. 1.04 100 1 3 3
Calcium*Sulphate Saturated 70 T 1 1
Calcium Chlorate Dilute Solution 70 1 1 canes
Dilute Solutfon Hot 1 1 ceees
Calcium Hydroxide 10% Boiling 1 1 ceees
20% Boiiing 1 1 vesue
_ 50% Boiling 2 3 cevas
Cadmium Molten 3 3 ceees
Carbol{ic Acid (Phenol C.P. + 10% H 0 Bofling 1 1 ]
- C.P. 70 1 1 1
Carbon Bisulfide 70 1 1 1
Carbon Monoxide Gas - 1400 1 1 1
) 1600 1 1 1
Carbon Tetrachloride 70 1 1 1
Carbon Tetrachlordde C.P. Boiling 1 1 .
Commercial
Plus 1% water - 'Boi]ing 2 . .
Commercfal plus 1%
HCL Boiling 2 . ees
Carbonic Acid A1l concentrations Cold and Hot 1 1 1
Caustic. Seda (Sodium Hydroxide)
Cellp]ose _ ] 1 1
Chloracetic Acid 70 3 4 5
Chlorine Gas Dry 70 . 1 ] 3
Wet 70 3 4 5
212 4 5 8
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TABLE 7-19 (CON'T)

Substance Condition Temp. °F 316 304 430
Chlorinated Water Saturated 70 2 3. 4
Chlorobenzene (Phenyl Chloride)
CIPI 70 1 1 ]
- Boiling 1 1. ves
Chloroform 70 1 1 1
Chlorgsulphonic Acid Dilute 70 5 5 5
Chromic Acid 5% C.P. 70 1 1 2
10% €.P. 70 2 2 - ces
10% C.P. Bofling 2 3 4
50% C.P. 70 2 .2 .ee
50% C.P. Boiling ces 3 .
Commercial 50%
(Cont. SOR) 70 1 1 ..
Commercial 50%
(Cont. SO3) Boiling 3 4 4
Chromium Piating Bath 70 1 1 cee
Copper Acetate Saturated Solution 70 1 1 1
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TABLE 7-20

THE CORROSION RESISTANCE OF 430, 302 & 316 STEEL

124

Stainless
Corrosive Media Concentration ¥ Temp.. °F 430 302 316
Calcium Carbonate 0 A A A
Calcium Chlorate D11. Sel. 70 and Hot A A A
Calcfum Hydroxide 10, 20 Boiling - A A
.CaTcfum Hypochlorite 10 70 B B A
Calcium Sulfate Saturated 70 A A A
Carbonated Beverages A A A
Carbon Bisulfide 70 A A A
Carbon Monoxide Gas 760 and 870 A A A
Carbon Tetrachloride C.p. 70+ Boil A A A
Commercial
moist at
High Temp. c c C
Carbonic Acid Saturated 70 A A A
Chloracetic Acid - 70 c c B
Chlorobenzene Conc. Pure . 70 A A A
Chloric Acid ’ 70 c c c
Chlorine Dry Gas 70 B B B
Moist Gas 70 c c c
Dry Gas 212 C B B
Chloroform 70 A A A
Chromic Acid 5 and 10 70 B A A
50 C.P. 70 c A A
\ : 50 C.Pp. Boiling c c A
Citric Acid . 5 StiN 70 and 150 A A A
15 70 and Boiling A A A
Copper Acetate Sat. Sol. 70. A A A
Copper Carbonate Sat. Sol.
in .
50% NH,OH A A A
Copper Chloride 1 Agitated 70 A A A
5 Agitated 70 A A A
Copper Cyanide Sat. Seol. Boiling c A A
Copper Nitrate 1-5
Agitated 70 A A A
50 Aqueous Hot A A A
Copper Sulfate Al 70-150 B A A
Cyanogen Gas , 70 - A A
Dinitrochlorobenzene Melted and
. Solidified 70° A A A
Epsom Salt Hot and Cold A A A
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Corrcsive Media Concentration ¥ Temp. °F 430 302 316
Ether (Ethyl) 70 A A A
Ethyl Acetate 70 A A A
Bthyl Chloride Dry 70 A A A
Ethylene Chloride Dry 70 - A A
Ethylene Glycol Coric. 70 ' A A A
Ferric Chloride A1l Conc. 70 and Boiling c C c
Ferric Hydroxide 70 - A A
Ferric Nitrate A1l Conc. 70 A A A
Ferric Sulfate A1l Conc. 70 A A
Ferrous Suifate 10 70:and Boiiing - A A
Flourine Dry 70 A A A
Formaldehyde 40 70 A A A
Formic Acid 5 150 B A A
5 70 A A A

10-50 70 B A A

10-50 Boiling ( c A

100 70 - A A

: 100 Boiling - - A

Hydrobromic Acid C c c
Hydrochloric Acid A1l €onc. 70 c c c
Hydrocyanic Acid 70 B A A
Hydrofiuvoric Acid 70 c c C
Hydrogen Peroxide Acid Free 70 A A A
Hydrogen Sulfide wet C A A
Dry A A A

lodine Soluticns 70 "C c c
Magnesium Carbonate A A A
Magnes{um Chloride 1, § Still 70 A A A
10-30 - 68 - A -

Saturated 70 c A A

Magnesium Sulfate Hot and Cold A A A
Magnesium Hydroxide A A A
Magnesium Nitrate A A A
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TABLE 7-2]

Corrosion Resistance of Type 316, 304 and 430 Steel

Key: I - Fully Resistant
II - Satisfactorily Resistant
III - Fairly Resistant
IV - STightly Resistant

¥V - Not Resistant

Substance - Condition Temp. °F, 316 304 430

Acetic Acid
5% agitated.............. 70 I I I
5% aerated...cvvvrnnvnens 70 I I I
5%iitestesnanennnoncan «+ 100 I I I
LY R, cieesennncsesss 180 I I 11
]oz-agitatEd ............. 70-..l.'..‘..'....'.lll.'.l.l I Iv
10% aerated......ccvue.. .70 I I 1
108 . ceincnnnsnse cesensss100 I 4 ven
108, ciieveeeevacaceaeasas 180 I I ces
10%. cccenenen sessssesnsasB0lling I III -
]Oz-l‘l'l-..l.‘l.l. llllll 60.......-......-.‘..-II'I.III I I
L 2 [ 410 I I IV
158 aecinccanansnsansenesal80 I I IV
19%..ceeanees tessssssssesBOiling I I ces
20% agitated....... p— {1 I I I
20% aeratEd..-.--......-.70.‘.-.-.-......-----.-.-..-.I I I
20% aerated.....cv00000..180 1 I via
K K 7 S { I I I11
33%.l.I."..ll.l.'.!.....]Oo I I IV
33:-------0-- ------------- ]80 I I s e
33%..... PO - 101 1 B 11T+ P | Il
40% aerated......... ves..180 I I -
=1 £+ 1 1 III
50%.cccieennaanas eeeesss.Bofling I 1§91 )
60%...... cevans tCeresenane 60 I I II1
60% llllll L B IR BN KT L N ] .l’]OOl...l' LN ] .D.l.l.l.l.lO.I I Iv
60%..cciiiiinncennaiaas..180 I I ces
60%...c00000n vessssessas.Boiling I II1 ces
80%..cierencnranannnannas 70 1 I I1I
B0&..cocierirennrnccannas 100 I I Iv
80%--.-.---.-.------ lllll ]80.’..l.ﬂ.l.l..l..-l.l-.-.lII I L
B0%..ciitvnennnnns cenaana Boiling I IV ves
90% aerated...cceeceees..180 I Il .
1008.cccnereneansenanaess?0 I I I
1008 . eeeeececnnnnnne ..100 I I I
1008 ceiieiercncnnnas eees180..... tesescencsasectenanns I I I1I
100%..ccevesaensannsaasaBolling Il III ces
100%.----.--- -------- .-.-400‘150 1b‘- pl"ESSUT‘E III V
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TABLE 7-21 (CON'T)
Substance Condition Temp. OF. 316 304 430
Acetic Anhydride

90% anhydride....c.ecsve..70 I I I
90% anhydride.........cen 180 I I II
90% anhydride.......es. ..Boiling I 1 111
90% anhydride aerated....180 III Iv cen
60% anhydride aerated....180 11 Il
30% anhydride aerated....180....... teveserannras R § | Iv
Acetone....... ceestasssnansane 70 I I I1
. Boiling I I cos
Acetyl Chloride.......... «ssq.Cold II I1 ces
Botling......... setessstnias I1 I1 ces
Acetylene............ R —— 1 I 1
Alcohol, Ethyl......... PP 1 I I I
: Boiling I I I
Alcohol, Methyl......e00vee...70 I I I
150 II III III
-Aluminum, Molten....ceceveaess 1400 V V V
Aluminum Acetate Saturated....70 I I A
Saturated....Boiling....coivenvrnenencanas I I ves
Aluminum Chloride .
10% Quiescent....... ] I1I Iv Iv
25% Quiescent....cevennes 70 I11 v 1V
Aluminum Fluoride............. 70 III Iv 1y
Aluminum Hydroxine Saturated..70 I I I
Alumnum Sulphate o
5% ............ L3N B BE BN BN NN 00150 I I i
108 iviiersasananncnnns 70 1 I II
lozllil.l..li lllllll --n..BOi]ing---e----o lllllllllll -I I III
Saturated.....ccoc0see .s.70 1 I IV
Saturated............ DR - 12 2 I 1 T I II v
Aluminum Chromium
Sulphate 5%......4.. i I I
Sp. 6. 1.6..00venn ceesene BotTing...ciivineinnencrenaans v
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TABLE 7-21 (CON'T)
Corrosion Resistance of Type 316, 304 and 430 Steel {CON'T)
Substance Condition Temp. OF, 316 304
Aluminum Potassium Sulphate (Alum)

I
]0%-...--.--------'..- ..... 70 . I I
10%'....l...l.l.l.l....l-'Boi11ng I II
Saturated.l.'-'--..l.l.l-lB°1I1ng.l..-...‘.l.I...I.IlI

Ammonia (Dry or Moist)

A1l Concentrations........ 70-212 I I
Ammonia (Anhydrous)...... veses.800 up v v
Amonium Hydroxide....... feenene 70 o I I
Ammonium Bicarbonate...........70 I I

Ammonium Bromide
szolon-o--.-cl-. --------- ...70 I I

Ammon{ium Carbonate
12 Quiescent.verercanenas 70
57 Quiescent....ccicvnenes 70
1%. Aerated..cccveenenencen 70
5% Aerated.....c.vvvev.e.. .70
1% Agitated...cceeveneees.70
5% Agitated......ccvveveee?0iivneeeo{(ALL) cvvvnnnnnns I I
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7.4 ACETONE,
7.4.1 PHYSICAL PROPERTIES.
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Formula CH3C0CH3
Molecular Weight 58,08
Pounds Per Gallon at 689F 6.58
Boi1ing Range (°F) . 132 - 134
Freezing Point (OF) -138.6
Evaporation Rate (Carbon Tetrachloride = 100) 139
Coefficient of Expansion per OF 0.0008
Surface Tension at 68°F (dynes/cm) 23.7
Solubility, ¥ by Weight at 68OF

In water Infinite

0f water Infinite
Flash Point (OF) : 0
Flammability Limits, £ by Volume in Alr

Lower 2.6

Upper 12.8
Threshold Limit Value 1000
Specific Heat of the Liquid at 689F, BTU/(1b)(OF) 0.51
Latent Heat at Boiling Point BTU/1b 224

7.4.2 SPECIFICATIONS.
Federal.

0-A-51F Acetone, Technical

7.4.3. GENERAL INFORMATION. Acetone 1s a volatfle, highly flammable 1iquid.
It 1s miscible with water, alcoho! and chlorinated solvents and is a Strong
solvent for fats, ofls, waxes, resins and rubber. Its rapfd attack on rubber
and resin materfals and 1ts extreme flammability, 1imit {ts large sczle use.

Acetone 1s also known by the names; dimethyl ketone, methyl acetal and
propanone-2.

Acetone {s an effective solvent for vinyl resins, natural and synthetic
laquers, varnishes,: fats, waxes, ofls, grease, crude rubber, shellac, asphalt
and :1tumens.

cetone is not corrosfve to metals except when age or reclamation has
resulted in acfd formatfon. It {s not suited for thg removal of particulate
matter and 1s incompatible with many non metalliecs. It wil) form explosive
mixtures with afr. And, it is only suitable for cold cleaning applications.

7.4.4 SOLUBILITY DATA. Acetone posses th
istics toward solvents: posses the following solubility character-

Solvent MiseibITit solvent MiscibiTity
DecyT Alcohol Miscible EthyTene Glycol Mono- i
Adiponitrile Miscible ethyl ether acetate Miscible
2-Amino-2-Methyl-1- Formani de Miscible
Propanol Miscible Glycerol Immiscible
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SOLVENT MISCIBILITY SOLVENT MISCIBILITY
cohol Miscible Heptane scible
Benzaldehyde Miscible Hexadecyl Alcohol Miscible
Benzene Miscible Hexane Miscible
Benzine Miscible Hexyl Alcohol Miscible
Benzonitrile Miscible Hexyl Ether Miscible
Benzyle Ether Miscible Isoamyl Alcohol Miscible
n-Butyl Ether Miscible Isoamyl Sulfide Miscible
Butyl Ether Miscible Isobutyl Alcohol Miscible
Carbon Disulfide Miscible Isooctyl Alcohol Miscible
Carbon Tetrachloride Miscible Isopropyl Acetate Miscible
Chloroform Miscible Isopropyl Alcohol Miscible
Cyclohexanone Miscible Isopropyl Ether Miscible
Decyl Alcohol Miscible Methyl Acetate Miscible
Diacetone Alcohol Miscible Methyl Alcohol Miscible
Diethylene Glycol Miscible Methyl Ethyl Ketone Miscible
Diisobutyl Ketone Miscible Methyl Isobutyl Ketone Miscible
Bimethyl Aniline Miscible Naptha Miscible
Ethyl Acetate Miscible Nitromethane Miscible
Ethyl Alcohol Miscible Octane Miscible
Ethyl Amyl Ketone Miscible Sec-Butyl Acetate Miscible
Ethyl Benzoate Miscible Sec-Butyl Alcohol Miscible
Ethyl Ether Miscible Teluene Miscible
Ethyiene Diacetate Miscibie Water Miscible
Ethylene Glycol Miscible Xylene Miscible

polymers:

MATERIAL - SOLUBICITY FATERTAL SOLUBILTTY
Natural Rubber nsoluble Chloroprene STightTy Sel,
Isoprene-Isobutylene Polyisobutylene Insoluble
Rubber Insoluble Biitadiene-Meth

Styrene-Butadine Insoluble acrylate Slightly Sol.
Acrylonitrile-Butadiene Soluble Butyl Latex Insoluble
Polysul fide Rubbers Insoluble \

Acetone possesses the following solubility characteristics toward rubbers and

Acetone passesses the following solubility toward synthetic resins:

RESIN — SOLUBILITY  RESIN SOLUBILITY
ATkyd, non Drying SoTubTe Polyethylene Insofuble
Alkyd, Maleic Modified Soluble Polvethylene Glycol Soluble
Alkyd, Maleic-Rosin Polypropylene Insoluble
Modified : Soluble Polystyrene Part Soluble
Benzyl Cellulose Part Soluble Polyurethane Soluble
Butadiene~Styrene, Polyvinyl Acetate Soluble
Modified - Soluble Polyvinyl Butyral Swelling
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Res1n Solubility Resin §o|u51|1tx
Cellulose Acetate Soluble Polyvinyl Chioride Gel
Cellulose Acetate Polyvinyl Formal Slight}y Sol.
Butyrate {Low Butyral) Soluble Polyvinylidiene
Cellulose Acetate Chloride Part Soluble
Butyrate (High Butyral) Soluble Urea-Formaldehyde Soluble
Cellulose Acetate Vinyl Chloride-Vinyl
Propionate (Low Propyddyl) Selubde Acetate Copolymer Soluble

Cellulose Acetate
Propionate (High Propionyl) Soluble

Vinyl Chloride-Vinyl
Acetate Copolymer,

Cellutose Triacetate Insoluble Maleic Modified Soluble
Chlorinated Diphenyl Soluble Vinyl Chloride-Vinyl

Coumarane Soluble Acetate Copolymer, vinyl

Epoxy Soluble Alcohol Modified Soluble
Ethyl Cellulose Sotuble Vinyl Chloride-Vinylidiene
Methyimethacrylate Soluble Chloride Copolymer Soluble
Nitrocellulose Soluble Vinylidiene Chloride-

Phenolic Soluble -Acrylonitrile Copolymer Soluble
Acetane possesses the foldowing solubility for Gums, Waxes and Natural Resins
Material= solubllity Material Solubilit
Rccroides Gel Parmar Part Sol.
Asphalt Part Sol. Elemi Soluble
Beeswax Part Sol. Kauri - . Part Sol.
Carnauba Wax Part Sol. Manila Soluble
Ceresin Wax Insoluble Mastic Part Sol.
Colophony Soluble Paraffin Wax Insoluble
Congo Part Sol. Rosin Soluble
Coumarone Soluble Shellac Part Sol.

7.4.5 MATERIALS COMPATIBILITY. Acetone has the following effects on

materfals of construction:

Material Effect Materfal ~ Effect
Polystyrene DissoTves Neopreae Rubber Swells
Polyvinyl Chloride Dissolves S1l1icone Rubber Extracts
Polyethylene None Plasticizer
BakeT{te {Phenolic) Dissolves Polyvinyl Formal None

Teflon TFE None Bondar None
Glyptal 1201 Dissolves Glyptal 1202 Dissolves
GE 9740 Dissolves Marking Ink Removed
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7.5 BENZENE
7,5,1 . PHYSICAL PROPERTIES
Formula : CeH
Molecular Weight 79.?1
Pounds Per Gallon at 689F : 7.32°
Boiling Range (OF) 172-176
Freezing Point (OF) ) 41.9
Evaporation Rate (Carbon Tetrachloride = 100) 95
Coefficient of Expansion Per OF . 0.00069
Surface Tension at 68°F (dynes/cm) 28.9
Solubility % by Weight at 689F
’ In Water ' 0.09
Of Water ' 0.06
Flash Point (OF) , 12
- Flammable Limits% by Volume in Air
Lower 1.4
Upper 8.0
Threshold Limit Value 25
Specific Heat of the Liquid at 599F BTU/(1b)(9F) 0.42
Latent Heat of the Liquid at the Boiling Point 170
Kauri-Butanaol Value in cc 105-150
7.5.2 SPECIFICATIONS. :
FEDERAL VV-B-231 Benzene, Technical
ASTM D-847-47 Acidity of Benzene, Toluene, Xylenes,

Solvent Napthas and Similar Industrial
Aromatfc Hydrocarbons

7.5, 3 GENERAL INFORMATION. Benzene fa a clear, colorless, volatile and
highly flammable 1iquid. Flammab{1ity and toxicity 1imit its usefulness.
It 1s also known as Benzol, Phenyl Hydride and Coal Naptha.

Benzene 1s an effective solvent formethyl, ethyl, butyl and benzyl
cellulose ethers, cellulose esters (cellulose dinapthenate, dilaurate, etc.)
fats, waxes, gums and rubbers. It {s virtually non corrosive toward metals,
when in pure form. It {s not, however, always compatible with non metallics.

Benzene can only be used {n cold cleaning aqp {cations because of {ts
extreme flammability, and reclamation of the solvent is hazardous.

7.6 CARBON TETRACHLORIDE ‘
7.6.1 PHYSICAL PROPERTIES.

Formula - cCL

Molecular Weight : 153 84
Pounds Per Gallon at 68°F 13.30
Boiling Range 171-172
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Freezing Point (OF) -9.3
Evaporation Rate (Carbon Tetrachioride = 100) L
Coefficient of Expansfon Per Of 0.00069
Surface Tension at 68°F (dynes/cm) 26.8
Solubility ¥ by Wefght at 68 OF
In Water 0.08
Of Water 0.01
Flash Point (OF) : None
Specific Heat of the Liquid at 689F BTU/{1b)(°F) 0.21
Latent Heat of the Lifquid at the Boiling Point BTU/1b - 84
Kauri-Butanol Yalue 114
7.6.2 SPECIFICATIONS
FEDERAL 0-C-141a Carbon Tetrachloride

7.6.3 GENERAL INFORMATION. Carbon Tetrachloride is a dense, water-white
nonflammable and non-explosive 1iquid having good solvent power for most
organic compounds. It is also known as Tetrachloromethane.

Carbon Tetrachlofdde s an effect{ve solvent for mineral and essential

" ofls, fats, greases, waxes, gums, camphor, metallic resinates, bitumens,

asphalt, unvulcanfzed rubber, some cellulose ethers, coumarone, dammar,
ester gum, elemi, guarac, mastfc, rosin, sandarac and alkyd and vinyl resins.
Carbon Tetrachloride will- readily decompose, forming phosgene, chlorine
and hydrochloric acid and fs extremely toxic, even mild concentrations can
rapidly induce unconsciousness and death. It is suitable for cold cleaning

applications only
7.6.4 DECOMPOSITION. At elevated temperature, in contact with various metals,

carbon tetrachloride will readiTy decompose into toxic gases:

Decomposition of Carbon Tetrachloride
in M{lligrams of Phosgene Per Gram of Solvent

Temperature . with;
OF Cast Iron Copper Zine  Aluminum ~ Brass Steel
295 0.048
300 0.48 0.020
395 7.10
405 8.87
450 0.70
460 5.29 0,37 0.075 0.50
470 36.4
540 ' 133.0 1.68
635 275.0 5.60
670 ' 0.34 5.43 5.72
(Decompesition to Hydrogen Chloride)
540 56.6 29.0 1.98 0.73 0.83 8.53
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7.6.5 MATERIALS COMPATIBILITY. Carbon Tetrachloride has the following

effects on some common materials of construction:

MATERTAL ETFECT “MATERIAL
Polystyrene Dissolves Polyvinyl Formal
Polyvy'lny'l Chloride None Bondar
Polyethyleng Siight Swell Giyptal 1201
Bakelite (Phenolic) None Glyptal 1202
Teflon TFE . None GE 9740 (Baked)
Neprene Rubber - Swell Marking Ink
Silicone Swell

rFECT
STight Effect
None
Slight Effect
Stight Effect
Slight Effect
Part Removed

7.7 CHLOROFORM
7.7.1 PHYSICAL PROPERTIES

Formula:
Molecular Weight
Pounds per Gallon at 68°F
Boiling Range (°F)
Freezing Point (°F)
Evaporation Rate (Carbon Tetrachloride = 100)
Coefficient of Expansion per °F
Surface Tension at 68°F (dynes/cm)
Sotubility % by weight at 68°F
In Water

' Of Water
Flash Point (°F)
Flapmabjlity Limits % by Volume in Air
Thrdshold Limit Value
Specific Heat of the Liquid at 68°F BTU/(1b)(°F)
Latent Heat of the Liquid at the Boiling Point (BTU/1b)
Kauri Butanol Value

CHCL
119,39
12,43
142
-82,3
118
0.00071
27.2

0.82
0,07
None
Nonflammable
50
0.23
106
208

7.7.2 SPECIFICATIONS

FEDERAL 0-C291 Chloroform, Technical
MILITARY MIL-C-10655 Chloroform

7.7.3 GENERAL INFORMAT&ON Chloroform 1s a heavy, colorless, volatile

Yiquid. while a powerful soivent for oils, greases, tars and other orgdnlcs,
its use is limited because of its toxic properties. It is also known as

trichloromethane.

It is an effective solvent for fats, miner and essential ofls, waxes,
alkalotds, resins and tars, In combination with ethyl alcohol or ethyl
acetate, the mixture becomes a solvent for many cellulose esters and ethers,
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Chloroform will decompose to phosgene and hydrochloric acid with age.
Dermatitis, burns, and cracking of the skin will result from the strong
degreasing action of chloroform on the skin. Chloroform is toxic in low
concentrations, inducing fatique and headaches, at high exposure levels,
anesthesfa 1s rapid. Long term exposure will cause damage to the internal
organs, and continued exposure can be fatal.

Chloroform can be used {n cold cleaning applications provided adequate
ventilation is empleyed. It is generally non corrosive to metals but ex-
posure to 1ight and afr or moisture will cause it to become acid rapidly.

7.8 ETHYL ALCOHOL
7.8.1 PHYSICAL PROPERTIES.

Formula - Anhydrous C2Hs0H
95% CZHSOH:HZO
Molecular Weight 46.07
- Pounds Per Gallon at 69°F - Anhydrous . 6.59
95% 6.76
Boiling Range (°F) - Anhydrous 171-176
95% 161-175
Freezing Point (°F) - Anhydrous -174.1
95% -198.4
Evaporatfon Rate (Carbon Tetrachloride = 100) 37
Coefficient of Expansion per °F - Anhydrous 0.00063
95% 0.00062
Surface Tension at 68°F (dynes/cm) - Angydrous 22.3
95 22.8
Solubility ¥ by Weight - In Water Infinite
0f Water Infinite
Flash Point (°F) 57
Flammable Limits % by Volume 1n Alr - Lower 3.3
Upper 19.0
Threshold Limit Value _ 1000
Specific Heat of the Liquid at 68°F BTU/(1b)(°F)
- Anhydrous 0.58 at 77°F
95% 0.63 at 73°F
Latent Heat at the Boiling Point BTU/1b 361

P —t—

7:8.2 SPECIFICATIONS
FEDERAL 0-E-760 Ethyl Alcohol {Ethanol), Denatured
Alcohol and Proprietary Solvent

7.8.3 GENERAL INFORMATION. Commonly available as dematured alcohol, 1t
15 very flammable. Also known as Ethanol, Grain Alcchol and Alcchol.

Ethyl Alcchol 1s an effective solvent for oils, qums, natural resins,
ethyl cellulose, polyvinyl acetate and polyvinyl butyral.

Although the TLV {s 1000 ppm, Tong exposure can result in {rritation
to]the respiratory tract. Ethanol is suited for cold cleaning applications
only.
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7.8.4 MATERIALS COMPATIBILITY. Ethyl Alcohol has the foilowing effects on

common materials of construction:

Material Effect Material Effect
Polystyrene None S{Ticone Rubber None
Polyvinyl Chloride Extracts Polyvinyl Formal None
Plasticizer Bondar None
Polyethylene None G) yptal 1201 None
Bakelite (Phenolic) None Glyptal 1202 None
Tef-on TFE None GE 9740 None
Neoprene Rubber None Marking Ink Varies

7.9 ETHYLENE CHLORIDE
7.9.1 PHYSICAL PROPERTIES.

Formula CH2CLCH2CL
Molecular Weight 98.97
Boiling Point at 760mm Hg, °C 83.5
Freezing Point °C -35.3
Density at 20°C - gm/m] 1.253
1b/gal 10.46
Vapor Density (afr = 1,00) 3.42
Flash Point (°F) - Open Cup 65
Closed Cup 55
Explosive Limits % Volume in Afr. - Lower .. 6.2
Upper N 15.9
Evaporation Rate ( Carbon Tetrachloride = 100 ) 79
Coefficient of Expansion per. .°F '0.00065
Surface Tension at 68°F (dynes/cm 32.2
Solubility by Weight % at 68°F - In Water 0.90
Of Water 0.15
Threshold Limit Value 50
specific Heat of the Liquid at 68°F BTU/(1b)(°F) 0.3
Latent Heat of the Liquid at the Boiling Point 139

7.9.2 SPECIFICATIONS
MILITARY MIL-E-10662b Ethylene Chloride (Ethylene
‘ Dichloride, Dichloroethane)

7-9.3 GENERAL INFORMATION. Ethylene chloride is an effective solvent for
fats, oils, waxes, some alkaloids, camphor, rubber, laquers, various resins
and gums, cellulose esters and ethers and ofl extraction. It iIs generally

non corrosive at normal temperatures, at elevated temperature, in contact
with water, 1t will corrode 1ron and other metals. ATuminum and its alloys

WL Wil U WLl § 1w Wit il F Wit L) - W W

cannot be used with ethylene chloride.
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Ethylene chloride i{s toxic by inhalation, contact with the skin or
mucus membranes or by oral intake. It {s flammable and will form ex-
plosive mixtures with air. ’

7.10 ISOPROPYL ALCOHOL

7.10.1 PHYSICAL PROPERTIES

Formula (CH})2CHOH
Molecular weight 60.

Pounds Per Gallon at 68PF 6.55
Boiling Range (°F) };é-581

Freezing Point (°F)
Evaporation Rate (Carbon Tetrachloride = 100) 34

Coefficient of Expansion Per °*F 0.00062
Surface Tension at 68°F (dynes/cm) 21.7
Solubility % by Weight at 68°F - In Water Infinite
Of Water Infinite
Flash Point (°F) 56
Flammable Limits % by Volume in Alr - Lower 2.5
Upper 5.2
Threshold Limit Value 400
Specific Heat of the Liquid at 68°F BTU/(1b)(°F) 0.60
Latent Heat .of the Liquid-at the Beiling Point BTU/1b 287 -

7.10.2 SPECIFICATIONS.
FEDERAL
AST™M

TT-1-735
D-1722-68

Isopropyl Alcohol

Water Miscibility of Acetone, Iso-

propyl Alcohol and Methyl Alcohol

7.10.3 GENERAL INFORMATION.

Isopropyl Alcohol 1s an effective solvent for

oils, alkaloids, qums, shellacs, rosins, mastic, waxes and some synthetic

resins. It is also known as Isopropanol, 2-Propanol, and Secondary,
Propyl Alcohol.

Isopropyl alcohol possesses only fair compatibility with materials of
construction and has a 1{mited ability to dissolve inorganic seils and remove

particulates. It {s also highly flammable.

Internal consumption of 1so?ro¢y1 alcohol 1s unsafe, but contact with
a

skin 1s not dangerous. Isopropy cohol is suitable for cold cleaning
applications only and reclamation. 1s hazardous.

7.10:4 MATERIALS COMPATIBILITY. Isopropyl alcohol has the following effects

7.
on some materials of construction:
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Mateirial Effect Material Effect
Polystyrene None SiT{cone Rubber None
Polyvinyl Chloride Extracts Polyvinyl Formal None
Plasticizer Bondar None
Polyethylene None Glyptal 1201 None
Bakelite (Phenolic) Nome Glyptal 1202 None
Teflon TFE None GE 9740 None
Neoprene Rubber None Marking Ink Varies

7.71  METHYL ALCOHOL

7.11.1 PHYSICAL PROPERTIES.

Formula CH30H
Molecular Weight 32.04
Pounds Per Gallon at 68°F 6.61
Boi1ing Range (°F) 147-151
Evaporation Rate (Carbon Tetrachloride = 100) 50
Freezing Point (°F) . -144.0
Coefficient of Expansion Per °F 0.00066
Surface Tension at 68°F (dynes/cm) 22.6
Solubilfty % by Weight at 68°F - In Water Infinite
0f Water Infinite
Flash Point (°F) 54
Flammable Limits ¥ volume inAlir - Lower 6.0
Upper 36.5
Threshold Limit Value 200
Specific Heat of the Liquid at 68°F BTU/{1b}{°F) 0.60
Latent Heataf the 1iquid at the Boiling Point BTU/1b 473
7.11 .2 SPECIFICATIONS.
FEDERAL 0-M-232 Methyl Alcohol
ASTHM D-1722-68 Water Miscibility of Acetone, Isoc-

propyl Alcohol and Methyl Alcohol.

7.11.3 GENERAL INFORMATION. A very flammable 1iquid, with good soivency
for plastics and inks. Toxictty and flammability 1imit 1tc usefulness.

Methyl alcohol is an effective solvent for dyes, alkaloids, shellac,
kauri, polyvinyl, -butyrol, ethyl cellulose, inks and waxes.

Methyl alcohol s extremely toxic, 1t can cause death and blindness
from intake. It 1s .irritating to the eyes, nose and throat. Regular
exposure can cause organic gamage, ultimately sufficient to cause death.

It will attack aluminum and lead when 1n an ahhydrous state , and an
aqueous solution will attack steel and titanium. It is suited for cold
cleaning applications only.

138




Downloaded from http://www.everyspec.com

MIL - HDBK - 406
31 October 1971

7.11 .4 MATERIALS COMPATIBILITY. Methyl Alcohol has the following effects
on some comman materials of construction.

Material Effect ‘Material Effect
Polystyrene None PoTyvinyl Formal None
Polyviny? Chloride None Bondar None
Polyethylene None Glyptal 1201 None
Bakelite (Phenolic) None Glyptal 1202 None
Teflon TFE None GE 9740 None
Neoprene Rubber None Marking Ink Varies
S111cone Rubber None

Methyl Alcohol has the following effect on stressed titanium samples.

rE—

Number Time to

Specimen of Failure
Origin Specimens Notched Load, ksi Test Fluid Minutes
Virgin ] No 140 Methanol 300
Virgin 2 No 140 Methanol 63-aged 4 hours
Virgin 4 Yes 120 Methanol - 31 1000 1n air
Virgin 2 Yes 120 Methanol 44-aged 30 min.
Virgin 1 Yes 130 Methanol - 20 @1000
Virgin 5 Yes 140 Methanol 19

Space Craft 5 No 90 Methanol 28

Space Craft 4 No 100 Methanol 33

Space Craft 4 No 120 Methanol 12

Space Craft 5 No 140 Methanol 7

NOTE: Several specimens were exposed to methamol for extended periods at
stress levels below 100ks1 without failure. Due th the Eygroscopic
Nature of methanol, there were varfous amounts of water diluted
with the methaaal and this undoubtedly {nfluenced the time to failure.

7.12 METHYLENE CHLORIDE
7.12.1 PHYSICAL PROPERTIES.

Formula CH2CL?2
Physical State ‘ Colorless
Odor M{1d Sweet
Motecular Weight 84.93
Freezing Point °C -96.7
Bofling Point °C 39.8

Flash Point None

Fire Point . None
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Viscosity, centipoises at 20°C 0.425
Refractive Index ] . 1.4244
Surface Tension at 20°C (dynes/cm) 28.12
Specific Gravity at 25/25°C 1.320
Pounds Per Gallon at 25°C 10.98
Vapor Pressure at 20°C (mm Hg) 350.0
Evaporation Rate (Ether = 100) n
Dielectric Constant of the Liquid at 20°C 9.1

— "

7.12.2 SPECIFICATIONS.
MILITARY MIL-D-6998a Methylene Chloride (Dichloromethane)

7.12.,3 TYPICAL COMMERCIAL SPECIFICATION.

Appearance Clear Li Q'
Odor Mild Sweet
Res{dual Odor None

Color {RPHA L 10 Max.
Acidity Weight % as HCl , 0.0005 max.
Free Halogens ) None
Specific Gravity at 25°C 1.319 ~ 1.322
Boiling Range at 760 mm Hg °C . 39.0 - 41.0
Water, Weight ¢ . 0.0710 Max.
Non olatile Matter, Weight % 0.001 Max.
Meets U.S. Mil{tary Spec MIL-D-6998a

7.12.4 GENERAL INFORMATION. Methylene chloride {s a coloriless, heavy,
non flammable, highly volatile 1iquid with a low boiling point, possessing
excellent so]vent power. It 1s also known as Dichloromethane and Methyl
Dichloride.

Methylene chloride is a good solvent for fats, oils, waxes, rubbers,
alkaloids, bitumens and celluilose triacetate.

Methylene chloride is generally non corrosive toward metals at normal

ﬂeratures with the exceptions of aluminum and titanium. In contact

with water at elevated temperatures, 1t will attack iron, some stainless
steels, copper, nickel and other metals. It is non flammable and will not
form explosive mixtures in afr. At high temperature, i1t will decompose
into tox1c gases. .

7:12.5 SOLUBILITY DATA. The following materials are soluble to the degeee
indicated in methylene chloride.

>y

Material Miscibility Material Miscibilit

Abalyn [resin esterified Genepoxy [Epoxy%gzs +100
with glycerin]: +100 Genepoxy [Epoxy]525 +100

Acrawax C [resin esterified Genepoxy [Epoxy]1800 +100
with glycerin] -1 Hercolyn [resin esterified

Acryloid. B-82 [acrylic ester] +100 with glycerin] +100

il
k-9
=
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Material ‘Miscibility  Material Miscibility
ATdnce Z2 {Linseed o0i1] +100 Japan Wax -1
Amberol 801-XLT [Phenolic] +100 Lanolin Anhydrous +100
Amberol ST-137-X [Phenolic Montan Wax -1
Formaldehyde] +100 Nevindene RS [Coumarone
Bakelite CKR-5254 [Phenolic] -20 Indene] +100
Beckstite 1001 EPheno]icH +100 0KO 5-70 [Soy Bean 011] +100
Beckstite 1112 [Phenolic +100 Orabge Sheldac -1
Bees Wax -5 Paraffin 47-49°C -15
Calcium Stearate -1 Pdraffin 54-56°C -5
Candellia Wax -1 Parion 5-5 {Chiorinated
Carnauba Wax -1 Rubber] +100
Ceresin Wax -1 Parlon $-20 [Chlorinated
Cumar W-1 [Paracoumarone - Rubber] +100
Indene] +100 Parlon $-300 [Chlorinated
DCR-5061 E5111cone% +100 Rubber] +6Q
DCR-5581 [Silicone +100 Pecco 420 ES Indene Polymer] +100
DEN 838 [Epoxy Novolatd +100 Picolastic A-75 [Pol{styrene] +100
DER 331 Epoxy] +100 Piccolyte S-85 [Polyterpene] +100
DER 332 [Epoxy +100 Picoopale 100 [Hydrocarbon] +100
DER 667 tEpoxyi +100 Potassium Qleate -1
Déw Resin PS-3 SPolystyrene] +100 Polyvinyl Chloride -1
Epon 812 [Epo +100 Resin 276-VY9 [Polyalkyl
DER 334 [Epoxy +100 Styrene] ._ +100
DER 661 EEpoxyi +100 Rosin [Wood] +100
DER 664 [Epoxy +100 Saran F-120 [Vinylidene
Epon 836 [Epoxy] +100 Chloride Acrylonitrile] -1
Epon 1004 FEpoxyq +100 Saran F-220 [Vinylidene
Epon 1109 [Epoxy] +100 Chloride Acrylonitrile] -1
Genepoxy 175 [Bpoxy] +100 Sodium Oleate -1
Genepoxy M-180 [Epoxy] +100 Stearic Acid -35
Genepoxy 190 [Epoxy] +100 White Petrolatum -20

i

oS of ol g I N I P e N R e Y} [y ]
OTE: Solubiiity was determined by ghe incremental additi

e solute
100 grams of methylene chloride at room temperature. Solute was

noramental addition of lute to

added {n the following increments; 1 gram, 5 gram, 10 gram and so on

in 5 gram increments to a maximum of 100 grams.

Thus, a notation of

-5 {ndicates that more than 1 but less than 5 grams of solute can

be dissolved 1n 100 grams of methylene chloride.

Simiiariy, a notation

of -40 indicates that more than 35 and less than 40 grams of solute

will dissolve.
reported as +100.

[ -

Where 100 grams of solute dissolve, the result is
Resin solubilities were obtained on -uncured material
suitable for use in paints, adhesives and coatings.

7.Y2 .6 DECOMPOSITION.

anount of free actid formed i{n the solution.

position are examined separately.

141

The determination of decomposition 1s based on the

The possible causes of decem-
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7.12.6.1 EFFECT OF TEMPERATURE ON DECOMPOSITION. No decomposition occured
in sealed tubes heated for 24 hours &t less than 120°C. 'Above that temp-
erature, acid was formed:

Temperature °C Acidity ¥ by Weight Comment
120 1.2cc of 6.01 n-HCY Stable at this Temp.
200 0.0002 Vapor passed through
iron tubes for 1-3 sec.
300 0.0032
400 0.0115
500 0.044 Marked Decomposition

7.12.6.2 EFFECTS OF WATER ON DECQMPOSITION. The amount of water present has
a marked effect on the hydrochloric acid formed, measurements for formaldehyde
bui1d-up were also made. When enough water {s added to saturate the solution
at raom temperature, decomposition will occur at 100°C. At 120 and 140°C, the
decomposttion 1s slightly greater. When there is an excessof wdter, hydro-
lysis occurs at as low as 60°C.

7.%2.6.3 EEEECT OF OXYGEN ON DECOMPOSITION. Pure oxygen or oxygen in the atr
had no effect on the decomposition of the methylene chloride below 140°C.

7.12.6.4 EFFECT OF METALS ON DBCOMPQSITION. Ory methylene chloride or

methy lene chloride saturated with water was not decomposed by exposure to soft
steel on heating to 120°C in sealed tubes for periods of 24 hours. No de-
composition occured on refluxing with steel in the presence of 1.5% water for
periods of eight days. :

7.12.6.5 EFFECT OF WATER AND METALS ON DECOMPOSITION. The combined influence
of both water and metals on decomposition 1s negligible up to 120°C, if there
1s just enough water to saturate the methylene chloride. In the presence

of excess water and soft steel, decomposition 1s more pronounced than in the
presence of excess water alone. ODecomposition accurredonly at temperatures
above the boiling point of the solvent.

7.12.6.6 DECOMPOSITION UNDER VARIED CONDITIONS.

Decomposition on Heating for 24 Hours
Condition (in cc of 0.01 n-HC1 per 25 cc of Meth{Tene Chloride)

40°C 60°C 80°C 100°C 20°C 140°C
Methylene Chioride in
Nitrogen:
Dry : 0 1] 0 0 1.20 -
With Soft Steel 0 0 0 Q 0
Saturated with water 1 0 0 6.55 4.65 .
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Uecomposition on Heating for Z4 hours
(in cc of 0.01 n-HCL per 25 cc¢ of Methylene Chloride)

Condition : : 400C 60°C 80°C 100°C 120°C 14Q0°C
Methyiene Chloride 1in
Nitrogen:

With Soft Steel Sat-

urated With Water eee 0 0 0 0.40 0.35
With Copper Saturated

with Water ' ces 0 0 0 0 0
With Aluminum Sat-

urated With Water . 0 1.40 0.40 iee 0.45
With Lead Saturated

With Water ree 0 0.6 g.70 Q.45 0
With Tin Saturated

With Water aes 0 0.4 ] 0 2.45
With 8rass Saturated

With Water . 0 Q 0 V.45 291.0
With Excess of Water ase 1.55 3.55 45,40 287.0 2281.0
With Soft Steel and

Excess of Water “es 3.55 41.15 196.0 272.0 cen
Methylene Chloride and

Soft Steel in Afr cee ces 0.15 0.20 0.45 22.0

Methylene Chloride With 1,53 Water, Refluxed with soft Steel for 24 Hours
' (Acidity - None)

7.12,7 MATERIALS COMPATIBILITY

Methylene chloride has the following effect on some common materials of construction

Material Effect Material Effect
Folystyrene DissoTves S1Ticone Rubber Swells
Polyvinyl Chloride Will Damage Polyvinyl Rrmal Severe Crazing
Polyethylene W11 Damage Bondar Slight Effect

on Prolonged

Exposure Glyptal 1201 Lifted
Bakelite None Glyptal 1202 Lifted
Teflon TFE None GE 9740 Lifted
Neocprene Rubber Swells Marking Ink Removed
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Corrosion of Metals in Methylene Chloride
(1n Mi11tgrams per Square Centimeter)
Change in Welght on Heating for 24 Hours

Condition 60°C 30°C 100°C 120°C 140°C
“MethyTene Chloride and .
«+.Soft Steel 1n Nitrogen 0.03 0 0 0 ves
...Soft Steel Saturated
with Water in Nitrogen o 0 0 +0.05 +0.05

..+S0ft Steel with an

Excess of Water in

Nitrogen ' " =0.1 -0.67 -3.1 -1.4 (a)
...S5oft Steel in Alr 0 0 0 0 0.013
...S0ft Steel 1n Oxygen 0 0 0 0 0
...S0ft Steel, 1.5% water

Refluxed for 48 hours {Very Slight)

...50ft Stee] Saturated

with Water in Oxygen -0.1 -0.4 -1.57 -3.0 (a)

...S50Fft Steel, 1.5% Water,

Refluxed for 8 Days (Very Slight)

...Copper Saturated with -

Water in Nitrogen Q 0 0 0

.+ .Aluminun Saturated with

Water in Nitrogen a 0 0 Q
-0.2 0 -0.1 0

....ead Saturated with
Water in Nitrogen

0.10(b) o{b) 0{b) 1.5(b)
0 0 0 2

a
...Brass Saturated with w
Water in Nitrogen
...T1n Saturated with

Water in Nitrogen

o O o o o

NOTE : &a; Heavy Coat of Iron Oxide
— (b} Capper Colored Surface

*7.13 METHYL ETHYL KETONE
7.13.1 PHYSICAL PROPERTIES.

Formula CH3CO0CoHs
"Molecular Weight 72.07
Boi11ng Range (°F) 174-177
Freezing Point (°F) -87.3
Critical Temperature (°C) 260.0.
Critical Pressure, atm 43.3
- Specific Gravity 20°C 0.8061
Density t/4, g/ml

at 0°C 0.8255

at 20°C 0.8054
at 25°C 0.8002
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Pounds, Per Gallon pf 20°C 6.70
Refractive Index n<¥V -~ : - e . . 1.3785
ViscosTty, cps at 25°C 0.40
Dielectric Constant at 20°C 18.4
Specific Heat of the Ltquid at 20°C (g callg) 0.549
Heat of Vaporization, BTU/1b 191
Heat of Combustion, BTU/1b 14,540
Flash Point, Tag Open Cup *F . 24
Explosive Limits, ¥ by Yolume in Air Lower 1.8

g o Upper 11.6
Coefficient of Expansion Per °F 0.60076
Vapor Pressure, mm Hg at 20°C 77.5
Solubility, £ by Weight at 20°C In Water 26.3

Of Water 12.6

Evaporation Rate (Carbon Tetrachloride = 100) 97
Latent Heat of the Liquid at the Boiling Point BTU/1b 191

7.13.2 SPECIFICATIONS.

[ e od 219 + ¥ 1| b on JEEY N, )

-—

FEDERAL TT-M-261 © Methyl Ethyl Ketone, Technica
ASTHM D-730 Standard Specifications for Methyl
Ethyl Ketone

7.13.3 GENERAL INFORMATION. Methyl ethyl ketone (MEK) is a highly flammable
11quid possessinggood solvency for plastics and resinous matertals.

It is an effective Solvent for natural and synthetic vinyl resins, laquers,
varnishes, fats, waxes, ofls, greases, crude rubber, shellac, bitumens and
asphalts. It is generally not corrosive toward metals such as iron, mild

steel, copper and aluminum and s suitable for cold cleaning applications onjy.
7.13.4 SOLUBILITY DATA. The following materials are soluble in methyl ethyl
ketone, to the degree {indicated.

Materiail Solubili;g Material Solubilit
Accroldes art Soluble Epoxy SoTubTe
Asphalt Part Soluble Ethy!l Cellulase Soluble:
Beeswax Insoluble Methyl Methacrylate Soluble
Carnauba Wax Insoluble Nitrocellulose Soluble
Ceresin Wax Insoluble Phenolic Soluble
Colophony Soluble Polyethylene InsolubTe
Congo Part Soluble Polyethylene Glycol Soluble

- Coumarone Soluble Polypropylene Insoluble
Dammar Rart Soluble Polystyrene Soluble
Elemt Part Soluble Polyurethane Soluble
Kaurl Soluble Polyvinyl Acetate Soluble
Manila Soluble Polyvinyl Chloride S11ght Soluble
Mastic Soluble Polyviny! Formal $1ight Soluble
Paraffin Wax insojubie polyvinylidene Chioride Part Soluble
Rosin Soluble Urea-Formaldehyde Saluble
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Material

Sandarac

Shellac

Atkyd, Nen Drying.

Alkyd, Maleic-Rosin
Modified

Benzyl Cellulose

Butadiene-Styrene Modif.

Cellulose Acetate
Cellulose Acetate

Butyrate :
Cellulose Triacetate
Chlorinated Diphenyl
Coumarone
Coumarone-Indene
Butyl Latex

Solubility
Swelling

Part So]uble

Soluble
Soluble

Canlifhla
U WS

Soluble
Soluble

Soluble
Insoluble
Soluble
Soluble
Soluble

Insoluble

Material Solubility
VinyT Chloride-vinyl
Acetate Copolymer Soluble

Vinylidene Chloride-
Acrylonitrile Copolymer Soluble

Natural Rubber Swelling-
Isoprene-Iscbutylene

Rubber Swelling
Styrene-Butadiene Soluble
Cellulose Acetate

Propionate Soluble
Polysulfide Rubbers Insoluble

Acrylonitrile-Butadiene Soluble

Chloroprene Soluble
Butadiene-Methacrylate S1ight Soluble
Mineral 0} Soluble

The following Solvents are miscible with MEK to the extent indicated.

Rctone

Acetyl Acetone
Amy1 Alcohol
Benzaldehyde
Benzene

8enzine
Benzonitrile
Benzyl Alcohol
Benzyl Ether
n-Butyl Acetate
n~Butyl Alcohol
Butylene Glycol
Butyl Ether
Carbon Disuifide
Carbon Tetrachloride
Chloreform
Cyclohexane

Decyl Alcohol
Placetone Alcohol
Diethylene Glycol
Di{sobutyl Ketane
Dimethyl Aniline
D‘imﬁthv'l Formamida
Ethyl Acetate
Ethyl Alcohol.
Ethyl Amyl Ketone

Miscibilit
Miscible

Miscible
M{scible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible

Miscible
Miccihla

Al I &F I

Miscible
Miscible
Miscible

Solvent Miscibilit
Formam{de M{scibTe

. Furfuryl Alcohol Miscible
Glycerol. Immiscible
Heptane Miscible
Hexadecyl Alcohol Miscible
Hexane Miscible
Hexyl Alcchol Miscible
Hexyl Ether Miscible
Isoamy]l Acetate Miscible
Isoamyl Alcohol Miscible
Isobutyl Alcohol Miscible
Isooctyl Alcohol Miscible
Isopropyl Acetate Miscible
Isopropyl Alcohol Miscible
Isopropyl Ether Miscible
Methyl Acetate Miscible
Methyl Alcohol Miscible
Methyl Amyl Alcohol Miscible
Methyl Disulfide Miscible

Methyl Isobutyl Ketone Miscible
Methy! Isabutyl Carbinol Miscible

Naptha Miscible
Nitromethane Miscible
Octane Miscible
Propylene Oxide Miscible
Pyridine Miscible
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Solvent Miscibilit Solvent Miscibilit
EthyT Chloroacetate Miscible Sec-Butyl Acetate Miscible

Ethyl Ether Miscible Sec-Butyl Alcohol Miscible
Ethylene Diacetate Miscible Tetrahydrofuran Miscible
Ethylene Glycol Miscible Toluene Miscible
Etgﬁlene Glycol Mono- Tridecyl Alcohol Miscible
tyl Ether Miscible Triethylene Glycol Miscible
Ethylene Glycol Mono- Water Part Miscible
ethyl Ether Miscible Xylene Miscible

7.14 PERCHLOROETHYLENE
7.14.1 PHYSICAL PROPERTIES.

Formula CCL2CCLo
Bolling POint (°F) 250.5
Freezing Point (°F) -8.2
Molecular Weight 165.85
Specific Gravity 20°C 1.628
Pounds Per Gallon at 68°F 13.57
Latent Heat of Vaporization at the Boiling PAint Cal/gm 50.1
BTU/1b 90.2
Specific Heat of the Liquid at 68°F Cal/gm/°C or BTU/1b/°F 0.208
Vapor Density at the Boiling Point and 760 mm gm/Liter 5.22
1b/cu. ft. 0.326
Vapor Specific Gravity (Air = 1.00) 5.83
Evaporation Rate {Carbon Tetrachloride = 100) 39
Vapor Pressure at 68°F mm Hg 14.2
Flammabi11ty Nonflammabie
Viscosity of the Liquid at 68°F (centipoise) 0.88
Dielectric Constant of the Liquid at 25°C 2.365
Solubflity % by Weight at 68°F In Water 0.02
Of Water - 0.01
Coefficient of Expansion Per °F 0.00057
7.14,2 SPECIFICATIONS.
FEDERAL 0-T-236b Tetrachloroethylene (Perch]oroethylene;
MILITARY MIL-P-12050 Perchloroethylene (Tetrachloroethylene

7.14.3 TYPICAL COMMERCIAL ANAKYSIS.

Property : Specification Typical
ppearance ear, Free of ear, Free of
Suspended Matter Suspended Matter

Color APHA 15 Maximum 8
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Prggertz

Spot Test

Specific Gravity 20°C

Non Volatile Residue Wt.%
Free Chlorine

Moisture

Distillation Range °C

pH

Specification

Characteristic, No Residual
No Spat of Stain

1.623 - 1.627

0.0025 Maximum

None

No Cloud at

0°C
120.0 - 122.0

Typical
Cﬁaracter1st1c, no Residual

No Spot or Stain
1.624
0.0004
None
/-52C

0.8 - 121.7
8.4

7.14.4 GENERAL INFORMATION.
a chloroform 1ike odor, also known as Tetrachloroethylene.

js an effective solvent for fats, oils, champhor, cellulose triacetate,gums

and resins.

Although .generally considered to be of low toxici

an anesthetic from inhalation.

It is non flammable an

A coloriess, heavy, nonflammable 1iquid with

Perchloroethylene

, 1t will act as
non explosive. At

high temperature (above 1300°F) 1t will decompose to toxic gases.
Perchloroethylene can be used in both vapor degreasing and cold appli-

cations.

7.12,5 MATERIALS COMPATIBILITY.

It can be reclaimed and purified.

on some typical materfals of constructfon.

Perchloroethylene has the following effects

Material Effect ‘Material Effect
Polysiyrene DTssolves on ST cone Rubber SweTls
Long Exposure Polyvinyl Formal None
Polyvinyl Chloride None Bondar None
Polyethylene Slight Glyptal 1201 None
Bakelite (Phenolic) None Glyptal 1202 Slight
Teflon TFE None GE' 9740 $light

Neoprene Rubber

Swells on Long

Marking Ink

Contact

Partly Removed

ﬁg;chloroethylene has the following effects on specific plastics.

Plastic

Test 1

Test 2 ‘Test 3

Test 4

Test 5

PoTytetrafliuoroethylene
Resin

7050 Linear Polyethylene
Resin !

9140 Polypropylene Resin

Acetal Resing

Epoxy Resin

ABS Polymer

Polycarbonate Resin

0 } 0

NO I OO -
a1 OO
N O
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Plastic Test 1 Test 2 Test 3 Test 4 Test 5
MethyT Methacrylate T 4 T - -
Polyvinyl Chloride

(Unplasticized) 0 4 4 - -
Polyvinyl Alcohol - - - - -
475 Polystyrene 5 6 6 - -
A Ionomeric Resin - - - - -
Polypropylene 0 6 2 - -
Polyphenyl Oxide 5 6 6 - -
Polysul fone 0 5 0 - -
Normal Impact PVC - - - - -
107 Nylon 0 1 11 - -

NOTE: Test 1 - 4 Hours at 75°F

Test 2 - 4 Hours at the Solvent Boiling Point
Test 3 -~ 100 Hours at 130°F

Test 4 - 5 Minutes at 75°F

TestIS - 5 Minutes at the Solvent Boiling Point
Result:

- = No Test Run
0 - No Visible Effect

1 - Slightly Pliable, No Significant Swell

2 - Slightly Swollen and Pliahle or Slightly Shrunk and Softened

3 - Stress Cracked and Brittie
4 - Swollen, Curled and Rubbery

5 - Partially Dissolved or Disintegrated

6 -~ Totally Dissolved or Disintegrated

7.15 TOLUENE B
7.15.1 PHYSICAL PROPERTIES

Formula

Molecular Weight

Pounds Per Gallon at 68°F

Bo111ng Range (°F)

Freezing Point (°F)

Evaporation Rate {Carbon Tetrachloride = 100)
Coefficient of Expansion Per °F

Surface Tensfon at 68°F (dynes/cm) '
Solubf1ity X by Weight at 68°F In Water

Of Water
Flash Point (°F)
Flarmable Limits £ by Volume in Afr Lower
Upper
Threshold Limit Value

CgHs(CH3)
92.13
7.20
228 - 232
-139.0
58
0.00061
28.4
0.05
.04
4

3
.0

ON-=OO
[

20
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Specific Heat of the Liguid at 68°F BTU/(1B)(°F) 156
Kauri-Butanol Value 94 - 105

7.15.2 SPECIFICATIONS
FEDERAL  TT-T-548 Toluene, Technical
ASTM D-847-47 Acidity of Benzene, Toluene, Xylenes,
Solvent Napthas and Similar Industrial
Aromatic Hydrocarbons
D~362-65 Industrial Grade Toluene

7.15.3 GENERAL INFORMATION. Toluene, also known as Toluol, Methyl Benzene

and Phenyl Methane, is an effective solvent for gums, resins, copals, coumarone
glygtal. sandarac, ofls, cellulose acetate, some cellulose ethers and chlorinated
rubber.

Toluene s highly flammable and is suited for cold cleaning appiications
only. Vapor odors do not give warning of high concentrations. It is not
corrosive to metals and can be stored in 1ron, mild steel copper and alum-
inum containers. Reclamation to toluene {s hazardous.

7.16 1,1,1-Trichloroethane
7.76.1 PHYSICAL PROPERTIES.
Formula : CH3CCLs
Molecular Weight 133:42
Bo11ing Point i°c 74.1
*F 165.4
Freezing Point (°C -31
*F ' -24
Dielectric Constant of the Liquid at 25°C 7
Evaporation Rate (Carbon Tetrachloride = 100) . 100
Flammab{ 11ty Nonflammable
Flash Point None
Ignition Temperature i' ; 546
- °F 1015
Kauri-Butanol Value 130
Latent Heat of Vaporization at the Boiling Point Cal/gm 58
BTU/1b 95
Refractive Index - Liquid N 20 D . 1.4374
Solubility (g/100 m1) at 25°C In Water 0.05
Of Water 0.07
Specific Gravity at 25°0 1.319
Pounds Per Gallon at 25°C 10.82
Specific Heat of the Liquid (Cal/gm/*C or BTU/1b/°F 0.258
Specific Resistivity Ohms/cm 7.3 X 109
Surface Tension in Alr {dynes/cm) at 25°C 28.1
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Threshold Limit Value 350
Vapor Pressure at 20°C mm Hg 101
Viscosity, Liquid, Centipoise ) : 0.735
Appearance Clear
Non Volatile Residue, Maximum 10 ppm

7.16.1.1 SPECIFIC PROPERTIES

Viscosity, Centipoise feansit Specific Gravity
a°C J 155 0°C 1. 3565 §ﬁ7m| C 1,356/

20° 0.858 15.56° 1.3302 gm/ml 51.56° 1.3314
40° 0.653 20° 1.3232 gm/ml 20° 1.3255
60° 0.519 25° 1.3146 gm/ml 25° 1.318
10.97 1hs/qgal
Refractive Index Kilocalories/Niole gggc1fic Heat Cal/gm/°C
15°¢C . T1.4399 20°C 7.8 C ‘ 0.238
- 20° 1.4374 50° 7.5 20¢ 0.240
25° . 1.4344 80° 7.1 40° 0.250
60° 8.270
Surface Tension dynes/cm %@por Pressure mm Hg
o°C 27,40 a°C 157
10° 26.26 40° 238
20° 25.172 50° 344
30° 28.98 60° 490

7.16.2 TYPICAL COMMERCIAL ANALYSIS.

The following is a purity analysis for the high purity grade of 1,1,1-Tri_
chloroethane:

Particulate Matter Trace Metal Content
Count Particles Metal Parts Per Million
Particle Size Per 100 m} Lead <0,01
over 100 Microns 1.5 Antimony <0.02
50 to 100 Microns 4.1 Arsenic <0.02
25 to 50 Microns 12.8 Cadm{um <0.004
10 to 25 Microns 56;6 Mercury <0.05
. ’ Selenium <0.05
Bar{ium <0.003
~.16.3 SPECIFICATUONS.
FEDERAL 0-T-620 1,1,1-Trichloroethane, Technical
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MILITARY MIL-T-81533a 1,1,1-Trichloroethane (Methyl Chloroform)

Technical, Inhibited, Vapor Degreasing
NASA - MSFC-SPEC-471 Solvent, 1 1,1- Trich]oroethane. High
Purity, Inhibited

7.16.4 GENERAL INFORMATION. A dense, water white, nonflammable 1iquid with
good solvency. Also known as Methyl Chloroform and Alpha Trichloroethane,

It possesses excellent solvency and is inhibited to prevent corrosive
attack on metals, it 1s harmful to some non metallics. May be repeatedly
recovered by dist111atfon but must be monitgred for inhibitor content. It
1s suitable for all types of cleaning, both hot and cold.

7.16.5 SOLUBILITY DATA. Methyl Chloroform posesses the following solubility
characteristics toward solvents.

Solvent Miscibil{t Solvent Miscibilit
Acetone MiscibTe n-Heptane Miscible
Benzene Miscible Methyl Alcohol Miscible
Carbon Tetrachloride MiscibTe Water Slightly
Ethyl Ether Miscible :

The follawing resins are soluble in methyl chloroform to the degree {indicated.

Resin Selubility 'Resin Solubilit

AbaTyn Rosin Esterified — Genepoxy M-180 100
With Glycerin 100 Genepoxy 190 Epoxy 100

Acryloid B-82 Acrylic Ester 80 Hercolyn Rosin Esterified

Amberol 801-XLT Phenolic 100 W{th Glycerin . 100

Amberol ST-137-X Phenol Methyl Methacrylate 100
Formaldehyde 100 Nevindene R5 Coumarone-

Araldite 502 Epoxy 100 Indene 100

Araldite 5G8 Epoxy 100 Orahge Shellac Insoluble

Araldite 6010 Epoxy 160 Paradene Resin #3 Para

Araldite 0071 Epoxy 1 coumarone-Indene 100

Araldite 7079 Epoxy 1 Picco 420 ES Polyindene 100

Bakelite CKR-5254 Phenolic 100 Piccolastic A-75 Polystyrene 100

Beckacite 1001 Phenolic 100 Piccolyte S-85 Polyterpene 100

Beckacite 1112 Phenolic 100 Piccopale 100 Hydrocarbon 100

Cumar ¥-1 Paracoumarone- Polyvinyl Alcohol Insoluble -
Indene 100 Polyvinyl Chloride Insoluble

DEN 438 Epoxy Novolac 100 Resfn 276-V9 Polyalkyl Styrene 100

DER 331 Epoxy 100 Ros{in Wood ‘A

DER 332 Epoxy 100 Saran F-120 Vinylidene

DER 334 Epoxy 100 Chloride-Acrylonitrile ]

DER 661 Epoxy ] Saran F-?20 Vinylidene

DER 664 Epoxy 1 . Chloride Acrylonitrile (1

DER 667 Epoxy 1 Vesicol AE9 ETQ Adducts <10

Bow Resin PS-3 Epoxy 100 Versamide 940 Polyamide <1

o

152

®



Downloaded from http://www.everyspec.com

MIL - HDBK - 406
31 October 1971

Resin

Epon 812 Epoxy
Epon 836 Epoxy
Epon 1004 Epoxy
Epon 1009 Epoxy

_Genepoxy.175 Epoxy

CAaTihd T4 &y
SO UBTITC
e

Vi lite AYAA Vinyl Acetat ﬁﬁ

Vi nyl fte VYHH Vinyl

Chloride Acetate <1
- Zytel 31 Nylon Insoluble
Iytel 101 Nylon Insoluble

The fodlowing materials are soluble to

the degree indicated 1n Methy1 Ch]oroform.

Material Solub Mty
Acacla Gum nsoluble
Copal Gum Insoluble
Ester Gum 100
Gutta Percha Natural Gum

Rubber Insolubl
Kauri Gum q
Ethylene Glycol Mono- .

ethyl Ether Acetate Miscible
Ethylene Glyco!l .

Methyl Ether Miscible
Ethylene Glycol n-butyl

Ether Miscible
2rapylena Glycol

Methyl Ether Miscible
E 1000 Polyethylene

Glycol Miscible
E 1450 Polyethylene

G'lyco'l Miscible
E 4000 Polyethylene

Glycol Miscible .
E 6000 Polyethylene

Glycol Miscible
E 9000 Polyethy lene

Glycol Miscible
P 400 Polypropylene

Glycol Miscible
P 1200 Polypropylene

G} vr'n1 Miscihle
P 2000 Polypropylene

Glycol Miscible
P 4000 Polypropylene

Glycol Miscible

Cellulose Acetate,

Acetana Salyhte Insoluble
Cellulose Triacetate Inso}:b1e

50cps Ethyl Cellulose

Material Salubilitv
Acrawax C Amfide Stearate
Calcium Stearate 41
Qleic Acid Miscible
Potassfum Oleate <1
Sodium Oleate <]
Stearic Acid 30
Crepe Rubber <]
Neoprene rubber Insoluble
Paradene Resin #3 Para- o

coumarone-Indene 100
Picco 420 ES Polyindene 100
Piccolastic A-74

Polystyrene 100

Piccolyte S-85 Polyterpene 100

piccopale 100 Hydrocarbon 100

Polyvinyl Alcohol Insoluble
Polyvinyl Chloride Insoluble
Res1n 276-V9 Polya]ky1

Styrene 100
Rosin Wood 4
Alinco 22 Linseed 011 100
Lanolin Anhydrous 100
Lard 011 Miscible
Linseed 011 Raw Miscible
Linseed 041 Boiled Miscible
Mineral 011 Miscible
Motor 011 Miscible
0KO S-70 Soybean 011 100
Petro]atum White Wax 1
Bees Wax <5
Candelilla Wax <]
Carnauba Wax <1
Ceresin Wax <}
Japan Wax <
Motan Wax 4
Ozokerite White Insoluble

‘153



MIL - HOBK - 406
31 October 1971

Downloaded from http://www.everyspec.com

Material Solubild
[00cps Ethyl Cellulose 14
400cps Methyl Cellulose Insoluble
690cps Methyl Cellulose Insoluble
4000cps Methyl Cellulose Insoluble
Dow Corning R5061

Silicone 100
Dow Corning R-5581
Si1icone 100

Sealing Asphalt Electrical <

Manufacturers: .

Hercules Powder Company

Rohm & Hass Company

CIBA Corporation

Union Carbide Corporation
Reichlod Chemicals Incorporated
Allied Chemical Corporation

the Dow Chemical Company

Shell Chemical Corporation

Material Solubility
Paraffin 47-49°C 25
Paraffin 54-56°C 20
Parlon S-5 Chlorinated

Rubber 40
Parlon S-20 Chlorinated

Rubber 40
Parlen S-300 Chlorinated

Rubber 40
Sulphur Precipitated Insoluble

General Mills Incorporated
Neville Chemical Company

Pannsylvanfa Industrial Chemical Corp.

Velsfcol Chemical Corporation

E.I. DuPont de Nemours and Company
Archer-Daniels-Midland Company
Glyco Chemicals, Incorporated

Dow Corning Corporation

7.16.6 MATERIALS COMPATIBILITY
7.186.6.1 EFFECTS ON PLASTICS.

Material Effect
Styron Polystyrene pissolves
Polyethylene S1ight Swell
Poiy¥vinyl Alcohol None
Polyvinyl Chloride — None
Polytetrafiuoroethylene None
Neoprene Rubber Swells on

Long Contact

. Material Effect
Plexiglass, Acrylic  Negligible
Nitrocellulose None
Saran None
Mylar Polyester None

Bakelite (Phenolic)  None
Buna Rubber Swells on

Long Contact

NOTE: Nore of the plastics are adversly affected, with the exception of the
polystyrene, by contact incidental to spray or wipe cleaning.
The method of testing employed here was a brief spray contact with
the material. under test, 1t is probable that under conditions of
prolonged submersion, there would be some effect on all of the mat-
erials tested. It is also 1tkely that after the contact {s ended,
that the materfal would return to fts original state. In any event,
pretesting 1s advised prior to employing any given solvent.
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Plastic Effect
Initiail . After Drying
Polypropylene (General Purpose Grade) T.0 -1.0
Polyethylene 3300 (High Densfty) 1.0 0
Polyethylene {Linear) 6.5 0.5
Polyallomer {Ethylene Propylene Copolymer) 8.0 1.0
Acetate (Cellulose Acetate) 1.5 -7.0
Butyrate (Cellulose Acetate Butyrate) 80.0 Sam?lesoecreased
n Size

Propionate (Cellulose Acetate Propionate) Distorted and Sample Decreasged

Cnftanad in Ci7a

w1 LRIlGW 1Y od ) i

Partially Dissolved
MOTE: Exposure; Immersion for 14 days at 77°F. Measurements were taken
fmmediately after exposure and after drying in .an oven at 100-102°F
for 48 hours. The measurements {ndicate the percent of linear swell.

7.16.6.2_ EFFECTS ON ELASTOMERS.

Effect

Elastomer or Rubber Initial After Drying
Chardon 135093 18.0 : -2.3
Chardon 15096-2 31.5 -2.5
Chardon 15120 32.0 -2.5
Hycar 1000X132 (Acrylonitrile/Butadiene High

Acrylonitrile Content) 15.5 0
Hycar 1014 (Buna N Low Acrylonitrile Content) 51.0 -3.0
Thiokol 300 FA (Polysulfide Rubber) 12.5 0
Thiokol 3600 ST-C 17.0 ~0.5
Thiokol E 455 21.5 -2.0
Dow Corning 94-002 (Fluorosilicone Rubber) 14.5 -8.5
Silostic S-6526 (S1l1cone Rubber) 45.5 -0.5
Silostic 1L5-63 {Fluorosilicone Rubber) 14.0 -0.5
Silostic 80 (Sflicone Rubber 40.5 -1.0
S1lostic 675 49.0 -1.5

NOTE: Exposure: Immersion for 14 days at 77°F. Measurements were taken
immediately after exposure and after drying for 48 hours at 100-
102°F. Measurements indicate the percent of linear swell.

7.16.6.3 EFFECT ON VARIOUS MATERIALS

Material : Effect Material Effect

) None formica None
Vinyl Plastic None Linoleum None
¥inyl Floor Tile None Asbestos Asphalt Tile Surface Soft-
Ceramia Luall Tile None ened Color comes
Porcelain None 0ff {f Rubbed
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Material

Rubber Floor Tile

Enamel
Latex Wall Paint

1

Acetate Rayon
Viscose Rayon
Pacron Polyester
811k

Plexiglass Acrylic
Nylon Film

L 1 JEg Ny, |
malerial

Effect
Surface Softe Terrazzo Floor Tile

ened, Color :Polystyrene Wall Tile
comes off if

Rubbed Varnish

None '

No..¥istble

Effect on Sur-

face inght

Cotor 1f Rub- Flat 011 Paint
bed on Cloth . Latex Foam Rubber
None

None '

None Orlon Acrylic
None Saran Yarn

None Polyurethane Foam
None

[ mf® P

ETTECL

None

Badly Frosted
Surface Dissolves
No Visible

Effect on Sur-
face Slight Color
if Rubbed, on
Cloth

None

Swells Foam,
Weakens all
Structure

None

None

Very Slight
Swell, no After
Effect

7.16.6.4 EFFECT ON WIRE COATINGS

Coatin
GE Glyptal 1201 Red Enamel

GE Glyptal 1201 Red Enamel
GE Glyptal 1202 Insulating

(Afr Dried)
or f‘1un+a1 1209 Tnsu!at’!n

ol b F.“l T o &4 llg

(Baked)
GE 9700 Insulating Varnish
GE 9740 Insulating Varnish
Harvel 612C Insulating Coa

Effect After 5 Minute Sprayin
(Air Dried) WNo VisibTe Effect

(Baked)
Varn{sh

No Visible Effect
Varnish Lifted

No Visible Effect
No Visible Effect
Varnish Lifted

Baked;
ting (Baked) No Visible Effect

Dow Corning Silicone 997 (Baked) No visible Effect
Westinghouse 166-1 (Baked)} No Visible Effect
Sherwin-Willfams Ajax V61-V8 (Baked) No Visible Effect

Pedigree Sealer #30 (Air Dried) No Visible Effect

Lecton Insulating Coating (Baked) No visible Effect

Formvar Insulat1ng Coating (Baked) No Vis{ble Effect

Nyclad Insulating Coating (Baked) No Vistble Effect

7116 .6.5 EFFECT ON ALUMINUM ALLOYS

Allo Corrosion Rate (MILS/Year) Water (ppm)
2219 1.44"

7075 3,78 50
7075 6.23 87
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A{]ox " Corrosfon Rate (MILS/Year) Water (ppm
0.66 <50

2024 0.55 <50

2219 (48 Days 0.03 300 approx

2219 {33 Days 0.08 600 approx

2219 (33 Days Severe Corrosion 600 approx

NOTE: Seven day reflux test, except where otherwise noted. Corrosion rates .
of less than 10 MPY are considered insignificant. When a separate
water phase is present, in nearly all cases, the corrosion becomes
severe. In the case where a sample 1s placed in contact with both
a solvent and water pliase and a vapor phase, the corrosion begins
in the water phase, then in the vapor phase and finally in the solvent.

$:16.6.6 EFFECTS ON VARIOUS METALS.

Metal : - 100ppm Hp0) Wet (400ppm H,0) -
ATuminum 1300 __.L_.gE'__Z.Q)_

Aluninum 2024
Aluninum 2219

Brass (70£30)
Magnesium AZ63

1010 Steel

Stainless Steel 316
Copper

1010 Galvanized Steel
Titanfum T{-6A1-4V
Tin

Iinc

NOTE: Seven day reflux tests, the results are in Mils per year of corrosion.

L]
~N
ot el el ek el sl s Ca) N el wmd
. 8
wN

7.16.6.7 COMPATIBILITY WITH MISSILE FUELS.

A Major concern of aerospace industry {s the compatibility of solvents with
miss{le fuels. Since many components have areas of entrapment where a solvent
could remafn and ultimately become mixed with the fuel, Methyl Chloroform was
tested with missile fuels.

Fuel - Effect

Rydrogen Peroxide, 90% Tmniscible - No Apparent Reaction
Hydrazine Hydrate 85% Imniscible - No Apparent Reaction
Hydrazine 95+% Immiscible - Hydrazine Turned Red
Monomethy! Hydrazine Miscible - No Apparent Reaction

Unsymetrical Dimethyl Hydrazine Miscible - No apparent Reaction
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7.17 TRICHLOROETHYLENE

7.17.1 PHYSICAL PROPE

AL PROPERTIES - -
Formula . CHCLCCL2
Molecular Weight 131.40
Boiling Point °F 188.4 .
°C 86.9
Freezing Point °F , -123.5
C -86.4
Speqiﬁc Gravity at 20°C ' *1.466
Pounds Per Gallon at 68°F {EG"“ 12.25
Latent Heat of VYaporization at the Boiling Point Cal/gm 57.2 .
BTU/1b 103.0
Specific Heat of the Liquid at 20°C Cal/gm/°C or ’
BTU/1b/°F 0.225
Yapor Density at the Boliling Point and 760 mm Hg Gm/Liter 4.5
BTU/1b 0.278
Vapor Sgecific Grayity (Alr = 100) 4.54
Evaporation Rate (Ether = woz 28
uaﬂcf PF%SSHE‘% at 20°C {uuu ng; 57.8
Flammability (U l.. Rating) 3
Viscosity of the Liquid at 20°C (Cent‘lpoise) 0.58
Dielectric COnstant Liquid (16°C) 3.42
Sotub{lity at 25°C {am/100 gm) OF water 0.032.
In Water 0.1
Acidity {as HC1 % by Weight, Max.) None
Maximm Allowable Concentration in Alr (ppm) 200
Color Clear
Distillation Rannn °c 86.4 - 87.5
Non Volatile Residue . 0.001
Free Halogen None —

%.17.2 SPECIFICATIONS
FEDERAL 0-T-634 Trichloroethylene, Technica'l
MILITARY MIL-T-7003 1,1,2-Trichioroethylene
MIL-T-27602a 1,1,2-Trichloroethylene
NASA NASA-SPEC-217 Trichlome_t_hv'lene Techn‘lca'l
7,17 3 SOLUBILITY DATA. -Trichloroe Iene possesses the following salubility
characteristics toward various materia

Material Sol ubﬂ i Material Solubt11
Ether Sotuble KTcohol SolubTe

Acetone Miscible Benzene Miscible
Toluene Miscible Carbon Tetrachloride Miscible
n~Heptane Miscible Methanol Miscible

158



Downloaded from http://www.everyspec.com

MIL - HDBK - 406
31 October 1971

Material Solubility Material Solubility
Pyridine MiscibTe BmyT ATcohol MiscibTe
Butyl Alcohol Miscible Ethyl Acetate Miscible
Methyl Acetate Miscible Ethanol Miscible
Water Insoluble

7.17.4 MATERIALS COMPATIBILITY

7.17.4.1 EFFECT ON MATERIALS OF CONSTRUCTION.

‘ﬁhterial Effect Material Effect
Polystyrene DfssoTves PoTyviny) Chloride 4 Ar. Swollen
Polyethylene 4 Hr. Slight Bakelite (Phenolic) None

Teflon TrFC None Neoprene Rubber Swells
Silicone Rubber Swells Formvar (Polyvinyl Formal) Will Soften
Bondar _ None Glyptal 1201 Lifted
Glyptal 1202 Lifted GE 9740 Lifted

Ink, Marking Removed

7.17.4.2 EFFECT ON PLASTICS, ELASTOMERS AND RUBBERS.

Plastic. Elastomer or Rubber Initial Measure After Orying
olypropylene (General Purpose Grade) 3.0 ‘B
Polyethylene 3300 (High Density) 1.0 0
Polyethylene (Linear) 8.0 -0.5
Polyallomer (Ethylene PropxIene Copolymer) 10.0 -0.8
Acetate (Cellulose Acetate) 2.0 -12.5
Butyrate (Cellulose Acetate Butyrate) 153.0 -
Propionate (Celluylose Acetate Propionate) (b,c) -
Chardon 15093 (1) 22.5 -3.5
Chardon 15096 38.5 -4.5
Chardon 15120 36.0 -5.5
Hycar 1000 x 132 (Acrylonitrile/Butadiene
High Acrylonitrile Content) 18.5 -3.0

Hycar 1014 (3)(Buna N Low Acrylonitrile Content) 54.0 -4.0
Thiokol 3000 FA {Polysulfide Rubber) 28.0 -1.5
Thiokel 3600 ST-C (4 34.5 -0.5
Thiokol E 455 40.5 -4.5
Dow Corning 94-002 (2) (Fluorosilicone Rubber) 6.5 -2.0
$ilastic S-6526 (Silicone Rubber) 49,5 -1.0
Silastic L5-63 (Fluorosiliicone Rubber) 6.5 0
Silastic 80 (Stlicone Rubber) 36.5 -1.5
Silastic 675 51.0 -0.5
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NOTE: a. Warped b. Distorted and Softened ¢. Partially Dissolved

or Disintegrated .d. Totally Dissolved or Disintegrated

1. Chardan Rubber Corporation 2. Dow Corning Corporation
3. B.F. Goodrich Chemical Company 4. Thioko]l Chemical Company

A negative sign indicates that the sample decreased in size, the
data 1s to the nearest 1/2 of 1%, The samples were placed i{n the

solvent for 14 days at 77°F. After exposure, the solvent was allowed

to evaporate from the sample surface and the initial measurements

L .

were taken. The samplies were then dried for 48 hours at 100 - 102°F

and they were again measured.

Allo Corrosion Rate (M{1s Per Year) Water m
e | fon Raze £ e

024 0.364
219

b | Y oY

i
(=g 73

5
5

48 Days) : 1.05
4

Metal , , Dry (100ppm H-0) Wet (400ppm Ho0)

Aluminum 1100
Alumfnum 2024
Aluminun 2219

Dusam s ’iﬂ’ﬁn‘
Drasa (7Ufa)

Copper

Magnesium AZ63

Steel 1010

Steel Galvanized 1010
316 Stajaless Steel
Titanium (T1-6A1-4Y)
Tin

2inc

L]

PR T P EOF P T P P e )
L]
wn

ol et el el ) et e il o
L]
wn

NOTE: Seven Day Reflux Test. Less than 1 Mi1 per year 1s considered excellent.

7.17.4.5 LOX & NTO SENSITIVITY. Compounds have been known to explode
violently with LOX after initiation with M36A1 blasting caps include:
1.1.1-Tr1ch1:rgethane, Trichloroethylene, and chlorinated dye penetrants
numbers 1 and 2.

ni tm nd many al ogena 'I-nd }tudmnnnhnne

WU YWl UVIID .

"
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Insufficient data is available to explain the reaction but 1t has

Y - ~a - P -
been found that those solvents which are symetrical are less likely to

explode than asymetrical solvents. Single bonds and more flourine than
chlorine 1n the composition of the solvent also seems to lessen the
11kelihood of explosive mixtures betng formed.

7.18 TRICHLOROMONOFLUOROETHANE
7.18.1 PHYSICAL PROPERTIES

Formula CCL3F
Molecular Weight 137.4
Boiling Point °F 74.8
*C 23.8
Freezing Point °F -168.0
°C -111.0
Critical Temperature °F 388.4
°C 198.0
Critical Pressure PSIA 635.0
ATM 43.2
Vapor Pressure PSIA at 70°F 13.4
at 130°F 39.0
Specific Heat of the Liquid at 70°F BTU/{(1b){°F)
Liquid 0.21
Saturated Vapor 0.13
Density at the Boiling Point
Liquid 1bs/gal 12.34
1bs/cu.ft. 92.31
gm/cc 1.479
Saturated Vapor
1bs/cu.ft. 0.3650
_ gm/cc 5.847
Latent Heat of Vaporization at the Boiling Point
BTU/1b 78.31
cal/ 43.51
Heat Capacity at 70°F (21.1°C) BTU/?Tb)(“F) or Cal/gm(°C)
Liquid .205
Saturated Vapor 0.134
Thermal Conductivity at 70°F (21.1°C) BTU/{hr){sa.ft.){°F/ft)
Liquid 0.0629
Vapor 0.00473
Viscosity at 70°F (21.1°C), Centipoise
Liquid 0.438
Yapor 0.0108
Refractive Index of the Liquid at 79.7°F (26.5°C) 1.384
Surface Ternsfon at 77°F (25°C), (dynes/cm) 19.0
Relative Dielectric Strength at 1 ATM and 73°F (23°()
(Nitrogen = 1) 3.1
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Dlelectric Constant Liquid at 86°F (30°C) 2.28
Vapor (0.5 ATM) at 79°F (26°C) 1.0019
Solubility at 70°F (21.1°C) % by Weight Of Water 0.009
In Water 0.14
Diffusibility inair at 77°F (25°C) and 1 ATM Sq. Ft/Hr 0.307

Sq. Cm/Sec 0.080
Rate of Evaporation (Carbon Tetrachloride = 100) 225

7.18.1.1 LIQUID DENSITY.

Temperature °F Lbs/Cu.Ft. Lbs/Gal “\Grams/cc
60 93.5 12.50 1.498
70 92.7 12.39 1.485
80 91.9 12.28 1.472
90 91.0 12.27 1.458
100 90,2 12.06 1.445

7.18.2. GENERAL INFORMATION. A dense, colorless 1iquid, highly volatile,
non flammable and miscible with most organic compounds. Alsc known as
Trichlorofiuoromethane. It {s miscible 1n all proportions with acetone,
benzene, carbon tetrachloride, chloroform, ether, ethanol, hexane, kerosene,
methanol and mineral ofls.

Under normal conditions, steel, cast iron, brass, copper, tin, lead,
zinc, .aluminum and magnes{um can safely be cleaned. In the presence of
water at elevated temperature, the solvent may suffer some adverse effects
resulting in damage to zinc, aluminum, magnesium and steel.

While inhalation of the vapors does not present too great a hazard,
the TLY is 1000, neoprene gloves must be worn to protect the skin. The
total range of cleaning operations, both hot and cold may be employed with

trichlorofluoromethane, and the solvent i1s very stable and readily re-
coverable,

7.18.3 SOLUBILITY DATA. The following organics are soluble to the degree
1ndicated.

Alcohol Solubilit Ketone Solubilit
Cetyl Yery Sol uE1e Acetone Hiscible
Ethanol Miscible Methyl Ethyl Ketone Miscible
Isopropanol Miscible Methy! Isobutyl Ketone Miscible
. Isobutanol Miscible Diacetone Alcohol Miscible
Oleyl Alcohot Miscible 1sophorone Miscible
Acetophenone Miscible
Ethers Stearone Insoluble
Diethy) Ether Miscible
1,4, Dloxane Miscible
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Ethers Solubility Esters Solubility
AnTsole scible EthyT Acetate Mscible
Diphenyl Ether Miscible Phenyl Acetate Miscible
Phenyl BRenzoate Moderate Sol.
Glycols Dibutyl Phthalate Miscible
tthylene Glycol Insoluble Tricresyl Phosphate Miscible
Propylene Glycol Insoluble
Diethylene Glycol Insoluble Chlorinated ﬂﬁdrocarbons
Dipropylene Glycol Miséible rbon Tetrachloride Miscible
Triethylene Glycol Insoluble Methyldne Chloride Miscible
2-Ethylhexanediol-1,3 Miscible Perchloroethylene Miscible
Trichloroethylene Miscible
Hydrocarbons
Hexane Miscible Ogganic Acids
Benzene Miscible Stear{c Acld Very Soluble
SAE No 10 Motor 011 Miscible Myristic -Acid Miscible
SAE No 20 Motor 011 Miscible Coconut 011 Fatty Acids Miscible
SAE No 30 Motor 011 Miscible . Salicylic Acid Insoluble
Mineral 01) Miscible
Napthalene Very Soiubie Waxes
Diphenyl Miscible Beeswax S1ight Soluble
Kerosene Miscible Paraffin . Moderately Sol.
Carnauba Insoluble
Miscellaneous Microcrystalline Wax Slight Soluble
Acetamide Insolublé
Agar Insoluble Miscellaneous
Phenol Miscible ntho Miscible
Casein Insoluble Gelatin Insoluble
Sucrose . Insoluble Urea Insoluble
SPAN 20 STight Sol. SPAN 40 Moderate Sol.
SPAN 60 Moderate Sol. SPAN 80 Miscible
TWEEN 40 Insoluble " TWEEN 60 Insoluble
TWEEN 80 Insoluble Thymo1 Miscible
Gum Arabic Insoluble
7.18.4 MATERIALS COMPATIBILITY.
7.18.4.1 EFFECTS ON PLASTICS.
Plastic %¥Change
Width Length Thickness Weight Remarks
nakeh 0.0 v.u 0.0 g.¢
Ce]]ulose Acrtate 0.0 0.4 0.0 4.9 Final Weight; 98.5%
) of original
Cellulose Nitrate 0.5 0.6 0.8 §.2 Final Weight; 98%

of original
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Plastic Width L h Tgif::ange Wel
engt ckness elght Remarks

NyTon 6 0.0 %.U 0.0 8.6

Plexiglass 0.0 0.0 0.0 0.0

Polyethylene 6.1 6.7 7.6 32.4 Dimensions/Weight
1012 of original

Polyvinyl-A cohol 0.7 0.3 0.8 0.4 Little Effect

Polyvinyl Chloride 0.2 0.0 0.7 11.5 Final Weight; 110%

' of original

Saran _ -0.3 -0.2 0.0 0.2 Little Effect

TFE 0.0 0.0 1.5 1.4 Weight; 100.5% of
original and
thickness; 101.5%
of orjginal

Nylon 66 0.0 0.0 0.0 0.0

7.18.4.2 EFFECTS ON ELASTOMERS.

Elastomer % Change Final Change Remarks

Length  Volume Length Hei ht
Neoprene 18.3 66.3 4.5 -8.2 Extraction shown by

welight Joss and
solvent coloration

Navy Gum 37.7 143.3 -4,6 -10.0 Same as Neoprene
Buna N 6.4 20.8 -5.2 -10.9 Same as Neoprene
Silicone 53.5 261.7 -1.8 =-3.5 Fairly low extraction
Pure @Gum 60.0 309.6 -2.7 -3.8 Same as S{licone

NOTE: Final Change indicates ¥ of change after the elastomer has been dried.

Linear Swelling at Room Temperature
¥ Increase in Length

Neoprene GN 17
Buna N iButad'l ene/Acrylonitrile) 6
Buna S (Butadiene/Styrene) 21
atural Rubber 23
GRI { iIsobutylene Sﬁ'ﬁﬁ‘iﬁl‘:j 41
Polysulfide 2.1

M1{cone 38

7.18.4.3 EFFECTS ON MACHINERY ENAMEL.

Exposure Test panel stored half {n 1iquid and half in .zpor at 75°F for
196 hours 1n closed glass bottle.
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[Effect on Machinery Enamel Cont.)

Solvent: Trich1oromonof1uoromethane

Appearance of Test Panel: After 1 Hour; Paint Softened

After 4 Hour; Small blisters

After 22 Hour; Paint badly swollen

At End of Test; Crack developed at edges.
No discoioration or saggfng. Paint
discolored by undercoat penetrating
topcoat.

Appearance of Solvent: Slight]y cloudy

.7.18.4.4 EFFECT ON WIRE INSULATION.

Eibosure: 100 hours at 130°F

Material Effect

Formvar STight crazing, Coating not softened,
No extraction

Bondar ) No crazing, Coating not softened,
No extraction

Nylon . No crazing, Coating not Softened,
No extraction

.Lecton , Mo crazing, Coating hot softened,
No extraction

Alkanex No“crazing. anting not softened,

n avinasctdan
Polyurethane No crazing, Coating not softened,

No extraction

o

1/3 gram equivalent of TNT No Explosion
25 gram equivalent of TNT No Explosion

7.19° TRICHLOROTRIFLUOROETHANE
7.19.1 PHYSICAL PROPERTIES

Formula ' CCLoFCCLF,
Molecular Weight 187. Z
Boiling Point °F 117.6

°C 47.6
Freezing Point .°F -31.0

°C -35.0
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Eri tical Temperature :F

c
Critical Pressure zgﬁA
Density at Boiling Point Liquid Lgs/cu.ft.
1he /nal
R . hll-i, 3“!
Gm/cc
Saturated Vapor Lb/cu.ft.
Gm/L{ter
Denstty of the Liquid at 77°F Lbs/gal
tbs/cu.ft.
Latent Heat of Vaporization at the Boiling Point
BTU/1b
' Cal/gm
Heat Capacity at 70°F (21.1°C), BTU/1b(°F) or Cal/Gm({°C)
Liquid

Yapor
Refractive Index of the Liquid at 79.7°F (26.5°C)
Surface Tension at 77°F (25°C), (dynes/cm

" Dlelectric Constant Liquid at 86°F {30°C

Vapor (0.5 ATM) at 79°F (26°C)
Solubility at 70°F (21.1°C), % by weight, of Water
Solubility at Saturation Pressure and 70°F (21.1°C), % by
' Weight, in Water

417.4

214.1

495.0
33.7
94.29

12 £N

1 » W

1.510

0.4619

7.399
13.06
97.7

63.12
35.07

0.694
0.0102
1.355
19.0
2.44

0.009
0.017

7.18.1,1 COMMERCIAL SOLVENT GRADE SPECIFICATION. Manufacturers have
establ{shed the following criteria for the solvent grade of Trichlorotri

fluoroethane:

Purity: 99.8 Weight ¥ Minimum, 0.2 Weight % maximunt other. fluorocarbons

Residue Content: HNot more than 2ppm by weight
"Acid Number: (mg KOH/gm of sample); 0.003 maximum
Chloride Ion;: O.lppm by weight maximum

Moisture: 10ppm by weight maximum

7.19,1.2 COMMERGIAL WHITE ROGM GRADE SPECIFICATION. Manufacturers have
established the following criteria for the white room grade of Trichloro-

trifluorpethane:

Purity: 99.9 Neight £ minimum, 0.1 Welght % maximum other fluorocarbons

Restdue Content: Not more than Tppm by weight
Acid Number: (mg KOH/gm of sample); 0.003 maximum
Chloride Ion: O0.lppm by weight maximum

Moisture: 10ppm by wéighi maximum

7.19.2 SPECIFICATIONS.

FEDERAL BB-C-310 Chlorofluoro Hydrocarbons

MILITARY KIL-C-81302 Cleaning Compound, Solvent, Trichloro-

trifluoroethane

o
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7.19.2.1 COMMERCIAL SPECIFICATION AND TEST.

Specification

a.) The product shall be a clear color-
less 11quid.

b.) The product shall be passed through
a 1 micron filter upon loading into
containers.

¢.) The product shall be packaged in an
epoxy-modi fied, phenolic-tined drum con-
taining either polyethylene or epoxy-
modified Phenolic- coated steel bungs.

d.) The product mofsture content shall
not exceed 10ppm by weight.

e.) The product soluble residue con-
tent shall not exceed 2ppm by weight.

f.} The product shall give no positive
test for chloride {fon when tested with an
alcoholic solution of silver nitrate.

g.) The product shall have an acid num-
ber of 0.003 mg KOH/gm of sample or less

h.) The product's boiling point shall be
47.6°C at standard barometric pressure.
The product's bofling range from 5% to
95% distilled shall not exceed 0.3°C

1.) The product shall reveal no par-
ticulate matter and no more than a trace
of residual color when filtered through
a No. 40 Whatman f{lter paper,

J.) The purity of the product shall be
99.8% by weight minimum.

167

Test

Visual Inspection

Titration with Karl Fischer
reagent using a Beckman Aquameter
model KF-2 automatic titrator.

Gravimetric measurement of residue
from evaporation of a 1000.0m1 sample.

5m] mixed with 5ml of absolute methy]l
aleohgl to which 3 to 4 drops of
silver nitrate in absolute methyl
alcohol! has been added.

ASTM - D974

ASTM ¢ D1078 with distillation
controlled to groceed at a rate
of 0.4 - 0.5 ml/min,

F{ltration of a 1000.0m1 sample
through a No 40 Whatman f{lter

paper using Tab glass apparatus

#LG-7185.

Gas chromatographic separation with
temperature programing through

a column composed of 20% by weight
of Ro1ypropy1ene glycol on 60-8

mesh Chromosorb.
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7,39..3 SOLUBILITY DATA.
7:19.3.1 SOLUBILITY OF WATER.

Microcrystalline Wax

SHglj\t Soluble 2-Ethy hexanediol 1,3

Temperature °F Solubility Temperature °F Solubility
ppm b . ' m by Wt.
=30 B 50 5§
-20 8 60 70
-10 N 70 90
0 15 80 113
10 20 90 140
20 26 100 168
30 34 110 210
40 44
‘T:19L.3.2 SOLUBILITY OF VARIOUS MATERIALS.
Alcohols ;glubﬂigx Ketones Solubility
etyl” nsolubTe Acetone scibie
Ethanol Miscible Methyl Ethyl Ketone Miscibie
'Isogmpanol Miscible Methyl Isobutyl Ketone Miscible
Isobutanot Miscible Placetone Alcohol Miscible
Oleyl Alcohol Insoluble Isophorone Miscible
: Acetophenone Miscible
Ethers Benzophenone Miscible
Ether Miscible Stearone Insoluble
1,4 Dioxane Miscible
Anisole Miscible Chlorinated u¥dmcarbons
Oiphenyl Ether Miscible Larbon letrachioride Miscible
Methylene Chloride Miscible
derocarbons Perchloroethylene Miscible
exane Miscible Trichloroethylene Miscible
Benzene - . Miscible -
SAE No 10 Motor- o1 Miscible Oaanic Acids
- SAE No 20 Motor 011 Miscible aric Ac Very Soluble
SAE No 30 Motor 011 Miscible Myristic Acid Miscible
Mineral 011 Miscible Coconut 011 Fatty Acids Miscible
Naphalene Very soluble Salfcylic Acid Insoluble
Diphenyl Miscible
Kerosene Miscible 6lycols
E&?'lene Glycol Insoluble
Waxes Propylene Glycol Insoluble
Beeswax S1ight Soluble Diethylene Glycol Insoluble
" Paraffin Moderate Sol.  Dipropylene Glycol Miscible
Carnauba Insoluble Trie lene Glycol 'E"nso}:?Te
scible
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Miscellaneous
Acetamide
Phenol

Casein
Sucrose

SPAN 20

SPAN 60
TWEEN 40
TWEEN 80

Gum Arabic

Solubilit
InsoTuble
Miscibie

Insoluble
Insoluble

Miscellaneous
Agar )
Menthol
Gelatin

Urea

Slight Seluble SPAN 40

Moderate Sol.

Insoluble
Insoluble
Insoluble

SPAN 80
TWEEN 60

Thymol

Solubility
nsoluble -
Miscible
Insoluble
Insoluble
Moderate Sol.
Miscible
Insoluble

Miscible

7.19,3.3 VARIOUS OILS TOTALLY MISCIBLE WITH TRIC&LORdTRIFLUOROETHANE.

01l

NuJol

Synjet 011 15
Sunisco 3G

Amoco 90 Wt Gear 011
Amoco 30 Wt Motor 011

Texaco Alrcraft Hydraulic 011

Socony Mobile DTE Lube 011

Northia #27

Texaco Sultey B Cutting Qi1

Clorafin 40
Versilube F-50

Manufacturer

Plough Inc.

Texas Company

Sun 011 Company
Americal 011 Company
Rmerican 011 Company
Texas Company

Socony Mobile Company
Shell 011 Company

Texas Company

Hercules Powder Company
General Electric Company

7.18.4 MATERIALS COMPATIBILITY.
7.19,4.1 EFFECT ON PLASTICS

Plastic

Y e Y Ak Y N _ &
Linear Polyethyiene Resin

Acetal Resin

ABS Polymer

Polyvinyl Chloride
Ionomeric Resin

TFE Resin

Polyester Resin Laminate
Polyvinyl Alcohol

Saran

Fral111laca Asrabatda
LRILIUMIVOTU Awl v va

Polyester/Styrene Copolymer

Effect
AT e —
none
None
None
None
None
None
3% swell
None
None

Han
nvina

None

Plastic

Folypropylene Resin

Ethyl Cellulose

Polycarbonate Resin

Polystyrene

101 Rylon Resin

Polymonochtorotri fluoro
ethylene

Effect
RY——

None

Very Slight
None

None

Nons

12 change 1n
Weight

None

N W eun‘n

Vol ST
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7.19.4.2 EFFECT ON PLASTICS AND RUBBER

ﬂsti ¢

% Linear Swell

5 Min at Room Temp 5 Min at High Temp -

C Urethane Rubber None
L Urethane Rubber None
Buna N None 1.0
Buna S ] 9.0
Synthetic Rubber 1 5.0
Buty1 2] 23.0
Natural Rubber 17, 19.0
Neoprene W 1 3.0
Silicone 6 36.0
FA Polysulfide 0 1.0
A Fluoroelastomer 5 6.0
Hydrocarbon Rubber 1 18
Neoprene GN 3
NBR 1 1
Compounded Polyviny'l Alcohol ~1
SBR 9 9
7.19.4.3 EFFECT ON WIRE COATINGS
Coating ' Contact Time Effect
‘Bondar Wire (Cotton coating removed) Hours . None
Bondar Wire (Cotton coated with varnish) 24 Hours None
Insulating Cloth (Varnish coated) 24 Hours " None
Paper Insulation 24 Haurs Nene
‘Formvar Wire 24 Hours None
Stl1cone-Treated Glass and Mica Mat Tape 1 Day None
Si1icone-Treated Glass and Asbestas Slot

Liner 1 Day None
Silicone-Treated Class H Motor Cofl 1 Day None
Dow Corning 996 Electric Insulating Varnish 2 Min None
Dow Corning 997 Electric Insulating Varnish 6 Min None
£.19.4.4 EFFECT ON WIRE INSULATION
Insulation Effect Insutation Effect
Polyvinyl Formal None ndar None
Ryton Polyamide None Acrylic None
ATkanex None Polyurethane None
Polyamide None
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7.19.4.5 EFFECT ON VARIOUS METALS

Metal Temperature °F Corrosion {Mils/Year)
ATunTnun 200 hone

248 None :

248 (Water added, 3%by Vol.) None

392 <0.01
Brass 200 None

248 : None

248 (Water added,3%by Vol,) None
Copper 200 Nane

392 20.1
Magnesium 200 {Contact time 14 Days) 0.0t to 0.1
Steel 200 None

248 None

248 (Water added, 3%by Vol.) None

0% rih N1

Ilh Va1

NOTE: Contact time = 260 days exposure unless otherwise indicated.

. -y

7.18.4.6 EFFECT ON ALUMINUM ALLOYS

Alloy Corrosion Rate éMi]s per.Year) Water (ppm)

2219 548 qusz 0.02 25
2219 {33 Days) 0.03 50
7075 2.32 <10
7075 4.95 49
7075 3.55 89
7075 3.22 Saturated

NOTE: Seven day reflux test where otherwise indicated. In the presence of
zinc, the solvent is dechlorinated. The greater corrosfon in the
7075 alloy 1s probably due to the presence of 5.6% zinc in that alloy.
No significant corrosion was noted in systems where the water con-
centration did not at least approach the saturation point.

7.19.4.7 EFFECT ON VARIOUS METALS

Metal Time % of Decomposition
Mi1d Steel 360 Days 0.95
316 Stainless Steel 430 Days 0.25
fconel 435 Days 0.21
Nickel . 300 Days 0.30
Monel 250 Days 1.02
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NOTE: Metal samples were placed 1n glass ampules which were then
_evacuated, filled with solvent and sealed. The amputes were
stored at 500°F for periods of 250 to 435 days.

Metal Condition Corrosion Rate {in./month} Corrosion Appearance
Aluminum - NT None

Zinc 1 6 X 10-6 None

Magnesium 1 21 X 10-6 Slight corrosion
Tin 2 - NI None !
Copper 1 12 x 10~6 Stight Tarnish

NOTE: 1 - Sealed tube test for 100 hours at 117,.6°F
2 - Sealed tube test for 91 days at 194°F
Nil - Indicates that the corrosion rate was below the 1imit of welghing
accuracy - {fe. less than 6 X 10-® {nches per-month

'7.19.4,8 EFFECT ON AIRCRAFT MATERIALS.

113 113 + 0.1% water
Material weeks veeks
" Position 1 4 8 Position 1 4 8
T 758 Vapor{a) & 0 & “Vapori(a)
Condense o 0 0 Condense 0,04 O 0
Liquid 0 G 0 Liquid 0 G G
Ti-6A1-4V Vapor 0.08 00 0.02 Vapor 0 0 0
. Condense 0 [+ 0 Condense 0 0 0
- Liquid 0.04 0 0 Liquid G 0 G
Al 6061 Vapor(a) 0 0 O Vapor(a) 6 G 6
Condense 0 0 O Condense(a) 0 0 @&
Liquid G G G Liquid(a) 6 G &
4130 Vapor G sg 0.01 Vapor 6 0.04 0.173
Condense & G 0.01 Copdepse & 0 0.2
Liquid @ & 0.01 -Liquid & 0.03 0.14°
NOTE: Al]l measurements are in Mils per year.
{ag Light Tarnish
b} After rust removal
6 Indicates s1ight weight gain
7.19:4.9 IMPACT SENSITIVITY
Material Number of Specimens Reactions at 70 FT.-1bs
AT - 1100 [ one
Al - 1100+alumina sand .
Al - 7075 4 None
172

S



e,

Downloaded from http://www.everyspec.com

MIL ~ HDBK - 406
31 October 1971

Material Number of Specimens Reactidhs at 70?T—1bs

- ] None
T1 - 75A + T1 powder 1 None
T{ - 6AL ~ 8V 1 None
T1 - 6A1 ~ 4V + T1 powder 1 None

7.19.4.10 IMPACT SENSITIVITY HEIGHT

—

Minimum impact sensitivity
o Heigth in Inches (5 1bball)
Metal
Solvent Al . Ma T Ba L1 Be BeHz
Powder Powder Powder Shavings Shavings Powder Powder

Monof£iuoro-
trichloro-

methane F 50
Trichloro-
Trisluore~

ethane F 50 0 F 50
Carbon

Tetrachloride X 50 F 50 0
Trichloro-

ethylene 0 - F 50 F 50
Perchloro-

ethylene 0 0 0
1,1,1-Trd -

ethane 0 T 0 0 0 0 0 0
NOTE: X -~ Heigth in tneheé—at which detonation occurred

0 - No reaction at 50 inches
F -~ Height in inches at which a flash or heavy sparking occurred

X 50 0 0

o
o
<
~n
{=]

X 20 0 0
X 18 F 50 0
X 25 F 50 0
X 30 0 0

MM
PP =l gl o i wd Py
CGUUILaNNO O

7.20 TRICHLOROTRIFLUQRQETHANE AND SDA-30 ETHYL ALCOHOL BLEND
7.20.1 PHYSICAL PROPERTIES.

Bofling Point at 1 atm, °F 139
°C ' 48.3
Freezing Point °F -108
*C . -78
Liquid Density at 77°F {25°C) Lbs/gal 9.75
Lbs/cu.ft. 72.92.
am/cc : 1.168
Vapor pressure at 77°F PSIA . 6.58
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Silicone 011 200 Cent. 26-30%
NOTE: Solubility 1s expressed as percent by weight.

Siiicone 011 1000 Cent. 19-24

Viscosity at 77°F, Centipoise 1.762
Surface Tension at 75°F dynes/cm 19.6
Refractive Index 1.359
Sotubility of Water at 75°F Weight % 6.3
Latent Heat of Vaporization at the Boiling Point BTU/1b 149

Cal/gm 82.5
Heat Capacity at 68°F BTU/(1b)(°F)  Liquid 0.472
Flash Point None
Toxicity Threshold Limit Value 1000
Kauri-Butanﬂ Value 500
Dielectric Constant of the Liquid at 75°F 18
D.C. Resistivity, Ohm-cm 10
7.202 SOLUBILITY DATA
Substance Solubility Substance Solubilit
Acetone scible Cﬁloro?'orm Mlscible
Cottonseed 011 Miscible Ester Gum 40%
Ethyl Acetate Miscible Ethyl Ajcoho Miscible
Ethylene Glycol 5-8% Glycerine 6-8%
Hexane Miscible Lube 011 10-19%
Methyl Alcohol Miscible Paraffin 123-127°F 2.2%
Paraffin 140-142°F 0.3% Propylene Glycol 47-48%

7.20.,3

7.20.3.1 EFFECT ON PLASTICS

Exposure: Immersion in liquid for 5 minutes at 75°F

Piastic Effect Plastic Effect

near Polyethylene Resin~ O 9140 Polypropylene Resin 0
Acetal Resin 0 Epoxy Resin 0
Ethyl Cellulose 4 ABS Polymer Q
Polycarbonate Resin 0 Methylmethacrylate Resin 0
Polyvinyl Alcohol 1 Polyvinyl Chloride D
Palystyrene 0 Ionomeric Resin 0
TFE Resin 0 101 Nylon Resin 0
MOTE: O - No visible effect 1 - Very sliight effect
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& EYlmmdam

Elastomer Effect C 185 ol

i1l
Rdiprene C 3 Adiprene L |
Buna N 1 Buna § 1
Butyl 0 Hypalon 40 0
Natural Rubber 1 Nepprene W 1
Nordel 1 S1licane 5
Thiokel FA 0 Viton A 2

NOTE: Exposure; Immersion at room temperature for 5 minutes. Effect is
e§pressed as percent of temporary change ih linear dimensions.

7.20,3,3 EFFECT ON WIRE COATINGS. The solvent had no adverse effects on
the following magnet wire coating materials after an exposure of 5 minutes

at 75°F: Acrylic Epoxy Terephthalate Polyester
Polyvinyl Formal Poiyurethane Isocyanate-Modified Poly-
ESX Solderable Polyimide vinyl Formal
Acrylic : Nylon Coated Polyvinyl Formal

7.2) TRICHLOROTRIFLUDROETHANE AND ISOPROPYL ALCOHOL BLEND
7.21.1 PHYSICAL PROPERTIES

Boiling Point at 1 atm °F 120.0
*C 48.0
Freezing Point °F -94.0
°C -70.0
Liquid Density at 77°F Lbs/gal 9.60
Lbs/cu.ft. 71.79
am/ce 1.150
Vapor Pressure at 77°F 5.5
Viscosity at 77°F Centipoise — 0.997
Sufface Tension at 75°F, dynes/cm 21.0
Refractive Index 1.368
Solubi1ity of Water at 75°F, Weight 2 ' 9.1
Latent Heat of Vaporization at the Bolling Point BTU/1b 119.7
Cal/gm 66.5
Heat Capacity at 68°F BTU/(1b)(°F) Liquid 0.355
Flash Point None to Boiling Point
Threshold Limit Values ' 750
Dielectric Constant of the Liquid at 75°F 9.2
D.C. Resistivity, Ohm-cm 2 x 107
7.21,2 SOLUBILITY DATA
Substance Solubility Substance Solubilit
Acetone scible Chloroform Ms&ibTe
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N

Substance Solubility
C u-.zl.ﬁl‘lst‘:t‘:u 0il . . misclole
Ethyl Acetate Miscible
Ethylene Glycol 3z
Hexane Miscible
Methyl Alcohol Miscible
Paraffin Wax 123-127°F 2.8%

Silicone 041 200 Centf. Miscible

Substance

Ester Gum
Ethyl Alcohol

&lycerin
Lube 011

Mineral 011

Propylene Glycol
Stlicone 011 1000 Centi.
NOTE: Solubility 1s expressed as efther total miscibiTity or percent by weight.

Solibiift

0Jdb

Miscible

7.1%
Miscibte
Miscible
Miscible
Miscible

7.B%,3 MATERIALS COMPATIBILITY
7.21:3.1 EFFECT ON PLASTICS

Mastic Effect Plastic Effect
near Polyethylene Resin U olypropylene Resin

Acetal Resin Epoxy Resin 0
"Ethyl Cellulose 3 ABS polymer 0
Polycarbonate Resin 0 Methylmethacrylate Resin 0
Polyvinyl Alcohol 0 Po'lyvi nyl Chlor{de 0
Polystyrene 0 Ionomeric Resin 0
TFE Resin 0 101 Rylon Resin 0
NOTE: O - No visible effect 3 - Compatibi11ty should be tested
7.2%.3.2 EFFECT ON ELASTOMERS

Elastomer Effect  Elastomer Effect
C Urethane Rubber -0 L Urethane Rubber U
Buna N 0 Buna S

Butyl 0 Hypalon 40 Synthetic Rubber 0
Natural Rubber 0 Neoprene W 0
Hydrocarbon Rubber 0 S1l1cone 2
Thiokol FA Polysulfide Rubber 0 Viton A Fluoroelastomer 0

NOTE: Exposure; Immersion in 11quid at room temperature for 5 minutes.
The effect 1s expressed as the percent of temporary change 1in

Tinear dimension.

7.28,3.3 EFRECT ON WIRE COATINGS

Coatin Effect
RewyTic 0
Isocyanate-Mod{ ffed Polyvinyl

Formal
Epoxy 0

Coatingv
Terepﬁ%ha1ate Polyester

Polyurethane
ESX Solderable Acrylic
Polyvinyl Formal

Effect

0
0
0
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Coating Effect Coating Effect
Nylon Coated Polyvinyl Formal 2 Uleoresinous Enamei \
Polyimide 1
NOTE: 0 - No visible effect 1 - Yery slight effect -

2 - Compatibility should be tested.

Exposure; Immersion 1n 1iquid for 5 mfnutes at 75°F

P

© 7.22 TRICHLOROTRIFLUOROETHANE/WATER/SURFACTANT

7.22.1 PHYSICAL PROPERTIES
Boiling Point at 1 atm  °F T N2.0
°C . 44.4.
Freezing Point °F 32.0
“°C 0
Liquid Density at 77°F Lbs/gal 12.47
Lbs/cu.ft. 93.27
Gm/cc 1.494
Surface Tens{on at 75°F dynes/cm 19.5
Viscosity at 77°F cent{poise - 0.94
Vapor Pressure at 77°F 7.0
Flash Point None
Toxicity Threshold Limit Value 1000
‘Kauri-Butanol Value 21
7.22,2 SOLUBILITY DATA
Substance Solubility Substance Solubility
Kcetone ‘ . Benzene 2
Chloroform ' 2.0 Cottonseed 011 - 9.3
Ethyl Acetate 9.8 Ethyl Alcohol 10.4
Ethylene Glycol 1.5 Glycerin .
n-Hexane ' Miscible Isopropanol 0.3
Methyl Alcohol 1.1 Mineral 011 23.2
Paraffin Wax 123-127°F 5.0 Phenol g.gs

Propylene Glycol 2.0 Si1{cone 011 1000 Centi.

7.22,3 WMATERIALS COMPATIBILITY

7.223,1 EFFECT ON METALS. No problems should be encountered with the
following metals; Steel, nickel, monel, copper, aluminum and magnesium.
Prolonged exposure to zinc and 2inc alloys may vsult in some corrosion
and this solvent shduld not be used with metals which are galvanized.
Aluminum poses a problem on long term exposure, as does magnesium.
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7.22.3.2 [EFFECT ON PLASTICS

Plastic 5 Min 4 Hrs
near Polyethylene
Resin ,
Epoxy Resin
Ethyl Cellulose
Methylmethacrylate Resin
Polyvinyl Chloride

Ionomeric Resin

ROTE: O - No Visib“le Effect

o000 ODOD
OOoOQOoWoOLO

Plastic 5 Min 4 Hrs
olypropylene Resin ~ 0 0
Acetal Resin 0 0
ABS Polymer 0 0
Polycarbonate Resin 0 0
Polyvinyl Alcohol 0 3
Polystyrene 0 2
TFE Resin v 0 0

2 - Compatibility shoyld be tested

3 -~ Propably not sujtable

7.22.3.3 EFFECT ON ELASTOMERS

E1 as tomer

Room Temperature

Boiling Point (112°F)
%

Urethane .Rubber c 0.6 2.2

L Urethane Rubber 0.2 1.1
Buna N ~0.4 0.5
Buna S 0.9 5.5
Butyl 1.3 2.3
Hypalon 40 Synthetic Rubber 0.3 2.0
Natural Rubber 3.7 13.0
Neoprene W -0.1 -0.2
Hydrocarbon Rubber 1.5 6.1 °
S Hcone 20.0 15.0

FA Polysulfide * 0.7 1.2
Fluorovelastomer 0.4 0.8
NOTE: Exposure; Immersion in 1iquid at room and boiling temperatures for

5 Minutes. The effect is expressed as tfie percent of temporary

1inear dimension change.

7.23 TRICHLOROTRIFLUGROETHANE AND SDA-30Q ETHYL ALCOHOL AZEOTROPE

7.23.% PHYSICAL PROPERTIES

Boiling Point at 1 atm °F

°c
Freezing Point °F
°C
Liguid Density at 77°F Lbs/gal
Lbs/ cu.ft.
Gm/cc

112.3
44.6
-43
~42
12.56
93.96
1.505

-, N
.0
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(44

Sufface Tension at 75°F dynes/cm 17.7
Refractive Index 1.358
Solubility of Water at 75°F Weight % 0.22
Latent Heat of Vaporization at the Boiling Point BTU/Tb 77.2
Cal/gm 42.9

Heat Capacity at 68°F BTU/(1b)(°F) Liquid 0.272

) Vapor 0.189
Flash Point None
Toxicity Threshold Limit Value , 1000
Kauri-Butanol Value 40
D.C. Resistivity Ohm-cm 1.8 x 1010
Dielectric Constant at 100 Hz 3.0
7.232 SOLUBILITY DATA
Substance Solubility Substance Solubil{ty
Acetone scible Chloroform scible
Cottonseed 011 Miscible Ethyl Acetate Miscible
Ethyl Alcohol Miscible Hexane Miscible
Lube 011 Miscible  Methyl Alcohol Miscible
Mineral 011} Miscible Silfcone 011 200 Centi. Miscible

S11icone OIT1 1000 Centi. Miscible

-

7.213 MATERIALS COMPATIBILITY
7.233.1 EFFECT OX PLASTICS

The following plastics were unaffected by a five minute exposure to the
solvent at the boiling point:

7050 Linear Polyethyléne Resin Methylmethacrylate Resin
Polypropylene Resin _ Polysulfone

Acetal Resin Polyvinyl Chloride
Photopolymer Polyphenylene Oxide
Epoxy Resin Ionomeric Resin

ABS Polymer TFE Resin

Polycarbonate Resin 101 Nylon Resin

The following plastics may be sensitive and warrant testing prior to
solvent use:
Ethyl Cellulose Polyvinyl Alcohol Polystyrene

7.233.2 EFFECT ON WIRE COATINGS. The following wire coatings will not
be affected by exposure to the solvent: OMP-6991 Acrylic, X-1414 Phenol-
formaldehyde, Polyimide.
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7.23.3.3 EFEECT ON ELASTOMERS

Elas tomer Effect Elastomer Effect
Natural Rubber 32 ChTorobutyl Rubber 17
Buna S 14 Hypalon 40 Synthetic

Neoprene W 5 Rubber 8
Egtyl Rgbber 12 Buna N 4

riusToe a3 vomer v
NOTE: Exposure; B days at 75°F. Results are expressed in terms of percent
of temporary linear dimension change.

7.24 TRICHLOROTRIFLUQROETHANE AND CHLOROFORM AZEQTROPE
7.24.1 PHYSICAL PROPERTIES

Boiling Point at 1 atm °F 117.3
°C ' 47.4
Freezing Point °F -59.8
i : -51.0
Liquid Density at 77°F Lbs/gal 12.99
Lbs/cu.ft. 97.20
Gm/cc 1.557
Vapor Pressure at 77°F PSIA 6.5
Viscosity at 77°F Centipoise 0.653 -
Surface Tension at 75°F dynes/cm 19.8
Refractive Index 1.362
Solubility of Water at 75°F 0.01
Latent Heat of Vaporization at the Boiling Point BTU/1b 68.2
Cal/gm 37.9
Heat Capacity at 68°F BTU/(1b)(°F)  Liquid 0.214
Yapor 0.152
Flash Point None
Toxicity Threshold Limit Value 500
Kauri-Butanol Value 37
Dielectric Constant of the Liquid at 75°F 2.53
D.C. Resistivity Ohm-cm 2.8 X 1014
7.24.2 SOLUBILITY DATA
Substance Solubility:  Substance Solubilit
Acetic Acid scible Kcetone Miscible
Benzene Miscible Carbon Tetrachloride Miscible
Chloroform Miscible Cottonseed 011 Miscible
Diethyl Ether Miscible Ester Gum 332
Ethy} Acetate Miscible Ethyl Alcohol Miscible
Ethylene &lycol 1.3 - 2.7%  Glycerin 1.1 - 1.7%
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Substance Solub{lity Substance Solubility
Hexane Miscible MethyT ATcohol Miscibie
Mineral 011 Miscible Paraffin Wax 123-127°F 6.5%
Paraffin Wax 140-142°F 2.9 Phenol 20%

NOTE: Solubility is expressed as efther complete miscibility or that percent

which is soluble.

.

7.24.3 MATERIALS COMPATIBILITY

7.24.3.1 EFFECT ON METALS. This solvent can be used to clean most metals,
however, the more reactive metals will cause solvent decomposition 1f there
1s any free water in the system. Such metals would include zinc and magnes{um.

7.24.3.2 EFFECT ON PLASTICS

Plastic Effect Plastic Effect
near Polyethylene Resin 0 . 9T40 Polypropylene Resin

Acetal Resin 0 Epoxy Resin 0
- Ethyl Cellulose 3 ABS Polymer 0
Polycarbonate Resin 0 Methylmethacrylate Resin 0
Polyvinyl Alcohol 0 Polyvinyl Chloride 0
Polyphenylene Oxide 0 Polystyrene 1
Ionomeric Resin 0 TFE Resin 0
101 NyTon Resin 0

NOTE: O ~- No visible effect 1 - Very slight effect 3 - Probably not suited
Exgosure; Immersion in 1iquid for five minutes at the solvent bofling
point.

a —

7.24.3.3 EFFECT ON ELASTOMERS

Elastomer Room Temperature 130°F
¢ uretnane Rubber Z 5
L Urethane Rubber 1 2
Buna N | 2
Buna S 3 10
Butyl 3 3
Hypalon 40 Synthetic Rubber 2 3
Natural Rubber 12 al
Neoprene W 0 2
Hydrocarbon Rubber 1 10
S$1l1icone 21 23
FA Polysulfide 0 0
Fluoroelastomer 1 1

NOTE: Exposure; Immersion {n l1iquid for five minutes at the solvent
boiling point. Effects are expressed as the percent of temporary

- O Y | mm e

change in linear dimension.
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7.25 TRICHLOROTRIFLUOROETHANE AND ACETONE AZEQTROPE

éoi]ing Point at 1 atm
Freezing Point °F

°C
Liquid Density at 77°F

1
\lannr Prassu
el -

l\-—

Lbs/gal

Lbs/cu.ft.

Gin/cc

at 77°F PSIA

V1scosity at 77°F Cent1poise
Surface Tension at 75°F dynes/cm

Refractive Index

110.5
43.6
-150
=101
11.73
87.78
1.406
7.35
0.542
18.7
1.358

Latent Heat of Vaporization at the Boiling Point BTU/1b 85.4

Cal/gm 47.4

Flash Point None
Threshold Limit Value 1000
Kauri-Butanol Value 51
Dielectric Constant of the Liquid at 75°F 5.9
D.C. Resistivity Ohm-cm 108
7.25.2 SOLUBILITY DATA
Substance Solubilit Substance Solubilit
Acetlc kcid Miscible AcryTic Ester Resin 30 - 50%
Cellulosic Ether Resin 10 - 15% Chloroform Miscible
Cottonseed 011 Miscible Ester Gum 14%
Ethyl Acetate Miscible Ethyl Alcohol Miscible
Ethylene Glycol 1.6 - 3% Lube 0Ofls Miscible
Maleic Alkyd-Modified Rosin ‘ Mathyl Alcohol Miscible

Ester _ 50% Mineral OI1 Miscible
"Paraffin Wax 123-127°F 3.4% Paraffin Wax 140-142°F 1.6%
Phenolic Thermoplastic 50% Polyisobutylene Resin 5%
Polymerized Rosin 50% Propylene Glycol 1.4 - 2.9%
Silicone 011 200 Centi. Miscible Si1icone 011 1000 Centi. Miscible

7.25.3 MATERIALS COMPATIBILITY
7.253.1 EFFECT ON PLASTICS

Plastic

Acetal Resin
Ethyl Cellulose

Effect
7050 LYnear Polyethylene Resin E

4

Plastic

olypropylene Resin
Epoxy Resin
ABS Polymer

Effect

0
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Plastic Effect lastic Effect
PoTycarbonate Resin 0 HE?E§1_éthacry1ate Resin U
Polyvinyl Alcohol 0 Polyvinyl Chloride

Polystyrene 2 Ionomeric Resin 0
TFE Resin 0 101 Nylon Resin 0

NOTE: Exposure; Immersion in liquid for five minutes at the solvent
boi1ing point.
0 - No visible effect 2 - Compatibility should be tested
1 - Very slight effect 4 - D1sintegrated or dissolved

7.25.3,2 EFFECT ON ELASTOMERS

Elastomer Room Temperature Boiling

T """

AGIprente

Adiprene L

Buna N

Buna S

Butyl

Hypalon 40 Synthetic Rubber

Natural Rubber

Neoprene W

Nordel

S1licone

NOTE: Exposure; Immersion in 1iquid for five minutes at room and boiling
temperatures. Effect is expressed as the percent of temporary
change in 1inear dimension.

-hm—‘m—-ON--dn:H
—4 G B L) D D PO N L=

ol

183



Downloaded from http://www.everyspec.com

6

MIL - HDBK.-

- | trpmaten _ Sperite
HAINATED ruan Bty | Pesiag | Mate | CorBoemy | Rarts Sehiilly fatpe | fomanh Usih Hest Lo | Kot 7
y ! Frmh Metscelw | PoCalies | Mo | Pestl | (Corba ot Texles WO WAt MEF | (TagCheed | S EyVemmalad | Tomcly | Usd Hot | dataw |
3 DROCARBO wilgn naT L T {Teoxdw [Gpate | o 07 () ny HET [ MEP | it
diew 1) | PuT |Dpnjom |tn Wit | O1Wae v e | o In PR | BN | Gt o 7
 0-FROPYL CHLORIOE CHACthMCE FLET. W-U7 (090 | 17 = {an - g 28| 1ot = = = =
ASQPROPYL CHLOMIDE | CWCHOICM, | THSE [ 217 | 94104 | —T96 | = | 6.0000% = .1 - il_||~r 8 10l - = = = |
METHYLENE CRLORIBE | CMCh__ 1 Ms_ | NO7 1 M02-306 § <Ll | 17 _loooers ¢ et ) i ols M. 1550 ) Gsge ) soper] on M) 136
DICHLOROETHYLENE QL1y _ | CHeCCh | %695 |_F=._..:.! ] »n |-msi 10y | - - - - 51 56 120 - - - - 7
ETNYLENE DICHLORIDE EHEICHED ny_ | 104 o1y | -ns | v looooes ) 322 0,30 ols 5 5.2 153 so | oy 1 - ,
| MONDCHLOROBENZENE | CaiCl 1256 2.1 7me-gn | 04 | 1 lpooosy | 2 008 apirr | L g el o 1o _ |
.| PROPYLENE DICHLOMIDE CuLiCHOEH, | (1129 255 W M0 | M lomon | 4| ) o5 58 14 L L M R il O 14 -
CHLOROFORM CHEY 3 | 1243 182 -3 oo | w2 042 [1H] Noag Nonflammatie gl on 106 x| |
IRICHLOROETHYLENE | cewech . | _INa0 ) 1.1 138190 | —1213 | _ € | oooogs | 292 o1 o0z Nony 1 . 10} 02 103 130
THICMLOROETHANE (1,12 CHCICHCH a2 | 1204 m-zn | -3l 7 - ne 044 008 Mose Monflammable we | o 18 - ’ |
11,1, TRICHLOROETHANE
AT (Metapt Chiorotorm) CHLLY 142 | 1e 16219 | -0 1m - BY enor| - None - - 3% - - - I 7
GRTHO DICHLOROBENIZENE | CMCh wn | o Bi-W in 7 | C.00048 - [T - 151 - - s | o7l 17 -
CARBON_VETRACHLORIDE £Ch sam | 13 M-372 | -85 [ 10 [ ooosy [ 259 0.0 0.01 Nune Honflammabt o= { o1 [} 14 |
PERCHLOROETHYLENE €ChiCCh 1§38 | 1158 1024 —82 | oo | 123 [T 00 Hone Noaflammatle woee |01 % %
TEVRACKLORDLTHANE
ETKAC (Symmetrical) | CHCLCHCH nees | 132 m-a7 ! -2 18 [ooo0st | mo o2¢ | onr™ | None Neafsmmable s=| om ” - |
HLORDETHANE ;
TR ameica) | excieen wes | us wmw| -ng| - - - ve - - N - - - - |
HUOROBENZENL
ycHLe uw__.a Isomery) | CHCH jas_ | azavme | osaga | e2s ) - jooooes | meee | <pou | 02 12 1 - - 0.2 105 -
od [iyusin Srdiic
o Pamh | Babyg | Fouiyg | Rair | Cotiviest | et Subghifly Tink Peint Flamashh Linity Ht (tem | ower | .o
__...... [ [ Maeertwr | P Galfm | Nasge Post (Catm ] Texiin x By Weighi KiGHT (Tug Claed %O Vel i At | Texklly | Ussid Hert Utonsi —
Lt [ty hi ¥ Tersctir | Erpagien | A W'F to} n MIF (0be | Vi 7
wr . dhait)] Paf | Oponm | awWar | Oiwsr L Uvs | o I PPN | B ARYE) | B b o
o [a-PENTANE CHCHepCH: s | sm Wis | o8] w1 oo | - 0 pAm" - <-0 14 1] 1000° | 054 154 ®0 7
<L} TEXTIE SPIRITS - - e | i) - — | i _lm.u -~ = = id (1) = = — 23
Ll PYTTITT] CHACHWCH: sl | 88 T8i-i60 | —109.8 |. 139 | 000075 | IAA | .01&==" - =7 K] 1] R IEED 145 125 7
. HEPTANE CHACHCHe 1003 | 5 19621 | ~ L1 ¥ | G.00€l - Oooterr | <042 B T3 57 B 7] 55
VM & P NAPHTHA - - 2| 1% [<-50 37 [ ofooel | 254 - - ] P | g 500 — = ns
HI-FLASH VM B P NAPHTHA - - 2 00030 [ < -0 1T oogoer | 35e - = 57 12 %0 50 - - 5.4
MINERAL SPINITS NO. 10 - - g5l= | 3| -2 | - — laooos | us - - 105 ] 80 = - — M0
STODDARD_SDLVENT = —  [~6arer | 310308 [ <03 b Toomsl | 218 - - 108 11 1] Co = Ho
MINERAL SPIITS- - - 58 | N30 | <=5 - 0008 | 1.4 - - 110 Al 1] = = = 1o | i 7
VARSDLL . - - e I | - = = = = - b1 ] T (1) = = = o
ODORLESS_MIRERAL KPIRITS - - N ECE — | ondoel | 210 - - [F] X 6l - - 2 7
KEROSENE - - g s | — — (om0 | 200 - 0.06 15 13 ] — e — 23
1NK_SOLVENT S - ST | size0 | - = p = = = 7% g = . - = 7 7
i |
iy treiin Tk 7
— ; cvety | seim | Fredeg | Mt | Cudden|  feno Ty Tt Pt | Flammahie Limiy Rert L | Nt 7
AROM A Fwmals Maleralar | Por Gatlm g Peint {Corien o Temlsn KUy Wl ME'F | (TxpClced | % 7 Vehmoio A Tozielty Upid Hent istymsl
- wigh | MY F | Tewxdie | Copmien | nbp'¥ o) MY | AT { HAP | Wi |
W die=1tt)| Pa’F | Dpeaem | taWhate | DYWala T [ pper In PPM| ppiX0) | B/ ©
m BEMZOL (Bensent) Cele Il 1.7 172-17§ 3] 55 [ coosa |- M8 0.05 008 12 14 19 2ec] oape | 10 | 105-1%0
% TOLUOL (Teluens) G i) 2.0 |72 | 12| —imn) S8 | oooosl | a0d 0.05 o [ 13 18 00°*| odl [£3 [T
y 7
xrat .-aﬁwi Isamers) CH{CHeh 106.16 | .m-m] - o |omoss| us 0.0 6.0 L] 11 10 wee | o | 102 "
m [mtresor X 203,13 858 Jos-apsfse_81g - - 1.4 2.8 - BE_ L= ) — 5] 0% [E) =




Downloaded from http://www.everyspec.com

[+
—
=3
o
1 r—
AL f
2= 0 1]
[a s
I O
)
"
o
|
.y p—
xm
—
.
8
L
o
o
t
P~
[17]
2
[~

= WE | smdh O 1ot - = 3] Tt 50 S0 050000 = [ 60%—- [ DIC-Z0F L] [T HOPH'D JONYXIH-
- Sit { semdbD | wetS = - Ki R [13 wnd v | Cr0000 [] [T ¥R 15 91'00; KO —__YONVAIRO1IA
- - - - - ; , Ty T - rn H (i} P}
F3] ni ot bl Yoo | Tso00¢ ] [ 71 [T3] [ (R ) 1Y UAY
I I T O - I A x| St | ssooq0 [t _lewi- (v | 609 [ v | WOHOHIWD TGHOI TV TAIRG-21
- W[ owo weol | omi | HU n 10z rt giz_ | zwoood | €1 | &ki— | Sw-sfl 50 [ ROPH'Y T0HDITY AING-
- [ 150} a0l = [ n it o e | esooon || viy— | oZE-S22 [75) U KOPH I} T0HO2 VY 1ALREDS 1|
- 962 1 seal50 | oe002 [1d] [¥3 [ - - ¥r__| £5000'0 | yesi— | soe-0l 73] 009 HO) TONVI0ud i |
- i 090 | wet0r TS [¥] % - - i | 750000 v |oszi—_| 1s1-61 559 609 HONP™MD) %6h TONVI0R4051 |
- = | semd¥D oot | o6 £r 5 - - ri | reocod {t vesi— | si-991 "'y i HOWD ¥su ONYNLT
- TIT | outdBS0 | oe0001 | €61 ¥4 3] - - [¥7] £5000'0 — I'eil— | %=Lt 659 W ROWD SNDB0ARNY Jezﬁm
= £ir 050 |.ap0¢ | S5 (1] " - - ¥z | SS0000 ) 06 | mi— | 5=t i nit ROWD TONVHLINY
] /Ry | (AXuVes| wid 9 atiy oa [ opmio | memn | wismig | 4 ong | () =P
A | CdTIT] AN M () sy |uapentny | osnaty 3 [ ann winm
potisg L] N homy | msmxnp ) By) Lintynisg g X ) 10 oyl | ey thy sy g | meaey N
qary | AN (] M ety [ LT Lymaey oyey | wppey) wrg | hpy) | nm nuRy
npy urgrRing
55 3 = ol = 10 ] = TRSA | enl® | 6100G] 1> W [ ORI ] GL | @9 VR TIISKI WY3IS SNILNIdEN]
) L24] - - - - 501 - 1S3A | ettt 110000 - yert= | ne-2vk [1¥3 £29t ) Up) INIINMID
n wup | LpNeVay| med iy pin oany 3 REMID | MW ] wymmig] 3,09 | i) e
L) N1 any Al (1) L0 | upainy| anptas) IS 1 Lnn wism
ansg tHy man | Gperpl  aweismaapigS | snealr) | op e uipmigy npE) 10 L)) npd ulsty | wyeo By | mwaTe [T T
Jny wan) ) senavesny | megnng iapmps oy | ppEwy| oy ey | lam gy
iy ' gy "
- el [TX0 as 001 - it [ 1] W& ] smd U] TH0000] & réi—= ] o [IK] (%] WO R r0FRI JIVIIOV 30501133 ]
- 1] "y - - - [ 1] [1Y] - oo ! W T8~ | o652 [Ie] okl HPOTHD J1YNQI408d TALRG-V
- i3] 0o - - Tl i I3 vl - e R - HI-ER W " YOFHY | (Hwey pIm)
. ILYIIV URY
- TR i rl It - - ({13 10000 |2t toa— | ex-ae2 iy L] HIGWOPHD [11¥13IV IADSOTIII VAHLIN
- ot |0 | aeti2 ~ & [ il with{Q = o0 | o oarl—_ | siz-6n2 @&t WAL WAHIMIFONHD VLIV TALNG-e
- [T | ~oul50 [ eafit 0§t [ u 21 150 | en9el | o000 | tooi~_| Z92-1n2 [ 1] IR HIHOFHI 3ILYLID¥ TALNGW]
= ful N0 | ea05) i = " X 00 ee | soovof se [ owi— lwez-ger | e | 0BT} XHIMIHIOYHD 31¥L39Y TALNEDSI
- 21 9o | .00 5’11 ¥ 11 54 Y| - s {10000 - ST ~=_| vi1-651 05°¢ oree WROFHI (3668) 31V13IY TAHLI
- UL | .omi?D | ea® 11 T St T et} el jwoobo ] wmi | ¥in— | Sl KL WK HAICTHD VLTIV UMLIN
B | wenl eV} peam| R [ A I’ memip | sema] sywin | e [m=mp
LB EELEEL L am L] Amn | upen) | aawasy | 5 b LB | uiem
measy | mp min | tpe)] meegpipk | i) o gnwvaiemia s bl | 10 wwy) | wed | Mmy | mgrysy | meaey fruny
Loy | L) wH smrinvmen | Gpguny | LRy wyeg [wpgwl| g | bpwy | e |y
npay gty
= "B eth0_ Jesth = = n =T = T ] w0 ¥ e N T L e e D R ) THOLTINIG |
= Mﬂm = JesmOt [ - - Hotl 1| 0 = 5090 |5t $1e—_ | sot-162 n (15T HIOY(HIFHD INGAIN TAWYE URLIDN
- = amh? - - - " ot 4] - 1 L0 I - - e o oW | (sowost i)
INONYXTHOTIAD TAHIIN
= m S50 les00t oe 4] £t sttt | awrt g5 | ssoogu | & yor— | eez-ee2 oy 1001 WEOOHD | INOLIN WALNE® TARLIW
= | 050 |esO $_| (x| n ¥l [T iy | oo o o= | reZ-ml " 3001 ] HIOFWINF(HI) | INOLIN TRARBOSI MAHLIM |
= hd £Y0.  JaatS = Il 31]) ot e - 15000'C il o6r~_ | Ev-952 wi 1] 0N FNONVEIHDTIAT |
= 181 1IN0 Jeafoz 1§11 1 ” [0 o yn woon Vs [ T LR T ) [IET AEICIUD INOLIL 1HIT LA |
- 141 150 laetmop LXi X 0 - - ced |osooo0 | Emy [ymei- [ei-E0 [ N HIOTFHI INDIIIY
n war {pXONRE| Ned V| BHp LU ] I 5 oMy | AW | wwelg | Led [ii-wp
s (4w anw Al (L0 —1 Anu | wpming | aeess) & 5 . Lnw L]
pEny | Mg il gy | svomema gy | puphi) | aprratema s apg 0 may) | oy stary | Wpy Ay | mEey qreng
$uy | mun -"..n..r S qeemwtyy || g Y izgparey Lo L] l-__wh. L TR ] oy
" tmirey

185



Downloaded from http://www.everyspec.com

- HDBK -~ 406

MILA
31 Qctgber 1971

SJUIA|0S UOGIEIOION)

®

4 5,3U04 NQ 10} YJEWSPRJ) ® S} L0344,

000 PIQIRD BNY() B CNITWADLI; 28 (OGN put sujosofiest

yorriadeas A-Eataw AoqE 07 sucy 3 dry esdOdd POTUAI )y ge
UO(RIOAPAD (PIUN|OA, INOqE 0] SO0 § .-_au._u_inﬁ neg-— ‘STERAIAY [RUIIADU) 1RIUSUIAADY [0 EJUSINUTY UENINWY ‘GOGT 10) SRRIEA [humy PloyseIgj,,
1910610 IASY ¢ wghyos Anadus KAl ‘olkron),  SIION
12 - - e« 0001 fqewrmejivay L] -— —
- w51 90 ] - = “RWN a6 -
- ] o 2220001 = = Wiy e —
98 vV 20 T} SjqeieuoN L 05070 -
- T el [ra] «o+0001 Jqrunyeyuoy uoN - -
{E [y 120 w005 sjqewiyuopy suoN 1f00 -
5 wef'sh 1t0 »o+ 0001 Siqrwwe)juoy GuoN 1T -
1€ ey o 0001 digeuiweyjuoy L 92000 {1eo
1 1881 120 0001 aqewiwryuoN QUON 98000 o
) q/mg XM mg Mad vl wddn | semoy i 0 Jr——
snpep d g 2,89 v pinbn wAlL fiy ujounjoa Xg % | (dng pesopy Beyp) 189V TR
\..H. jousing-pney Jeey jumn) ey aypeds Aypixol SPuf ygeunce) 4 jod yanid Aqmnes
..m“ g - - x ozl #ud¥2 41 L0314, U 130 10 uOIALy 209 OM-L WNGTY3n
T 5000 - - oo 09 fourdodos] pur-31 V11, o Poag S€ 41 JHOTHL,
o 00z 0T - 01— o611 2GLG loury3 put 4] ueasy, jo pualy 6% 31 0383, &
. 012 M4 ) - = - prviny - -
L .ﬁ ozl T ST TN SUBIAYION pur J] Lu0ar,. [0 odonoszy WL .NOTYS, 1
~ 8 BI0000 - £y gl wu§5TL 10uBL}3 puv 4] ,bo3sy,, jo sdanoazy 11 NOIYI.
o €8l ER000 T = 09- £l 671 WOJOI0 PUk j) ,u08)},, J0 dusjoszy ©01.NO3¥3n
|l 0
ry ril BB000°0 = o61- SO11 w1 UGV PUR J) ,031], 0 edusioeTy V1.NOW3,
= il 580000 «8Z € CY el GHLT] HINMN _ 31 .N034J,
. CEL YE000D - 891 my ] gLl 190 4 N0,
w/ touiq 4. 1%d {001=oppojpene) EN 4. 1.891Y WM wjnuuo4 SINTATOS
0w wopuedny g, uogiey) wio4 wiod ucyivn 1d b Ll No® uduoxozz
unjsue) SJeung | LI e ojry uopriodeny Bupreasy Bujijog * Spunbg NDILJIHI530
= 11 ] = = = ] - = aBTL_ [ O0000 | —  [NOG—  [esrhiv | Wi | L 19 JHOCHIGCHITRD 1101182¥3 LN ,
= Tl 50 | - = - [} - o Tow®st [ 00000 [ ~  [0W01=3> 10063 | st | (NI | HONIIOKHNOWD ~ Foiisy
= L0 | s} = = - il o o ] = = |veti= lewrsiz { oy | zon Y R TE RO !
- [T - - - Hor - - i1 10000 = - we-ock " sIozi HO'H IO W 300D T 11611842 TN
= T = ] = = 156 vE 40 - 0000 | - |Tlel— [wztR | i | el HIOHD) TIA0507T3S VAL
= " BY |eelf lwre¥0l | coal’l T - = fudlE | T0000[ € o =3 -l 5t (i HO'HITH'T 1IATGEGT130 Tnd-Y |
- £zl 150 leslO05 ' | 02 vl 1= |-50 %0 OZC_ | eo0000 | anl [SRRi— | e5is Y08 | 11200 | {HDHOONTLHI) §3IALI TAdod |
- Lit] %0 sa0O | . LS L X4 ol - - ) T Hoo0¢ 4 - 8iT-01 i 1’06 HOHHIIOMD) TIA0SOMID
- 1] (S0 sefl lLwul6l | cen§i ol - - T 133 750060 uJTil— pesz-oRe [T1] [F1]] HOHHDIOMND 13410501130 TAHIIN
- IST | 450 deebOr | §0f [ S 5 T S M O (DY <1 R (ciii— 56 -8 '} %% HER GWa) IR TARIY
n wer  GJules widti| s P omn 1. sumio [ auAn | winsig | 3,89 | (i=ap
1 am | e anw | A U ~f desw wnmedny | apeoeg | g, 1, Ao | miam | SIOMOITY HIHLI
ey | ny i 4ppey ;. gy naesprig % enmyhy) o fativilom g N g [0} iy} L] wstlf | SyE g | mEsETy qrenj :
st _ﬂ.._r; : amn yaweny ~ gy “ ey __ wnag ; mppy - " Wy | mm | gimy aNY 5U3IH13
| » 1




Downloaded from http://www.everyspec.com

MIL - HDBK - 406
31 October 1971

NOTES ON TABLE HEADINGS: Table 7 - 22 (Con't)

Most of the headings in the table are self-explanatory but a few may
need further clarification.

EVAPORATION RATE

The rate listed 1s not an absolute value but {s based upon the evaporation
of Carbon tetrachloride under a particular set of conditions. The relative
rates will probably be similar under other conditions. However, the value
listed in the table should be considered only as a guide.

COEFFICIENT OF EXPANSION

In most cases, the coefficient shown in the tables is the change in 1iquid
volume at 689F. For the fluoronatedhxdrocarbons and a few others it 1s an
average ‘over a range from 20°F to 100°F. The coefficient dces not change
much with temperature and the values listed can be used for ambient. Calcu-
lations are made upon a volume per volume basis. Vz = Vi{14m t) where m is
the coefficient of expansion.

TOXICITY, MAC )

Threshold 1imit values, (sometimes called maximum allowable concentrations),
are recommended by the American Conference of Governmental Industrial Hygien-
1sts and are based upon the best-available f{nformatfon from industrial exper-
fence and experimental studies. They should be used as a guide.
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While all possible attention may be devoted to t
solutions for cleaning if the results cannot b
precautions taken in cleaning are useless.

he methods and
e evaluated, the

Just as there are numerous cleaning agents and solutions, there
are also many means of determining surface cleanliness, and no
one method is the answer to all situations.

Basically, all cleanliness verification methods fall into two
broad categories of measurement, the direct and indirect methods.

8.1. Direct Cleanliness Measurement

The direct test measurement of cleanliness measures the amount of
contamination remaining on a surface after cleaning. This is the
only real test for cleaning effectiveness, but the results will
vary widely.

8.2. Indirect Cleaniiness Measurement

The indirect measurement concerns 1tself with the amount of soil

removed from a surface, or the effect of an irregularity or blemish
after cleaning, (ie., fn a plating operation, residue will result
in the failure of the plating). The measurement of removed soil is
more a test of the cleaning system and not the surface cleanliness.

8.3. (Cleanliness Tests

"8.3.1. Visual - Examination with the unaided eye or with
a microscope. Characteristics or Limitations: Subjective, but
widely used, the visual method is most effective with particulate
matter, and least effective with invisible films. A trained
microscopist will increase the accuracy of the test results.
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8.3.2. Tissue Paper or White Cloth - The surface is wipad
with a plece of cloth.or tissue and grease or other soils will
be observed. Character1st1cs or 11m1tat1ons. Limited strictly

to visible soils, this is a relatively insensitive test.

8.3.3. Water Break - Generally used after the last clean
water rinse. Any break in continuity of the recéding water
film is observed as water drains off the part. Characteristics °
or limitations: an excellent qualitative test for hydrophobic
soils; however, any contaminants in the water will Tessen the
sensitivity of the test. Using defonized water, a trained inspector
can detect one molecular layer of contaminant.

8.3.4. Atomizer - The surface 1s dried and water 1s applied
as a spray with an atomizer. The droplet pattern with the
advancing contact angle ts observed to determine the surface
cleanliness. Characteristics and 1imitations: Only sensitive
to hydrophobic sofls. The results are affected by spray time,
nozzle-to-part distance, atomfzer air pressure and the ambient
temperature. This method {s applicable to small cross-sectional
areas with 5X to 40X magnification. Cannot be used on steel or
gold. The surface must be free of wettable detergent films.

8.3.5. Contact Angle - A Tight beam {s directed into a
water droplet on the surface of the part. The angle of the
reflected 1ight ray tndicates the contact angle or angle of incfdence.

- Greater contact angles indicate larger amounts of contamination,
Characterfstics or Timitations: gffective only on non-wetting

or hydrophobic sofls.

7 8.3.6. Ring test - A droplet of water on a surface tension
ring tester {s repeatedly lowered to contact the test surface.
The number of contacts, or B number, indicates the surface
cleanliness. Characteristics or limitations: Must be performed
by a trained operator to be repeatable. This test is a measurement
of surface wettability.

8.3.7. Radioactive Tracer - A specific quantity and com-
positfon of tagged synthet{c soil {s applied to a test surface.
After the part ts cleaned, the part 1s mnnitored for residual
tracer activity. Characteristics or limitations: This is primarily
a test of cleaning method efficiency, not surface cleanliness.

The test involves thé statistical treatment of data; 1t 1s a

highly sensitive and quant{tative test.
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8.3.8. Radiochemical - A surface contaminant s dissolved
in place by a small amount of radiochemical solution. The change
in the rate of evaporation of the solution is measured and is
indicative of the soil concentration. A stream of dry nitrogen
1s passed over the solution to standardize the evaporation rate.

Chamamntamdotbdae Am Tdmddabdanes . mitanddbabdun masidde ama ahtadnahla
wilQiadw bl Iawlwa UJ 'Illllbuh'ul'a HUQ||b|h°h|'= l!:)\llbh arc UUGG(I i

if the type of contaminant 1s known and calibration curves are
constructed for use as standards. The sensitivity and accuracy
of this test is sacrificed if the test surface {s porous or
absorbent. The variabies include rate of solution, ambient
temperature and pressure, rate of nitrogen flow, and the latent
heat of vaporization of the radiochemical.

8.3.9. Gravimetric - A test piece 1s weighed before and

aftar c]ean-}ng or fﬁa cn{'l rpgna'!ning from the eyanorated cleaninag

W W W

solvent 1s we1ghed Character1st1cs or 11m1tations while the
resulgs will show good sensitivity 1in the neighborhood of

5X10-° gm/cm?, they are more a measure of the cleaning system than
the surface c1ean11ness.

8.3.10. Ferrocyanide Paper - The paper 1s immersed in a
solution of NaCT, K FeICst 1n water and dried. The paper is
moistened and pIacea on the cleaned metal surface, then removed
and rinsed 1n clear water. .Clear areas on the paper are caused
by soil on the metal surface. Characteristics or Timitations:
1imited to ferrous metals.

8.3.11. Copper Dip - The cleaned metal panels are dipped
in an acidic copper suifate solution. Characteristics or Timitations:
adherence, .continuity and apgearance of the copper sulfate indicate
the -cleanliness of the part before the test. Limited to ferrous
metals; requires an experienced operator.

8.3.12, Solvent Ring - A drop of solvent is repeatedly
deposited and picked up from the test surface. It {s finally
deposited on a quartz or glass slide and dried. If contamination
1s _present, a ring will form on the slide. Characteristics or

limitations: permits subsequent soil identification by spectroscopy.
Assumes the use of high purity solvent.

8.3.13. Solvent Monitoring - After each cleaning step, the
used solvent is filtered throug membrane filters and examined for
levels of particulate contamination. The nonvolatile residue 1is
also monitored. Delonized water rinses are monitored for resistivity
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if fonic cleaners are used. Characteristics or Yimitations:
commonly used for indirect measurement which assumes that the
part 1s clean if the solvent no longer removes contamination.

8.3.14. Indium Adhesion - The tip of a freshly broken
indium rod {s forced against the cleaned part surface with a force
of 10 grams. The force is maintained for a period of less
than 1 to 5 second. The rod i{s then removed from the surface and
force-time characteristics and recorded. The ceoefficient of
adhesion (ration of tensile force to break the bond to the compression
force exerted to form the bond) indicates the degree of surface
cleanliness. Characteristics or 1imitations: adaptable for
production testing; 1t 1s 2 sensitive direct test. The coefficient
leul'-'b llu&l- Dt‘.' EbEdDIISleQ rur UITTEI'BI’IL SQ]IS ﬂﬂﬂ SUDthdLBb.
This test offers rapid feedback of test data, but the test surface
must be accessible to the tndium tip. .

8.4. ASTM Test Methods

The following are some of the cleanliness test methods established
by ASTM:

F 21-65 Test for Hydrophobic Surface Films by the Atomizer

F 22-65 Test for Hydrophobic Surface Films by the Water
Break Test

F 24-65 Measuring and. Counting Particulate ‘Contamination
on Surfaces

F 59-65T Identification of Metal Particulate Contamination
Found in Electronic and Microelectronic Components
and Systems Using the Ring Oven Technique, with
Spot Tests (tentative)

F 52-65T Test for S11ting Index of Fluids for Drnrnuinn
Electronic and Microe}ectronic Devices (tentative)

F 58-65T Measuring Resistivity of Electronic Grade !
Solvents (tentative)

F 60-65T Detection and Enumeration of Microbiological
Contaminants in Water Used for Frocessing !
Electronic and Microelectronic Devices (tentative)

D 1901-61T Tests for Relative Evaporation Time of Halogenated

Solvents and Their Admixtures .

-
s

|
D 2109-64 Tests for Nonvolatile Matter in Haiogenated )
Organtc Solvents and Their Admixtures : |
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9. MICROBIOLOGICAL CONTAMINATION

‘Microbiological contamination may be defined as the existance of viable

microorganisms, on, or around objects or materials. Microbial contamination
is similar to other types of contamination in that it has mass and volume.
It {s different in that it has the ability to reproduce, to survive

adverse conditions and to perform physical and chemical processes.

For some of the functions of microbiological contamination control,

it 1s not necessary to be a microbiologist; a basic. knowledge of the
subject will help one understand the compiex nature of this form of
contamination. It is. advisable that counsel from a trained microbiologist
be obtained in establishment of a microbiological contamination control
program.

This section is designed to offer the uninitiated, a brief introduction
to the subject of microbiological contamination, explain some of the
problems and establish some basic guidelines.

9.1 Bacterja, What are They? How Many are There?

The microorganisms may be divided into seven basic¢ groups; Algae,
Protozoa, Fungi, Slime molds, Bacteria, Ricketts{ae and Viruses.

Bacteria are the simplest form or group of non-green vegetable organisms.
There are literally thousands of varieties of bacteria.

9.1.1 Algae -~ microscopic plants that contain chlorophyll and have
undifferentiated tissues, simple sex organs and simple
containers for spores or seeds. ‘

9,1.2 Protozoa - may have evolved from the algae by loss of
chlorophyll. The most primitive have flagella (whiplike
appendages) which are used for locomotion, they are one-
celled and, unlike plants are non-photosynthetic (cannot
use light as a catlyst to synthesize carbohydrates from
carbon dioxide and water).

9.1.3 Fungi - the most primitive types store glycogen rather than
starch, thus they come from the protozoa rather than the algae.
They are non-photosynthetic, with cell walls and usually
grow a mass of interlacing filaments called myceliium.
These forms are caiied moids. Fungi are larger than bacteria
and have vacuoles, (clear spaces in the cells). Some move
by streaming; they may have three or four different methods
of reproduction.
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9.1.4. Slime Molds - characterized by a multinucleate mass of
protoplasm called plasmodium. They can grow to produce
swarm spores or amoebas before dividing and growing into
typtcal plasmodia again.

9.1.5. Bacteria - minute unicellular plants which do not contain
chTorophyll. They reproduce by binary fission. They
vary in size between 0.2 and 5 microns in diameter and
0.5 and 10 microns 1n length. Their shapes vary from
roufid or spherical to rod shaped, some are comma-shaped
and others are found in a corkscrew configuration.
(Figure 9.1.)

The construction of the bacteria cell 1s composed of cytoplasm,

a cytoplasmic membrane and a cell wall; and 1t often contains
granules or vacuoles {Figure 9.2). The cell 1s usually surrounded
by a slime layer or capsule. Some bacteria are motile due to the
presence of one or more flagella.

Certain bacteria form spores (bacil11) when conditions are favorable.
Most spores are highly resistant to heat, disinfectants -and

drying. .

The growth rate of the vegetative bacteria, under ideal conditions
{nutrient, temperature amf mofsture), may be as short as 15

minutes. This occurs 1n-the logarithmic phase of growth and

lasts for a matter of a few hours, during which time, the papulation
doubles every 15-20 minutes.

9,1.6. Rickettsiae - are a group of microorganisms which
11vé only as parasites, they resemble bacteria but
are only 0.2 to 0.5 microns in size, or approximately
1/5 the size of bacteria.

9.1.7. Viruses - have only really been given study since the
advent of the electron microscope. They cross the
areas of animal and bactertal types, from particles
which seem.almost purely chemical {such as the
ribonucleoprotein 'tobacco mosafc') to the more
complex forms such as the psittacosis virus. They
propagate only within Tiving cells.

9.2. How are the Bacteria Classified?

There are a large number of different catagories, for example:

Autotrophic - grow in the absence of organic matter, building
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their food from simple inorganic matter.

Heterotrophic - get their food from organic matter. Those
vhich get their food from 1iving matter and cause disease

are known as pathogens. Those which 1{ve on dead organic

matter are known as saprophytes.

Additionally, instead of classifying by food source, classification
can be made according to the organisms oxygen requirements. The

aerobes, which need atr or free oxygen, and the anaerobes, which do
not.

9.3. What is the Bacteria Life Cycle?

During the phase innmdiately after an organism is placed 1n a

culture, there is a 1ag pﬁ?luu where there is an increase in cell

size without any change in number of cells. Then follows a -
period of max{mum growth, which 1s shown geometrically as a logarithmic
curve. They then enter a stationary period in which their death

rate 1s as rapid as their growth. The final stage {s reached

when the growth rate declines and the death rate fncreases.

9.4. How can Microorganisms be Seen?

I Y Py P JAL;....—qI P T O .
Illt: 1imit of eacn wvype DT mlCI‘USLUPE IS ugLEnnineua gy uik wave

length of the beam used for scanning. The normal light microscope
can only be used with particles greater than about 0.2 micron 1n
diameter. The ultraviolet microscope goes down to .1 micron while
the electron microscope will go down to the range of .022 micron,
showing the viruses and the -'fnnards' of bacteria.

9.5, How are Bacteria Counted?

b mon  mommam PP |

Tnere are several systems, but what is perhaps the simpiest is a
darkfield colony counter on cultured colonies. This device 1s
simply a four-to-eight power lens system set so that when a petri
dish culture 1s placed on the rack, no 1ight reaches the eye
unless it 1s reflected by a particie 1n the dish. This makes
particles which are normally hard to see, visible to the eye.

A similar counting method 1s used with a microscope at about 100X
magnification with phase contrast. Hith this method, the 1nd1v1dua]
bacteria can be counted, as opposed to the darkfield method in

which the number of specks are counted within a given grid. Electronic

counting dev1ces are also availabte which will count the particles 1n
a suspenson.

196



Downloaded from http://www.everyspec.com

MIL - HDBK - 406
31 October 1977

9.6, What are Spores?

Certain bacteria, almost exclusively belonging to members of the
bacitlia family (rods), may be spore formers, That is, each cell
may form a spore when condit{ons are favorable for the growth of
the spore. Spores are metabol{ically 1nactive; they can withstand
prolonged exposure to boiling and sti1l remain viable, some for
decades. It is one matter to k111 a spore former, but {t 1s quite
a different problem to ki1l the spore ttself.

9.7. What is Staining?

Staining is a technique used to make bacteria stand out from their
backgrounds for easier identification. Bacterial cells are rich

in nucleic acids, with their phosphate groups bearing negative
charges. E.G. a basic stain is used (one having colored catton
positive charge), it will attract the anfon (negative charge);

the bacteria will combine with the basic dye and take on {ts color,
The background can also be stained using an acid dye with a colored

anion.

9.8. Gram Staining

A process of 1dentifying groups of bacteria by staining, using a

basic dye (crystal violetg. Iodine {s added to the solution and

the bacteria will appear blue. When alcohol {is further added to

the solution, some of the bacteria will remain blue and some will

be decolored by the alcohol. The bacteria are then stalned with a -
red dye, those which remain blue are known as gram positive and those
which are red are known as gram negative, :

9.9. Chromosomes

Chromosomes are composed of deoxyribonucleoprotein; they duplicate
themselves prior to fission of the organism and each resulting cell
recefve a duplicate or identical set of chromosomes or genc.

There may be a change in this process once in a 100-million call
diyision, where a different gene structure 15 passed on to the new

cell. This occurance is known as a mutation.

2
-3
-

9.9.1 Mutation

A mutation 1{s a permanent, inherited chanﬂe in the organism
caused by an alteration of the genes in the organism. Mutation
can result when the chromosomes reproduces itself and there

1s a copying error. It can be spontaneous, or it can be
1nduced by such factors as X-ray. ultraviolet rays, or cobalt
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emissfon affecting the nucleus, which is comprised of protein
and DNA.

Mutation can result in a strain of organism which {s resistant
to bactericides and disinfectants or cleaning agents. This
may occur in a number of ways. Some bacteria secrete the
enzyme penicillinase, and antitoxin which will destroy

penicillin. Other organisms will find a way to metabolize
around the specific block established by the antibiotic or

T SRR L Wil ST WEW W Wl W

germicide. '

The resistant strain of organism poses a problem 1n contamination
control where sterility is a requirement.

The process of an organism becoming resistant to an antibiotic
or chemical agent may be basically described as the process

of natural selection for survival of the species under a
specific set of conditions.

9.10. Do Bacteria Effect Cleaning Materialsy

Very 1ittle is known about the effect of bacteria upon cleaning
materials; however, 1t would be safe to speculate that due to the
many tens of thousands of microbial species and the wide range of
environments that they can tolerate, there should be at least one
or two types of microorganisms that will eventually attack any
given solvent, cleaning solution or material., There are many well-

documented cases of microbial contamination of jet fuel and other
hydrocarbons, cutting oils, etc.

Microorganisms can utilize the hydrocarbon as a food sourge.

They are capable of breaking down even the long chain hydrocarbons,
thus changing the chemical composition of the solution. Bacteria,
fungi and. yeasts have been found to be responsible for the majority
of contamination cases surveyed. They may occur in pure or mixed
culture. Normally, inte most severe cases, several different

£ o
]
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Almost every deionized water installation has experienced serious
bacterial contamination problems. Once one component of a deionizing
system is contaminated, it may spread throughout the entire system.
This necessitates the cleaning and sterilization of the system.

The contaminating organism may reestablish itself if adequate
preventive measures are not taken. Filtration (0.2 micron) is

the most cost effective means available as a preventative measure.
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There are other which have proven equally effective such as hot
storage with continuous-recireulation (160°F or above). The
sotution is a trade-off of cost vs. process and water temperatures
used at any specific plant or cleaning station.

Keeping the foregoing in mind, i1f a cleaning process that has
proven satisfactory suddenly “goes sour®, 1t would be wise to check
for microbial contamination.

TABLE 9-1
Environmental Extremes of Microorganisms

Factor Lower Limit Upper Limit
Temperature -250°C (Survival) +160°C (Survival)

-24°C (growth) +104°C at 1,000 atm.

Psychrophylic Sulfate Reductng &

Bacteria Thermophylic Bacteria
Eh -450 mv at ?H 9.5 +850 mv at pH 3
pH , 0 (Thiobacil11) 13 (Plectonma Nostocorum)
Hydrostatic Essentially 0 (bacteria) 1,400 atmospheres (deep sea
Pressure . bacteria)
Salinity Double distilled Saturated Brines (Dunaliella,

water & Defonized Halophitic bacteria)
water (Hetrotropic

bacterta)

Complex organic compounds

C02, Inorganic
(Heterotropic bacteria)

(Autotropic bacteria)

Carbon Source

Humidity or S%RH 2mu1t1p11cation) none

Available 0ZRH {dormant)

water

Oxygen Q0 {Anaerobes) 100% (Aerobic Bacteria)

Carbon Dioxide

0 (some aerobic)

100% (Anaerobic Bacteria)
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9.11. Do Microorganisms Effect Hardware

Microorganisms can live and reproduce in what may be considered
harsh eavironments. They may use almost any organic matter

as a source of food, therefore, any organic contaminant or hardware
containing organic materia]s (plastics, paper, paints, inks etc.)
is a potential host for microbial growth. Some types of organic

» materfais are Tess susceptiable than others; dense plastics

ava mava racictant +a :fﬂl-nr-lz than cellulose nroducts. All

T v NI W ] w1 o Wil W -t Wiisli} Wil WMWY P.\IU“UU

paper products (ce11ulose) are prohibited in military electronics.

Microorganisms are known to attack and deteriorate insulation,
circuit boards, phenolic-wax components, phenolic rubbers and
fuels. They utilize the substrate as a food any aid in the
breakdown of the substrate, ie., enzymes, acids, ketones, esters,
etc,

9.12. Sources of Microbial Contamination

Microorganisms can be found 1n almost any natural environment,
they have been isolated from the stratosphere and the deepest
well drillings. (TABLE 9- 2)

In- the cleanroom environment, the major source of micrebial
contamination is man himself. Some individuals will shed as
many as several million organisms per minute into the air.
Physical contact, during improper handling, can deposit both
organic and micrcbial contamination and is probably the most

. serious source of microbial coqggmination.

Contaminated solvents or cleaning agents have also been known
to cause serious problems. The most notable is contaminated
defonized water. In the manufacture of integrated c¢ircuits,
one bacterium in the wrong place can ruin a component or even
a series of them if 1t 1s located on the photographic mask.
(Figure 9-3)

9.13. QDetection and.P}eveﬂtion

The detection of microbial contamination has usually taken place as

the result of a product or system failure. This need not occur 1if
proper controls are exercised. Microbial contamination can be detected
and prevented in any stage of manufacture or work. “owever, a trained
microbiologist is required to determine the source and prescribe

the necessary steps to eliminate the microorganism.
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TABLE 9-2
Quantitative Distribution of Microorganisms

Environment Numbers of Microorganisms/Unit of Measure

Ultra-clean afr 0-1 Ft3

Clean air 1-10 Ft3

Dirty air 103 - 10° Ft3

Stratosphere 1 X103 Ft3

Water ' 1 100 m1

Human skin 1 10° tn°

Floors 10 - 10 1n2

Raw milk 103 - 10° Cm

Plant surfaces 103 - }OG g

Soils 10% - 107 gm

Ocean sediment 105 - 107 gm

Sewage : 10° - ]07 ml

Human feces 108 - 1010 ém -
FIGURE 9-3

Relationship of a Machined Surface and Organisms

M gg 43 — O"} Streptococcus (Bacteria).
i %
c fg = __,o/ - Psittacosis (Virus)
SRRV ==
o 0 / /V Normal surface
i 10 D -
n gg ) . <. Influenza "
¢
h 40 i Poliomyelitis "
50 Foot & Mouth Disease

Machined Surface (43 RMS)
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10. CONCLUSIONS AND RECOMMENDATIONS

The sheer volume of informatfon collected during this study effort
makes a concise summary of conclusions an impossibility.

We can say that the bulk of our research has pointed to the fact that,
in general, the more common solvents and cleaning agents can be

safely used with most of the more common materials of construction.
This i1s true provided that the solvent {s monitored for acid, water or
chloride build-up and that the exposure does not take place at too high
a temperature, and that the cleaning agent is not permitted to remain
within the cleansed item after the cleaning cycle.

We can also say that new metallics present problems in the cleaning
cycle. Care must be taken in the selection of a solvent for a cleaning
operation and if there is any doubt, prior testing is an absolute.necessity.

Some of the more reactive metals pose problems because they corrode
readily in some of the cleaning solutions. Here again testing prior
to use is an absolute necessity.

We found in the course of the study that, of the information which
is now avajlable on many solvents, data 1s sti11l much to be determin-
ed, especially in the area of compatibility.

We recommend that several areas of research be considered for the future:

Determine: (a) Compatibility of solvents and cleaning agents
metals and (b) compatibility of solvents and clean-
ing agents with elastomers, rubbers and plastics.
The compatibtiity of. solvents-can be:tested in.various ways: Reflux
exposure; exposures at both ambient and elevated temperatures;
exposure to 11quid vapor and condensate phases of the solution.
Impact sensitivity testing with metal fines and chips and, with
oxidizers such as LOX and missile fuels. Stress-corrosion studies
should be performed to examine both crack {nitiation and propaga-
tion. Exposures at varying poser levels. Each of these studies

should be performed at varing pH levels from acid to alkaline and

with varyingwater contents. This is necessary to determine the
maximum tolerable working limits of each of the solvents.

A compilation..of as many soils, lubricants and other liquids as
possible should be made and testing should be performed to determine
the extent to which each of these {s miscible with each of the
solvents.
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The objective of this proposed study is to assemblie & block of informaticn
on each of the solvents that would cover as many cleaning and exposure
conditions as possible. Such a 1isting would allow the designer, engineer
and production personnel a means for rapid determination of solvent

choice.
In the absence of such documentation, our recommendation must be that

each new cleaning process and each new material to be cleaned must be
tested for feasibility, suitability and compatfbility.
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11.  GLOSSARY
Absorb To engulf wholly; to take in and incorporate; assimilate.

Adsor?tion Adhesion of the molecules of a gas, liguid, or
ssolved substance to a surface.

Agqiomerate The combining, joining, clumping, or clustering of
two or more particles of matter by any means.

Alr Lock A chamber with doors functioning to maintain pressure
differential during entry to and exit from a contamination
controlled area.

Air Shower A chamber with interlocked doors and eguipped with an
exhaust system, having numerous air nozzles arranged in a pre-
determined pattern, for the purpose of forcible removing locse
particles, fibers, dust and other particulate matter from the
person and garments.

Ambient Condition Environments such as pressure, temperature,
humidity, etc., which are normal for one specific location.

Clean Room A clean room {s an enclosed area providing control over
the particulate matter in its air with temperature, humidity, and
presdure controlled as required. To meet the requirements of
classification as a "clean room," it must meet the airborne
particuiate count as specified in Fe¢. Std. 209, Paragraph 6.1.3,
or other specified standard as a mintmum.

Clean iness Level An established maximum allowable distribution of .

contamination of a sizé or quantity -in a stipulated area or volume.

Clean Work Station A work bench or similar working enclosure char-

acterized by having 1ts own filtered afr or gas supply. The filters

must be capable of providing the required air cleanl{iness level.

Component A series of two or more parts, subassemblies, assemblfes,

or any combination thereof, which in turn becomes a piece of
funtional equipment or assembly.

Contaminant (contaminatfon) Any undesjrable materfal in or on the

material of interest.

Contaminate To make impure or unclean; to poilute, défile, sully,
taint, said of something dirty: soil, the act of introducing any
unwanted material.
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Environment All1 the conditions, circumstances, and {nfluences
surrounding and affecting the temperature, humidity, air cleanliness,
pressure and microbial, and 'l'l'lum'lnatinn conditfons associated with a

specific location.
Fiber A particle whose length is at least ten times fts width.
First Afr The air which dssues directly from the HEPA filter.

First Work Location The work locations that is first in the path
of alrstream.

Flush A rinsing cleaning action applicable to a part component,
system, etc., which employs a 1iquid as a medium.

Flux A substance, such as borax or rosin, used to help metals fuse
Together (as a soldering).

Gas A state of matter in which the molecules are partically un-
Testricted by cohesive forces. A gas has neither shape nor volume,

and fn form is neither liquid nor solid,

H1$h Efficienc¥ garticu13te A{r Filter §HEPA)- Mi1-F-51068A Specifies

ters w minimum efriciency o . etermined by the homo-
geneous DOP method at air flows of 100% and 20% of the rated flow
capacity of the filter, It is referred to as the HEPA filter,

Horizontal Laminar Air Flow Clean Room A room equipped with one
entire vertical wall of HEPA fllters, 'through which the air passes
at a predetermined speed to an exhaust wall directly opposite the
HEPA filter wall. The entire bhody of afr moves horizontally across
the room with uniform velocity along essentially parallel flow lines.

Hydrocarbon ~ A chemically indentifiable compound of carbon. and hydrogen.

Laminar Air Flow Air flow in which the ent{re body of air within
8 confined area moves with uniform ve1oc1ty along parailel flow
Tines and without turbulence.

Laminar Air Flow Clean Work Station A work station in which the Jaminar
alr flow character{stics predominate throughout the entire air
space, with a minimum of eddies.

Laminar Air Flow Room A room in which the laminar air flow char-
acter{stics predominate throughout the entire air space, with a
minimum of eddies.

Light-Scattering A technigue for detecting, counting, and sizing
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fluid-borne particulate matter passing through high intensity light
beams, the distorted 11ght beams being converted to electrical
Impulses by a photomultiplier tube and registered on appropriate
counters and recording devices,

ifquid A state of matter in which the moiecuies are reiatively
free to change their positions with respect to each other but are
re§tr1cted by cochesive forces so as to maintain a relatively fixed
volume. l

Membrane Filter Porous membrane composed of pure and biologically
inert cellulose esters, polyethylene, or other materials.

‘Microbe An organism of microscopic or submicroscopic size, generally
o e w

tnciuding viruses, rickettsiae, bacteria, algae, yeast, and molds.

Micron A unit of measurement equal to one miTliionth of a meter or
approximately 0.00003937 inch (e.g., 25 microns are approximately
0.001 inch.)

Nag:Laminar Flow Clean Bench A work station characterized by non- ’
uniform air patterns and velocities. This includes work stations
that have constricted air exhaust or ports.

Non-Laminar Flow Clean Roem A room characterized by non-uniform
air fiow patterns and velocities,

Non-Volat{le Residue (NVR)} Soluble or suspended material and in-
soluble particulate matter remaining after temperature controilled
evaparation of a filtered volatile 1iquid, usually measured in grams.

@rganic Designating any chemical compound containing carbon.

Orifice A fixed restriction in a fluid passage that establishes
the rate of fluid flow.

Oxide A compound of oxygen with some other element or with a radicai.

Oxidizer A substance that supports the combustion reaction of a fuel.

Particle A piece of matter with observable, length, width, and

thickness, usually measured in microns.

Particle Counters Auv+omatic electronfc devices designed to
electronically or optically separate and size, and enumerate
individual particles.
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Particle Size Particle size is expressed as the apparent maximum
11near dimension or diameter of the particle. The linear dimension
is implied unless otherwise specified.

Particulate .Matter The general term applied to matter of miniature
size, with observaole length, width, add thickness that contrasted
to non-particulate matter without definite dimension.

Plenum "An énclosed space in which the préssure of the air is greater
than that of ‘the outside atmosphere.

Pre-Cleaning That cleaning which 1s accomplished outside of a controlled
area, for the purpose of removing gross contaminants, such as rust,
oxidation, grease oil, heavy scale or soil deposits in an effort to
control the amount of contaminating matter brought into the clean room

Z0né, This term is synonymous with-rough.cleaning.

Purge To flow an inert gas or system media through a system (or line
Tank, ete) for the puroose of ridding the system of a residual fluid
or for providina a pesitive flow of gas from some cpening in the system.

Si1t Particulate matter settled from fluid, generally in particle
size range greaterthan 0.5 mfcron.

S511ting An accumulatfon of minute particles, in the size range
normariy not counted, but of sufficient quantity to cause a haze or
partial or‘complete obscuring of either qrid 1ines or any portion
of the arid on a test filter membrane, when viewed visually -or
under 40 power (maximum) maanification.

Salid A state of matter in which the relative motion of the molecules
Ts restricted and they tend to retain a definite fixed position
relative to each other» giving rise to crystal structure.

System Any comhination of parts, assemblies, and sets joined
fogefﬁer to perform a specific operational function or functions.

Test Examination, investigatifon, and evaluation of {inhérent properties,
functionability, environmental reaction, varfances and reliabflity of
any oroduct, system, sub-system, vehicle, equipment assembly, part,
material, and process.

Vertical Laminar Adr Flow Room A room eauiped with a ceiling of HEPA
fiTters, with a grated or perforated metal floor for the exhausting
of the afr 1ssuing from the cetling filters; the airflow is vertical
and moves within the walled area along essentfally parallel lines at a
uniform velocity.
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Defense Metals Information Center, Memorandum 240; December 196

Aluminum AYloys-A review of the German Literature, Stress Corrosfon Cracking of:

Defense Metals Information Cpnter, Memorandum 3i. August 1967.
"Aluminum Corrodes-A New Theony, Why:" American Machinist; March 27, 1967.

AMSIL Technical Data: AMAX Copper, Inc.; Product Information Brochure,
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Amercan Association for Contamination Contral, Journal of: Volume 1,
Number 1, 1967.

Analysis _and Control of Gas Atmospheres Used in the Processing of
Electronic Parts and Devices, Method Of: M.J. Elkind and D.R. Benn;
Bell Telephone Labs, Inc., Laboratory Procedure.

"Austin Contamination Index:" P. Austin; Present
Technical Meeting of the American Assoctation for
Miam{ Beach, Florida; May 1965.

the 4th Annual
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Contamination Control,

Biolological Deterioration on Non-Metallic Materials, Symposium on:
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Cavi-Cide: Mettler Electronics Corporation; Product Information Brochure.

“Cavitation, the Measurement of" A.E. Crawford; Ultrasonics; July-
September 1964.
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D.L. Anderson; Air Engineering; January 1366.

"Chemical Cleaning-Why a Checklist?:" Chemical Processing; January 1965.

Chemical Resistance Data for Pumps: United States Plastics Corporation;
Product Information Brochure.

Chemical Resistance Permanence: tThe Dow Chemical Company; form Humber 153-
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Chlorides and Chlorinated Solvents: Ethyl Corporation; Technical Bulletin,
Numoer 1C-9(127). ’

Cnlorinated Hydrocarbons, The Effect of Alkaline Acid and Acid Substances an:
EthyT Corporation; Tecﬁnical Eu!1et1n Rumber 1C-2(127).

"Chlorinated Solvent Cleaning on Weldments, The Effer‘a of:" Welding
Journal; December 1967.

Chlorinated Solvents: Ethyl Corporation; Technica: Bulletin-Nember 1CD-
T005(58].

Chlorinated Salvents, Bulk Handling of “ETHYL": Ethyl Corporation;
Tecﬁnicql BulTetin Number 1CG- 17!523)

Chlorinated Solvents; Safe Usage of: Ethyl Corporation; Technical
Bulletin Number 1C-8{38).

“Chlorohydrocarbon Solvents:" Industrial and Engineering Chemistry;
December 1943.

Chlorothene NU:6 the Dow Chemical Company; Product Information Brochure
Number 124-296-68. -
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Federal Standa~d 209; December 16, 1963.
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Design and Operation of: Alr Force Technical Order; T.0. 00-25-203;
T, July 1963.

Clean Room Technology: J.W. Useller; NASA SP-5074; 1969.

"Clean Sweep for A1l Soils, A:* E.I. duPont de Nemours and Company,
(Inc.); DuPont Magazine: March 1965.

Cleaning Agent Data: Bulletin No. FST-1; E.I. DuPont de Nemours and
Company, (Inc.).

Cleaning and Degreasing Operations, Effect of Los Angeles County Air
PoTlution Control District Rule 66 on: Society of Automotive Engineers;

“Cleaning and Finishing, Trends. in:" L.P. Tarasov; Machinery; June 1968.
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Symposium on: ASTM Special Technical Publication No. 342; 1962.

Cleaning Electric Motors and Generators: E£thy] Corporation; Technica)
Builetin Number 1C-7{127).

i

"Cleaning Large Space-Simulation Chambers:" L.Katzer; Research and Development; [ )

April 1967,
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“Cleaning of Electronic Assemblies, Proper:" W.A. Hume; E]ectrica],
Electronic Assembly & Packaging. T

Cleaning Printed Circuitry with Chlorinated Solvents: Ethyl Corporation;
Technical Bulletin Number 1C-30(127).
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Degree of: Proposed Military Standard 1246A; 27 May 1966, Revised 30
June 1953.

Lleanliness Levels and Contamination Control Program, Product: Military
Standard 1246A; 18 August 1967.

Cleanliness of Components for Use {n Oxygen, Fuel and Pneumatic Systems
Specification for: Marshall Space Flight Center, SPEC 164; Apri) 16, 1562.

Cleanliness of Components for Use in Oxygen, Fuel and Pneumatic Systems:
Marshall Space Flight Center, S ; July 27, 1964,
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cation Number 405.
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Metals Information Cenfer. Memorandum 201 ; Uanuary 29, 1955,
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Iverson; Fort Detrick, Maryland. ’
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Assemblies: Mil STD T250(MI); 31 March 1367.
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MacLennan; Corrosion; Volume 17; April 1961.
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ingeon: M.S. Spivak; Tecﬁﬁ1caT'Repqrt; Z October.

Corrosion of Ti-6A1-4Y in Liquid Nitrogen Tetroxide, Stress: J.D. Jacksaon,
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"Degreasing-What Every User Should Know, Solvent;" C.E. Kircher;
ASTM Bulletin, Number 219:; January 1957.

Degreasing with Chlorinated Solvents, Metal: E.I. DuPont de
Nemours & Company, (INC.J.

De-~-ionization Processes and Egpipment I114inois Water Treatment
Company: Product Information Brochure Number 1-10.

"Determination of Particulate Contamimation of Hydrauljc Fluids
by the Particle Count method, Procedure For:" SAE-ARP-598;
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New York, N.Y. 10017.

Dowclene EC Solvent: the Dow Chemical Company; Product Information
Brochure Number 124-128-64.

Drying Process, A New Spot-Free: W.R. Steinacker; FREQON Products
Laboratory; E.I. DuPont de Nemours and Company, (Inc.).

Drying Systems Comparison Chart: E.I
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Company, \Inc.); Proauct Bulletin Number FS-719A.

Dowanol Glycol-Ether Sclvents: the Dow Chemical Company;
Product Information Brochure Number 125-154-64.

Dowclene EC: the Dow Chemical Company; Product Information
Brochure Nuhmber 124-141-63.

Dgﬂséggg_ﬂgr the Dow Chemical Company; Product Information
Brochire Number 100-5152~59
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“flements Study Leads to New Stainless.” Chemical and Engineering
News; March 25, 1968.

Ethyl Alcohol ‘Handbook: Enjay Chemical Company.

Ethyl Chloride: Chemical Safety Data Sheet SD-50; Manfacturing
chemists Association; 1953.

Ethyl Chloride: Ethyl Corporation; Technical Bulletin Number
IC-EEE (R/3/65).

Ethylene Dichloride: Chemical Safety Data Sheet S0-18; Manufacturing
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Ethylene Dichloride; Ethyl Corporation; Technical Bulletin
Number IC-556. '

"Fibre Mist Eliminators for Higher Velocities:" J.A. Brink, Jdr.,
W.F. Burgrabe and J. A. Rauscher; Chemical Engineering Progress;
November 1964,

Filters for Industry, Widest Range of: Pall Trinity Micro
Corporation.
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Technical BulTetin Number 1C-83724764.

FREON Solvent Drying System Bulletin FS-19: E. I. Du Pont De
Nemours and Company, (Inc.}

FREON Solvent Drying Systems Bulletin 5-900: Branson Instruments
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FREON Solvent Bulletin FS-1: E. I. Du Pont de Nemours and Company, (Inc.)
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uPont de Nemours omapny, (inc.}.
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Insulating Materials, The Effects of:" L. Teitell, S. Berk, and
A. Kravits; Applied Microbiology; Volume 3; 1954,

GAF Chemical Catalog: GAF; 1969.

Garments Required 1n Clean Rooms and Controlled Environments,
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"Gemin{ Fuel Filtration Solved:™ L.A. Mavrcs; Missiles and Rockets;
Volume 17, mumber 5; August 2, 1965.

Geresoiv D: Allied Chemical; Product Information Bulletin STB-6
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"{ Cleaning, T
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_ﬁErsEaii Space Flight Center PROC iGSE; September 3, 193;.
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Isotron M Solvent: Penwalt Corporation; Product Information
Brochure IC-T03.

Isotron PSC Solvent: Penwalt Corporation; Product Information
Brochure I1C-114.

Isotron Solvents, Recovery of: Penwalt Corporation; Product
Information Brochure.

Isotron Solvents, Sampling and Analysis of: Penwalt Corporation;
Product Information Brochure.

Isotron Solvents, Ultrasonic Cleaning with: Penwalt Corporation;
Product Information Brochure IC-108.

Isotron T Solvent: Penwalt Corporation; Product Information
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Genera) Bulletin 20.

Merix~Anti-Statics: Merix Chemical Company; Product Information
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Chemists Assdciation; 1951.
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Methylene Chloride: Chemical Safety Data Sﬁeet SD-86; Manufacturing
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Meth¥1eneCh1oride: the Dow Chemical Company; Product Information
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Methylene Chloride: PPG Industries Inc.; Product Information
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Product Bulletin Sol. 6810.1; Detrex Chemical Industries, Inc.
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Safety News Letter; National Safety Council; March 1965.
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ments and Life Sup rt Division; Bulletin 101. Sourcebook of
Industrial Solvents, 2. Ha1ogenated Hydrocarbons, I. Mellan,
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Storage Tanks...for Specially Denatured Alcohol and Proprietary
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